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Executive Summary 

*dissolved oxygen concentratio~is continiic to be low in tlic water s ~ ~ p p l y  reservoir 
(WSR) - page 1 1 

*dissolved oxygen concentrations decrease with depth in both summer and wlnter 
- page 1 1  

*pH has sliowli a general decreasing trend since 1999 - page 14 

*conductivity was highest in spring 1999 and very siniilar for tlie years 2000 
through 2003 - page 14 

Arctic Gmayli~zg 

.Arctic grayling s ~ ~ c c e s s f ~ ~ l l y  spawned in the wetland complex In spring 2003 
pages 20 and 22 

*AI-ctic grayling spawning in tlie wetland complex peaked on May 18, 19, and 20 
wlien water temperatures peaked at 6.73, 7.04, and 6.57"C - pages 19 and 20 

*the estimated populatio~i in spring 2002 was 6,503; slight increases have 
occurred eacli year since 1999 - page 23 

*outmigration of fish i l l  spring 2003 appeared to be less than 111 spring 2001 and 
2002 - pages 16 and 17 

*s~~ccessf~11 spawning of burbot in the WSR continues based on catches of small 
juven~le fish In hoop traps and fylic-nets - pages 28 and 29 

*the estimated populat~on for b~irbot >200 1n1n in sLunmer 2003 was 1,103, a 
s~ibstantial decrease from summer 2002 - pages 27 and 34 

*the estimated population for burbot >400 1n11 in summers 2001. 2002, and 2003 
was 134. 131, and 102 - page 28 

*annual growth rates colltinue to be Iiig1ie1- for the larger burbot (>400 m m )  
pages 28 and 37 



Introduction 

Fa~rba~il<s Gold Mining Iiic. (FGMI) began construct~on of the Fort Knox hard-rock gold 

mlne 111 Marcli 1995 The mine 1s located 111 the headwaters of tlie F ~ s h  Creek dra~nage 

about 25 kin northeast of Fa~rbaiilcs (Figure 1). The project ~ncludes ati open-pit mlne, 

mill. ta~ling impoundment. water supply reservoir (WSR), and related f a c ~ l ~ t ~ e s .  

During co~istruction of the WSR dam, we rnonltored activities (e.g., stream d~vers~ons,  

eroslon control, culvert placenient) 111 tlie field and summarired tlie various aspects of 

darn construction (Ott and Weber Scannell 1996, Ott and Townsend 1997). Constn~ct~on 

of tlie WSR dani and spillway was colnplete by July 1996. 

Reliabilitatioii, to the extent practicable, has bcen concurrent w ~ t h  inlnlng activ~tles aiid 

natural revegetat~on of many disturbed habitats has been rapld. Wetland developmeiit 

began In summer 1998. A cliannel connecting wetlands to the WSR was constructed In 

May 1999. Civil work to stabilize Last Chance Creek and iiiin~mize aufe~s was done In 

fall 2001. Repair work on tlie dike separating Polids D and E was colnpleted 111 summer 

2002. 

F ~ s h  research began in 1992 and focused on streams in and downstream of tlie project 

area (Weber Scannell and Ott 1993). 111 1993, sampling to assess IS a population of fish 

was a~ai lable  to colonize tlie WSR continued, and we started to collect fish data in 

abandoned settling ponds and mine cuts that would be flooded by the WSR (Weber 

Scannell and Ott 1994). Stream reaches above and below tlie proposed ~mpoundment 

were sampled (Ott et al. 1995). 



(Map not to Scale) w 

Figure 1. Fort Knox project location. 



Stream sampling contiilued 111 1995 and we est~niated the Arct~c grayling (T l~vmnl l~c~  

~ I T C ~ I C Z I S )  and burbot (Lotu lo f~c )  p o p ~ ~ l a t ~ o n s  tliat wo~lld be ava~lablc to colonirc the WSR. 

I11 1995 the Arct~c grayling populat~on 111 F ~ s h  Creek, upstream of the proposed locat~on 

of the WSR dam, was estimated at 1,700 fish <150 iniii, and 4,350 fish >200 nim. The 

~iuniber of burbot, between 150 and 33 1 niln, ~n the upper F ~ s h  Creek drainage was 

estimated at 876 fish. 

Froni 1006 to present, we have mon~tored the Ai-ctic g ray l~~ig  and burbot popi~lations In 

the WSR includ~ng estimates of their popnlat~ons (Ott and Weber Scannell 1996, Ott and 

Townsend 1997, Ott and Weber Scannell 1998, Ott and Morris 1999, Ott and Mon-is 

2000, Ott and Mon-is 2001, Ott and Morr~s  2002a, Ott and M o i ~ i s  200217) Water qual~ty 

monitoring In tlie WSR began in 1997 and cont~nues annually. F~shei-ies work was 

expanded to cover the wetlands In sprlng 1999 and 111 sprlng 200 1 we began to capture 

fish In tlie stilli~ig bas~n  below tlie WSR spillway. Our report sumiiiar~res fish and water 

quality data collected durlng 2003 and d~scusses these findings in relation to previous 

work. 



