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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. Mogt contend that this decline
in fiahing 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 hiastory 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-

tands approximately one mile into British Columbia when at full
pool (Figure 2.

The total Skagit River drainage basin comprises 3,140 square
miles (Whately, 1870). Approximately 1000 square miles lie
upstream from Ross Dam (Anonymous, 1972b). The Canadian portion
of the Skagit River begina near Allisom 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 milea (Whately, 1970).

This study, as well as early 1970°'s fisheries studies associated
with Ross lLake and its tributaries, concentrated on data collec-
tion from the reservoir, and its U.S. tributaries. The Canadian
Skagit River has been the sub ject of past research and an ongoing
study by the Fisheries Branch of the B.C. Ministry of Eanviron-
ment.
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Study Objectives

Current Fish Harvest Related to Historical Data

One of the objectivea of this atudy was to determine whether cur-
rent (1985-1988) harvest related data (catch per unit effort
(CPUE), annual harvest, age of catch, length of catch, aexual
maturity of catch, location of harvest, etc.) differ from his-
torical harvest data. If significant differences exist that
threaten the ability of the native trout populationms to sustain
themselvea at hiatorical levels, an attendant objective was to
determine if current fishery regulations and/or reservoir opera-
tions are responaible and in need of modification.

Rainbow Trout Life History and Migration Patterns

Another study objective was to develop a more clear understanding
of Ross Lake rainbow trout life history and migration patterns.
Areas of concerm include; age diastribution, age class strength,
age versus length, age versus sexual maturity, migrations between
lake and tributaries, diet, length at sexual maturity, fecundity,
spawning time, spawning locationsa, fry emergence timing, fry out-
migration timing, fry contribution by tributaries, and population
size. Much of the data on life history and migrations are avail-
able in prior research documents and field notes, however, the
information from over 45 documenta has never been assembled to
assist in developing a more clear life hiastory portrait. An ob-
Jective of this study was to assemble those documents, look for
gaps or conflicting data, end attempt to complete the life Hhis-
tory picture.

Other Hecreational Impacts Upon Fishery Resource

One objective of this study was to determine whether recreational
gold dredging, primarily in the Ruby Creek drainage, had the
potential to harm fish populations that migrated to that
watershed from Ross Lake for spawning. If s0, then standarized
hydraulic permit provisions to protect spawnera and progeny
through to emergence needed to be developed.

Another objective was to determine if current and long range
recreational site development by B.C. Parks and North Cascades
National Park, funded in part by the Skagit Environmental Endow-—
ment Commission, will have potential negative impacts wupon the
fishery resources of Roas Lake, through increased fishing pres-
sure brought about by easier access, camping, and boat launching.

15




If significant increased fishing pressure appears likely then
fishing regulations will need to be developed that ensure Ross
Lake fish populations are maintained.

Mitigation Needs

The operation of Ross Dam to provide power and flood water:
storage results in large fluctuationas of Ross Lake water levels.
An ob jective of this study was to determine whether the fluctua-
tions have had an impact upon the fishery resource and, if so,
what mitigation from Seattle City Light for identified negative
impacts should be requeated.

Develop Long Range Management Plans

The last objective of this study was to provide dsta and
analysis that will assist in the development of a long range
fisheries management plan for Ross Lake, managed co-operatively
by Washington Department of Wildlife, North Cascades National
Park, and B.C. Miniatry of Environment, and the Canadian portion
of the Skagit River, managed by B.C. Ministry of Environment.
The fisheries resource of the Ross Lake/Canadian Skagit River
freely migrate back and forth across the U.S./Canadian Interna-—
tional Border, necessitating coordinated, complimentary manage-
ment goala and objectives.

16



METHODS

1985 WDW/B.C. MOE Study

The 1985 Washington Department of Wildlife (WDW) and B.C. Minias-
try of Environment (MOE) Ross Lake harvest survey design and
method of data analysis are described in Scott and Peterson,
1986. The creel censua 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 Department of Wildlife. The MOE
study, conducted by H. Paish consultants, began immediately after
opening day. WDW, however, did not receive funding te add sur-
vey personnel until July 17, and as a result the south end of
Roass Lake was not sampled until July 21. The Department of
Wildlife continued the survey until October 31, after the B.C.
survey ended on Septeamber 30, 1985, The sampling 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 main NCNP boat launch (Hozomeen) at the
north end of the lake were the primary data collection sites
(FPigure 3). Interviews of anglers were conducted as they
returned to these launching sites. Interview guestions included;
number of anglers per boat, hours fished, number of fish caught,
number of fish released, fishing location, tagging data, fishing
method, and whether they had completed fishing for the damy.
Biological data gathered from the catches included species of
fish, fish length, scales for aging, and sexual maturity informa-
tion.

To assess angling effort, the MOE consultant’s survey crew con-
ducted two angler counts {(AM and PM) on randomly 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. From July 17 to September 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 month of October angler ef-
fort was low and it was assumed that total angler counts could be
obtained during the take—-out point interviews, consegquently lake
boat counts were discontinued.

Statistical analysis of the data included development of; total
angler effort and variance estimates, point estimate of total
angler days, estimate of catch per hour, and estimate of total
catch and variance.

17
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Rainbow trout scale and otolith samples, collected during angler
interviews, were taken from an area formed by an imaginary line
drawn from the rear insertion of the dorsal fin and front inser-
tion of the anal fin and just above the lateral 1line. Scales
were examined under a binocular microscope and two good acales
(scales without regenerated areas) were cleaned and mounted
sculptured side up on gummed cards. Acetate impresaions were
made from the mounted scales and photocopies were taken using a
3M "500" reader-printer, which produced photocopies of the scales
enlarged 35 times. The scale images were read & minimum of two
times to check for precision of the reader. If the two readingsa
agreed, then the scale waa considered read, if the two readings
did not agree a third reading was done. The sample was discarded
as being unreadable if the third examination was not definitive.
A aub-sample of otoliths, with scales from the same fish, were
read to cross check scale reading accuracy.

1986 WDW Study

Washington Department of Wildlife work on Ross Lake in 1986 in-
cluded, (1) 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 mature rainbow trout during their spawning runm to
7 tributary streams and recording recapture sites in the lake,
(3) a biclogical 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 migration 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
{Lewynaky, 1986) was followed to eatimate the 1986 rainbow trout
harvest {Appendix 1). In 1986 the creel surveys took a total of
49 days. The effort data for each asite and day type (weekend
days and weekday days) were used with the catch data to eatimate
the total catch for each location during each time period. The
fishing season was divided into three time 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 {(aite A), the North Cascades National Park campground
and boat launch site (site Bl), the middle 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
camping 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
gsite during the dey and to interview as many fishermen as pos- ®
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 periocd. The estimated harvest was ®
derived by multiplying the sampled catch per trip times the num-
ber of trips. Other deta collected included information about
party size and composition, length of time fished, type and loca-
P 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, 19886, @
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 @
was conducted on October 9, 1986. The survey was accomplished by
hiking up the Rig 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 ¢
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), &and at the south end of the lake {(Ross Lake Resort). Data @
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.

20




RESULTS
1985 WDW/B.C. MOE Study
1985 lLake Levels and Access

In 1985 the lowest lake level occurred in the spring and the max-
imum occurred in the aummer. The reservoir reached a aminimum
level of 1491.45 feet Bbove mean sea level (mal) on April 6, 1985
and a maximum of 1602.16 feet asbove msl om July §, 1985. The
opening day reservoir level was 1589.43 feet above ms2l on June
15, 1985; 13 feet below full poocl. The 1985 level had sig-
nificant impact on the opening day fishery in that there was very
little reservoir in the Canadian portion of the reservoir amd it
was difficult for most fishermen to launch and retrieve their
boats. The full pool lake level was maintained from June 29
through July 26, 1985. 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 Ross Lake were also impacted by
fire closures in Canade from July 23 to August 7, 1985. However,
the road to Ross Lake and two B.C. campsites remained open as did
the North Caacades National Park campsites.

1985 Creel Census Effort

In 1985 during the 44 day creel census, a total of 1067 anglers
were interviewed. During the interviews 2119 fish were sampled.

1985 Angling Effort

Angler effort estimates for Ross Lake in 1985 are shown in Table

1 (from Scott and Peterson, 1988). Angler effort was estimated
to be 65,673 hours (14,550 days) from June 15 to OQOctober 31,
19885. Angling effort was greatest between the opening day and

the July 4th weekend {(57%). Effort was distributed on the lake as
follows: Canadian Zone 7 (12%), Hozomeen Zone 6 (25%), Little
Beaver Creek Zone 5 (13X), Lightning Creek Zone 4 (7%), Devils
Creek Zone 3 (10X), Roland Point Zone 2 (21X), and Ruby Creek
Zone 1 (12%X).
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TABLE [. Estimatod angler effort on Ross Lake fros June 15 to October 31, 1785.

Reservoir Angler Hours Angler Days

Period Zones Midweek Weekend  Total(S.E.) Total
June=July 7 1875 1974 3651 (434.1) BS7
6 3674 4822 10498 (2812.9) 2484

5 2578 2803 5782 (1317.4) 1357

4 1303 1458 2741 (449.9) 440

3 312 1527 4040 (1331.5) 948

2 47 1874 841 (1485.%) 1488

| Ferg| 104} 3414 (1022,7) 864

Reservoir Total 20984 15502 34487 <4018.%) B545
August-Septenber 7 2138 2079 4209 (724.4) 871
6 3243 1904 5149 (949.4) 1870

5 1087 1812 2699 (425.2) 539

4 B4 702 1518 ¢328.2) 314

3 993 1142 21594 (J14.8) 444

2 3823 3028 483 (834.6) £416

1 3029 1437 4444 (405.0) 7]

Reservoir Total 15141 11926 27067 (1497.1) 5604
June-5ep tember 7 3805 4033 7840 1728
6 893% §728 15447 3934

5 4045 4415 8400 1914

4 2119 2140 4279 942

3 3505 2489 8194 1394

2 B2%0 502 13172 2904

1 3402 2478 788t 1726

Four Month Reservoir Total 38125 27428 43333 (4355.2) 14149
October (A1) 795 . 1328 220 k)|
Five Month Reservoir Total 4920 28753 45473 14330
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1985 Catch Per Unit Of Effort (CPUE)

Angler catch rates for rainbow trout were higheat in June, Sep-
tember and Qctober (Table 2, from Scott and Peterson, 19886).
During the mid-summer c¢atch rates for rainbow trout declined.
The overall season average CPUE for harvested rainbow only was
0.30 fish per hour (for all species CPUE 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 CPUE figures are
low for the month of June in particular. For example, although

not used in the MOE 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 0.8l 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-
teaber (0.37) and October (0.45).

Angler harvest rates for other species were: dolly varden char
(0.024 fish per hour, see Table 3 from 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: Jumne (0.47), July (0.21), August
(0.27), September (0.37) and October (0.45). The oversll
seasonal harvest CPUE for all apecies combined was 0.33 fish per
hour.

TABLE 2. Estimated angler catch rates for rainbow trout from Ross Lake, June 15 to October J1, 1985.

Nuaber of Hean Catch per Howr

Anglers

Interviewed Rainbas Troot Harvesied Ruinbow Trovt Releazed Rainbow Trout

Catch

Period Micheeek UseMend Hidueek Ueekend Total(S.E.) Rideeek Weekend Total(S.E.) Calch/He Catch/Dar:
June k}H M 472 M7 385 (.03 023 L2 428 (A1)
dely 172 s 159 93 de (.19 T 033 018 (.00R)
Total 203 e Jé4 85 266 1.018) Q17 J 03 (.004) 25 1.048
August u el 25 el 244 (A9 2427 047 L0 (.008)
Septeaber 14 H3 A1 304 44 LN 152 A0 438 (010
Tetal a2 542 323 2/ 297 L2 i 084 A7 (008 3 1.2
Oc tober 62 " 2463 S 49 (.830) AR a1 428 (.03 .58 1.1

Five Henth Season &n 1143 27N 3 298 (8100 A0 D4 20,008 335 1.5
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TABLE 3. Angler catch rates for doily varden char fros Ross Lake, June 15 to October 31, 1%6S.

Nunber of Meao Catch per Hoor

Anglers

Intervisued Dolly Varden Marvested Dolly Varden Relvased bolly Varden

Catch

Period Hidweek Urekend Hideeek Weekend Total(S.E.J Mideeek Weekead Total(S.E.) Catch/He Catch/Dar
dune k1 n .0ed 0684 482 (.0 [ ] Q01 81 (.0008)
Wy 172 253 047 422 432 (.00 ¢ 002 081 (.0812)
Total 203 529 .03 054 033 (.10 1 802 001 {4003} 053 224
August i3] m 214 A07 Al 0D ]| 8 B (0009
Seplember ith M5 ] | ] [} 0 [ ]
Total 42 "2 .08 ] 004 (.402) 001 [ B (0002 087 033
October 62 74 [ ] ] 0 [} 0 ] i

Five Month Season L 1143 42 N2 24 (.004) A0 -001 01 (0080 00 J42

1985 Catch and Harvest Eatimates

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

The 1985 estimate of rainbow trout harvest was 18,503 fish (Table
4, from Scott and Peterson, 1986). In addition, 2101 dolly var-
den char were caught and 98X (2055) of these fish were retained.
Most released fish were either asmall, in some cases below the
minimum 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. Estisated total nusbers of trout and char harvested and released, Ross Lake, June to October, 1985.

Harvested Released Tetal Catch
feriod Midsesk Ueskend Total(S.E.) Kidueek Ueekend Total(S.E.) Midaeek Ueekend Total

Raintoe Troul
June=duly 3441 728 8170 (1257.4) k=14 [y 177 (272.9) s 3348 bkl
August-Septenber L7} m 8212 400.4) 149¢ 1002 501 (258, “ze 293 1002
June-Sep Leaber 4342 8019 14382 1654 1622 e 10218 Pa4f  19835¢
October an
Dolly Vardes
June-doly 1649 837 1884 (HIS.0) ] k1 i 429 104¢ 848 191?
August-Sepimber 1 4 147 (43.2) 13 ] 13 .0 134 1% 184
Juma-Sap teaber 1n 883 an 13 k # 1185 Mé 2043
October [ ]
Brook Trowt
June=July 334 “ W2 (1%4.9)
Auqest-Septomber 13 F1] ¥ AN
dune-Septenber m n 2
e tober ]
Cutthroat Trogt
June-duly [} (] [ |
August-Sepieader 1 N # (4.0
June=Geptenber 1 Fl ] )
Gctober |

1985 Age of Catch

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

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

~October. Age two fish increased in contribution to the catch in

July and Auguat. Age 1 trout, absent from the fishery in June,
increased in numbers caught as summer progressed and on into the
fall. Age 5 fish maintained 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 cowposition of Ross Lake zngler catch,
rainbow troit, by eonth, 1985,

JE OJLY AR SPT 06T TOTALS
ME o I n I s ! Ia I a 1

O 0 0. 3412172 4237 3529 1417.5
™! 1527.8 425715 53414 5% 30.1 S0 32.7 216 36.4
THREE] 2648.0 2128.8 30 23.4 51 7.4 41 26.8 169 8.5
FOR 9167 6 82 17133 2614.0 1811.8 76 12.8
FIVEL 4 7.4 1 L4 647 632 7 46 4 40
SIX\ ¢ ¢ 0 0 0 0 316 213 508

1985 Length of Catch

The 1985 average fork length of rainbow trout, derived from 1469
randoaly sampled sport caught fish, was 275.4 mm, or 10.8 inches.
Age 1 fish averaged 220.7 mm fork 1length (8.7 inches), age 2
averaged 259.6 mm (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), aand 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.

