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5.0 Resident Fish Population

5,1 Stream Reaches

Resident fish sunieys were conducted on the three main stream systems around the mine

site, Sherman Creek that flows into Lynn Canal and Johnson and Slate Creeks that flow into

Berners Bay (Figures 6, 7). Population surueys of resident fish were conducted in 2009 in lower,

middle and upper reaches of each steam. Each reach is 360m in length. Sherman and Sweeny

Creek reaches were designated during aquatic resoluce surveys in 1998 (Aquatic Science Inc.

1998) while Johnson and Slate reaches were delineated in 2005. All middle and upper reaches

are located above barrier falls and are thereby inaccessible to sea-run fish. Dolly Varden ohar

(Salvelinus nralma), pink salmon (Onchorhynchus gorbusc&a), chum salmon (O. keta), cutthroat

trout (O. clorki) and coashange sculpin (Cottus aleuticus) inhabit reaches below falls barriers.

Dolly Varden are the only fish present above barier falls and likely first arived there when sea

levels were higher.

Lower Sherman extends from the stream mouth to the banier falls 360m upstream.

Middle Sherman extends 360m downstream from the confluence of Sherman Creek and Ophir

tributary. Upper Shennan extends 360m upstream from the road bridge across Upper Sherman

Creek. Permanent markers are located at the start of sfrata if no pennaoent nafural feahres

occurred there (e.g. falls, sheam confluence).

Lower Johnson begins at the foresVmeadow border approximately 500m upsteam from

the confluence with Berners Bay. Middle Johnson begins at the confluence with the tributary

draining Snowslide Gulch. Upper Johnson is located upsteam of the mill site pad and above a

braided section of river, in the Jualin basin. Lower Slate begins 400m upsfream iom the mouth;

Middle Slate begins 400m downstream from the proposed dam at Lower Slate Lake; Upper Slate

begins at the mouth of the north inlet to Upper Slate Lake. GPS points for the start of each reach

are given in Table 10.
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Table l0: GPS Coordinates (NAD 27) fot resident fish strata.

Stream Reach Date Surveyed Latitude Longitude

Lorvcr Shermsn 7tr5n00.g 58.86908 -t35.14005

2 Middle Sherman 814t2049 58.86774 -t35.1 1430

) Upper Sherman 8/l12009 58.86342 -r35. | 0025

4 Lon'er Johnson 7n312009 58.82383 -t34.99936

5 Middle Johnson 81512009 58.83 r l3 -135.0371|

6 Upper Johnson 8n2D009 58.85147 -135.04892

7 Lorver Slate 7n0n009 s8.19628 -r35.03716

I Middle Slate 7t28D009 58.80370 -1 35.03706

9 Uppcr Slatc 7n9n009 58.81412 -t 35.04030

5.2 Resident fish populrtion survey methods

The n,mber of fish within each stratum was estimated using the methods of Hankin and

Reeves (19sS) as in previous surveys (Aquatic Science 1998-2008). Resident fish surveys were

conducted between July 13 and August12,2O0g. Lower reaches were suryeyed fust prior to

adult pink salmon entering sbeams to spawn in late July. Electrofishing gear is not peruritted in

the presence of spawning salmonids, as stipulated in the Alaska Deparbment of Fish and Game

Fish Resource Permit (Appendix 3a).

In each reach, stefln habitat units were first categorized as riffle, pool, glide or cascade

following the classifications of Bisson et al (1981). At least every third riffle, pool and glide was

selected for snorkeling. A fisheries biologist" equipped with dry suit and snorkel, quietly entered

the water at the downsbeam end of a setected unit and proceeded upsteam observing fish

underwater. Two field technicians, following behind to minimize disturbance to fish, measured

the length of each habitat unit to the nearest 0.1m using a metric hip chain, and recorded the fish

counts. Habitat unit width was measured using a 15m tape measure and meter stick'

The accuracy of visual counts was verified by elecho-fishing at least three units (if

present) of each habitat tlpe previously snorkeled. A three-member team proceeded upstream

using a smith-Root gasoline-powered backpack electro-fishing unit with output waves designed

to minimize impact on fish. All stunned fish were counted and as many as possible captured

using dip nets to allow length and weight measurements to be taken. Minnow traps baited with

cured salmon eggs were set in high density fish areas identified by snorkeling- This allowed
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some fish to be removed and counted prior to electo-fishing, thereby minimizing effects of the

electric current on the fish population. Captured fish were anesthetized in a solution of MS222

(Tricanernethane sulphonate), weighed to the nearest 0.1g and their total length measured to the

nearest lmm. The fish were then placed in a container of fresh stream water with a battery-

powered aerator to recover before being retumed to the habitat unit from which they were

captured.