Methods 

Sanzplirzg Sites 

Mult~ple fylce-net s ampl~~ ig  sltes liave been used (F~gures 2 and 3 )  to target Arct~c 

grayling. Changes In fyke-net locat~ons liave bee11 due to finding the most effective catch 

sltcs and to major water surface elevat~o~l  changes wliicli can occur d i ~ r ~ n g  spring when 

the WSR refills. S ~ t e s  were added In the constructed wetlands after Channel #5 was 

constructed 111 spring 1999 In spniig 2003, fyke-nets were fished at five stat~ons (#6. 

# 1 1 ,  #16, #18, and #19) The general area for each fyke-net was fixed In spring 2003 as 

the sltes were not affected by the water surrace elevation In the WSR. 111 spring and fall 

2003, hoop traps targeting burbot were fished througl~out the WSR, both east and west of 

the GII Extens1011 road crossing. 

Water Qcrality 

Te~iiperaturc ( "C) ,  dissolved oxygen (DO) concentrat~on (mgIL), DO percent saturat~on 

(barometr~cally corrected), pH, spec~fic conductance ( u  Sicm), and depth (m) were 

measured w~tl i  a HydrolabB MinisondeB water cluality multiprobe coiinected to a 

Surveyor@ 4 dlgital display uiiit. The metcr was calibrated to suggested specificatio~is 

prlor to use in the field. The DO oxygen conceiitrat~on was calibrated using thc open-a~r 

metliod Conductivity and pH were cal~brated w ~ t h  standard solutions. Water qual~ty 

measurements were made at the surface, at 1 In depth ~~itervals,  and at the botto~n. 

Fish 

F~eld sampl~ng methods and gear included visi~al observations, fyl<e-nets, seines, and 

lioop traps (Figure 4). Prior to settlng burbot lioop traps, DO oxygen profiles were run at 

tlie five water quallty sites to ensure adequate DO conce~itrations were present. Wllen 

DO concentrations al-e low (e.g., < 3 mgiL at depth), hoop traps are placed in shallow 

areas to avoid tlie low DO deep water areas. Burbot and Arct~c grayling >200 m111 

captured d~u-ing May and June were measured and marked with a 11~11nbered FloyB 

inte~nal anchor tag. During tlie burbot recaptul-e event in late fall, fish were measured 

aiid marked fish recorded, but new tags were not placed on unmarlted fish. 
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Figure 4. Diagram of fyke-net and hoop trap sets. 
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Three slzes of fyke-nets were used. Entrance frames were either 0.9 rn2 or 1 .21n2 or 

0.69 m by 0.99 m (mlni-fyke). The larger fyke-nets were 3.7 m long, had five hoops, a 

1.8 n~ cod end, and two 0.9 m by 7.6 m wing nets attached to the entrance frame. The 

IIII~I-fylce nets were 3.7 111 long, had four hoops, a 1.8 ni cod end, and two O,91 m by 

4.6 m u ~ n g  nets. All nett~ng was 10 mm square mesh. Center leads var~ed from 7.6 m to 

30.4 m and were deployed to the maxlmum extent possible wlthout submerg~ng the top of 

the entrance frame. Nets were set with the center lead either perpendicular to 01- at all 

angle to the shore. Generally, fylce-nets wcrc checked every 24 hours. 

Hoop traps ba~ted with wli~tefisli were ~ ~ s e d  to capture burbot. Traps generally were 

fished 24 hrs and were reba~ted if reset. Hoop traps were 1 .(I m long with four hoops 54 

cm 111 d~ameter. Nett~ng was 8.5 mm bar mesh. All traps were kept stretched and open 

with spreader bars. Each trap had two throats and a cod end that was tied shut. 

The abundance of Arctic grayl~ng and burbot was estimated using Chapman's 

n~odificat~on of the L~ncoln-Petersen two-san~ple mark-recapture model (Chapnian 

1951), 

where N ,  = estimated population, nl=fish marked in tirst capture event, n2=fish captured 

during recapture event, and m2=fish captured during recapture event that were marked in 

the capture event. Var~ance was calculated as: (Seber 1982) 

(n ,  + 1)(n2 + l)(n, - m2 )(n2 - !a2 ) 
v a r ( ~ '  ) = 

( ~ 2  + (m2 + 2) 
95% C1 for the population estimate was calculated as 

I- 



Results and Discussion 

Water S~ipply Reservoir, Water Quulity 

F I L ~  water cli~al~ty s ~ t e s  were establ~shed and sa~npled In tlie WSR beginn~ng 111 fall 1997 

(Figure 5). Two new sltes were added in fall 2002 both located upstream of the GII 

Causeway crosslng Data collected at S ~ t e  #1 are presented In Appendix 1 

Pond~ng of water 111 tlie WSR began in Novelnbcr 1995. Water levels var~ed great11 In 

1996 and 1997, due to water use and winter seepage below the dam that exceeded 

freshwater input. The WSR reached tlie projected maximum surface elevation of 1,02 1 

feet on September 29, 1998 following a period of appreciable ra~nfil l .  The WSR 

conta~ns 3,363 acre-feet (1.096 bill~on gallons) of water. 