TABLE 6. Ross Lake rainbow trout ages from cree}
census sasples, June 1S to (ctober 31,

1965.
LENGTH (M%)
ME  MMBER PERCENT  AVS RAMGE
0 0 00 - - -
1 M 175 2.7 18
2 A B4 /6 1B 3
IOl 0BS5S MO 07 %9
4 7% 128 B3I 5 m
5 By MY X7 M
3 5 08 W& N
TOTAL %3 100.0
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The range in 8ize 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 mm by October as aeen in Table 7. Other age classes,

such as age 4 grew very little over the summer months, which is
not uncommon 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 summer, and even decline
in size (Figure 4), this is a data artifice caused by increasing
numbers of small fish entering the fishery from the streams and
near shore rearing areas. Their small asize 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 streem residency prior to entry into
the lake. The pattern of stream growth was detectable on some
acales (fewer and more closely spaced circuli before the annulus
for stream compared to lake residency) and those fish were
generally asmaller at a given age than a fish that was reared the
same period of time in the lake only.

TABLE 7. Ross Lake rainbow trout lengths (se}, by age class, by sonth,
for 1985 Ross Lake angler catches.

AGE
ONE b THREE FOUR FIVE so
HONTH n A an A n A n A n A n AW
JN | 0 2 %% X% M4 99 4 B[O 0
mi J 28.0 42 B4S 21 o 6 L7 1 WO 0
A 2 230 S X0 D MMI 17 IWE 6 W2 0
SEP M 294 5% 203 51 N2 2% 3W3 6 358 3.0
I 3275 S0 282 41 304 18 3We 7 IS 24m5
SN 1M 207 0] 299.0 169 3020 76 33 A4 M2B8 53934
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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-
tribution by menth, from June to October, are shown in Figure B6.
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The dominance of the larger, age 3 fish edarly in the season, and
their decline in relative percent contribution can be seen as
well as the large increase in relative contribution of the
smaller age 1 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 fiashing
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 (12X), Hozomeen Zone (25X), Little Beaver Zone (13%),
Lightning Creek Zone (7X), Devils Creek Zone {10X%), Roland Point
Zone (21X), and Ruby Creek Zonme (12X).

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).

B
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FIGURE 7. Spatial distribution of rainbow trout catch reported by anglers, Ross Lake, 1985,
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1985 Angler Profiles

On Ross Lake, 83.6X of the anglers interviewed were from
Washington State, 12.8%X were from the lower British Columbina
mainland, 1.5X other areas of B.C., other Canadian provinces
(0.2X) and other atates (1.9%). Approximately BOX of the
anglers held a Washington fishing license, 12X a B.C. license,
and 3% were in possession of both licenses.

Anglers fishing Ross Lake used a variety of techniques but troll-
ing flashers with bait was the most popular (80%). Approximately
16 percent of the anglers chose to still-fish with bait; the
maejority at the north end.

1986 WDW Study
1986 Lake Le;els and Access

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.
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 remained above the 1600 foot level from Jume 19 through Sep-—
tember 10.

1986 Creel Census Effort

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

1986 Angling Effort

Table 8 shows angling effort in terma of angling trips, which is

not the same aa number of anglersa. Angler trips, for the 1986
census, was defined as boat trips. A total of 8239 boat trip
days was estimated for the 1986 season. The average boat trip
lasted 3.63 hours. At an average of 2.2 anglers per boat, the
total angler trips was eatimated 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 Hozomeen 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. tstimated effort and harvest by weekends
and weekdays, Ross Lake 1986.

TIME PERTOD ONE TIME PERIOD TWO TINE PERIOD THREE
JN 14 - AL 1 JUL 12 - A6 30 A6 31 - 0CT 31
LOC. ¥ EFFORT HARVEST EFFORT  HARVEST EFFORT HARVEST

AL i n %52 2 459 366
21 171 3l 5% 4% 607 793
Bl 1) %9 1677 357 305 666 1946
21 90 639 2 765 73 10
B2 11 0 414 5 % - -
21 % 352 40 140 - -
¢ 11 - - - - 13 643
2 - - - - 176 1264
P o1 2! 919 hv/4 73 405 1004
i 28 891 M0 1636 82 20

TOTALS 1470 5532 03 463 8 125%

* The locations are sampling locations from north to south
and the number “1° is for weekend days and "2 is for
weekday davs.

1986 Catch Per Unit Of Effort (CPUE)

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 Roaas 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 CPUE was
0.41. ’

1986 Catch and Harveat Eatimates

The harvest species composition was (97.7%) rainbow trout, 56
(1.9%) dolly varden, 8 (0.29%) eastern brook, and 1 cutthroat
trout.

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. 1984 estisated rainbow trout harvest by location, day type, and time period.

TIHE PERTOD ONE TIME PERICD TWO TIME PERIOD THREE
JUNE 14 - QLY i1 JULY 12 - AGUST 30 AUGUST 31 - 0CTOBER 31

CAMADA WEEKEMDS 279 CANADA NEENENDS 21 CANADA WEEXENDS 56
CANADA WEEXDAYS 361 CAMADA WEEXDAYS 456 CANABA WEEXDAYS 93
B2 WEEXENDS 414 B2 NEEKENDS % C WEEKEMDS o4
82 WEEKDAYS 352 B2 MEEXDAYS 140 C WEEXDAYS 1264
HOZOMEEN WEEKENDS 1677  HOZOMEEN MEEKENDS b1 HOZOMEEN WEEREMDS 1046
HOZOMEEN WEEXDAYS 637 HOZOMEEN WEEXDAYS 766 HOZOMEEN MEEXKDAYS 140
RESORT WEENENDS 919 RESORT WEEKENDS 3 RESORT NEEXENDS 1004
RESORT WEEXDAYS 991 RESORT REEXDAYS 1636 RESORT WEEXDAYS 200

TIME PERIOD ONE TINE PERIOD TWO TIME PERIOD THREE
ESTIMATED  CATCH 5332  ESTIMATED CATCH 4636 ESTIMATED TOTAL 1235%

1986 ESTIMATED TOTAL RAINBON TROUT HARVEST 2524

1986 Age of Catch

A total of 730 rainbow trout scale samples from 1986 were read
for age determination. Figures 8 through 11 are photocopies
(36X) of Ross Lake rainbow trout scales. Various features used
to age the acales are noted in the margins. Table 10 shows the
age compositions by month, of the aged, sport caught rainbow
trout only, for 1986. Like 1985, the 1986 samples show an in-
creasing percentage of age 1 and 2 fish in the sample as the
season progresaed and a decreasing number and percentage of age 3
fish. Age 3 rainbow were most abundant in the catch (39.8%) fol-
lowed by age 2 (28.1X%), age 4 (19.0X), age 1 (8.3%X), age 5
(4.2X), and age 6 (0.6X).

TABLE 10. Percent age composition of Ross Lake angler caught
rainbow trout, 1985.

HONTH
JN RE MG SEP oCF  TOTALS
A n I n 2 n I ¥Ia ¥ n 1

OE; 0 0 220 32.0 2188 11314 & 8.3
™ 3276 2275 0482 Ve 829 A1
THREE! 74 47.4 D0 M4 2.7 9.8 1028.6 27 5.8
FORI 33202 18176 2155 24179 S13 9190
FIE} 6 38 4 39 555 651 129 242
si 0 0 0 01 0 2L7 0 O 306
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FIGURE 9. Ross Lake rainbow trout scale: age s, 235 e, iasature fesale

34

ANNULUS ]

ANNULLS 1

ANNLLE 2

ANNLUS 5




FIGURE 10. Ross Lake rainbow trout scale: age 4, 140 om, kelt female.
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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 (1l1.56

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 mm (565 measured}.
At the south end average size was 295.3 mm (295 measured).

Growth of trout in Ross Lake throughout the summer, as reflected
by the size of fish in the angler catches, 1is shown in Table 11
and Figure 13.

Age 1 fish increased in size an average of 30 mm between July and
Octaober. 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 aize 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 aummer 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
runs. The age 3 fish showed an overall size increase between
June and October of 24 am.

Age 4 rainbow trout showed little growth over the summer based
upon data gathered from angler catches.
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TABLE t1. Ross Lake rainbow trout [engths {se), by age class, by
gonth, for 1986 Ross Lake angler catches.

ME ONE ABE  TWO AGF THREE AGE FOUR ABE FIVE ABE  SIX

noAVG n o AVe no AVG o AVE n o AVe n AVG
JN g - &3 2425 A W3 33 388 6 36l.7 g -
J ! 2L 8 291 S0 N5y 18 3.8 & 345.0 g —
AG § 8.4 W OB/I M We IV 5 Blo i J85.0
SEPT R 78 37 %9080 9 3IR2 2 3359 & 335.5 2385
1, 10 13 g 258.5 10 3% 5 3550 P 3%5.0 )]
SEASON 42 208.4 146 262.7 27 305.7 99 IN.G 2 D06 J 380.0
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FIGURE 14. Length-frequency distribution histograms, by sonth, for rainbow trout in angler catches, Ross Lake, 1986.
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TABLE 12. Average lengths by eonth of angler caught trout

from Ross Lake, 1986.
Month Averaoe Length (me) Mo, Reasured
June 174 807
July o »
Aigust 7 24
Septesber 2 241
October 263 191

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 normaliy avail-
gble to the fishery. A total of 30 age 0 fish were captured
along the shoreline of the nerth 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 mm in fork lepngth. 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.

TLE 13. Ross Lake rainbow trout ages from creel census and
electroshocking sasples, June 14 to October 31, 1984.

AL NMBER PERCENT AVG.LEN(NY) HIN HAX

0 3B 4.1 6.2 8H 100
! 6l 3.4 94 » m
2 0 B4 B2 15 i
3 Al A4 W3 218 30
4 e 0.0 3B4 286 403
§ 32 44 9.0 29 3%
6 3 0.4 3800 365 im
TOTAL 73 100.0




1986 Sex of Catch

Based upon a random sample of 34 rainbow trout from the north end
catch, 62X of the opening day catch were females and 38X 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%X). 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
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.

TABLE !4, Sexual maturity of fesale and male rainbow
trout, by age, Ross Lake opening day, 1585

X ME MMBER AV RANGE
Fesales 2 ¢oMmo 2 I3
Imature AT I B S

4 I 3.0
Fesales
Hature 4 2 375 30 35
Males 2 T M0 %8 3
Tawature I WS w39
! 134D —

1986 Location of Catch

The 1locations 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, by lake zone, was:
Canadian Zone 7 (19%), Hozomeen Zone 6 (37X), Little Beaver Zone
5 (10x%x), Lightning Creek Zone 4 (3X), Devils Creek Zone 3 (6X),
Roland Point Zone 2 (10%), and Ruby Creek Zone 1 (15%).

TABLE 15. Rajnbow trout catches and angler nusbers by saspling sites and sonths,
for the different lake zones fished in 1986.

CANADA HOZOMEEN 82 ¢ RESORT
JN Tk AUG SEP OCT  JUN JIL AUG SEP OCT  JINJUL  SEP OCT  JUN JUL AUG 3EP OCT
20NE
7 B35 N Y B 73 5 3 I
RE. 47 U 9 L% 7715 6 l
6 8 ME &9 %220 W 36 45
ANG. 21 87109 145 19 2 31 o4
E] ] N5 164 1 B2 % 10
A, oRaz 2?2 nw 3 2
4 ) 5 w7 7 1& 8 2 6 8
A, 2 s 2 7 I4 548 4 6
3 RE 15 63 o/ 2 B 8
A, 8 5 % U B 2
2 B 45 2 63 70
ANG. 9 2% R 2 6
1 f8 126 R & 10
AN, 33698l

1986 Angler Profiles

The vast majority (over 99%) of the anglers at Ross Lake wused
boats in 1986. The moat popular angling methods were trolling
with flashers and bait (49.1%), trolling with flashers and lures
(25.1%), and still-fishing with bait (21.3%). The types of
tackle/methods are determined by access and/or the physical
characteristicas of the reservoir. The favared 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 and/or bait, or still-fishing with bait. At the
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northern most end of the U.5. portion of the lake much of the ef-
fort was concentrated over the submerged river bed or around the
creek mouths. South of Hozomeen, the primary fishing method
was trolling near the surface, although some atill-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.
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TABLE 16. Rainbow trout catch and angler oear type used by
sampling location, June - October, 1986.

CANADA HOZOMEEN B-2  SITE C RESORT TOTALS PERCENT

GEAR TYPES
' NUMBER OF ANGLFRS USING
bb 220 164 5 3 6 W 23
bf 2 4 0 ] 4 be) 1.5
[ 2 0 0 0 7 0.4
b 2 20 @ 3 &5y @ 4l
bif 12 i3 i 0 2 3 1.8
b1t 7 ™4 b el U 4 Al
sb 8 ! ¢ 0 ! 9 0.5
s f 2 1 0 g 0 3 0.2
sl 0 ; 0 0 0 1 0.1
tfo1 0 0 0 0 1 6.1
TOTALS 313 sz 117 84 18 100.0
GEAR TYPES
MMBER OF TROUT CAPTURED BY GEAR TYPE

bbb 1M A 5 0 7 % 198
b o1 2 0 e 0 13 0.5
bl 1 0 0 ] 0 1 0.0
b R siboow 1o 18 T
bif 4 2 ] 0 l 5 0.9
b1l 10 64 63 142 165 64 B
s b2 U] ] 0 0 2 0.1
s f 4 0 0 9 | 4 0.l
sl 0 0 0 0 0 0 0.0
tf 0 0 0 0 0 0 0.0
TOTALS 238 I 12 24 3 WIS 1000

b b Boat, still-Fishing with bait

b f Boat, still-fiching with flies

b | doat, still-fishing with lures

b Tb Boat, trolling with bait

b T boat, trolling with flies

b T1 Boat, trolling with iures

5 b Shore, still-fishing with bait

s f Shore, still-fishing with flies

s 1 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 at the mouths of Roland, Dry, Pierce, Lightning,
Devils, Arctic, and Thursday Creeks. A total of 17 tags (10X 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. A1l but one of the recaptured males
were caught in the immediate vicinity of their respective tagging
sites.

TABLE 17. Ross Lake tagged rainbow trout,
May 22 - June [f, 1986,

SEX AGE  MUMBER AVG.LEM. NN HAX

UKW 2 FARRPA 185 74
M 1 %70 27 n
4 g 2.4 bo 3
5 4 3183 2% 339
FBME 2 7o AV 260
3 3 9.1 253 45
4 LA 291 365
5 2 W 47 8
MALE 2 a3 157 n
M 17 2820 252 R7e
4 0 303 286 Ay
a 3 8.3 357 3

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

seriocusly harm the trout preduction, 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, wusing 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 fromt 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 significent
loss of upatream 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 weas
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 1 and 2 meters. The second
fall was a high velocity chute that fish could pass along the
left bank. The lake 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 1low flow periocd. 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 wup 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 rum rainbow trout and
easier migrations for fall runs of spawning dolly varden.

47



General! Stream Description: Big Beaver Creek meanders through a
400 to B0Q 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
90 ¢fs on October 9th. Spring high flows probably exceed 400
cfs. Due in part to the watershed atability, there are few log
Jjams in the surveyed section, in fact oniy 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 cher spawning gravel decreased from the top end of this
survey section to the mouth. The highest quality 12 mm to 40 mom
gravels were observed in the stream section between 4 km and 7 km
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
apawning 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 locad
of sand and silt. The substrate of this lower area was generally
not suitable for spawning fish and in only one site, starting ap-
proxXimately 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
expose larger boulders. Only four such sites of less than 100
meters were noted.