5.3 Data analYsis methods

The number of fish within a reach was estimated by first applying a cortection factor to

the visual counts based on electro-fishing counts. It is assumed that electro-fishing counts are

more accurate flran snorket counts since fish hiding between rocks migbt remain undetected by a

diver, but can be captured by elecho-fishing. The corrected counts for sampled units were then

extapolated over the total number of habitat units within a reach to give a total population

estimate. standard deviations and 95% confidence intervals for the population estimates were

determined using equations (5) through (11) in Dolloff, Hankin & Reeves (1993)' The precision

" .o+oo .,rac nalnrrlatcr = 95Yo confidence intenals as a
of population estimates was calculated by exprtssing tht

percentage of the estimated population size'

Defrnitions for equations usedl

yi: true number of fish in each unit; f = 1,2,""',N,

Y : total number of fish in all units, di : count of fish by diver in unit i,

rr' : number of units for whieh both diver and elechofishing counts are made

n = number of units for which diver counts only are made (n>n')'

The number of fish present is firstly estimated by yi = diR(for i not in r') where R is the ratio of

actual numbers present to diver counts, estimated by R = E yll d (for i in n') or the total electro-

fishing counts to diver counts. The estimate is then extapolated over all units using: Y = N/n

(tvt).

An estimation of error is then made using the equation:
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Y(1td,r)= g3v -2Rsrv+ R2s2x + 2Rsr'v-R2s2r - *
11!nN

where s2Y=20'i -Yf ln'-\,

s2x = E(xf - x'f /n''1, and

, SaY =E(xi-x)(Yi-S')l n'-l

ThedimensionsofeachhabitatunitineachreacharegiveninAppendix3b.Thetotal

area of each habitat type was calcurated and used in the computation of fish densities (number of

fish per m2). The minimum detectable diference (6) in mean numbers of fish in each habitat

unit or reacrr was carculated using the previously carculated estimation of error with the equation:

(/ a( 2), v + f P(1)' v)

Wherc v= n-l

A sigpificance leJel (a) of 0.05, and a statistical power B of 0'01 were specified for the analysis'

to determine the smallest difference in mean numbers of fish that are detectable 90% of the time

with a 95% significance level. The t values were read from tables depending on sample size'

5.4 PoPulationestimates

Numbers of fish counted by snorkeling and captured by elecbo-fishing and minnow

trapping are summarized in Table il. population estimates by habitat type and by reach are

presented in Table 12 and illustrated in Figures 8A and B' Dolly Varden were found in all

sfieam reaches, while cuttluoat trout were only present in the lower stream reaches' Dolly

Varden numbers were highest in Lower and Middle Johnson and upper sherrran creek and

Upper slate creek, particularly in pools' cutthroat numbers were highest in Lower slate'
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Table 11: Numbers of resident fish observed snorkeling and capfirred fishing'

(nnrtdlno fi'.tontrotishlnE/Tra ooin g

Numbers ObselYg!- Numbers CePlUIgg-

Number ol
Unlts (n)
morkeled Ilollv Cutthroat

Number of
Unlts (n')

lished DollY Cut!!rygq
Strerm Rerch

Hsblttt
Tvne

Total Units
(N) in

strstum
l0
l

I

ll
7

0

2l
6

2

I

l

I

7

2

0

LowerSherman Pool

Riftle

Glide

46

l7
3

38

l4

t

AllUnlts 66 55 12 l3 29 9 9

Mlddle Sherman Pool

Riffle

Glide

84

24

0

76

l5
0

54

J

0

0

0

0

l4
4

0

l0
I

0

0

0

0

0 18 1l 0
All Unlts 108 91 57

ApperSherman Pool

Rifflc
Glide

64

9

2

5't

8

2

84

9

4

0

0

0

73

3

I

4r

4

7

0

0

0

All Unlts 7S 67 97 0 27 # 0

66

35

5

I
0

7

l3
7

2

36

6

7

I

0

7

Low* fohnson Pool

Riftlet 
Glid"