Water levels during summers 1999 and 2000 were fairly constant and flow through tlie 

low-flow cliannel 111 the spillway was present. In winter 200012001. about 1.464 acre-feet 

(477 m11l1o11 gallons) of water was p~unpcd from the WSR to the ta~ling impoundme~it 

and water d ~ d  not flow over the spillway unt~l  m~d-summer 2001 (Table 1 ) .  Water use 

during winters 200112002 and 200212003 was m ~ n ~ m a l .  Dur~ng 200212003, water flowed 

through the sp~llway all w~nter  except for about two weeks. 

Table 1 .  Winter water use from the WSR, 1997 through 2003. 

Year Acre-Feet of Water Re~noved 





Seepage flow below the WSR dani is monitored fi-equently. Seepage flow has remained 

fa~rly constant for the last four years (Table 2). 

Table 2. Seepage flow rates below the WSR dam. 

Year Rate of Flow (cfs) Geometric Mean (cfs) 

Water quality infor~nation was collected In the WSR in April (late winter) and 111 late 

May (~mmed~ately after tlie WSR was ice-free) 111 2003. Comparisons among sample 

years were made using Site #1  that IS  located In a b o ~ ~ t  the nilddle of the WSR. S ~ t e  #1 is 

affected by fi-esliwater ~nput  from both Last Chance and Solo creeks. 

I11 late winter at Site #I in 2003, dissolvecl oxygen decreased with depth (Figure 6). The 

h~ghest DO concentrations were seen 111 late winter 2003. with the lowest 111 late winter 

1998. Increased DO concentrations at certain depths as seen in 1908, 2001, and 2002 

probably are due to fi-esliwater input from Last Chance and Solo creelcs. 

In early spring at Slte # I  in 2003, DO concentrations decreased with depth and were the 

lowest observed sliice 1999 (Figure 7). The highest DO coiicentrat~ous were seen 111 

sprlng 1999. Decreased DO concentrations with depth have been seen each spnng since 

1999, except for spring 2002. On May 28, 2002, both DO concentration and temperature 

profiles by depth were s~nillar, ~ndlcat~ng that water was conipletely m~xed when saniples 

were talcen. 
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Figure 6. Dissolved oxygen concentration and temperature at Site #1 (middle of 
WSR) by depth in late winter 1998,2001,2002, and 2003. 
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Figure 7. Dissolved oxygen concentration and temperature at Site #1 (middle of 
WSR) by depth in early spring 1999 through 2003. 



Conductivity and pH measurements at Site #1 during early spring were compared among 

sample years. The general trend from 1999 to 2003 has been for a decrease in pH, except 

for a slight increase in spring 2001 (Figure 8). 

Site 1, pH 
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Figure 8. The pH in the W SR at Site #1 in early spring 1999 through 2003. 

Conductivity was highest in spring 1999 and very similar for the years from 2000 through 

2003, although there was a slight increase in 2001 (Figure 9). Again, there was more 

freshwater input in spring 2001 that would have mixed with the WSR waters due to the 

drawdown (i.e., water use) in winter 2000/2001. 

Site 1, Conductivity (u S/cm) 
.n lU 1 087 150 

Figure 9. Conductivity in the WSR at Site #I in early spring 1999 through 2003. 



The trend In pH and co~~ductivity appear to be related to the volume of freshwater illput 

In the spring relative to the quant~ty of water used from the WSR the previous winter In 

spring 1999 both pH and colldi~ct~vity were h~glier and, as stated earlier, the WSR did i~o t  

reach full capac~ty until fall 1998. The WSR strat~fies qiucl<ly followi~ig breakup, thus 

1n1iiiin17111g potentla1 n11x111g of surface water input wit11 waters in the WSR. Thc sllght 

increase 111 both pH and co~~ductivity 111 spring 2001 probably was the result of freshwater 

111put that liad to  nix with water 111 the WSR because of the substantial water use dilrillg 

wlnter 200012001. We plan to continue the watcr-qual~ty s a~np l~ng  program, but ~ 1 1 1  

expand sampling to include surface watel input that we believe liave a higher pH and 

conductivity. 



Stillilzg Basin, Arctic Gmylilzg nlicl Burbot 

The s t~ l l i~ lg  bas~n,  located immediately downstream of the WSR sp~llway, 1s fed by 

groundwater, seepage flow, and by surface flow from the WSR (Figure 3). In sprlng 

2003. we sampled the stll111lg basin w~tli  one fyke-net for an e~ght-day penod. The 

sample event was des~gned to gather ~nforniat~on rclat~ve to tlie number of fisli In the 

s t ~ l l ~ n g  bas~n and tlle nuii~be~- of fish leav~ng tlie WSR. Sample effort In 2001 and 2002 

was much greater tliaii in 2003 so comparisons arnoilg years IS I~mited. 

We caught 21 3 Arctic grayl~ng In the st~lllng basin in sprlng 2003. In 2002, all fish iuidel- 

200 nlm were marked w ~ t h  an ad~pose c l ~ p .  In 2003, we caught nnie Arct~c grayllng w ~ t h  

t h ~ s  marl< We also caught nlnc fisli w~tli  Floy-tags@ that were mal-Iced In the WSR, three 

of those fisli were tagged In spr~ng 2003. The number of Arct~c gray111lg and recaptured 

fish 111 spnng 2003 ind~cate that outmigration was less in 2003 than In 2002. Length- 

frequeilcy d~stribut~on for Arct~c grayllng caught 111 2001, 2002, and 2003 are slio~vn 111 

F~gure 10. 