Tributaries: On the left bank (facing downstream) only the 1last
tributary before reaching the lake had water running on the sur-
face., This tributary passes through two beaver ponds just before
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 waa 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 tc the lower portien 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) 1long 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 tailaut 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 pasirs downstream to river
kilometer 4.0. Eleven 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 atreanm. There was little queastion 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 Effort (CPURE)
South End, 1987

A total of 27 anglers were checked at the Ross Lake Resort on
opening day, June 20, 1987, The anglers had fished a total of
127 hours and had caught 98 rainbow, 1 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 apening day.
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Narth 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 & dolly varden, giving a CPUE
of 0.98 fish per hour. The average fish per angler trip was 4.2,
Angler trips are referenced rather than individual anglers, as
recorded at the south end, becauge the majority of anglers were
checked more than 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 last 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 at 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 and a total of 304 fish were harvested. The CPUE for all
fish was 0.85 fish per hour and was 0.83 for just rainbow trout.
The average number of fish caught per angler trip was 3.1 and the
average catch of completed trip anglers was 4.3 fish.

1987-88 Harvest Species Composition

South End, 1987

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

North End, 1987

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

South End, 1988

On opening day, 99 percent of the harvest was rainbow trout and
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

Oout 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 (30X). 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 B.
South Eand, 1988

Qut of the &3 rainbow trout randomly sampled from the opening

day catch at the south end Ross Lake Resort, the majority were
age 3 (40X) and age 2 (33%X). 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 Hozomeen campground site,
the majority were age 3 fish (67X). No age 1 or age 6 fish were
sampled. Age 2 fish comprised eighteen percent of the catch,
followed in abundance by age 4 (12X) 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 8ize 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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FIGURE 15. Length-trequency distribution of rainbow trout caught
at south end Ross Lake, opening 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 distributian 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 dey harvest at the north end.
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FIGURE 16. Length-frequency distribution of rainbow trout caught at nerth end
Ross Lake, opening day, 1967.

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 § fish
form the spike centered a 330 mm.
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FIGURE 17. Length-freauency distribution of all Ross Lake rainbow caught
on opening 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 size of the rainbow trout harvested on opening day at
the south end of Ross Lake was 278.6 mm (11 inches) and ranged
from 210 to 365 mm (8 to 14 inches) in fork length.

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 mn. The majority of these fish were age 2 and
age 3 rainbow trout.

40 [
7
L} 35- é
§ o ®q 4
s 2
£ 20 L] 1]
10 - vl® f M e
4161919,/9/90%
] o
L A,

Fark Langth (men)

FIGURE 18. Length-frequency distribution of rainbow trout
from south end Ross Lake, opening day, 1988,

North End, 1988

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

Figure 19 shows the length-frequency distribution of angler
caught rainbow trout on opening day, 1988, from the north end of
Roas Lake. Note the almost classic normal diastribution with a
peak at 290 mm, which were mostly age 3 fish.
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FIGURE 19. Length-frequency distritution of rainbow trout
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The composite length-frequency hiatogram of the north and 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 and 290 mm.
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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 Lake
a randomly collected sample of the harveated rainbow trout were
examined to determine sex composition. Qut of 56 fish, 42 per-
cent were males and 58 percent were females.

South End, 1988

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 (38X) were males and 32 (62%) were
females.

North End, 1988

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

1987~-88 Sexual Maturity of Catch
South End, 1987

Out of 57 rainbow trout exasmined 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-
ture and 93 percent were immature, while § 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 2495-298) and the immature females averaged
301 mm (range 242-344) as shown in Table 18.
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North Eod, 1987

Out of 56 rainbow trout examined at the north end of Ross Lake on
opening day 1987, 21 percent were mature or spawned out and 79
percent were immature. Twenty—-one percent of the males and
females were sexually mature and 79 percent of the males and
females were immature.

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 308 mm (range 230-350) as shown in Table 18.

TABLE 18. Serual maturity, age and lengths of rainbow trout from
Ross Lake, north and south ends, opening day, 1967.

Length {(ma)
tocation Sex e Mo Avg Range
Nor th End
Females
Mature 4 4 31 20 - 340
S 3 a2 1 -3
Immature 3 16 2% 250 - 340
4 9 30 260 - 3%
5 1 340 —_
Males
Mature 3 1 280 -
4 2 350 340 - 380
5 H 355 -
6 | 30 -
Immature 3 5 0 250 - 330
4 7 330 300 - 350
5 6 k| 28 -3
South End
Females
Hature 3 2 97 295 -8
Immature 3 yel 267 242 -3
4 13 319 268 - 155
5 2 357 323 - 1M
Males
Mature 2 1 232 -_
{smature 2 14 273 -0
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South End, 1988

Qut 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. Rainbow trout, grouped by sex and maturity, average
lengths and size ranges, caught on opening day, 1988,
at the south end of Ross Lake.

Sex/Serual Maturity Average Size {m) Range
Males
Hature 322 275 - 360
Inmature | 245 - 30
Fesales
Hature R [ -3
[asatyre 20 249 - I

North End, 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 (9X). 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 immeture females were age
3 and averaged 296 pm. 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
m .
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TABLE 20. Rainbow trout, grouped by sex and satwrity, average
lengths and size ranges, cpening day, 1988, at the

north end of Ross Lake.

Sax/Sexual Maturity Average Length(me) Range{m)
Males
Mature 24 78 -0
{mature 273 245 - 33
Feaales
Hature 370 - - -
Tamature /s 255 - 30

TABLE 21. Opening day, June 13,1983, rorth and south ends
Ross Lake, rainbow trout sexval msturity, age, and size.

, Length{as)
Sampling Site Sex Haturity Ae No. Avg Range
North End

Females Mature 5 1 Y, | - -
Insature 2 ] 73 240} 20
J 15 29% 23 30
4 2 34 32 325
Males  Mature 3 1 20 - -
4 1 27 - —
Imature 2 2 54 245 262
3 b 276 245 30
4 1 313 - -
South End Females Mature 4 2 293 n 315
5 2 30 - —
[nmature 2 10 253 24 285
3 15 2 249 336
4 3 3 Ry 33
Males  Mature 3 ) 275 — -
5 2 b 352 80
Tnaature 2 7 264 245 200
3 5 2683 2 Jo4
4 5 314 300 340
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1987-88 Angler Profiles

South End, 1987

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

North End, 1987

The north end anglers on opening day 1987 primarily fished by
trolling flaeshers with a lure attached (44%X) or with worms at-
tached (38%). The remaining anglers still-fished with bait
(30%).

South End, 1988

The anglers fishing the south end of Ross Lake on the opening day

in 1988 mainly (86%) used flashers with worms to catch their
fiash. 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 End, 1988

The most popular form of fishing at the north end of Ross Lake on
the 1988 opening day was still-fishing with bait (51X%X). Next
most popular was trolling with flashers having worms attached
(34%). Trolling with flashers having a lure attached was chosen
by 156X 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 13974 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 bioclogical 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 resultas written by a group of British
Columbia and Washington scientists known collectively as the In-
ternational Skagit - Ross Fisheries Committee.

Environmental Description of Ross Lake and Tributaries

Ross Lake Environment

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 1lake 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 reserveoir is 93.6 feet {Anonymous,
1972b).

Ross Dam 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 and 1947 Ross Dam was raised to an elevation of 1550
feet. Completion of the dam to its present elevation of 1515 was
accomplished in 1949 {Anonymcus, 1972b).

Ross Dam 1is an arch type dam, constructed of concrete, and is
540’ high from bedrock 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 1limit the maximum allowable
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through March 15.

reservoir elevation to 1590 feet during the period from October 1

Total present capacity of reservoir with maxi-
mum water elevation is 1,435,000 acre feet (Anonymous,

1971).
Skagit River
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FIGURE 21. Ross lake and tributaries. The perimeter of the lake
at full pool is shown and the 1475 foot maxieus draw-
down contowr is depicted as a dotted 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-
of f 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, 1In past
years the water levels in Ross Lake have fluctuated 30 to 110
feet during a vear’s cycle. The fluctuations during the critical
water recreastion period, mid-June to September 30, have ranged
from 2 to 15 feet (Anonymous, 1973c).
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FIGURE 22. Ross Lake anual drai-down elevations froa 1974 to 1986,
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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 have ranged from 15 to
54 percent of the normal surtface 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 corresponding surface areas.

Lake slevation Shoreline length Areq * Laka volyme
[{TU] (miles} [acres) {ccre Fret}
1602,5 4.5 11,4580 1,435, 000
1600 o 64,3 11,800 1,390,000
1575 58.8 10, 280 1,125,000
1550 £3.3 9,040 B90,000
1525 50.3 7,400 480,000
1500 Q.7 5,840 520,000
1475 37.4 4, 400 412,000
1430 2.1 3,400 285, 000
1425 2.9 2,820 210,000
1400 4.3 2,300 143, 000
1375 21,2 1,359 90,000
135%0 . 19,4 1,400 60, 000
1325 16.7 900 25,000

1300 12.4 420 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
lower levels make fishing more difficult at the north end of the
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reservoir because of the reduced area to fish in (particularly in
Canada)}), the greater number of stumps exposed, and the increased
difficulty in boat launching.
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FIGHRE 23. Ross lake surface level fluctuations {(draw-down), from 1985 - 1986.
Hoss Lake Turbidqdity

Turbidity in Ross Lake is primarily caused by seasonal runoff of
silt and glacial flour and has & direct influence on depth of
light penetration and therefore water clarity. Depth of
visibility (measured with an 8-inch Secchi disk) in June 1872
was as low as 1.5 feet and 3-4 ft was not uncommon near Ruby and
8ig Beaver Creeks that month. Visibility was generally lowest in
late May and 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 at 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 observaticons made in 1985-1988.
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Turbidity can have a direct influence on angling success. When
waters are very turbid, fish zeeking food and anglers seeking
fish tend to concentrate their efforts near the surface; large

numbers of fish concentrated at 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 invalve deeper
trolling to be successful. The spreading ocut of the fish at
various depths reduces their concentration and/or availability,
which can result in lower catch rates.

Ross Lake Water Chemistry

The water chemistry data for Ross Lake is shown in Tables 23 and

24 (Anonymous 1972h). 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.

TABLE 23. Ross Lake water chemistry froa north and south end
sampling sites, at two depths, on May 27, 1971.

Results in milligrams per liter (PPM) except * and BOL - below detectable level

Sto. 1 Sta. ! 2 Sta. £ 3 Sta. T 4
Alkalinity 4.5 25.5 8.4 25.%
Calgivm (Ca} 10.4 1.4 11.4 10.4
Free Carhon Dioxide (Coz) 5.0 2.8 T 3.7 3.9
Chloride 0.5 8oL 0.5 BOL
Cheemiven (Cr BOL BOL BOL BOL
Copper 025 L0ts 023 .02
Fluoride «0.1 «0.1 <0,1 <0.1
Hordrvess (CaCOJ) 32.4 3.0 T 3.0 2.0
tron {Fa) Q.05 0.03 g.05 0.03
Leod {Pb} <2.005 < (.005 «0.005 <0.005
Magnesium (Mg) 1.5 2,07 1.7 1.44
Manganesa (Mn) 0,025 <0.025 <0.02% <0.025
Nitrogen (Ammonig) - .03 015 .015
Mikogen (Nitrate) 0.25 0.1 <3.05 < 0§
Discolved Oxygen - 1.5 1.4 10,9 1.5
Phatphate (P‘O‘) W04 .035 .01 .03
Fotassium (K) 0.4 0.4 0.45 0.45
Residue (Taral) 39 47 1 21
Residue - Fillarchle 7 8 g 10
Residua ~ Mon-Filterahle 32 39 15 1]
Silica (Si0 7.0 7.2 7.8 7.0
Sodium {Na . 1.4 1.0 1.5 1.8
Sulfate (SO‘) 4.7 4.3 4,7 3.4
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TABLE 74. Ross Lake water chemistry at mid-lake, south end, at two depths
on three dates, 1974 (from FRI Unpublished Report, 1575).

Station: Midlake Depth inm 40 m

1l mile north of dum Date: &/ Y/9 9720 6/3 T/3 T9/20
Alkalinity 40.0 20.0 32.0 40,0 30.0 25.0
€0, {dissalved) 2.0 2.0 - 2.0 2.0 --
Hardness (Ca) 30.0 5.0 20.0 0.0 21.0 20.0
Hardness (Mg) 10.0  bBOL 12,0 .0 l.a 3.0
Kardness (Total) 0.0 25.0 32.0 33.0 22.0 29,0
Fe BOL 0.05 BDL BDL 0.09 0,02
Hn 0,20 0.49 0.10 0.2 0.25 1.30
N(HH,) 0.30 0.40 0.30 0.30 0.50 0.u0
Silica (sio,) 2,25 1.62 9.0 2.15 1,20 8.9
Sulfate - -— 2.0 -~ - 3.0
Chloride 2.5 2.5
Temp. °C (°F) (61.0) (50,5}
pH 8.10 7.80 7.70 8.0
Color (Alpha Pt-Cobalt Std) 0.0 10,0 5.0 20.0 10.0 20,0
Turbidicy (JTU) 8,0 10.0 2.0 3.6 13.¢ BOL
Sacchi disc, m {ft) {6.0) (21.0)

Conductance (y mhos/cm)

*B0L = below detectabls level.

Ross Lake Primary and Secondary Production

Ross Lake ias 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 1ight 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 measurements of
chlorophyll "a" nearly double those recorded in 1872; certainly
implying variablility in annual productivity. The near doubling

of the chlorophyll "a" in 1973 compared to 1972 partially ex-
plains why zooplankton abundance was slightly higher in 1973 than
1972 {(Anonymous, 1974a}.

In 1974, the Washington State Department of Ecology reviewed
Seattle City Light’s Ross Lake data and offered the following
remarks (Anonymous, 1974¢) 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, 1871), 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 ere 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 increasases in nutrient
supplies as a reservoir 1is first filled, and corresponding in-
creases in fish populations are well documented. This situation
normally only lasts a few years, followed by & 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

Ross Lake is approximately 132 miles from Vancouver and accessed
over a 40 mile dirt road, built in 1946, from Silver Hope, B.C.,
to the north end of Ross Lake. U.8. 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
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 1lake was limited and hazardous.
Today the lake is relatively free of navigation obstacles except
when lake level falls below the 1555 foot elevatioen. 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 reaervoir. 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 $kagit 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 viewpeint) 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 properties that influence fish production.

TRIBUTARY
big Lirtle Canadian
Ruby Baover Davila Lightning Baaver Skogit
Creak Creck Creek Cresk Craek River
Droinoge Areq 186.32 62.86 29.80 142.00 53.40 38914
{squara miles)
Length {miles) 3.4 18.45 7.85 11,00 {te U.5./  14.35 2.2
Canoda Border)
L
Gradlent 1.36 0.4] (lower 4.71 {lower 2.8% (o U.S./ 2.21 (lower 0.38
(percunt} B.%5 miles 8,52 mifes} Conoda Berder) 13.70 miles)
to MacMil jon
Crank)
Dtschorgs
{cfy)
Avaroge TH4 (1948-54, 414 (1940-48, Mo Infar= 227 (1943-48) Mo Infor= See Seciion 2.3,3.4
42-69 6367 mation mation
Maximum 8540 4420 2500
(27 Mov. /4% {22 Qc1./63 (30 Maoy/45)
Minimum 46 &dleoch day 49 (bath days
(10 Feb./49) 7-12 March/é9) 7~B Mavch/dd)
Substrate 8O, R SD, §T, FGR=  Variable= 80, R, CGR, BR, B8O = Sea Section
CGR lowsr 7 ml B8R, BO, FGR lower 2 mi, 2.3.3.2
8O, R, CGR - BO, &, GR-
CGR-next lowar | mi upper 12 mi
& mi
Chorocler Ropids, Maanders - Vorloble = Ropids, deep Foils, ropids = Meny log joms,
deep lower 7 mi, falls, ropids, ond shallow lower 2 mi, no woter folls
riffles, a rapids and pools = lower riffles, pools ropids, riffles or ather fish
faw pools tifflas - Y mile meanders = migrotion
next & mi upper blocks
twbid In 12 mi
wummer
manths
Accunibility Ascenible Accesible Not Accesnible Mot Accenible
of streom sreos after mid= accenible after early accesiible
obove streom Moy for May for
mouth to flsh obaut 7 miley obowt 1/4 mile
From Roas Laks
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TABLE 25 {Continued) .