29

3l
3

22

l8
3

All Untts 63 43 105 3 t2 44 3

Mlddle lohnson Pool

Rifflc

Glidc

66

20

0 ;l'i 0

0

0

l9
4

0

70

I

0

0

0

0

AllUnlb 86 59 tcl 0 23 7l 0

Upper fohnson Pool

Nfrle

Glidc

4l
t7

4

36

ll
3

25

5

t

0

0

0

IE

8

2

15

3

I

0

0

0

AII Unfts 62 50 29 0 28 t9 0

Lower Slate Pool

Riffle

Glide

37

24

r7

26

l6
l4

I

0

I

62

20

24

E

6

{

0

0

I

20

5

9

An Unlts 78 56 2 106 19 I 34

Mtddle Slate Pool

Riffle

Glide

34

7,1

l5

3l
l6
l4

9

3

23

0

0

0

25

ll
6

l0
3

t0

0

0

0

AllUnits 70 61 35 0 42 18 0

Upper Slale Pool

Rifflc

Glidc

55

51

6

27

39

3

36

58

I

0

0

0

l5
8

2

22

t2

2

0

0

0

All Unlts 118 69 103 0 25 36 0
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Table l2: Resident Fish Population Estimates, 95% ConJidence and Precision of Estimate.

Figure 8A: Dolly Varden Population Estimates by Habitat Type.

Shermnn Creek Dollv Vnrden Johnson Creek Dollv Varden
Habitat Ponulation Confid. Precision Hebitat Population Confid, Precision

Reach Tvne Estimate Interval Vo Resch Tvne Estimnte Interval 6/o

Lower Riffles 1.2 .12 92.3 Lower Riffles 72.3 2.85 3-9

Pools 72.6 6.69 9.2 Pools 93. I 19.50 21.0

Glides 2.0 2.87 t43.4 Glides 5.0 0.00 0.0

All Units 69.t 7.05 lo.2 All Units 167.7 16.01 9.5

Middle Riffles 6.4 2.59 40.5 Middle Riffles 4.4 2.74 6r.E
Pools 78.s 9.48 t2.l Pools 2213 32.11 14.8

Glides Glides
All Units 92.6 14.54 r5.7 All Units 2472 32.72 13.2

Uppcr Riffles l0.l 3.00 29.6 Unner RiffIes 7.7 0.08 l.l
Pools 107.1 14.88 13.9 Pools 38.0 6.17 t6.3
Olides 4.0 0.00 0.0 Glides 1.0 1.30 t29.9
All Units 145.5 18.45 12.7 All Units 48.2 6.89 143

Slate Creek Dollv Varden Cutthrort Trout
Ilabttat Pouulatlon Confid. Precisian Habitat Pooulation Confid. Precision

Reach Tvoc Estimstc Interval o/o Creek Tvpe Estimate lnterval oh

LOWer Nftles 0.0 0.0 Jhermen Riffles 2.4 0.89 36.8

Pools 1.4 1.96 t37.7 Lower Pools r 8.4 3.75 20.4

Glides 1.2 0.70 57.4 Glides 0.0

All Units 2.8 0.89 32.r All Units 203 4.53 22.4

Hiddle Riffles 3.9 1.93 49.1 Iohnson Riffles 0.0 0.00

Pools I t.0 2.60 23.7 Lower Pools 1.3 0.82 62.4

Glides 24.6 t.74 7.1 Glides 2.0 0.00

All Units 42.0 439 r0.5 All Units 4.4 4.01 9t.2

Unner Riffles 80.2 4.05 5.0 llate Riffles 31.5 3.75 I1.9
Pools 73.3 7.94 10.8 Lower Pools 103.8 9.79 9.4