We caught 10 bilrbot in tlie stilliilg basin in 2003. None of the burbot were marked. 111 

tliree years of sampling In tlic stilling bas111, we have not caught a bilrbot that was marl<ed 

111 die WSR. Our sample effort In fiiture years will be set up to reflect the same sample 

tlrne and effort as In 2003. 





Water Sclpply Reservoir, Last Cliarzce C~aeek, and Developecl Wetlands, Arctic Grqlirzg 

Arctic gl-ayl~~ig were found thl-oi~glioi~t tlie Fisli Creek drainage prlor to constri~ct~on of 

tlie WSR. Fisli were ~iiost concentrated In Lower and Upper Last Cliance Creel< ponds 

and overw~ntercd 111 these flooded placer milie cuts. The Arct~c grayling In these ponds 

were c1iaractc1-17cd as stunted. fish larger t l~an 220 mm long were rare; annual growth rate 

was 9 mm, and s i ~ e  at ~i ia tur~ty was small (148 lnlii for males, 165 niln for females). 

Successfi~l spawning priniar~ly occiui-red In outlets and inlets between Polar Ponds # I  and 

#2. Adult Arctic grayl~ng also used Last Chance Creek for spawnlng, but based on visual 

observat~ons success \bas never high. All of these ponds Iiave bee11 flooded by tlie WSK 

and are now referred to as Upper Last Cliaiice and Polar bays (F~gure 2). 

Flooding of the F~sl i  CI-eel< valley by tlie WSR  nund dated Polar Ponds #1 and #2, thus 

e l~~ i i i na t~ng  tlie Arctic grayl~ng spawnlng habitat assoc~ated with the pond complex. 

After flooding of the WSR, catches of age-0 Arct~c grayling froni 1996 tliroi~gh 1990 

were very lou . 

Ponds C ,  D, E, and F were ~nterconncctcd, fed by surface flobk during some breal<ups, but 

only by groi~nd watel- dill-~ng the rema~nder of tlie ~ce-free season. Flow rlii-ough tlie pond 

co~iiplex 1s I-elat~vely stable. and not ~nfluenced by noniial ra~nfall events. These 

c o ~ i d ~ t ~ o n s  (I.c., stable flow. warm water, stream and wetland liab~tats) are  deal for Arct~c 

grayl~ng spawning and surv~val and growth of age-0 fisli. Water flow out of the pond 

complex entered tlie WSR \/la a perched culvert that did not prov~de for the upstream 

passage of fisli. It should be noted that tlie perched culvert was installed 111 1995 In 

accordance w~tl i  an approved plan and a F~sli Hab~tat Penii~t Fisli passage was not 

prov~ded to allow potentla1 i~sc  of tile wetland as a passlve treatment facility for total 

d~ssolved solids at inlne c1osu1-e. 

The near absence of age-0 Arctic grayling horn spring 1996 through 1098 led to the 

dccision to construct a channel Ssom Pond F to tlie WSR. In spring 1999, FGMI 

constr~lcted tlie outlet channel (Channel # 5 ,  F~gure 2). Immediately i~pon completion of 

co~~struction, Arctic grayling entered tlie channel and associated wetland co~iiplex to 

spawn. From spring 1999 through 2001, Arctic grayling spa~vned successf~~lly In 



Channel #5, in the pond complexes, and in interconnecting channels. In 2002, spawning 

was limited to Channel #5 and Ponds E and F due to extensive aufeis (about 4 m thick) 

upstream in Ponds C and D that kept water temperatures in these reaches cold (< 4.0°C). 

Arctic grayling successfblly spawned throughout the wetland complex in spring 2003 

with most of the spawning occurring in the Channel #5 and in the channel connecting 

Ponds D and E. 

Arctic Grayling Spacvning (Timing - Temperature) 

In spring 2003, we fished fyke-nets in the developed wetlands, the WSR, and Last 

Chance Creek from May 5 to May 23 to  mark new fish with numbered Floy-tags@, to 

recapture marked fish, and to gather information on the relationship between water 

temperature and Arctic grayling spawning. Continuous temperature data recorders were 

set in known spawning areas in the Pond F outlet channel, the channel connecting D and 

E Ponds, the upper portion of Channel C (inlet to Pond D), and in Last Chance Creek. 

Arctic grayling were first captured in Pond F on May 6. Large numbers of spawning fish 

were seen in the Pond F outlet channel on May 18, 19, and 20 when water temperatures 

peaked at 6.73,7.04, and 6.57"C (Figure 1 1 and Table 3). The number of adult female 

Arctic grayling handled in the wetland complex in spring 2003 during spawning was 872. 

Female Arctic Grayling, Wetlands 

1 10 

. E 
0.8 8 

5 0.6 6 -%Spent 8 0.4 4 8, +T 
0.2 

0 0 

6 8 10 12 14 16 18 2n 22 
. . .- . -- 

May 
- - - - 

Figure 11. Peak daily water temperature in Pond F outlet channel and % of females 
captured judged to be spent. 



