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Executive Summary 

On 2001, the Alaska Department of Fish and Game and the US Forest Service, in 

cooperation with the US Fish and Wildlife Service, conducted aquatic biomonitoring in 

Greens Creek and Tributary Creek. The purpose of the current biomonitoring project was 

twofold: to docun~cnt the continued health of the aquatic communities and to establish 

productivity and taxonomic richness of existing aquatic habitats so comparisons could be 

madc with future conditions of these sites. The 2001 biomonitoring program included 

periphyton abundance, aquatic invertebrate richness and abundance, fish abundance and 

distribution, concentrations of selcct elements in fish tissues, and toxicity testing. 

Threc sites in Greens Creck and the site in Tributary Creek had coinplcx, divcrsc aquatic 

macroinvertebrate communities with high densities. The prevalence of Ephemeroptera 

and Plecoptera were signs of excellent water quality. Pcriphyton communities were well 
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established in each site, especially in Tributary Creek where stream tlows are low and 

scouring flood events are rare. 

Fish populations were well established in each site, although populations of coho salmon 

were lower than expected in the Greens Creek sites, possibly due to high water events in 

the previous year. Sitc 48 contained only resident Dolly Varden because access by 

anadromous fish is restricted. Dolly Varden in Greens Creek at Sites 6 and 54 wcrc a 

mixture of anadromous and resident fish, and all salmonid fish in Tributary Creck wcrc 

anadromous. 

The concentration of Ag in juvenile Dolly Varden was highest in Tributary Clrcck. Cd 

concentrations were highest in fish from Site 6 and Site 48. Cu concentrations were 

similar in fish from all sample sites. The median Pb concentration was slightly higher in 

fish from Site 6 than from the other Greens Creek sitcs. Concentrations of Se and Zn 

were similar among all sites. 

We found no indication of either chronic or acute toxicity (determined with Microtox 

analysis) in water from all sites. Because there was no toxic response, the IC-20 value 

far each site was >loo%. 

Overall, the four sites sampled, three in Greens Creek and one in Tributary Crcek, 

contained productive, diverse communities of algae, invertebrates, and fish. 



Introduction 

In 2000, an interagency regulatory team made up of representatives from Kennecott 

Greens Creck Mining Company (KGCMC), Alaska Department of Natural Resources 

(DNR), Environmental Protcction Agency (EPA), United States Forest Service (USFS), 

United States Fish and Wildlife Service (USFWS), Alaska Department of Fish and Game 

(ADF&G), State Attorney Generals Office (AGO), and Alaska Department of 

Environmental Conservation (DEC) were invited by KGCMC to conduct an 

environmental rcview of the Greens Creek Mining operation within the Admiralty Island 

National Monument. From the findings of that review the KGCMC Fresh Water 

Monitoring plan was updated, including specifications for biomonitoring in areas 

adjacent to the KGCMC surface facilities associated with the Mine and Mill. This 

document presents results of the first year (200 1) of this biological monitoring at the 

Greens Creek Mining operation. 

The role of biological monitoring is to determine in those stream rcaches near the 

KGCMC surface facilities, the continued use of Greens Creek and its tributaries by fish 

and other aquatic species, and to document the continued health of the aquatic 

community. Bio~nonitoring will detect early cl~angcs to thc aquatic community that may 

result from changes in water chemistry, either through surface or groundwater inputs to 

the system. 

Results from biomonitoring usually are compared to baseline conditions, or if bascline 

data are unavailable, to a reference site that is unaffected by the mine. Fcw bascline 

biomonitoring studies as intensive as this current program were conducted beforc 

development of the Greens Creek mine using current state-of-the-art protocols. The 

existing biomonitoring program is designed to compare present conditions to future 

conditions, with consideration givcn to any previous monitoring. All biological 

monitoring follows standard protocols acceptable to USEPA, ADEC, USFS, ADP&Ci 

(1998), and Standard Methods (APHA 1992). 



Purpose 

The objective of the biomonitoring program is to establish existing conditions of the 

biological communities in selected reaches of Greens Creek and Tributary Creek near to 

the KGCMC surface facilities. Future sampling during the mine life or during 

reclamation and closure can be compared to the conditions defined under the current 

biomonitoring program to detect any changes that may have occurred in aquatic 

communi tics. 

Elements of the Biological Monitoring Program 

The biological monitoring program for the Greens Creek mining and milling operations 

addresses the following factors: 

1. Distribution and abundance of juvcnile fish; 
2. Whole body concentrations of Cd, Cu, Pb, Se, Ag, and Zn in juvenile fish; 
3. Periphyton biomass, estimated by chlorophyll concentrations; 
4. Abundance and community structure of benthic macroinvertebrate populations; 
5. Standardized laboratory toxicity testing. 