Glides 18.0 7.35 40.8 Glides 31.9 2.81 8.8

All Units 176.6 5J9 3.1 All Units 168.9 7,52 4.5

Dolly Varden Fopulation Estimates in Riffles
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Dolly Varden Population Estimates in Pools
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Dolly Varden Population Estimates in Glidee
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Figure 88: CuttluoatEstimates and RcsidentFish in sweeny creek.
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Comparison of Dolly Varden numbers over time (Figures 9A, B) showed that numbers

appeared to be slightly higher in 2009 in Upper Sherman Creek and in Lower and Middle

Johnson than previous years. A large number of fish were observed in one large pool in Middle

Johnson so there may be some over-estimate of the total reach due to this. Numbers of Dolly

Varden were also higher in Middte and Upper Slate Creek in 2009. The number of cutthroats

was higher in'Slate Creek in 2009 than previous years though perhaps slightly lower in Sherrran

Creek. The number of total fish (Dolly Varden and cutthroat uout togeflrer) was higher in

Johnion and Slate flran previous years and similar to previous numbers in Sherman Creek. Fish

are able to move in and out of lower reaches via the stream mouth, which may explain shanges

in numbers of Dolly Varden and cutthroats in lower reaches over time. Fish may move in and

out of lower reaches in response to changing steam flows or food availability. A number of

larger anadromous Dolty Varden were observed in Lower Johnson in 2009, partly explaining the

increase there. A large flood event in November 2005 followed by severe winter of 2006 may

also have affected numbers in lower reaches. Numbers may still be recovering from this natural

event. There is also natural variability in the population from year to year as well as differences

in the numbers detected by snorkeling and electro-fishing, which in turn may be affected by

differences in sfieam flow and temperature at the time of sampling. Steam flows during 2009

surveys were relatively low allowing more fish to be detected.

The 66 Dolly Varden captured by elecho-fishing and minnow trapping in the three

reaches of Sherman Creek represented 215% of the total estimated Dolly Varden population of

the three Sherman Creek reaches sunreyed. The 9 cutthroat trout captured in Lower Sherman

represented 45% of the estimated Sherman Creek cutthroat population. The 134 Dolly Varden

captured in Johnson Creek represented 28.9% of the estimated population of Johnson Creek.

Only 3 cutthroat hout was caphued in Lower Johnson, representing 75o/o of the total estimate.

TIre 55 Dolly Varden captured in Slate Creek comprised 24.9/o of the Slate Creek population

estimate and the 34 cutthroats captured represented 20,1o/o of the Lower Slate population.

Counts of fish observed by snorkeling and captured by elecfo-fishing and minnow trapping in

each habitat unit are presented in Appendix 3c.

29



Aquatic Resoarce SurtteYs 2009

Dolly Varden Estlmates 2005-2009
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Figure 9^d: Comparison of Dolly Varden numbers over time' 2005 to 2009,

30



Aquattc Resowce SurveYs 2009

Figure 98: Comparison of cutlhloat tout and total fish numbers over time'

Cutthroat Estimates 2005-2009
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5.5 Minimum detectsble differences in mean numbers of fish.

Mean numbers of fish in eacb habitat unit were used to compute hlpothetical minimum

detectable differences that could be detected for each mean. Table 13 gives the mean n'mber of

fish in each habitat type and the minimum detectable difference (MDD) resulting from

comparing habitat types in each stream reach. A difflerence in means of 1 to 3 fish per habitat

unit was detectable for Dolly Varden in most habitat types with the exception of Upper Sherman

glides (MDD: 9 fish), upper slate glides (MDD = 4 fish), Lower and Middle Johnson pools and

glides (MDD = 7 fish). In these reaches, a difference in mean number of fish per unit of seven or

more fish would be required before the change could be detected in the data' Results were

similar for cutthroat trout with Lower Jobnson glides requiring a MDD of 7 fish for detection of

change.

Somehabitattlpesshowedgreatervariabilityinnumbersoffishwith,forexample,one

Middle Johnson pool contained 46 fish, but other pools nearby had none' Glide habitat was

limited, rcsEicting the number of units that could be sun'eyed. The ability to detect small

differences in numbers of fish is imPortant in detecting changes in the population from year to

t
year.