'Table 3. Chronology of Arctic grayling spawning in the Fort Knox developed 
wetlands in spring 2003. 

- 

Date Descriptioil of Field Work, Fish Catches, and Spawn~ng A c t ~ v ~ t y  

May 1,2003 

May 5 ,  2003 
May 6, 2003 

May 7, 2003 
May 15, 2003 

May 18, 2003 

May 19, 2003 

May 20, 2003 
May 2 1, 2003 
May 22, 2003 
May 23,2003 

Stowam ay temperature probes placed in Pond F outlet and channel 
between Ponds C and D 
Fylce-net set 117 Polid F outlet 
Seco~id fyke-net set i l l  wetland complex outlet in Water Supply 
Reservo~r, Arct~c grayling adults captured In Pond F outlet fyl<e-net 
Arctic gl-ayling adults captured in both fylte-nets 
Act~ve spawnlng observed in Pond F outlet and 111 the channel between 
Ponds D and E, first spent females caught 
Large nu~iiber of spawners 111 Pond F outlet channel, active spawn111g 
observed in Polid D outlet 
Large nuniber of spawners in Pond F outlet channel, act~ve spawning 
observed in Pond D outlet 
Still large numbers of spawners in Pond F outlet chaiinel 
Very l~ttle spawning activity in wetland complex 
Very l~ttle spawning activity In wetland complex 
Very l~ttlc spawnlng activity 111 wetland coiiiplex 

Visual observat~ons of Arctic grayl~ng to assess spawiilng wcl-c made In Last Chalice 

Creek, in the channel conncct~ng P o ~ ~ d s  D and E, a ~ i d  111 Channel C.  A fylte-net was 

fished In Last Chance Creelc from May 10  to 23, 2003. The Last Chance net was set later 

due to ~nstream Ice and aufc~s.  Adult Arctic grayling were captured, but catches were 

low. We caught only 38 females dur~ng the sample period. By comparison, in the 

wetland complex we lia~idled 872 female Arct~c grayl~ng. 



Spawning activity was not observed in Last Chance Creek. As in 2002, adult fish left 

Last Chance Creek without spawning. Some spawning was seen in Channel C and 

moderate numbers (10 to 20) of spawners were present in the channel between Ponds D 

and E. Water temperatures in Last Chance Creek were cold throughout the spring 2003 

sample event due to  massive aufeis in reaches of the stream upstream of the eke-net. 

Peak water temperatures in Last Chance Creek, Pond F outlet, the channel between Ponds 

D and E, and in Channel C are shown in Figure 12. The majority of the fish spawned in 

the Pond F outlet channel where water temperatures warmed the quickest. 

Last Chance Creek and Wetlands 
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Figure 12. Peak water temperatures in spring 2003 in Last Chance Creek, Pond F 
outlet, the cbannel between Ponds D and E, and in C channel. 

Peak spawning by Arctic grayling in the wetland complex occurred from May 30 to June 

2 in 2002 (Ott and Moms 2002b) and fiom May 18 to 20 in 2003. In 2003 it was 

apparent, based on catches after May 20, that small numbers of new ripe females 

continued to enter the system. Thus, spawning by Arctic grayling continued well into 

June 2003. 



Visual surveys for age-0 Arctic grayling were made in late June 2003 in Last Chance 

Creek and 111 the developed wetla~lds. No age-0 fish were seen In Last Chance Creek. 

Large numbers of age-0 fish were present in the developed wetlands, particularly in 

Poilds E and F and 111 Pond F outlet. Age-0 Arctic grayling also were observed feeding 

on the surface 117 Solo Bay. Length of Arct~c grayling age-0 fish 111 sun~iner 1999, 2002, 

and 2003 are presented in Table 4. The average size of age-0 fish 111 early Septeinber 

1999 and 2002 was similar. The highly variable sizes of age-0 fish in 2002 and 2003 

reflect ail extended time frame for spawning and the variety of rearing habitats (shallow 

ponds and streams 111 wetland complex) available. 

Table 4. Age-0 Arctic grayling caught in the wetland complex in summer 1999, 
2002. and 2003. 

Number of Average Standard 
Date Fish Length (mm) Range (mm) Deviation 



,ilrcrlc Gn1?;111i,o (M~lrli/Rec~lpture. P o p ~ l l l l t ~ o ~  Estlnz~lte, C Z ~ I ~  Growtl~) 

We es t~~nated  the abundance of Arct~c grayling in the WSR using spring 2002 as the 

mark event (n ,  = 1252) and sprlng 2003 as the recapture event. In sprlng 2003. we 

caught 1,904 Arctic grayl~ng > 220 lnln (nz = 1904), w ~ t h  366 recaptures (mz - 366). Our 

spring 2002 estimated Arctic grayl~ng population 111 the WSR for fish > 200 rnln was 

6.503 (95% CI 6.001 to 7,005) (Figure 13, Appendix 2). 

Arctic Grayl~ng Popi~lat~on Estimates (95% CI) 

1995 1996 1998 1999 2000 200 1 2002 

Figure 13. Estimates of the Arctic grayling population in the WSR at the Fort Knox 
Mine ( 1  995-2002). 