Location and Schedule of Monitoring 

Three sites were selected for routine biomonitoring: Site 48 (Upper Greens Creek), Site 

54 (Greens Creek below Pond D), and Site 9 (Tributary Creek). Site 6 (Middle Greens 

Creek) will be sampled one time (2001) to provide information on baseline conditions (or 

conditions at the beginning of the biomonitoring program). KGCMC also routinely 

monitors the ambient water quality at these sites on a monthly basis. Water quality 

samples will be collected at each of the biomonitoring sites within the month of that 

biomonitoring effort. Table 1 summarizes the biomonitomg factors that were sampled at 

each site, Figure 1 shows the location of the Greens Creek Mine. 



Table 1. Summary of Bionlonitoring Sites 

Site Name Monitoring Compare Frequency Factors Time to 
Objective to: Sarnplc 

Upper Greens Creek Routine, Annually for 5 years, then FA, FM, mid-late 
(Sitc 48) control review P, MI, July 

TOX 
Middle Greens Creek Basclinc Baseline Sample on 5 year FA, FM, mid-late 
(Sitc 6) schedule, unless indication P, MI, July 

of WQ exceedence TOX 

Greens Creck below Routine, Control Annually for 5 ycars, then FA, FM, mid-late 
Pond D (Site 54) treatnlcnt review P, MI, July 

TOX 
Tributary Creek (Site 9) Baseline Change Annually for 5 years, then FA, FM, mid-late 

over time review P, MI, July 
TOX 

KEY: 
WQ water quality - collcctcd monthly a each Greens Creek site, and with each biomonitoring 
sampling effort 
FA fish abundance and distribution 
FM fish nlctals content 
P pcriphyton biomass 
MI macroinvcrtcbrate abundance, comn~unity 
TOX micro-toxicity tests 



Figure 1. Location of Greens Creek Mine, Admiralty Island, AK. 



Methods 

Periphyton Biomass 

Rationale 

Periphyton, or attachcd algae, is sensitive to changes in watcr quality. Their abundance 

confirms that productivity is occurring at specific locations within a water body. 

Sample Collection and Analysis 

The protocol for collecting stream periphyton follows the protocol from the Alaska 

Department of Fish and Game (1998) and Barbour ct a1 (1997). Periphyton were 

sampled during a period of stable flow. Tcn rocks were collected from the stream 

benthos in each study reach. A 5-cm x 5-cm square of high-density foam was placed on 

the rock. Using a small toothbrush, all material around the foam square was removed rind 

rinsed away with clean water. The foam was removed from the rock and the rock was 

brushed with a clean toothbrush and rinsed onto a 0.45 urn glass fiber filter, attached to a 

hand vacuum pump. After extracting as much water as possible, approximately 1 ml 

saturated MgC03 was added to the filter to prevent acidification and conversion of 

chlorophyll to phaeophytin. The filter was wrapped in a large filter (to absorb any 

additional water), labeled, placed in a sealable plastic bag, and packed ovcr desiccant. 

Filters were frozen on site in a lightproof container with dcsiccant, then transportcd to 

Fairbanks whcrc they wcrc kept frozen until laboratory analysis. 

In Tributary Creek, we sampled stream periphyton directly from the substrate and from 

glass slides placed in the stream. Three screens, each containing 15 glass slides, were 

placed on thc stream bottom and alichorcd in place. After a 3-week colonization period, 

tl-le slides were removed, placcd in labcled slide boxes, and frozen. 

Methods for extraction and mcasuren~ent of chlorophyll followed USEPA protocol (EPA 

1997). Filtcrs were rcmovcd from thc frcczer, cut into small pieces, and placed in a 

centrifuge tube wit11 10 ml of 90% buffered acetone. Centrifuge tubcs were placed in a 



metal rack, covered with aluminum foil, and held in a dark refrigerator for 24 hrs. After 

extraction, samples were centrifuged for 20 rninutcs at 1600 rpm, and then read on a 

Shimadzu Spectrophotometer UV-601 at optical density (OD) 664 nm, OD 647 nm, and 

OD 630 nni and at OD 750 nm to correct for turbidity. An acetone blank was used to 

correct for the solvent. Samples were then treated with 0.1 ml of 0.1 N hydrochloric acid 

to convert chlorophyll to phaeophytin, and read at OD 665 nm and OD 750 nm. 

Chlorophyll-a, -b, and -c and phaeophytin were determined according to Standard 

Methods (APHA 1992). 

Benthic Macroinvertebrates 

Rationale 

The primary objcctive of sampling benthic macroinvertebrates was to collect sufficiently 

quantitative samples to characterize structure and abundancc of benthic 

macroinvertebrate communities. Benthic macroinvertebratc spccies abundance and 

taxonomic richness is a useful measure of stream health. 

Field Collection and Analysis 

Five benthic samplcs wcre collected with a modified Hess sampler from each sample site. 