TRIBUTARY
Granite Canyon - Crater Panther McMillan Theee Fools Freazeout
Crask Cresk Creek .Creek Creek Creek Craek
Tributory Ruby Ruby Ruby Ruby Blig Beaver Lightnlag Lightning
to: Crask Creek Crank Creek Craek Crask Cresk
Length (ml.) 17.05 15,10 4,92 13.07 5.70 10.30 4,16
Gradisnt .29 3.4 24,04 4.59 3.48 4,05 10.90
(parcant) {lowar (lower (lower (lower (lower
13.26 mi.) 12.34 ml.) 4.51 mi,) 3.17 i) 5.8 ml.)
Character roplds, rapids, shaep staep variabla= riffles, —_—
awift riffies, falls rapids raplds, ropids, falls
flow ower  pools, and and falls, riffles, swift Mlow
bovldery 8O, R, GR ropids pools, pools, through
bottom 8R,BO,R BO,R,COR gorge
Accasibiltly Accestible Accesnible Very limited  Accensible Not Not Nat
of sirsam for 4.04 for 7.18 accensiblilty  for .41 accenibla ibla ible
oreas obove miles miles miles
stream mouth
for fish from
Rous Loke
Parry Morth Ferk  Slate mill Rolond May Skyma
Creek Conyon Cresk Crask Crask Creck Creek Ceeck
Teibutory . Litle Beavar Canyon Canyon Canyon Ross Rog Row
toy Cresk Craak Creek Creek Loke Loke Loke
Drainage 4.74 d.84 5.14
orea {sq.ml.}
Langth (mi.) 3,45 5,59 8,95 é.91 2,65 3.54 .17
Gradient 8.9 11,40 8.02 8.99 %11 25.08 17.59
(pareant)
Character — roplds, falls  ropice, falls repids and tonp leap stesp
and paols, and poals, falls, faw falls and falls and falls and
%,30,0R 80, 8R pools, R,BO, ropids raplds rapids
whtrate, whttrate BR substrats,
limited GR limited GR lirtle Gi
arsas areaa
Accassibilily Not Accenlble Accassible Accuible Accunsible Mot Nat
of siream occenible for Q.62 for Q.47 for 1.23 for .31 mi. accenible accmsible
areas obove miles miles miles
sirsam mouth
for fish from
Ross Laka
Moname Arctle Ory Stlver Hozomaen Pierce
Crusk Creak Creek Cresk Crask Creek
Tributary Ross Ron Ross Ross Rous Ross
tot Lake Lake Loke Lake Lake Lake
Dralinoge 6.73 13.58 5.35 17.00 6.75 J.84
orea (sq.ml.)
Length (mi.) 4.00 5.5 .79 6,20 4,25 1.2%
Grodisnt 10.42 8,2 20.56 7.52lowsr 56,70 17,51
{percent) 5.07 mi.}
Character slasp . stnep slesp roplds - sinep
falls and folls and falls and and falls falls ond
rapids ropids rapids, pools rapids
Accensibillry MNet Mat Accessible Accassible Accansible Vary limited
of stream eecansible accesnible for 20ml, for 4% mi.  for .05 mi. accesibillty
oreas chove In S, fork, -
siream mouth J28mi, in
for fish from N, fork
Rous Laka
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Fish Origins

Fish species found in the Skagil 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
winter-run} and dolly varden did not fregquent 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 1look 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
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 c¢alm river and spawning gravels lying
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
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
note however, referencing Ruby Creek, "At the mouth of the
creek, where it empties intuv 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
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 ctherwise, 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
reasident 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 populationa of the U.S.
tributaries contain a resident component that do not migrate to
the lake during their life cycle. 1In 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. Thia indicated there are

reasident 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 plantas 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 stocka of Rosa 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 eaatern brook of
the Hozomeen and Pierce Creek systems. The cutthroat and eastern

brook now caught in Roass Lake and the Canadian Skagit River c¢an
be assumed to originate from these early planting efforts.

The present fishery in Ross Lake is totally dependent on natural
reproduction. There are mo plans to supplementally plant rainbow
or any other apecies directly into the lake. To do so would, in
all probability, destroy the current stocks in quality or quan-
tity through competition for the 1limited 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 2. Historical fish plants in the Ross Lake drainage.

YEAR VATER SPECIES HMBER
1916 Big Beaver Creek Cutthroat 47,000
1919 8iq Beaver Creek Rainbow 1,000
1970 Hozomeen Lake Steethead 40,000
1933 Sourdough Lake Easter Brook  Unknown
1654 Slate Creek ** Rainbow 10,000
193 Ruby Creek Rainbow 2,000
Slate Creek fainbow 2,000
Slate Creek, 5. Fork Rainbow 2,000
1938 Slate Creek, S. Fork Rainbow 5,000
Slate Creek, N. Fork Rainbow 500 .
1947 Mo Name Lake Rainbow Unksrown
1952 Rass Lake Twin Lks Cutthroat 25,1
1953 Ross Lake Twin Lks Cutthroat 5,761
1954 Ross Lake Twin tks Cutthroat 50,81
1960 Willow Lake w=  Tokul Cr Cutthroat 7,200
[961 Willow Lake Cutthroat 5,000
Silver Lake {Glacier Lk.)¥tx Golden Trout 5,000
1967 Willow Lake Cutthroat - 2,250
Jorry Lakes (upper)¥ertt Cutthroat 3,450
Jerry Lakes (lower) Cutthroat 3450
Skymo Lake Twin Lks Cutthroat Urrknown
Firn Lake Rainbos Urnknown
Niddle Lakes Rainbow Unknown
East Lakes Rainbow Unknown
1975 Aidley Lake Nt. hitney Rainbow 1,200
1978 No Kame Lake Cape Cod Rainbow SIS
Hiliow Lake Mt. whitney Rainbow 1,519
1962 Ridley Lake Mt. shitney Rainbow 79
1985 Nillow Lake Twin Lks Cutthroat 2,000
1983 Willow Lake Twin Lks Cutthroat 1,300
Ridley Lake Nt. Whitney Rainbow 1,200

% Hozomeen Creek Drainage
# fuby Creek Drainage

1 ightning Creek Drainage
st Silver Creek Drainage
ntkt 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
"gsorting", or keeping only the larger fish. But even with these

constraints that the biclogist must "sort"” out, the anglers’ har-
vest (current and historic) is still the best source of biclogi-
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, possesasion 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 presaure, include: existance of many age classes of fish
(e.g. age 1 through age 6) and the relative proportions of the
age classes to one another {(e.g. number of age 1 fish versus age
2 fish, etc.), the male to female sex ratio, the number of
spawners, the natural spawning time, the existance 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 fish that each population annually
produces. Excess should only be defined as those fish that have
spawned one time and have high natural mortality rates.

Seasons and limits are tools of fishery wmanagement 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 Ross Lake and its American tributaries
between 1933 and 1988. The trend and emphasis has been to
restrict harvest of spawners.

Ross Lake/U.S. Streams Fishing Regulations

TABLE 27. Regulations pertaining to Ross Lake and its
U.S. tributaries, 1933 lo 1988,

FISHING REGULATIONS

Year Closed Waters (pen Season Limits

1933 Mone Apr. 15 to f¢t 31 Met to exceed 10
pounds and 1 Fish:
provided the nusr
bers so Laken do
not exceed 20 in
number

1534 Hone dor. 10 to Nav. 30 Same as 193]

1935 None por. 10 te Gef. 31 Same as 1933

1936 Hone dpr. 5 to et 3l Sase a5 1983

1937 Skaqut River and all tributarles, for. 25 to Det. 31 Same as 1933
including Ruby Lresk, froe south
of Fuby Creek to the Canadian
Border .

1935 Skaait River and all tributaries, dpr. 24 to Oct. 31 Same as 1933
including Ruby Creek, from south
of fuby Creek to Canadian Border:
Beaver Lake, at head of Beavar
Creek: Devils Lake, Hozomeen [ake:
No Hame Lake at head of Mo Name
Creek.




1939 Skaait River and all tributaries,
frog the mouth of Beaver Creek
to Canadian border, including
Beaver Creek; Beaver Lake, at
heaq of Beaver Creek: Ruby Creek
and all its tributaries, from the
south of Panther Creek to its
source; Devils Lake: Hozomeen
Lake; Mo Nase Lake at head of
No Name Creek.

1940 Same as 1939

1941 Devils Lake; Hozomeen Lake; Mo
Hame Lake 2t head of No Mase
Dreek

1942 Same 35 [94]

1943 Same as (941

1944 Same as 1941

1945 Same as 1941

1946 More

1947 Skagit River and all tributaries,
including Ross Lake, from Ross
Daa to Canadian Border.

1948 Skagit River and all tributaries,
including fioss Lake, from Ross
Gam to the Canadian Border except
Ruby Creek amd 1ts tributaries from

south of Crater Creek fo its sourca.

1949 Same as [M8

1950 Big Beaver Creek and its iributaries:

Ruby Creek and its tributaries from
its mouth ta Crater Creek.

1951 Big Beaver Creek and its tributaries

above posted marker on Ross Lake;
Ruby Creek and its tributaries from
posted sarker on Ross ake;

Ruby Creek and its tributaries froa

posted marker on Rnss Lake to Crater

Creek: Skagit River from a line 300

yards out in Ross Lake to the Canadian

Border.

kor. 23 to (ct 3

Apr. 21 lo fet. 31

dpr. 6 to oct 31

May 24 o Nov.!
May 23 to lct.
Nay 28 to Oct.
Hay 27 to et
May 26 to Oct.

Hay 25 to Oct.

May 23 to (ct.

May 22 to Oct.

3l

3

i)

3

3

)|

May 21 to 0ct.J}

July 1 to &t

7

3t

Same a3 1383

Same a5 1953

Same as 1933

Same as 1953
Same a5 1933
Same as 1933
Same as 1933
Same as 1953

Same a5 1933

Same as 1933

Same as 1933

Same as 1933

Same as 1933



—m

@
1952 Big Beaver Creek and its tributaries  June 29 to Cct. 31 IS fish, the weight
above posted marker ont Ross Lake; of which shall not ®
Devils Creek from posted sarker on exceed 7 1/2 pounds
Ross Lake for one mile upsireas; and | fish

Lightning Cresk froa posted marker

o Ross Lake for one mile upstrean;

Ruby Creek and its tributaries from

posted sarker on Ross Lake to Crater o
Creek: Skagit River from a line 300

vards out in Ross Lake to the Canadian

Border,

1953 Big Beaver Creek and its tributaries  June 28 to Oct. 31 Same as 1952
above posted marker on Ross Lake; ®
Devils Creek from posted marker on
Ross Lake for one mile upstreas;
Lightning Creek from posted sarker
on Ross Lake For one mile upstream:
floss Lake, that portion lying between
the Canadian Border and the follow- L J
ing established line: from a point on
the north side of the mouth of Little
Beaver Creek directly east to a
sarker on the east shore of Ross
Lake: Ruby Creek and its tributaries
froa posted marker on Ross Lake to ®
Crater Creek: Skagit River from Russ
Lake to the Canadian Border.

1954 Same as 1953 June 27 to Oct, 31 Same as 15%2

1955 Big Beaver Creek and its tributaries  July I to Oct. 31 Same as 1982 ®
above posted closed water markers
on Ross Lake; Devils Creek froa
posted closed water marker in Ross
Lake for ona mile ypstress;
Lightning Creek froa posted
closad water marker in Ross Lake ®
for one mile upstreas; Ruby Creek
and its tributaries from posted
closed water marker on Ross Lake

to Crater Creek.
1956 Same as 1955 July 1 to 0ct. 31 Same as 1952 ®
1957 Same as 1755 July 1 to Oct. 31 Sase as 1952
1998 Same as 1955 July 1 to Oct. 31 Same as 1932
1959 Sase & 1955 July 1 to Gct. 3] Sase as 1952 ®




1960 Same a5 1955

194] Same as 1935

1962 Same as 1935
1963 Same as 1959

1964 Big Beaver and its entire drainage
above closed water markers on Ross
Lake: Devils Creek fros closed
water sarkers in Ross Lake for one
sile upstreas; Lichtaing Creek from
closed water markers in Ross Lake
for one aile upstreas; Ruby Creek
and its tributaries from closed water
sarkers in Ross Lake to Crater
Creek.

1965 Same as 1964

1964 Same as 1994

1967 Same a5 1964

1565 Same as 194

1969 Sase as 1964

1570 Same a5 1964

1971 Same as 1970

1972 Same as 1970

1973 Big Beaver and its entire drainage
above ¢losed water markers on Ross
Lake; Devils Creek from ¢losed
waler markers in Ross Lake for one
sile upstreas: Lightning Creek from
closed water markers in Ross Lake
for one mile upstreas; Ruby Creek
upstreas fros closed water sarkers
in Ross Lake. Pierce Creek closed.
Granite Creek fly fishing only.

1974 Same as 1973

July 3 to Oct. 31

July § to Oct. 31

July I to lct. 31
July 3 to Oct. 31

July 1 todct. 3t

June 27 to Oct. 3!
June 2 to Oct, 31
June 75 to Oct. 31
June 23 to Oct. 31
June 22 to Gct. 31
June 21 to Net. 3t
June 19 to (ct. 3
June 17 to tet. 3!

June 16 to Oct. 3}

Jane 15 to (et. 3!

‘-l") "

Same as 1952

Not to exceed 6
sounds and [ fish:
provided the rum
bers taken do not
exceed 12 fish, a-inch
ainimua size

Same as 19l

Same as 196}

Same as 1%l

Same as 1961
Same 25 156l
Same a5 19%]
Same a5 191
Sase as 1%l
Same a5 1%
Same as 1%!
Same as 1%l

Same as |9l

Same as 1961




1975 Same as 1973
1976 Same as 1973
1977 Sage as 1973
1978 Same a3 1973
1979 Same as 1973

1930 Same as 1975

1931 Same as 1973
1982 Same as 1973

1923 Same as 1973

1984 Closed waters: B1g Beaver Creek and
Ruby Creeks: entire streass. Devils
and Lightning Creeks: one sile
upstream of closed water markers.
Granite Creek fly fishing oniy.

1985 Same as 1984

1985 Closed waters. Big Beaver Creek:
entire stream. Ruby Cregk: entire
except Granite Creek. Devils and
Lightning Cresks: one mile upstream

of closed water sarkers. FPierce Creek:

entire stream. Gramite Creek no
longer fly fishing only.

1967 Same as 1986

1983 Closed waters: The following
tributaries to Ross Lake are Closed
from the closed water sarkers near
their mouths upstream the distance
indicated. 8ig Beaver Creek, entirg
stream: Ruby Creek, entire stream;

Pierce Cresk, entire stream. All other

tributaries--one mtle.

June 21 to Oct.

June 17 to ict,

June 18 to Uct.

June 17 to Det,

June 16 to tct.

June 21 to Act.

June 20 te Oct.

June 19 to Oct.

June 13 to Oct.

June 16 to Dt.

June 15 te fct.

June 14 to (L.

June 20 to Oct.

June 13 Lo Gct.

3

i

M|

3l

3

3

3t

i

Same as 1%l

Same as 1%l

Same as 196]

Sage a5 1%l

Same as 1%l

6 pounds and 1
fich not to exceed
2 trout, é-inch ainisum
size

Same as 1930

Same as 1980

8--net more than
3 over 14"

Same as 193

Same a5 1983

No ainima size

g fish daily and
possession lisit,
no sore than J over
14 inches,

Same 3s Y86

Sase as 19%
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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
Baily catch quota......... «e. 2 fish

Possession limit ............ 2 days daily catch quota

Gear reatriction...... +es.2.. use only single barbless hooks

noe bait permitted

Canada’s regulations that apply to their portion of Ross 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 sbundance (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 19886
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 19806's CPUE, the overall CPUE values from
the 1971, 1972 and 1973 seasons were (.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 13871 - 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
populetion which has not changed in size over the vesrs.