For our 2002 est~mated Arctic grayling population we did not include fish that had been 

marlted prior to 2002. Tag loss has shown a trend towards larger fish losing tags at a 

d~fferent~ally h~ghcr  rate than smaller fish (Ott and Morr~s 2002b). Therefore, our sprlng 

2002 mark event of 1,252 fish includes only fish tagged in 2002. 

We conipared the leilgtli frequency distributions for fish marked 111 2002 with those 

recapti~red in 2003 to eliminate those fish handled in 2003 that would have been too 

small (<200 mm) to marl< In 2002. Our comparison of the length frequency diagranls 



111dlcated that fish < 220 m1n in spring 2003 should not be included in the populat~on 

estimate (I.c., they would I~ave been too small in 2002 to have been marked (Figure 14). 

Arctic Grayling New Marks 2002 ( n  = 1252) 
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Figure 14. Length frequency distribution of Arctic grayling tagged in spring 2002 
and recaptured in spring 2003 in Last Chance Creek, the WSR, and the 
developed wetlands. 



I11 sprlng 2002 and 2003 we had a sufficient number of recaptures to show growth rates 

by s l ~ c .  Average growth of Arctlc grayling pnor to construction of the WSR was 9 nlln 

pel- year. Once the WSR was flooded, annual growth rates f ro~n 1996 tl~rough 1998 were 

41, 38, and 39 rnln (Ott and Morris 2002a). A~lnual growth rates from spring 2002 to 

sprlng 2003 for Arctic grayling < 21 0 mm when tagged averaged 34 mm (Figure 1 5 ) .  

Cienerally, growth rates appear to have slightly decreased 111 200212003 compared with 

2001 i2002 for the varlous slze ranges (Figure 15).  

Arctic Grayl~llg (2001 -2002) ( n  = 297) 
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Figure 15. Maximum, minimum, and average growth for Arctic grayling > 200 mm 
long for 200112002 and 200212003. 



Length ti-equency d~stributions for Arctic grayl~iig collected 111 spring 1995 and 1996 and 

in sprlng 1998 through 2002 were presented by Ott and Morr~s (2002b). Throi~gli 1999. 

llttle or no I-eel-uitinent of small fish was seen, but aftcr construction of the channel 

connect~ng Pond F with the WSR, substantial ni~mbers of smallel- Arctic grayling have 

been caught. Length freclue~~cy distr~but~ons for 1999 and 2003 are presented In F~gure 

16 to show the large recruitment that has occurred ill the WSR Arctic grayling 

populat~on 
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800 , I 

7 0 110  150  190 230 270 310 350 390 

Uppel LIIIII~ of Size Raiige (mm)  

Late May 2003 (n  = 2 187) 

-., 1200 

900 
3 
;; 600 
s 
5 300 
f 
7 0 

7 0 1 1 0  150 190 230 270 310 350 390 

Lrpper L~rnlt  of S u e  Range (mm)  

Figure 16. Length frequency distribution of Arctic grayling in the WSR and 
wetland complex in spring 1999 and 2003. Note the different y-axis scales. 



Water Supply Reservoir, Burbot 

Burbot were found In Lower Last Chance Creek Pond and in Polar Ponds #1 and #2 prior 

to constr~~ctioii of tlie WSR dam (Ott and Weber Sca~inell 1096) In May 1995, we 

conducted a marklrecapture effort and estimated the abundance of burbot (1 50 to 33 1 

iiim) to be 825 fish (Ott and Weber Scannell 1996). Tlic WSR began to po11d water 111 

November 1995, flooding the polids and creek containing burbot. 

Estimates of the burbot populat~on in the WSR were made during the ice-fi-ee season 

followii~g constri~ctloii of the WSR (Figure 17 and Appendix 3) Tlie est~lnated 

populat~on of burbot > 200 mm long peaked in 1999 atid has decreased substantially the 

last two years These data continue to ind~cate that fish lost 111 the population are smaller 

(1.e. < 400 mm), and as noted d~tring ficld sampling, those burbot between 275 and 375 

mn1 l~ave  consistently bee11 ~n poor condition. However, small bilrbot appear to be 111 

better c o i ~ d ~ t i o i ~  iii  2003 than in prior years. The est~mated number of large burbot 

(-,409 mm) was 134 111 2001. 13 1 111 2002, and 102 in 2003. The burbot yopulat~on for 

fish >400 mm appears to be relatively stable. 

Figure 17. Estimates of the burbot population in the WSR at the Fort Knox Mine 
(1995 to 2003). 



Catches of burbot In the stlll~ng bas111 below the WSR d a ~ n  lndlcate that very few burbot 

are outmlgrating from the WSR. Catch per unit of effort for hoop traps fished 111 the 

WSR has been calcillated annually slnce 1996 (Append~x 4). Catch rates fi-om 1998 

through 2001 were s~mllar, b ~ ~ t  there was a sharp decrease in spring 2002 and agaln In 

sprlng 2003. The decreased catch rate supports the dec l~n~ng  trend observed In the 

populat~on estimates for burbot >200 mm. 

Annual growth of burbot was tracked from 1998 through 2003. Average growtl~ by slze 

IS  presented In Append~x 5. Annual growth of burbot between sprlng 2002 and sprl~ig 

2003 for fish >450 11i1ii ranged from 41 to 104 Inn1 whlle growth for fish <450 nim 

ranged fro~ii 0 to 40 mni. 