Figure 10: cutthroat hout captnred in Lower slate creek, July 2009.
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Table 13: Meal number of fish per habitat unit and rninimum detectable differences (MDD).

Sherman Creek Dollv Varden Slate Creek Dolly Varden

Reach Habitat Uni Mean # Fish MDD Resch Habitat Unit Mean # Fish MDD

Lorver Riffles 0,071 0.720 Lower ' Riffles 0.000

Pools 1.579 r.77 | Pools 0.038 0.642

Glides 0.667 7.382 GIides 0.071 0.289

All Units 1,047 L561 All Units 0.036 0.r 95

Middle Rifiles 0.267 1.013 Middle Nffles 0.1 68 0.781

Pools 0.934 |.767 Pools 0.323 0.764

Glides Slides 1.643 0.731

All Units 0.857 4.072 All Units 0.600 0.926

UDDeT Riffles I .125 1.526 Upper Uffles r.407 1.036

Pools 1.673 7 771 Pools t.333 2.363

Glides 2.000 8.750 Glides 3.000 4.425

All Units t.58? 3.460 .4,11 Units t.491 1.035

Cutthroat Trout Johnson Crcek Dollv Varden

Crcek I{abitat Unir Mern # Fish MDD Reach Habital Unit Mesn # Fish MDD

Sherman Riffles 0.r43 0.376 Lower fuffles 2.33 1.067

Lower Pools 0.399 0.996 Pools 3.2r 6.746

Glides Glides t.67 7.000

All Units 0.318 0.948 All Units 2.66 3.993

Johnson Riffles 0.000 Middle Riffles 0.22 1.5 89

Lower Pools 0.045 0.285 Pools 3.35 7.555

Glides 0.667 7.000 Glides 0

All Units 0.070 1.000 All Units 2.87 6.973

Slate Riffles 1.313 1.476 Unner Riffles 0.45 0.040

Lower Pools 2.805 3.069 Pools 0.93 1.678

GIides 1.875 I .165 Glides 0.25 2.300

All Units 2.r65 1.640 All Unlts 0.78 6.973

5.6 Fish density

Due to differences in the size of habitat areas surmpled, population estimates were

converted to numbers of fish per unit area for comparisons between reaches and habitat types.

Dolly Varden density was highest in upper reaches where there is less habitat area available so

fish are more concentrated (Table i4). Upper Slate Creek had the highest fish densities, due to

this being a nursery stream for Dolly Varden fry (Figue 11). Densities were similar for lower

and middle reaches of all thee creeks. The highest density of cutthroat trout was found at Lower

Slate, where one Dolly Varden was observed. There is evidence from literature that Dolly

Varden densities are suppressed when sh'eam habitat is shared with cuttluoat trout.

Oncarltynchus (sahnon and trout) tend to outcompete Sah,elinus (char e.g. Dollys) when both are

present (Flindel et al 1988, Hastings 2005).
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Table 15: Densitics of Dolly Varden and Cuttluoat Combined.

Fisb Density (# of tishl#;
Dollv Varden and Cutthroat

Creck S$sta Riflles Poolc Glldes All Untts

Sherman
lower
Middle
Unner

0.004
0.0t3
0.094

0.183

0.190
0.199

0.013
0.000
0.874

0.060
0.104
0.224

Johnson
Lower
Middle
Upoer

0.06t
0.00s
0.012

0.267
0,221
0.035

0.191
0.000
0.012

0.109
0.139
0.026

SIate
Lower
Middle
Unner

0.058
0.021

0.327

0.240
0.135
0.433

0.059
0.t6r
0.638

0.112
0.100
0.399

Figure 111 Densities of Rerident f ish in Sherman, Johnson and Slate Creeks.

Table 14: Densities of fish by species, reach and habitat type.