Looking at numbers of visitors using Ross lLake (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 18970's indicated that anglers also had not sig-
nificantly changed their preference for fishing location on the
lake. In the 1970°s, 60 percent of the angling effort occurred
north of Lightning Creek, while in the 1980's, &3 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 Ares
(31%), Little Beaver Creek Area (11.5X), 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 Aree
(34.2X), Little Beaver Creek Area (12.2X), Lightning Creek Area
(5.5%), Devils Creek Area (4.8%), Roland Point Area (156.7%), 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 CPUE would lead one to conclude an-
gling success was even better in the 1980°’°s, but the rapid drop
in CPUE in July and August in those years suggests the fish
population could not sustain the fishing pressure, unlike the
1970’s.

The decline in CPUE then most likely reflects a reduction in the
nunber of fish in the lake.

TABLE 28. 1985 and 1986 data sumsaries by month For nuaber of anglers,
nusber of rainbow trout kept, catch per unit of effart,
average length and size range (me).

NUMGER OF WUMBER OF
TEAR  MONTH AMGLERS  RB KEPT  CPUE AVG.LEN  RANGE

1785 JN 305 186 0.3 245  24-3%3
Jw 427 M3 018 22 190-48
L U 0L W 18-
SEP 46 853 0.37 %9 le2-4i0
0T 1% 3 08 B 1884
1786 N 477 s 64 B 19940
Ju 39 3 0L W 1IN
Ak 430 M 023 % M
P 42 % 0¥ 2 184D
o7 148 M7 049 23 180-3%
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Fish Per Haur (CPUE)

TABLE 29. Overall CPUE for each month and opening day, 1971,

1572, 1985, and 1986 fishing seasons.

Year Opemer  June  July August  Sept 0ct
in| 0.5 0.5 0.49 0.43 0.49 0.62
1972 0.2 0.49 6.76 0.63 0.66 0.63
1985 0.93 0.39 0.17 0.27 0.3 0.47
1986 0.91 0.45 0.29 0.3 0.37 0.49

0.8
0.7 / \\ B
., \/’,//./;Gl
0.6
-
q e
0.5 - /A
I\ T '
Y /
0.4 = \
0.3 -
0.2 T T T
June July Auqust Sept Oct
Manth
O 1971 + 1972 © 1985 a 1686

FIGURE 24. Overall CPUE for rainbow trout, by moath, tar 1971, 1972,
1985 and 1986 Fishing seasons at Ross bake.
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TABLE 30. National Park Service historical use data for the
Hozomeen and boat-in campgrounds at Ross Lake.

BGAT-IN
------- ———-HOZOMEEN ———=- CAMPGROUNDS
YEAR  VEMICLES RV'S  TENTS VISITORS  VISITOR NIGHTS

1970
197171 4,886 5,377
1972 6,662 18,493
1973 2,814 9l
1974 72 t ¥
1973 6,09 1,419 HeR 7,
1976 526 134 085 152
1977 73 ¥ ¢ 1,22 L5
1978 ¥ o oR,9 4
1979 6005 L22 6,3 8,
193 5765 LI 2,08 7,116
1981 5,142 M5 M35 14,71
1982 5040 L4l 201 878
1983 6,215 1,553 31,38 9,4
1984 "4

1985 5085 5,640 1,561
1986 6,24 2 1,307

"1 1971 and 1972 data were obtained from Interim Report 12,
Vol. 1, 1973 All other data from the National Park Service

"2 1 fata aissing

"3 Ross Lake remained significantly below full pool in 1977

"4 Blank areas dwe 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). Im 13886 CPUE
values for the north and scuth 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 at both ends of the lake indicated ex-
cessive fishing mortality.
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TABLE 31. Season catch per hour (CPUE} for Fishing jonmes | through 7
on Ross Lake, 1571, 1972, 1973, 1974, and 1986.

Lake Zone 1971 1972 1973 1974 1986

1 (Ruby Cv) 0.50 0.57 6.3 0.5 0.29
2 (Roland Pt) 0.47 07 0.4 0.50 0.4
3 (Devils ¢r) 0.49 072 045 0.4 0.43
4 {Lightning &r} 0.4 043 0% 0.8 0.45
5 (L. Beaver Cr) 043 0.5 043 0.3 0.4
6 {Hotomeen} .55 04 03% 0.3 0.35
7 {Canada) 0.4 053 03 0.4 0.2

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 firat 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’a, 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 reinbow trout alsc 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 fiah/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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TABLE 32. Ross Lake angler creel checks, seasomal {includes opening day) and opening
day-only if indicated, 1941 throush 1982, from MDW files.
(pemer

or Eastern  Dolly Catch/ Catch/
Year Season Anglers Rainbow Cutthroat 8rook Varden  Total Day  Hour
1941 14 22 21z 15.1
1946 12 144 3 147 12.2
1950 B 3 763 5 159 3147 L6
1951 160 137 2 ¥ 1409 8.8
1952 83 |14 4 & 120 5.2
1953 165 A N 2 12 B? 4.9
1954 77 1413 5 b & 1501 3.4
1935 261 94 & 2% 99 1099 4.2
1956 213 647 &3 2 65 37 3.8
1957 o4 y./14 8 3% 24 2% 4.6
1958 70 kYA q 19 Ha 4.9
1959 0 1983 26 1959 6.8
1960 585 2452 4 40 H 2550 4.4
1961 675 2248 2 17 2 uM 3.7
1962 €07 434 4 8l 107 4526 5.0
1963 484 2498 1 2% 5.2
1964 42 87 3 3 93 2.2
1985 162 515 515 3.2
1966 458 198 63 6 19 4.4
1967 3% 340 1 7 | 952 2.8
1962 Opener 163 85 3 83 5.3
1968 20 1™ 3 13% 2.7
1963 366 751 6 3 765 2.1
1970 717 2593 5 17 2615 3.6
1971 646 1304 11 1315 2.0
1572 756 1345 1343 [.8
1973 M 144 5 8 149 3.0
1974 Opener 171 601 801 3.4 k.67
574 Frs] 1209 3 H 1246 1.7
1975 Opeer 106 45 4% 4.2 0.93
1975 219 418 418 1.9
1976 Gpener 19 a0s 805 4.1 0.57
1976 198 i ! 235 [.4
1977 Opener 94 k14 A1) s om
1977 0 2 2 272 1.4
1578 Opener 2 55 5% 2.8 0.7
1973 -
1979 -
980 Opener 5% 231 231 4.1 0.9
1930 476 746 i 47 i.6
1981 Dpener 79 2l 5l 6.5 0.98
1981 -] e 74 2.5
1982 120 173 3 176 LS
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While the above Ross Lake angler checks, conducted by WDW 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 1limit has changed from 20 fish to 15 fish in 1952,
15 toe 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 chenges 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 CPUE
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 declire 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 populatioen 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 1988 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, 198B6).
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The 1986 survey design was based on an "access point" survey
while previous studies (1985 B.C. and WDW; and 1871 - 1974 [S-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 wused 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
gside of the lake, and reduced the 1985 season harvest. No such
closures tock 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. 0lder, 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 (Ancnymous, 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 33. Fstisates of season rainbow trout harvest from Ross Lake,
1971, 1972, 1573, 1974, 1985, and 1986.

Year All Species Rainbow Contribution  Rainbow Estimate

1571 36,952 7.7 55,73
1972 37,380 94.0¢ 35,13
1973 38,937 91.81 35,744
1974 41,700 00X 37,547
1985 21,007 89.0 18,903
1988 23,04 . 2,5

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. 1In 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 vyear), 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 Lake harvest
would have probably apprcached 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
downstream~migrating 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 cecld 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 distinc¢t annular marks on their
scales as 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 sgpawning 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 1 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 <c¢atch 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 inte 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 gignificantly 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
beth 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 c¢lass 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 contributed about the same to the fishery 1in

1985 and 1986, averaging 4.1 and 0.7 percent of the catch,
respectively.
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TABLE 34. Percent age composition of Ross Lake sport caich,
by sonth, for 1985 and 1986,

JN Ju AlG SEP et TOTALS

195 O 0 0 341 2172 UBT7 BRI 104 17.5

| 1527.8 #2525 S34L.4 5630.1 30 3.7 216 36.4

THREET 2648.1 20 20.2 30234 51274 M 268 169 28.5

FOR: 9167 6 8.2 [713.3 2% 140 18118 76 12.8

FIVE! 4 7.4 1 14 6 47 6 32 7 46 240

s ¢ 0 0 0 ¢ 0 3 L6 213 508
TOTALS b 73 13 188 153 5

9% OME} 0 0 2 2.0 3200 2138 1l3l.4 4 3.3
P 43276 BUS DB2 e 8229 146 2.1

THREE! 7447.4 30400 4273 2948 102386 A7 9.3
FOURT 33212 18176 2153 2179 S M3 %9 [9.0

FI¥EL 4 38 4 39 555 6 51 123 2 42
sii 0 0 6 01 0 2L7 D O 3 0.
TOTALS 15 102 110 117 3 S0

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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TABLE 35. Percent age class contribution to total season sport
catch, Ross Lake, 1971, 1972, 1973, 1985, and 1986.

Percent of Season Harvest

Age 1971 1972 1973 1% 1%
1 il 2 2 17 8
? 5 9 62 36 el
3 26 39 P 2 40
4 7 8 6 i3 19
B l 2 1 4 4
6 0 0 ] 1

The opening day catch age compositions from 1973, 13874, 1985, and
1986 are shown 1in 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
reagsons which ceuld account for this difference: 1) the dominant
age class of the recent catchea is ome year older, 2) there was
a significant difference in the way the fiah 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 reserveoir, 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
gsamples.

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
1970'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’sa.
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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 vounger {ish to the fishery in the 1980's due to environ-
mental factors or less spawnhers. The environmental factors that
could have been resonsible for lower survival of the yvounger 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 0 through sge 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 1983-19B4 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

1870°s, low spawner numbers was very likely a primary factor
causing reduced recruitment (contribution to catch) of age 2
fish in 1985 and 19886. 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 1lead to such a populetion collapse. This issue

will be discussed in more detail in the section on Age at Sexual
Maturity.
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TMBLE 36. The age class cospasition of rainbow trout of the 1973, 1974, 1935,
1986, 1987, and 1988 opening day sport catch at Ross Lake with
separation into north and south end contributions.

NORTH N&s SOUTH NORTH
1573 1974 1985 1985 1986 1986

AGE n 1 n 1 n 1 n I n 1 n 2

i 0 0.0 1 0.4 ¢ 0.0 0 0.0 ¢ 0.0 0 0.0
Poo1065.2 B1S72 1528 ¥¥e ARSI AAB7
THREE | 61265 7433 241 A&4 2407 HBIS

FOUR 16 7.0 17 7.4 97 JA.2 1223 21 2.6
FIVE | 3 13 3 2.2 4§ 74 & 3.8 3 5.l 3 3l
S R 1 04 0 0.0 0 0.0 0 0.0 0 0.0

N&S SOGTH NORTH NES SOUTH HORTH

1987 1987 1987 1988 1968 1988
AGE n 1 n 1 n 1 n I n I n 1
O 0 0.0 g 0o § 0.0 0 0.0 0 0.1 0 0.0
THe 17 15.0 17 30.0 000 X[RD 17 3.0 6180
THREE &4 2.0 24 43.0 23 4.0 43 51.0 21 40.0 22670

FIvt I3 1.6 240 HBD $ 6.0 4 8.0 1 3.0

|
FoR ¢ B30 B89 2P0 MO 10030 § 12.0
St 1 (.0 000 1 2.0 ¢ 00 0 0.0 0 00

Length of Rainbow Trout
Ross lLake

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 sample was 294.2 me (11.6
inches) (1775 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
end 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 ccondition 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,

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 seasoneal
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.

THBLE 37. 1985 and 1986 Ross Lake rainbow trout ages and

lengths.
Length (me)

Year A M. Avg Range

1985 0 1 - - -~
1 104 220.7 158 0
2 - He 5.4 183 37
3 69 320 a7 369
4 % 33 5 I
5 a3 6.9 37 364
b S M.e 34 424

1986 0 | 63.2 45 100
i 6l 1946 n 2n
2 w07 257.2 157 328
3 &1 N3 218 380
4 e 3534 266 03
5 3 WA 295 3%
6 j 3.0 365 409

The zero age fish in the 1986 sample and the smaller minimua
lengths were froa electro-shocking samples, and were not used.
to caleulate 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 18986, vyet the seasonal average was 19 mm larger in
1986 than either of those other two years.

TABLE 33. Average length at capture and to annulus for Ross Lake
rainbou trout, 1971,

TOTAL MALES FEMALES
Aver, Aver, * Aver,  Aver.* Aver.  Aver. *
Length Length Length  Length Length  Langth
at ta at to at o

Capture  Annulus Capture  Annulws Caopture  Annulus
AGE No. {em) {cm} MNo.  {cm) {em} Mg,  (em) {em)
1 4] 19.5 15.1 16 20.2 15.0 2 18.4 15.0
2 714 2.3 22.8 248 2.5 2.4 200 26.3 22.5
3 an 30.1 2.0 214 2.2 27.0 346 9.8 7.8
4 328 1.7 32.3 43 32.4 0.3 139 34,0 32.5
H &7 35.2 35.0 14 5.8 u.7 35 36.2 35,1

One of the best ways to compare sizes of fish between years is to
loock 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 gpproximate
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annual growth from fish sampled on cpening 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.

TABLE 39. Average size of rainbow trout on opening day,
Ross Lake, from 1973 - 1983,

Yoar Average Fork Length {ma}  Location
1973 24.0 South End
191 J2.7 N&SEnd
1976 300.3 NE&SEnd
1964 2.1 N&SEnd
1935 2.1 Morth End
1984 8.0 N &S End
1987 3.4 N&Stnd
1967 283.5 South End
1987 Ji4.6 North fnd
1988 263.4 N&SEnd
1983 278,56 South €nd
1988 290.3 North End

It is evident that to be able to compare opening day average
lengths, the sampling locations (north vs south ends of Ross

Lake), must be considered. The average size of the fish at the
sauth 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 1lake anglers either prior to entry into the river,
or as spawning or spawned out fish holding in pesitior 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 reatrictive angling regulations (300 mm minimum fork length
regulation) while in the Skagit and were ~vulnerable to less
restrictive Ross lLake U.S5. regulations (no minimum size). Even
considering these variables it does appear that average size of
fish on opening day varied gsignificantly 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
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Years. The difference appears to have been caused by the rela-
tive abundance of age 3 and older age classes compared to the
abundance of age 2 fish ip the harvest.