Length-frequency distributions for burbot captured from May 1995 to Jiuiie 2002 were 

presented by Ott and Morris (2002). Length frecluency for sprlng 200 1, 2002, and 2003 

IS shown In F~gure 1 8. Catches have declined each year since 2001 and ~ lu~nbers  of fish 

In the 225 to 375 mnl group have dccreased substant~ally Recru~t~iient of new fist1 to the 

populat~on cont~nues and appears to be Increasing 





Conclusion 

We pred~cted prlor to construct~on of the WSR dam that opportunit~es extsted to enhance 

fisli resources, spec~fically the Arct~c grayling population, In upper Fish Creek. Our goal 

was to reach a dens~ty of 10 to 20 Arct~c grayling >200 lllm per hectare of surface area 

(1.e.. 800 to 1,600 fish >200 mm) ten years after constructloll of the WSR dam. 

Co~icull-ent reclan~at~on began In 1996 and lias cont~nued annually. The 1110st slgnlficant 

c ~ v ~ l  work conducted, from a biolog~cal viewpoint, was excavation of a channel in spring 

1999 to connect the developed wetland with the WSR. Arctlc grayl~ng spawnlng success 

111 tlils channel and the associated wetlands (Ponds D, E, and F) lias been hlgh every year 

since 1999 

Progress to Date 

Monitoring of fishery resources and water quality has contini~ed in the WSR and 

developed wetlands for tlie following reasons: (a) to gatlier data to evaluate predictions 

that a viable Arctic grayling population could be developed; (b) to provide data on 

successes and failures of restoration activities that could be applied to fi~ture projects; (c) 

to f i l l  the department's commitn~ent to monitor the pro~ect and provide data for the 

environmental audits required by the Slate's lnill site lease; (d) to provide biological 

information needed for management decisions when the area is converted to public 

recreation and use at the end of mining operations; and (e) to gather information on tlie 

fish and wildlife use of the developed wetlands to be used to assess mitigation under tlie 

U.S. Asmy Coips of Engineer's pennit for tlie project. 

A viable Arctic grayling populatioli lias bcen established in the WSR. Our goal of having 

800 to 1,600 Arctic grayling >200 mm in the WSR was exceeded in 1998. The estimated 

population in the WSR in spring 2002 was 6,503 fisli. Furthemiore, we have docuniented 

the outiiligratio~~ of Arctic grayling through tlie low flow channel in tlie WSR spillway. 

These fisli have the potential to enter tlie Chena Rjver fisliery. 

We did not make any predictions on what might happen with tlie burbot population. The 

burbot population grew rapidly following tlie ponding of water behind the WSR dam, 

reaching a high of 4,136 in 1099. Since 1999, tlie b~lrbot pop~ilatio~i has decreased 



substant~ally to an esti~iiated 1,103 in siunmer 2003. However. there are a sliiall number 

of large burbot (i.e., >400 mm) and their numbers have stayed relatively stable In 2001 

and 2002, w ~ t h  a s11gIit decrease in 2003. 

Water qilal~ty data collected have shown that the flooding of uce-rich permafrost inateruals 

111 the \alley has created a cond~ t~on  111 wh~cli d~ssolved oxygen coiice~itrat~ons are 

depressed w ~ t h  depth 111 both winter and summer. Essent~al to overwlnteriuig surv~val of 

fish IS tlie freshwater input to tlie WSR, primar~ly from Solo Creek. 

Wildlife use of tlie WSR and developed wetlands generally has ~ncreased sllice 

construction and w ~ t h  concull-ent recla~nation. A summary of the wildlife specles and 

uses 112 the area was provlded by Ott and Morr~s (2002b). Increased waterfowl and 

sliorebird use has been seen 117 both the open water areas and in the wetlands Birds of 

prey, pr~niar~ly  bald eagle (Hcllr~leetus lcucocepl~c~lus), use has increascd poss~bly due to 

tlie presence of large concentrations spawning Arctic grayling ava~lable in early sprlng 

dur1112 nest~ng Horncd grebes (Podlcep~ clzrntus) and Pac~fic loons (Gavlu ~ L L C ~ ~ ~ C L I )  are 

frequently observed 117 tlie WSR. Mink (Mustelu vlson) and rlver otters (LLL~I-LI 

~cl lzade~isl~)  use both the WSR and the still~ng bas111 below the dam 

Future Plrrns 

'The dcpal-tment w ~ l l  continue to work cooperatibely with FGMI to gather data 011 the fish 

resources and water clilality to provide a basis for management decis~ons at nilne closure 

and to identify fi~rther options for enhancing aquatic habitats. One potential option is the 

constri~ct~on of a second wetland coinplex located along the ~iortli side of the valley 

between the tailing dam and the WSR. The wetland complex would be fed by water f'rom 

the ta111ng inipoi~ndnicnt at mlne closure. Finally, comp~lat~on of long-ten11 data on the 

WSR and developed wetlands \vu11 aid both ~ndustry and government agencies in better 

decision making 111 the fi~ture. 
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Appendix 1 .  Water Quality (Site #I ) ,  WSR 



Appendix I ,  water quality continued. 