Fish Density (4ue!9f9! fi$4qt)
Dolly Varde[ Cutthroat Trout

Creek Strata Rlffles Pools Glides Atl Riffles Poolg Glides All

Shorman
Lower
Middle
Uooer

0.001 0.146 0.013

0.013 0.190 0.000

0.094 0.199 0.874

0.046
0,104
0.224

0.003 0.037 0.000 0.014

Johnson
Lower
Middle
Upper

0.051 0.252
0.005 0.22r
0.012 0.035

0.136
0.000
0.012

0.106
0.139
0.026

0.000 0.014 0.054 0.003

Slate
Lower
Middle
Unuer

0.003 0.002
0.135 0.161

0.433 0.638

0.000
0.021

0.327

0.002
0.100
0.399

0.016 0.2t1 0.032 0.110

Density of Resident Fish

0.50

*- 0.40
E

& o-30
k
.o 0.20
E
=z 0.10

0.00
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Both Dolly Varden and cuttlroat density was much higher in pools and glides compared

to riffles Oigrue l2). Upper Sherman glides had the highest densities (0.87 fish/mz; followed by

Upper Slate glides (0.64/#) and pools (0.a3im2). Densities of both fish species tended to be

highest in pool habitat and increased from dowusteam to upsbeam as habitat areas are smaller in

upper reaches.

Resident Flsh DenEitles In Upper Reaches

.- 1.00

f, o.oo

E o.oo
lJ-

b o.+o
o
€ o.2o
tz 0.00

Figurc 12: Resident Fish Densities by Habitat Type.

Resident Fish Densities in Lower Reaches
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From:
Sent:
To:
Gc:
Subject:
Attachments:

Ail:

Kanouse, Kate M (DFG)
Wednesday, October 27 ,2010 5:44 PM
Daigneault, Michael J (DFG)
Clark, Robert A (DFG); Johnson, J D (DFG)
RE: barrier noms
1 3MiCkUpstm.JPG; 1 3MiCkDwnstm.jpg

Sorry for the incomplete nomination information. Resident fish were captured upstream of two barriers each year from

2005 to 2010, following are details:

1 15-31-10330 (#10-g5g): resident Dolly Varden are present upstream of the barrier in sherman creek and several

tributaries to about 500' elevation.

1 15-20-1OO3O (#10-860): resident Dolly Varden are present upstream of the barrier as far us Upper Slate Lake (at about

700'elevation).

Regarding 115-32-10250-2040 (#10-810): to my knowledge, fish sampling has not occurred upstream of the upper extent
point t propose. lt appears this stream was added during the 80s rush to nominate anadromous waterbodies as no

historical data is available online to support the listing (J - do you have anything we don't know about?). lf fish sampling

has not occurred in the upper reaches and stream morphology is unlikely to support anadromous salmonids based on my

best professionaljudgmeni in the field, shouldn't we reduce the upper extent? We have no data to support retaining the

uppei reach. Atta;hea are two pictures of the upper extent point I propose (though not ideal for illustrating the habitat

cirlnge). One photo is looking upstream at the proposed upper extent and the second is looking downstream standing in

the same position. My two cents....

Thanks for contacting me and let me know if you have any additional questions.

Kate

From: Daigneault, MichaelJ (DFG)

Sent: Tue L012612010 11:16 AM

To: Kanouse, Kate M (DFG)

Cc: Clark, Robert A (DFG); Johnson, J D (DFG)

Subject: RE: barrier noms

Kate,

To clarify, Bob and I had concerns about the "supporting" documentation for these barriers.

Physical descriptions, conclusive photos, etc. would help and potentially preclude the need for

fish sampling.
Mike

Sent: Tuesday, October 26,20L0 10:50 AM

To: Kanouse, Kate M (DFG)

Cc: Clark, Robert A (DFG); Daigneault, MichaelJ (DFG)

Subject: barrier noms

Kate



After review by Bob crark & Mike Daigneaurt, it was determined that barriers should not be added to 115-31-10330

(nom f 10_859), 115-20-10030 (nom f 10-850) or LL5-32-r0250-2040 (nom # 10-s10)w/o fish sampling being

conducted upstream. rf you can provide fish sampling data to substantiate ascertain that streams should be shortened

and barrier added, please provide as no fish sampling was listed on original nom forms'

J. Johnson
ADF&G
AWC Project Biologist
267-2337