Figure 25 graphically displays variability of year <c¢lass 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, 1885, the age 2 rainbow’s average size showed negative or
no growth. Since that periocd 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. 1t 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 twe 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 streanm
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 c¢losed-fishing
areas until higher lake levels allowed access to spawning
grounds, or, by a protracted spawning period compared to 19886.
The mid-summer decline in average size of age 3 fish in beoth
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 orv
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 198B0's
averaged;

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

Generally, length and weight data indicated the following; 13
that the growth in length was greatest in the first vyear from
length at emergence to length at lst 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 g
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 mnm 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.
TABLE 48. Skagit River rainbow trout catch data, 1962 and
1963 (Whately, 19701, PY
Length {aa)
Month #anglers thows Rb CPUE (250 250-355 )35
1962
May 109 355.5 141 0.40 7 102 32 ®
June 7% S R 0B 2 74 14
July 212 11280 417 0.7 M4 Yy 14
Magust #0 400 174 040 U 1R sl
1963
April 77 2%2.0 139 0.93 [ 8 5 e
Moy 89 BLE B0 A M 1 ,
June 240 370 w6 0.4 Ll 23 119 |
July 187 3.5 0 P ] 1 ‘
Augqust 12¢ 4065 125 030 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 at 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 nm);
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 1likelyhood 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 gpecific 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 Development

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 cerry more eggs
than younger, first-time spawners. In such cases, even though
angling and/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 steelhead and sea-run
cutthroat, population stability is dependent upon older, repeat
spawners that carry more eggs. In cases such as Ross Lake's

rainbow, with no significant difference in egg count vs age of
fish, first-time spawning age 3 or age 4 females are just as 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.

ook
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FIGURE 23. Fecundity (nusber of rogs per female} of rainbow trout (270-3% s},
from floss Lake, 1971.
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Spawning Time

Researchers at Ross Lake in the early 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, 1871 (Anonymous, 1972a). The first
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.S5. 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 Inastitute data. The sexual con-
dition of the 1986, 1987, and 1988 samples were taken during
opening day creel surveys at the Hozomeen Campground and Hoss
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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TABLE 41. Sexual condition of opening day caudht rainbow tromt,
Ross Lake, 1973, 1974, 1974, %6, 1987 and 1988,

PERCENT
YEAR SEX  TMMATURE  MATURE  SPARNODUT  TOTAL  BY SEX

1973 FEMALES | I3 5 14 132 X2
MALES 1M i1 ! 16 4.8
1974 FEMALES | 146 5 2 153 881
MALES } 67 13 g 2 W3
1976 FEMALES | 205 $ 12 24 663
MALES 89 2 l 14 317
1986 FEMALES | 19 0 2 21 6l
MALES | 13 0 0 13 W2
1987 FEMALES | 65 ] 9 M 6.0
MALES 3 l » 5.0
1968 FEMALES | 30 I 4 % 6.0
MALES ¥ 7 l 4 2 o

In 1974 fish scales were examined for previous spawning checks.
The spawning checks indicated that males first spawned at age 2
and females firat 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.BX were spawn-
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ing for the second time and 5.4% were spawning for the third

time, Among a sample of 67 females, 61.2X 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 e
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 1in 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-

L sible there had been a shift in time of spawning. Such a change

i could occur if fish spawning during or after the opening day of ®
; fishing were subjected to high angling mortality and 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, 1i.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, 81 percent of

all females caught on opening day were immature, and between 13986

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 and 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 1little 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. Seual maturity of Aoss Lake ratnbow during
the 1371, 1972, and {573 Fishing seasons.

Ho. ] s To%a.l Toéal
fish Yo. females Mo, males Total mature sature
Yaar Age saxed feamales mature males maturs mature females males
1971 1 50 23 9.0 27 0.0 [}
2 170 79 0.0 L 35,16 i 2.0 100.0
3 118 73 l.33 L38 8,10 54 57,80 42.59
L) 35 20 55.00 15 28,66 15 73,33 26.67
5 12 il 54.54 1 100.0 7 85.71 14.28
§ L 1 100.0 ] 1 100.0 0.0
1972
1 TL 3B 0.0 37 0.0 Q
2 161 1. 0.0 a5 S, 73 52 0.9 100.0
k] 102 62 43,55 ug 82,50 52 51.92 48.08
4 54 3% 62.86 19 73.688 36 6l.1% 6.8
5 10 8 87.50 2 £0.00 8 87.50 12.50
] 1 1 l00.0 ] 1 100.9 . 0.0
1973
1 38 20 0.00 18 0.00 Q
2 L% 198 0.00 239 B4, 77 107 9.00 log,0
? 42 284 $8.31 154 66.23 Pl 62.22 37.77
4 212 143 86.401 69 78.26 177 69.u9 30.50
H 1 12 91.68 3 ™. 18 61.11 38.89
§ [*] o Q o

In 1988 and 1987, age 3, immature, females comprised 61 and 82
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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FIGURE 29. Photograph of two anglers' opening day catch at the north
end of Ross Lake, 1987. ALl fish were issature age J fesale rainbow trout.
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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). Meost
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 43. Canadian Skagit River rainbow,
ron-randoaly selected for cesual
saturity confiraation, 1935.

Date Length {m)  Sex Haturity
19 35 F Insature
420 3 H Imsature
i M40 F Iesmature
45 3 F Imature
s 2 F [mmature
513 M7 F Immature
513 30 F Hature
513 33 F Mature
513 39 F Hature
133N F Mature
513 M0 F Hature
513 315 F Immature
LT U] F Hature
6/ 369 f Inmgture

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

Whately (1970},

48.7 miles of U.S.
20.2 miles of Canadian stireams;

68.9 miles (Table 44).

Even though the lineal distance of the U.S.
the distance of the Canadian streams,

area, the two are about equal.

spawning gravel and gradient,
optimum fish spawning environment.

TABLE 44, Linea) streas miles of accessible
spawning areas for Ross Lake fish.

Stream

Spawning Sites

tributaries and, according to

for a total

tributaries is twice
in total flow and

In terms of abundance of suitable
the Canadian Skagit River is a more

surface

Internaticnal Creek south

Hozoseen Creek mouth and lower 0.50 mies
Silver south and Lower 0,49 mjles
Arctic Creek goirth

Ho Name Creek aouth

Little Seaver Creek aouth and lower 0.07 siles
Skymo Creek Routh

Lightning Cr. outh and lower 0.23 siles
Dry Cr. south and Lower 0.44 miles
Pierce Gr. auth and Lower 0.08 siles
Roland Cr. aouth and lower 0.31

fuby Er. aouth and 3.60 miles
Canyon Cr. 16.10 ailes
N.F. Canyon Creck 0.62 ailes
Slate Creek 11.47 niles
Mill Creek 1.23 ailes
Panther Creek (.41 niles
Granite Cr. 16.45 siles
Roland Creek eouth and lower 0.31 ailes
Nay Creek Houth

Devils Creek Mouth and lower 0.08 miles
Big Beaver Mouth and lower 6.4 ailes
Total miles of accessible U.5. tributaries 43.69 niles

Total wiles of accessible Canadian Skagit River  20.20 &iles

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 reering habitat for the Ross Lake fish; a necessity
if we want the depressed fish populations te¢ recover as rapidly
as possible and maintain themselves. The following are degscrip-
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 tributeries 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 Beaver Creek are al times a migra-
tion barrier to fish, depending upon reservoir draw-down levels
and refilling schedules, It was reported im 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, additicnal 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 Reaver 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 1 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 ccunts should be
congsidered as an indicator of access only, since sgtream

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, 1972, No rainbow trout
spawners were observed, but considering the timing of the April
float (the lake was down and the falls al 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 ovn QOctober 9, 1986
to determine its productive potential for rainbow trout and dolly

varden. Previous surveys done in the 1970’3 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 that
at least one large ratnbow took such a journey. A rainbow trout

(374 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. Gn June 10th, Washington Depertment of Wildlife

diverted the stream channel into a new course to bypass the bar-
rier. Op June 13th, 2500 to 30080 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 migratien).

Migrations of Fish Tagged in Ross Lake

Results from tegging 514 rainbow, 21 cutthroat, 33 dolly varden,
and 1 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 scuth of this
area. This undoubtedly reflected, in part, the greater fishing
effort toward the north end of the lake. Ten rainbow tagged 1in
the lake were recovered in the Canadian Skagit River, but only
one of these came from the three tagging areas to the south of
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the Lightning Creek area, although more than half of the tagged
fish were released in these areas. Cutthreoat tended to stay near
the area tagged-~Big Beaver Bay {(Anonymous, 1972b) .

In 1972, researchers tagged 837 rainbow, 46 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. 18472 recoveries
of fish tagged in the Ruby and Roland Point areas were made 1in
all areas of the lake but not in the Skagit River (Anonymous,
1973a).

Distributien and movement were recorded in 1973 for 1363 rainbow,
230 cutthroat, 36 dolly varden, and # eastern brook tagged in
Ross Lake, Skagit River, and Big Beaver Creek beaver ponds. Fish
tagged in the Ruby Creek area of Ross Lake were found in all lake
areas and up to 28-Mile Creek on the Skagit River. Recovery
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 vrecorded in 1970-71. Snorkle
floats were conducted between Octeober 1870 and October 1971.
Density of rainbow trout varied from 2.6 to 67.1 fish per mile
surveved. 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 River 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 1late April to late May {Anonymous,
1972b) .

A series of Skagit River floats in 1973 showed 8 large increase

in trout entering the stream between April 17 and April 30: 1
fish in 3 miles versus 217 vrainbow in 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 coenducted between

August 23-31, 1982. Divers observed that 95% of the total fish
in Skagit River were rainbow (1110 of i162 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 650 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 lLake 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 1indicated few large fish were left in the river. Tagging
data provided no evidence of any gradual downstream movement;
mavement 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 mainstem, 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 wup
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 greaster 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. Nearly 76% of marked fish show-—
ing downstream movement were recaptured after Sept 15 (Usher,
1986).

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

In a 1985 tagging study, with 297 tags applied between May 1-17,
1985, in the drawdown area of the reserveir 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
Ross Lake were most frequent during late June and early July and
declined thereafter. Early tag recoveries were near tagging
sites while 1later recoveries were more evenly distributed
throughout the Lake. Tagged fish were reported at the south end
of reservoir on June l4th. Results of this study showed that
only a portion of the Skagit River rainbow spawning stock
remained in the river after spawning (to contribute to the
fishery). The earlier tagging studies (pre 1985) could nat have
detected the portion of the migratory stock that returns to Ross
Reservoir shortly after spawning since those fish wauld have
migrated back before initiation of the tagging study (Scott and
Peteraon, 1986).

Rainbow tagging and test fishing studies were conducted in the
Canadian Skagit River between April 15 and October 31, 1986.
From April 15 to May 19, 1986, 1276 rainbow were captured and

tagged in the lower reaches of the Skagit River. Between June 8
and October 25, 1986, 1934 rainbow were caught in the test
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, 19886).

Summary on Migrations: The Ross Lake-Skagit River tagging
studies, <conducted between 1971 and 1973 showed that fish tagged
in all areas of Ross Lake were subsequently caught randomly
throughout the lake 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
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 strean 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
Lake 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.

Pry Production From 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 contributers and the
cumulative contribution of all small tributaries can potentially
exceed the trout production of the largest.

Fry Emergence and Emigration Timing

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
energence 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 than 13973.
These annual variations in time of arrival of the fry 1into 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.

TABLE 45. Mean streaa temperatures (°F) froa June throush aid-
Auguet 1m 115, tributaries, 1971 - 1974,

Yeat Ruby  Big Beaver  Roland ODry  lichtning

197! 4.0 $3.9 - - 4.7

-1972 4.0 &8 $5.3 0 864 4.0
1973 LR 4.8 0.2 W03 4.1
1974 5.4 e $H2 o S #.6

Between 1871 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 18).
Several streems with similar first emergence timing of August 13
to 30 were observed over the four year period (Ruby, Lightning,
Roland, Big Beaver, and Devilsg Creek).

The duration of emergence and emigration of fry often extended
into October on the study streams (Table 48).

Fry Contribution Estimates

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 toe location of trap
placement and design {failed to capture fish). This 1is 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 wvalid 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 frowm
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).

TABLE 46. Actual fry catches from five U.5 tributaries sampled om 1975 {from Wyman, 1575).

wate  Roland (r. Ly Cr.  Lightning Cr. Ruy Cr. Big Beaver Cr.
(1603") {1606} (1603°) (160" ) {1645")
North Net Scuth Net Nerth Net South Net North Net South Het

8/1 n 0 : 0 0
a/5 0 ] Q o 0 0 L] o
4/6 27 ] 0 9 0 i}
a/7 24 25 Q 0 a 0
g/8 23 N ] [} a 0
8/12 142 29 0 ] ] ] Q 0
a/13 91 19 0 1 0 0
8/1u 75 u8 0 i 1} a
8/1% i Su ] [y 1 ]
B/19 s 25 [] 5 ] a
8/20 1u3 9% K} 5 1 a
B/21 22% 69 [ [ 4] 0 2 o
8/22 277 17 1 2 0 0
B/76 116 Uy k] Lt 2 1 1 1
8/27 70 65 11 2 2 5
8/28 1* 107 [ 217 [ s
B/29 374 15% 2 19 0 [
/3 111 77 8 1 1 2 1 o
9/u 112 35 0 30 3 6
4/5 a 19 11 49 4 8
9/% 61 26 7 27 13 10 a 2
9/10 101 ug 9 15 u 14
/11 87 59 n 18 H 6
9/12 52 s k] 5 7 13
9/18 23 ] 3 3 a H 0 o
9/17 8 3 2 5 7 2
9/14 10 14 1 1 )
9/19 11 8 3 2 11T 7T
9/23 11 8 ] [ 2 3 ] a
9/2u 8 7 3 [ 5 5
q/25 i - 1 8 1 3
9/26 4 5 5 2 3 2
9710 S 1 3 8 0 &
10/1 2 5 1 1 1 3
10/2 1 1 1 3 1 4
10/3 2 o 0 b 2 0
19/7 o o 1 0 1 ]
la/8 1 1 n 2 a 0
10/9 1 ] ] 0 0 a
10/10 3 1 0 1 1 3
10/14 0 2 0 i o '}
10/15 1 ] a i 1 0
10716 1 o
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TABLE 47. [stimatsd catches of rainbow fry from four Eributaries to

Ross Lake. 1975 (from Wyman, 1975).

Date Foland Cr. Dry Cr. Liphtning Cr. Ruby Cr.
{1603") (1606"') {1603'} (16au')
8/6 usE
7 25u ul
[} 200. 11
9 LigH 239
10 B73% Jun
11 ELEL] [T
12 1145 57
13 561 7ok a1l
14 7719 101 a
15 asgs 155 0 kY
16 939% £32% 104 26%
17 1019 ilp® o L 17"
18 10994 B7* n* ga
19 11794 B4 W1 0
0 1259 42 sa 33
21 1723 324 &0 [}
22 2289 61 a8 0
23 21094 6a% 112% 4%
26 1930% Tud 188% T
25 1750% 81a 2644 1%
26 1570 87 339% 94
27 1199 110 Wiy 176
28 1762 121’ u3s 283
29 1115 136 321 - 109
£ 1407* 140* 287% 102¢
8431 1479™ 163% 2532 g5%
9/1 1551 % 176% 719® g%
2 16247 189% 185#% 82
3 1696 202 151 15
v 1727 150 Jus 224
H 816 a0 651 311
6 Ti6% 1004 Sgu#* 3an*
8/7 616+ 110% 538% us7h
] 516% 120% 470% 529*%
9 uls 130 421 602
10 620 EL] 50 422
11 $9u 191 164 bl ]
12 57 129 210 532
13 307 108% 1724 466%
14 g 78% 134% Jage
15 208% L L] 0L 333
16 158 T 18 8 266
17 33 16 1] 261
g/18 24 30 22 PL1%: ]
19 16 20 -1 8
20 1g® 21e 50%* 2162
21 172 23% 66% 1.B5%
22 17% 2uk T1% 1538
23 17 25 % 121
24 18 21 91 236
25 78 13 a5 99
26 7 10 62 13
27 ax e 764 136%
28 g# 7% 90% 138%
29 a% (1] 109% 14t
9730 10 3 117 142
10/1 5 18 22 109
2 3 3 39 137
3 25 a 39 65
) 19% os 2% 83%
$ 13% ok 124k 101%
8 B* 0% 17R 119¢
7 0 ] 9 137
] 4 4 20 0
9 3 =4 a [+
10/10 11 2 10 116
i1 g% kL] ga 7%
12 &* uh 5k sak
13 ki 54 an 29%
14 0 6 ] o
15 2 Q a 28
16 a +]
TOTAL 47,334 4770 8933 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 18973 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 vear 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 =z
crowding condition which caused a larger percentage of fry than
normal to emigrate.