Appendix 1 ,  water quality continued. 



Appendix 1,  water quality continued. 



Appendix 1 ,  water quality concluded. 



Appendix 2. Arctic Grayling Population Estimates in the WSR 

Estiiliates of the Arctic grayling population in the WSR and developed wetlands at the 

Fort Knox Mine (1995 to 2002). We used fyke-nets for the capturc and recapture events, 

except where noted. 

Year 

M I ~ I I I I U ~  Size Estimated 
of Fish in Size of 95% Confidence 

Estimate (mm) Population Interval 

I w e  used estimates from the ponds and creeks for tlie Arct~c grayling population, a 
confidence ~nterval was not applicable to the data set. 

2 ~ h e  1996 estimate was made with a capture and recapture event In sulnmer 1996. 
 e ear type for the population estimate was a boat-mounted electroshocker with both 

capture and recapture events in fall 1996. 
3 The 1998 through 2002 populat~on estimates were made U S I I I ~  a mark event In spring of 

tlie year of the est~mate, but the recapture event was in spring of the following 
year. 



Appendix 3. Burbot Population Estimates in the WSR 

Est~mates of the burbot populatiol~ in the WSR and developed wetlands at the Fort Knox 

Mine (1995 to 2003). We used hoop traps for the capture and recapture events, except 

where noted 

Mininium Size Estimated 
of Fish in Size of 955% Confidence 

Year Estimate (mm) Population Interval 

We used fylce-nets In tlie Polar Pond complex to make the 1995 populat~on cstlmate. 
 he 1997 and 1998 estinlates were made with a capture and recapt~~re event in May of 

the same year. 
3 The 1998, 1999, and 2000 population estimates were made using a mark event in spring 

w ~ t h  the recapture event occurring one year later In the spring. 
'4 The 2001, 2002, and 2003 population estimates were made witli capture and recapture 

events in the sanle year. 



Appendix 4. Burbot Catches in the WSR 

/sample Gear / Number of 1 Mean ~ 
/bate Type / Traps 1 Catch I CPUE 

I I 
I I I 

I 

/5/20/97 siiiall hoop 

I512 1 /97 

512 1/97 

I 5/29/97 ismall hoop / 11 j 32 i 2.9 , 
5/29/97 l lar~ehoou I 20 1 39 2.0 ~ 

I 

5/28/97 isillall hoop 1 1 1  ' 45 4 1  1 

I 
3.3 

I 

1.5 , 
1.7 / 

1 I 
5 20197 large hoop 13 

,small hoop 
large hoop 

5/26/97 /large hoop I 19 

15/21/9h large hoop 1 3 1 20 6 7 
I 

siiiall hoop I 9 57 1 6 3  
I 

I 

3 6 
6 
19 

15122'96 small hoop ' 1 1 

58 5 3  

- 
42 j 2 2  

I 
I 

7- ~ 
5120/9X siiiall hoop 7 1 8 :  

5/28/98 /sniallhoop1 0 / 67 7.4 I 

5129198 ismall hoou 9 1 44 1 4.9 I 

5,22190 large hoop 
5/23/96 sinall hoop 

24 

11 61 

I 
I 

12.4 1 

I I I 
I I I 

I 1 1 I 

16/3/99 jsmall hoop i 17 1 135 7 9  1 

2 0.5 1 

4 
1 1  

15/23/96 large hoop 

1 8  

5.5 
17 i 56 

5 21198 sliiall llool3 i 9 61 1 6.8 1 

4 

3.3 1 

6/8/99 /small hoop 17 / 89 , 5.2 
I I 

I I 

614199 Ismall hoop 17 j 124 7.3 ~ 
6/5/99 /small hoop 
6/7/99 /sii~all hoop 

161 110 1 small hoop 1 24 122 5.1 1 

17 / 136 / 8.0 1 
17 1 142 ! 4.2 1 

5130101 

513 1/01 
small hoop 
s~iiall hoop 

24 

24 

19 1 
105 

7.9 

4.4 



Appendix 4. Burbot (concluded). 

Saillple 1Gea1- ( Number of 1 I Mean 

Date :Type 1 Traps 1 Catch I CPUE 1 

61610 1 sillall hoou 30 / 209 1 7.0 1 
61'710 1 ismall hoop 30 1 76 2 5  
kd27'01 small hoop I 30 98 1 3 3 
6/28/01 ~siiiall hoop , 
+ 

30 1 140 I 4 7  
I I I I I 

16/5/02 ismall hoop I 30 1 58 1 1.0 I 

/616/02 lslnall hoop 1 30 41 i 1.4 _i I 

- 1 I 

E l 0 2  slnall hoop / 30 118 2.0 1 
16i'10/02 small  hoov / 30 120 2.0 1 

16/3/02 Ismall hoou 1 30 58 1 .O 

11 0/3/02 small hoop / 30 1 69 1 2  1 

CPUE = catch per unit of effort (24 hours) 

I 

/5:29/03 
5130103 

I I 

smallhoop j 30 1 62 2.1 
small hoop / 30 3 4 1.1 

22 /03  ,small hoop 1 30 I 75 0 8  



Appendix 5. Annual growth of burbot (2002 to 2003). 