The decision to sample Big Beaver Creek during these vyears,
primarily at the 1645 foot elevation and not at the mouth, must
be questioned. That elevation (approximately 6§ miles upstream
from the mouth) was wupstream from the most suitable spawning
gravel, It is not surprising that rainbow fry production was not
found to be significant.
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TABLE 15, FEctimated fry production for 1973, [974, and £57% o
selected U.S. tributaries to Ross Lake (Wyman, 1574}

1973 1974 1975
Strean k : ] 1 ] 4
Lightnino 52,418 I3 7,171 12 §,953 I3
Teby 75,321 4 13,77 33 10,047 14
foland 23,046 19 14,740 2% 47,35 3
Dry 0,0 ¢ 16,765 » 4,7 b
Totals 159,563 100 160 1,104 10

SRTS

Rainbow Trout Population Size in 1970’'s

In the 1970’s a8 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:

1) To what extent non-reporting of tagged fish occurred is un-
known. If it occurred it would bias the population estimate up-
ward.

2} To what degree natural mortality differed between tagged and
untagged fish is not known. If natural mortality was higher for

tagged fish the population estimate would be biased upward. It
was suspected that this occurred because many tagged fizsh were
sexually mature at the time of tagging, and sexually mature fish

normally experience a higher mortality than immature fish.
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3) To what extent recruitment occurred to the fishery during the
study ig unknown. 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 was not proportional to density of fish in that
the mid-lake area maintained a CPUE equal to other areas of the
lake (indicating similar fish density)} yvet angling pressure was
much lower in the mid-sections than at the north or south ends of
the lake.

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 1in the lake
in the early 1970’s (Table 49).

TABIE 42, Population estimates of fharvestable Ross-Skagit
systes rainbow trout, 1971, 1972, and 1973,

Year Population Estimate 958 Confidence Interval
137t 146,352 ‘ 120,263 - 136,373
1972 206, 185 174,500 - 237,800
173 98,490 1A, 730 - 212,209

As previously discussed, CPUE can reflect the abundance of fish
in a body of water. The CPUE values for 1971 (0.48), 1972
(0.52), and 1973 (0.49) 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 803,000 (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 1lake in those
years. This information dJdoes 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 Hoss 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 1in Diablo Lake, No tagged fish were
recovered below Ross Dam in 197]. 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 P
Dam was from June 23 to August 2 (41 days). Average spill was

4463 cfs with a one day maximum of 9400 cfsg.

Assuming that tag recovery rate was the same in Gorge and Diablo

lakes as in Hoss Lake (19%) approximately 5B 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 this loss in perspective, remember that «
the total angler harvest of rainbow trout in Ross Lake for the

1985 season was only 2500 more fish than were lost over the
spillway in 1972.

If Ross Dam operations, for whatever reason, are not able to
prevent spilling water at a rate greater than the 1971 rate ®
{(which appears not to have caused a significant 1loss of fish),

then a mitigation plan needs to he developed so that Seattle City

Light c¢an 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 he caught in the lower lakes. A

needed study would estimate numbers of fish droeopping over the ®
spillway at different flows and determine mortality at 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 Impact onr Trout Food Sources

Ross Lake Zooplankton

Zooplankton is the single most important food source of the rain-
bow trout im Ross Lake. Interestingly enocugh it is the
zooplankton that gives the flesh of the Ross Lake rainbow its
characteristic vred color. The abundance of zooplankton 1is
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
29% to 176% 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 am { 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 periocd, they primarily feed on drifting trout
eggs. Smeller 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

Bentheos, or bottom dwelling invertebrates, can be an impurtant [ ¥
food source for Ross Lake rainbow trout. Two of the most impor-
tant benthic invertebrates are snails and amphipods {(gammarus).
While snails formed up te 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 wunfortunate 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 1lake bottom was directly related to ®
whether, and for how long, a given portion of the lake bottom was i
exposed by drawdown. Below maximum drawdown the greatest abun-

dence 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 waas a gradual summer increase

in abundance depending upon the length of time of exposure by
drawdown and length of time for invertebrate recclonization.

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 36X of to-

tal lake area. Draw—-down could partially explain the inver-

tebrate abundance difference between 1971 and 1972 {(Anonymous,

1973a}. |
d

The substrate samples taken off the c¢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 o

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

aaud Survival of older trout would improve, L
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Spawner Access and Redd Inundation

Reservoir operatiaons 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 1level recedes, can block upstream migrating fish that are
attempting to reach their spawning grounds in May or Jume. 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 lIst 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 1970’3 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. 1In Lightning Creek, 100% mortality was ncoted
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 c¢onfluence 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 redds. The layer of
silt blocks the movement of fresh water to the eggs and they
smother from lack of oxygen.

In conclusion, maximum draw-down occurs in March/April each year,
followed by a slow refilling of the lake. Sheould 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
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 1 each year.
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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:

l. 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 148,000 and 206,000; comprised of 95 percent
rainbow trout, 4 percent dolly varden, and 1 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 fiah 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 1970’s CPUE remained near 0.50 fish per hour from opening day
to the end of the fishing seasen. 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 0.858. 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 1985,
These values were for the whole lake’s fishery and c¢learly 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, & majority
of the anglers fishing Ross Lake had been participating in this
"destination" fishery for 10 to 15 vears. 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 s low as 0.17; & 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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FIGURE 30. Combined 1971 and 1972 CPUE and Cosbined 1985 and 1906 CPLE.
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The migrations of rainbow trout in the Ross Lake system alsc¢ 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 satock 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 0 or age 1. Some delay lake entry un-
ti]l 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 tc 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-
tieons and probably explains consistant opening day evailability
of fish at the mouth of the Canadian Skagit River (morth 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 <c¢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.

135



A portion of the reduction in annual harvest may be due to les-
sening of the total hours that anglers fished per day 1in 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 1in
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.
That decrease in harvest still leaves 15,000 less fish caught in
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-run 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 l4-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 a cer-
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
gignificantly 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 1870°'s
age 2 fish comprised 50 to 60 percent of the annual harvest. In
the 1980’'s, 1in 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 situationm 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 c¢lass for a peried 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, 1loss of large
food organisms and reduced zooplankton sabundance 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 gosals 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

hald feeding stations off the river mouth. It could be said that 'Y
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 7'y
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 enceurage 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 &
presgure increases, must be considered.
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.SHERIES MANAGEMENT RECOMMENDATIONS

;1ling Regulations
Need for §, € g

Th fishery can only be expected to be;ome-more popular
ans Ross jed in future years, particular%y_ly light of the
dev heanof new and enlarged camping fac111tles.at the north
e de1°pﬂake in Canada. Current fishing regulations do not
nd of t pratect the fish populations from over-harvest at the

Curren¢iling pressure level.

Baseq B8 significantly reduced CPUE for the 1980°’s compa?ed to
the oS (25% seasonal average decline), and a 43 % decline in
annuﬁjiarvest between 1970’s aend 1980’s, over-harvest has al-
readyccurred. There are several other indicators, more subtle
but st as important, that further support tye conclus19n that
the pss Lake rainbow trout population hgs declined and is un-
stabp. Angler over-harvest and reservoir draw-down, are the two
most probable causes. Indicators include; 1) wide year to year
flietuation in year class strength of age 2 trout indicating un-
stible recruitment, most likely due to inadequate numbers of
spiwning 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 vear
prior to spawning, especially in years that age 2 fish abundance
is low, 3) large drop in CPUE following the firat two weeks of
the 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:
1) open the 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,
particularly 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:

SEASON CHANGE : Change the current opening day (3rd Saturday
in June) to the closest Saturday to July 1.
The 1990-199]1 proposed seasons are;

June 30, 1990 to October 31, 1990

July 1, 1991 to October 31, 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
gspawners contribute to the genetic diversity of the stock. Such
an opening day would be the closest Saturday to July 1 each 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
a 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 lLake's smaller tributaries.
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MINIMUM SIZE LIMIT: Change the current no mipnimum size limit to

13-inch (total 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
cemmon, and as a result, 49X 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 sgize
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 meortality 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 teotal length. While fork
length is a standard measurment in scientific studies, and wused
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. Y
for their pertion of the lake with a 320 mm fork length minimum
gsize 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 9
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-

¢reases 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 o
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 & to 20
percent. These mortalilty rates were derived from experiments
conducted under a wide variety of conditions, not all of which Y
apply to Ross Lake, but the survival ratic 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 9

release mortality rates are similar to those reported in the
literature. For this reason & 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 oanly), 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, 185 percent used bait only, and 77 percent used a combina-

tion of flashers and lures or worms (note: compare these percepnt-

ages for 1971-73 with the 1986 season data in Table 50).
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-""‘"""-“--...._,_',asun 1967 Opener (5.End) 1967 Opener (N.End) 198 Opener (S-End} 1988 (,Ipener {N.nd)
) Harvest(?) Anglers(X) Marvest(X) Anglers(T) Harvest(z) Analers(X) Harvest(1) AnglersiZ) Harvest(z)

T —

19.8 0.0 0.0 4.0 3.0 0.0 0.0 42.0 5.0

bait-tnyy

Lure-tnjy J.4 0.0 0.0 0.0 0.0 0.0 3.0 2.0 0.6 0.0
Fly-tnly L3 0.5 0.0 0.9 0.0 0.0 0.8 0.0 0.0 0.0
Flasher ¢ 4 i%.1 %7 8.0 73.0 3.0 35.0 87.0 7.0 2.6 3.0
Flasher 4 2. 0.8 5.0 2.8 2.0 7.0 10.0 1.0 2.0 15.0

It j; isportant to note that for the 3 main fishing methods, (1)
boet, still-fishing with bait, (2) boat, trolling with flashers
an¢ pelt, and (3) boat, trolling with flashers and lures, the
perceat of fish harvested by a particular gear type is nearly the

saje a8 the percentage of people using that gear type. For ex-
amples if 30 percent of the anglers fish flashers with lures at-—

ta-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 1lures 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 -— 3 fis
Poasession limit -- B fis

e

Jystification: 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 cateh 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.

Impact 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 End. 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. Qut 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 enocugh 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 End: At the north end of Ross Lake on opening day,
1987 the average completed trip catch per day was 6 fiszh.
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 §
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, Scuth 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 er 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
a8 13-inch total length minimum size regulation (B9 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 apening 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 greater than 13 inches. Since the average daily
catch was 4.3 fish only 0.5 of those fish could be eaxpected 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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FUTURE STUDIES AND DATA COLLECTICN

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 oaver-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, beats,

ete., and Ross Lake Resort data on boat rentals, need to be col~-
lected for the full fishing semson 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 portiom 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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RO5S RESERVOQIR FISHERY

Deacription

Ross Reservoir is a large "internaticnal” body of water utilized by both
Canadian and American anglers. Because of its raelative remoteness (travel
distance) anglers tend to camp overnight in the area, and thus angler use is
such higher during weekends. The reservoir can only be reached from two
general locations; from the Silver-Skagit road at the north end or from the
Diablo Resort at the south west and. A National Park campsite is located on
the northeast end near the Canadian border. However, a2s indicated, the
majority of anglers, whether Canadian or American, access the reservoir via
British Columbia.

Virtually all angling occurs from boats. Access is obtained from a maximum
of five launch sites (Fig. 2): site A on the Canadian section of the
Reservoir, &ite Bl and site B2 at Hozomaeen Campground, site C just south of
the campground, and site D the Diablo Resort. All sites are utilized
throughout the season except site C which is closed between early July and
sarly October. The two B sitss from early Septesber onward can be surveyed by
@ single person, but not otherwise. Alsoc, site B2 is closed by the Park
Service during the month of October. The odd occurrence of shore angling
(other than that subsequent to boat launcing) is restricted to the iasmediate
aresa of the launch sites.

In 1985, dajly fishing activity through sumaer tended to be bimodal, with
aany anglers making two (or more) boat trips per day. Afternoon winds and
length of daylight hours were often responsible for the observed decline in
ajidday fishing activity.

Reconmended Saapling Design

The limited number of boat launch sites through which all anglers must
pass and the absence of shore angling (beyond the lasunch sites) makes the
access point creel survey (Malvestuto 1983) the most suitable apprcach to
estimate effort, CPUE and total catch. Using this procedure, survey worker(s)

stationed at a boat launch will enumerate all boats returning to the site and
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Figure 2. Ross Resarvoir with approximate locations of the five launch sites.
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interview as many buet puinias 36 possible. Boat trip counts will be used

te estimste monthly effort, and the interviews will be used to estimate asan
CPUE eand to obtain other pertinent dsi=s (anglers per boat, hours fighed,
catch/person, lengths of fish, scales, otoliths, sex of fish, etc.). Total
offort estimates are then applied to CPUE estimates to generate estimates of
total catch.

The above is a simplification of the procedure that abstracts from
stratification levels and sampling stages. A detailed documentation follows.
The accurate estimation of effort is the key consideration in the prescribed
design (see Skagit River design for rationall.

It would be ideal to interview every boat party returning to each of the
four (five) launch sites during a ssmple day, but due to logistical and budget
constraints this will not be possible. The high volume of boats returning
throughout the day (particularly on weekends in the early sasascn) along each
beach-type launch site (launch &ites are not narrow restrictions) can be
readily enumerated. As well, the 10 (man) days per month allocation using a
single survey worker as set by WDG, does not allow concurrent sampling of all
launch sites during & sample day. Thus, sampling days will be randomized with
respect to launch sites and day-type (weekend vs midweak).

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

to daylight hours, renging from 13 hours in June to 9 hours in October:

June 7:00 - 22:00
July 7:00 - 22700
August 7:00 - 22:00
September 8:00 - 21:00
October 9:00 - 18:00

The presacribed design requires coaplete and continuous attendance during these
hours of a sample day. Tha day cen be sampled by two consecutive intarviewers
or by & single interviewer working exceptionally long days. An alternate
solution would be to spiit the day into two interview pericds and randomize
interview periods with repect to leunch sites and day-type. Howaver, because
of the additional cost and time required to travel to these remote arsas (i.e.
from Bellinghem / Seattle) the longer working day is the more fessible option.
Although the 1985 survey did not identify boat trips to individual launch

sites, use apparently differed considerably between sites (Jim Scott, pers.
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con.). Thus, unleas the proportion of daily boat trips for each launch aite
is accurately estimated with appropriste variance estimates for each temporal
strata (as opposed to arbitrary point estimates of the proportions without
respect to variance as reported by Malvesuto et al. 1978; see comments in
Skagit Design), sites should be treated as strata as opposed to a secondary
sampling stage. Treating sites as strata, requires that each of the four or
five sites be surveyed a minimum of two times within sach day-type sirata
during each time block (i.e. one or two months, sceason, etc.) to calculate
sample variances of boat trips per launch site. Any increass in sampling
effort above the minium of two samples should be chosen in proportion to
boat-angler use (assuming hetercscedastic variances and sampling costs are
equal among launch sites; see Cochran 1977).

Because anglar use in 1985 was significantly highar on weekands .lanadian
and American holidays are considered weekend days) than during midweek, days
will be partitioned into the two day-type strata. Fishing effort also varied
through the season, with effort highest during the early season, particularly
in June, declining gradually theresftar. Therefore the fishing season will
also be divided into time blocks. Thus, the aultiple statification will be
time block x day-type x launch sita.

The minimum of two sanple days per site per day-type required for the
sstimotion of effort to be valid exceeds the limit of 50 sampling days set by
WFG if the season is divided into monthly tisme blocks {9 x 2 x 4(3) x 2 =
80¢100) sample days). The season is therefore divided into wider time blocks

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

Approxinmate Minimua
percentage Nuaber Sampling days
Time of 1985 of launch
Block Period effort sites Weekend Hidweek
1 June 14-July 11 40% S 10 10
2 July 12-Auguat 29 34qx% q 8 a
3 August 30-October 31 26% 4 8 8

155



T ———————

Thia allocation reaulta in 52 sample daya. The additional 2 daye plua the long
working days in June through September will be compensated by using additicnal
interviewers during June/July (Jim Johnsion, pers. conm. as per mpeting of
Decerber 3, 1983).

Estimation of total effort requires complete enumeration of all boat trips
at the part:icular site during the sample day and thus the site-day is the
sampling unit and the five launch sites and days between June 14 and October ®
31, 1985 constitute the sampling frames. To estimets CPUE and other fishery
statistics, the boat trip is the sampling unit (second sampling stage). A boat
trip is pot a boat day; the boat trip was chosen as the unit of measure
because many Ross Reservoir anglers take more than cne trip per day (primarily ®
due to mid-day winds}. Thus, CPUE ie catch (harvested / relessed) of s
particular spacies per completed beat trip. Total bost trips terfort)
sultiplied by the mean catch per boat trip (CPUE) yields total catch.

Therefore the unit of measure for the prescribed design is the boat trip as o
opposed to the angler trip,

If during the interview additionai data for each individual angler is also
obtained, then boat trips can be converted to angler hours, and catch per boat
trip to catch per engler hour. However, hours per trip and anglere per bcat ®
are randoa variables and thus have associated variances which, if converted,
will vield lower precision of estimates, particularly total catch.

Sampling Schedule. The sampling scheduls for 1986 is given in Table 7.

A simple random sample of two days for sach day-type strata within each time ®
block was drawn without replacement using a a uniform number generator (i.e.,
as comronly given in random number tables), subject to the following

restrictions:

1) only one site could be aasspled during a day (i.e., there will only be
only survey worksr;

2) once & sample day waa drawn for a particular aite, one of the remaining
sites was selected to be sampled on an adjoining day of the sare
day-type (to reduce fraguency of travel to and from the reservoir). .i

Thia proceduyre departa from pure aimple random sampling of aites within |
- day-types, but it is not considerad a serious viclation. Parameter estimation

is therefore assuwed to be based on aimple random sampling.
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Table 7. Sampling schedule for the five launch sites of Ross Reservoir, 1966,

TIME BLOCK 1
(June 14 - July 11)

TIME BLOCK 2
{July 12 - Pugust 38}

Time Block 3
(Rugust 31 - October 31)

Launch Neekend M1 dweek Weekend Midweek Weekend M dweek
Site A Jun 28, Jul | Jun 18, Jul 3 fug 3, Rug 23 Jul 29, Rug 21 Sep 6, Sep 11 Sep 5, Sep 1B
Site Bl Jun 15, Jul & Jun 19, Jul 7 fug 18, Aug 24 Jul 28, Rug 11 Sep 1, Sep 27 Sep 17, Dct 8
Site B2 Jun 29, Jul 5 Jun 28, Jul 8 Jul 12, Pug 9 Jul tA, flug 14 * . . .
Site C Jun 21, Jun 22 Jun 33, Jul 9 closed closed Sep 28, Oct t oct 7, Oct 21
Site D Jun 14, Jun b Jul 2, Jul 10 Jul 13, Aug 2 fug 4. fug 22 Sep 14, Dct 2 Sep &, Oct &2
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Data Collecticon

Interviewers will be stationed at the randomly selected launch site for
the extent of the randomly selected day to tally all boats landing and to
interviesw boating parties at the end of the just-completed boat trip. The
interviewer will use two data sheets:

1; a tally sheet to record the aumber of boats landing (boat trips’;

2) an interview sheet to racord information obtained by interviewing boat

parties.

To facilitate accurate enumeration of boat trips, number of boats
returning should be record in 30 minute or one hour intervals. Because their
is a {unlikely’) possibility that some boats could have landed before the
interviewer arriveg at the launch site (e.3., before 7:00 am), the interviewer
should ask any persons in the vacinity if any boate had returned prior to
his/her arrivel. Because of flosting debris (dead heads) throughout the
reservoiy, few if any boating parties return after dusk (sampling is scheduled
to dusk).

An attempt should be made to interview all boat parties returning during
the gsample day, and the most knowledgable party member should be interviewed
to cobtain the boat trip characteristics for the total boating party. On the
occassion that more boats arrive than can be interviawed then a
“represantative™ sample should be taken. To svoid any potantial (unconscious)
bias, every "1 in X" boat should be chossen, where "K" is determined by the
interviewar bosed on the likely nuaber of boats that can be interviewed. This
procedure will prevent unsqual selection of large vs small boat parties,
fanily oriented vs serious adults, unfriendly vsa those eager to talk, etc.

Principle information obtained will be the number of fish kept and
released by species (inspected and verified by the interviewer). Additional
information may also include number of anglers per beat, hour of arrival, trip
length, gear type, residence, and any other desired information of importance.
At this time the number of tagged and untagged fish can be detaramined and
bicological samples token (scales, length, weight).

Because some boat parties may be returning from gvernight camping trips,
boat trip characteristics refer only to that activity since midnight of the

interview day. In the same context, data should only be obtained from the ®
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just-completed trip, and should not include information from a previous trip

garlier theat day or ctherwise.

Eatimation

Fromn the complete counts of boat trips to each launch site during an
entire day, one gets & mean daily count of boat trips. To estimate total
effort as measured in boat tripe, this mean is multiplied by the total number
of possible days. From the interviews, mean catch per boat trip is calculated.
Multiplying total effort by mean catch per effort yields total catch.

This 15 a simplification of the estimation procedure that does not account

- for the sua of all launch sites or the day-type and seasonal stratification
level., A detailed procedure follows. To simplify the following presentation,
subscripts referring to seasonal time block are omitted {i.e., final estimates

rafer to a time block).

nuaber of boat trips counted on sample day i at launch site s on
day-type d;

Lot Ydgi

Ndg * number of days sampled at launch Eite & of day-type d;

5 t nusber of posaible aites in the seascnal time block (common sccrosa
day-type);

Nd = totsl nusber of posaible sample days of day-type d in the aeasonal
time block f{common accross launch sites).

Then ;d: = pean number of boat trips per day at site s of dey-type d,

Nds

z: Ydsi

= i=1

Nds

with v24g =" the sample variance
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Nds - 5
Y (Ydsi - Yds)+ .
1=1

nds‘l

e |
[ &9
1

tetal number of boat tripa for day-type d,
Nd i; Yds
5%

with V(Tq) = i M24gil-"Ngz-ndg)) (v2gs/ndsl -
L %1

1]

Thus, the estinmated total efifort for a particular seasonal time block is

H
ﬁ V(Tq) .

catch by boat party b on sample day i at launch site s in
day-type 4;

-
"

with viT)

Let Fdsib

nday = nunber of boat parties interviewed on sanple day i at launch
site 8 in day-type d;

nd = nusber of boat parties interviewed during day-type d.

Assuming thst interviewed bcat parties are a simple randox sample of all boats

landing, then
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F4q = mean cztch per boat trip for day-type d

22 2 Kdeib

= sib

Zzndsi
5 1

nd -
. Y (Ydsib - Fg)?
with variance ViFd4) = 171

ng - 1

Thuas, the estimated total cetch for day-type d of a particular time block ia

Cd = Ede
and thae total catch estimate for the time block is

2 2 .
C = I €4 = L Fg-Tg
d=1 d=1

and variance of the total catch estimate 13 (Bohrnatedt and Goldherger 1969):

2 2 - _
V(C) = 3 viCy) = L [Fd2V(Td) + Tq2V(Fq) + V(Td)V(Fd)].
d=1 d=1 =
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APPENDIX 2. The proposed and actual 1735 sampling schedule.

PROPOSED SCHEDULE ACTUAL SCHEDALE
TIME BLOEX | TIME BLOEX |
(June 14 - July 11) {Tune 14 - July 1)
Launch #eekend Midweek Launch Weekend Midweek
SitehA Jun 28, Jull Jun 18, Jull Sited  Jun 2B jun 18, Jul 3
Site Bl  Jun S, Jul 4 Jun !9, Jul7  Site8l Jun 14, Jul 4 Jun IS, Jul7
Jun 21
Site 82 Jun29, JulS Jm 2, Jul8  SiteB2 Jw 2, Juls Jwm2, Juls
Site € Jun 21, Jun 22 Jun 30, Jui 9 Site € NOT (PEN AT BEGINNING OF SEASON
Site d Jun 14, Julé Wi2, Jul16  SiteD Jwn lé, Julée il 2, Jul IO
Jun 22
TIHE BLOCK 2 TIME BLOCK 2
{July 12 - August 30) {July 12 - August 30)
Laurich Weekend M1dweek Launch Weekend Micdweek
Site A Mg 3, Mg 23 Jul 2, Mgl Site A fug 3, Aug 23 Jul 2, Aug 21
Site BI Mg 10, Mg 24 Jul 29, Aug 13 Site Bl Aug 10, Aug 24 Jul 2, Aug I3
Site 82 Jul §2, Aug? Jul 14, Mg 14 Site 82 Jul 12, Aug @ Jul 18, Aug 14
Site —- — Site ¢ - —
SiteD  Jul 13, mg2 Augd, Aug2?  SiteD  Jul I3, e ? Aug 4, Aug 2
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~ TIE BLOCK 3 TIVE BLOCK 3

{August 31 - October 1) (August 31 - October 31)
Launch Weekend Hidu;t-e;m Launch _“;ieekend Nidweek
Site A Sep 6, Sep 15 Sep S5, Sepl8  SiteA  Sep 6, Sep I3 Sep S, Sep l6
Site81 Sep7, 5027 Sep 17, kb3  Site8l Sep7, Sep2? Sep 17, Oct ®
Site 82 ' h Site 82 '
SiteC  Sep 28, Oct 1l fet 7, 0ct 21 SiteC et 13, det 19 et 7, Gt 21
Site b Sept 14, Oct )2 Sep 4, Oct 22 Site D Sept 14, Sep 28 Jep 4, oct 20
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Acoendix 3. Ross Lake 1986 creel census data form.

ANGLER SURVEY FORM

TARGET SPECIES COOES:

SH = STEELHEAD, GEN WW = WARMWATER, GEN. YP =PERCH ANY = ANY SPECIES (NO SPECIFIC TARGET)
SAL = SALMON, GEN. B = BASS, GEN. CF = CATFiSH, GEN. CYP = CYPRINID, GEN. (CARP, SUCKER, ETC.)
TR = TROUT, GEN, G = CRAPPIE, GEN. WAL = WALLEYE BUR = BURBOT (LING)
WE = WHITEFISH, GEN. S = SUNFISH, GEN. STU = STURGEON, GEN, AMS = SHAD
WATER NAME (24 COL. MAX.) SECTION {12 COL. MAX.) PCNO ca JNGLER COUNTS CONPLETE
EC| me | Couwr [a
FO OAT SHORE Y N
I T T Y T e O O 1 1 I I | Fu
DATE (MM 00 YY) TIME INITIALS WRIA BASIN WATER CCDE g ¥
: TS
EACH PARTY EACH ANGLER WHAT EACH ANGLER CAUGHT
gfacr| oy CATCH
§!§ g 5 § o gz 1 iE 33 gg E; g e " e TOTAL LENGTHS IN CENTIMNTERS
FED 13”1 KEPT] REL 1] 2 #1| #2] #3 ] #a | #s | #8 | a7 | #a

6=80AT, S=SHORE, T=TUBE, C=ICE B=BAIT, L=LURE, F=FLY
(D=DRIFT, P=PLUNX) /L (COMB=6L, R:}" 13) /L S=SUBLEGAL, L=LEGAL, O=OVERLEGAL
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Appendix 4. Sussary of 1986 creel census data.

TIME PERICD OME
JBE 14, 1986 - JRY 11, 178
LOC/TIME £ TRIPS § ANGLERS § PE AVG RB/TRIP AVG RB/ANGLER AVG TRIP TIN CPE

CAMEL I4 5 3l 2.2 124 Ly L4
CAML 3 2 2 2.4 Lo iy 0.2
CANE? 3 17 16 1.7 0.3 .7 02
BOVREL 10 el 30 5.00 2.00 2% 0.7
GOVREZ 10 % 2 4.2 l.62 500 0.2
gOvKL 5 IS I 5.40 2.08 450 0.8
GOVM2 3 1 10 2.00 0.91 .0 024
HOZKE 1 75 194 565 Y 2.9 B 0.1
HOZWE2 13 57 5 3.00 Lo 39 o4
HOZNES 3 7 76 2.3 1.00 T VA
HOZRK L 1 i 4l 3.7 L4l RISL I .17
HOZWE2 9 2 & 3.00 1.3 48 03l
RESHEL £ 93 25 7.02 3 .17 07
RESNE2 i7 3 &7 3.5 1.7 415 0.4
RESHES 8 i 2 2.5 1.2 3% 0.
RESwL 1 2 42 3.8 1.68 .39 0.4
RESWK2 3 3 % .00 1.8 iR 0.4

TIME PERICD THO
July 12, 1986 - August 30, 1986

TIEALOC B TRIPS & AMGLERS % RB AV RB/TRIP AVG RB/ANGLERAVG TRIP TIHE (PR

CANME] 7 % Ful .18 0.5 s.@ 0l
CANE2 1% 6l 26 1.3 0.43 2.4 0.7
CAN 19 7 i4 0.M 0.32 2% 0.2
A2 1 a 11 1.00 0.% 218 0.2
HOVREL 3 3 17 5.67 2.12 % 03t
BOVME2 2 ] a 0.00 g.00 2.0 0.00
GUVHICL 3 2 14 2.00 0.70 2.9 0.
GOVWK2 0 0 0 0 0 0 0
HOZHEL 3 9 2 [.4 0.5l A Y
HOZWE? i 43 i 1.4 0.6 27 0.5
HoZwK 1 i2 i i) 1.67 0.71 419 0D
HATNK2 19 5 2 t.16 0.5 .26 0.5
RESHEL 14 32 bl 1.53 6.9 £33 0.0
RESWEZ 32 76 & 2% [.05 448 L2
RESWKI 27 62 62 RY 1.00 44 0.2
RESWE2 2 al 3 2.8 1.4 s.46 027
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TIME PERIOD THREE
Auqust 31, 1986 - October 31, 1986
TIME/LOC LIRIPS § ANGLERS B RE  AVG RE/TRIP AVG RO/ANGLER AVG TRIP TIM CPUE

CARBEL 38 Bl 47 1.24 0.67 200 0.2
CANE? i3 5 Ié 1.23 0.70 28t 0.3
CANKE 18 3 A 1.28 0.70 247 0.7
CANK 9 10 I2 .33 1.2 23 LG
G 19 45 & 4R 1.82 500 0%
Che2 15 H 7 5.13 2.% 463 0¥
WK} 10 b 72 7.20 3.00 45 01
2 b 14 8 YAy 5.07 .48 6.2
HoZHEL 5 62 19 0.3% 8.3l 2% ol
HOZHEZ 41 167 216 ) 2.2 W 0ed
HOZWKL 8 15 3B 475 2.5 S.63 0.4
HOZW2 13 2 E4] 3.4 1.% 3% 0¥
RESHE] X 4 3% 1.20 0.88 i 03
RESHEZ pal ¥ 9 3.16 1.8 i 0.4
RESWKE 3 7 Hi2g 3 1.4 .09 0.3
RESH2 L 3 2 7.00 550 534 0.9
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The Department receives Federal Aid for fish and
wi!dl!fe restoration. The Department |s subject to
Titie VI of the Clvil Rights Act of 1964, and Section
504 of the Rehabilitation Act of 1973, whlch prohibits
discrimination on the basls of race, color, natilonal
origln or handicap. |If you belleve you have been
discriminated against in any Department program,
activity, or facility, or {f you want further
information about Title V1 or Section 504, write to:
Otflces of Equal Opportunity, U.S. Department of
Interlor, Washington, D.C. 20240, or Washington
Department of Wildlife, 800 North Capitol Way, Olympia,
WA 93504.

The Washington Department of Wildlife will provide
aqual opportunities to all potential and existing
employees wlthout regard to race, creed, color, sex,
sexual orientatlion, retiglon, age, marital status,
national orligin, disability, Vietnam Era Veteran's
status.
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