We used a stratified random sample design, modified from Barbour ct al. (1997) by 

limiting the randon~ly placed samples to riffle areas. This sample design eliminated 

variability from sampling pool or other marginal habitats wherc macroinvertebrates are 

unlikely to occur. For each sample, the substrate was first manually disturbed, then rocks 

werc brushed and removed. After the largcr substratc was removed, the fine gravels were 

disturbed to a depth of approximately 15-20 cm. Macroinvertebrates disturbed from the 

substrate were collected in a I-meter, 300 um mesh net, attached to the samplcr. The 

sample was removed, placed in pre-labcled whirl-pack bags, and preserved in 70% 

BTOH. 

invertebrate samplcs were later sorted from all debris and identified to the lowest 

practical taxonomic level. Larger samples were sub-sampled with a gridded tray sub- 



sampler. Randomly selected grids were sorted and identified until a minimum of 300 

macroinvertebrates was found. Four samplcs were re-sorted to determine the accuracy in 

rccovering macroinvertebrates. We found that recovery was approximately 98%. 

Abundance of Rearing Fish 

Rationale 

Rationale 

The purpose of juvenile fish monitoring is to determine potential trends in the numbers of 

Dolly Varden (Salvelinus malmu) and coho salmon (Oncho ynchus kistuoh) in stream 

segmcnts near the surface mine facilities in the Greens Creek and Tributary Creek 

drainages. The sampling protocol was derived from Aho (2000). Sample design and 

methods followed proccdures in the 2000 Greens Creek Fresh Water Monitoring Plan. 

Precise GPS coordinates were measured at the upstream end of four stream reaches (28 m 

to 135 m in length). A complete set of digital photos was taken to docunlent site 

conditions at each survey rcach 

Sample Collection and Analysis 

Fish population estimates were madc with a three-pass rcrnoval method, using '/a in mesh 

minnow traps baited with salmon eggs, treated with Betadync. At each site, a sample 

reach was identified and marked with aluminum tree tags and metal stakcs driven into the 

streambank. Approximately 25 minnow traps were deployed for cach sampling event. 

Sample reaches varied in length among sites because of the limited availability of 

suitable habitat to set traps. In Greens Creek at Site 48, we sampled a 75-mctcr rcach, in 

Grccns Creek at Site 6, a 135-meter reach; in Grccns Creek at Site 54, a 28-meter reach, 

and in Tributary Creek at Site 9, a 44-meter reach. 

Traps were placed tluoughout the sample section focusing on pools, undercut backs, bank 

alcoves, and under root-wads or loglams. Where possible, natural obstructions, like 



shallow riffles or small waterfalls ovcr log steps, defined upper and lower section 

boundaries to minimize fish movement into the sample section during sampling. 

Minnow traps were set for about 1.5 hours at which time all captured fish were 

transferred to plastic buckets with holes drilled in the sides. Buckets were placed in the 

stream for water exchange to keep the fish aerated. The traps were re-baited and reset for 

another 1.5- hr period. While the second set was fishing, fish captured during the first set 

were identified to species, countcd, and measured to fork length. 

A subset of the fish population sample was retained for whole body analysis for inetals 

accumulation. Fish not retained for the inetals bioassay were returned to the stream 

immediately after sampling was coinplcted. 

Metals Concentrations in Whole Body Juvenile Fish 

Rationale 

The response time for juvenile fish to accumulatc metals is rapid; for exarnplc, ADFG 

has documented metals accumulation in juvenile Dolly Varden within five to six weeks 

after dispersing from their overwintering grounds to mineralized and unmineralized 

tributaries (Webcr Scannell and Ott 200 1). Should changes occur at the Greens Creek 

mine that result in higher concentrations of metals in thc creek, tissue sampling of 

juvenile fish should rcflect these changes. 

Sample Collection and Analysis 

Six juvenile Dolly Varden were caught in baited minnow traps at each sample site and 

measured to fork length. The fish were individually packed in clean, pre-labeled bags, 

placed in an acid-washed cooler, and frozen on site until transport to Fairbanks. We 

followed the techniques of Crawford and Luoma (1993) for n~inirnizing contamination of 

the samples. In Fairbanks, the fish were weighed without removal from the bags (we 

corrected for the weight of the sample bag). The fish were submitted to a private 



analytical laboratory, where they were digested, dried, and arlalyzed for Ag, Cd, Cu, Pb, 

Se, and Zn on a dry-weight basis, with percent moisture reported. In 200 1 ,  all fish 

retained for metals analysis were Dolly Varden, although samples from Sites 48, 6, and 

54 contained a mixture of resident and alladromous forms. In 2000, samples from Site 54 

and Tributary Creek both contained a mixture of coho salmon and Dolly Varden. 

Samples were numbered following the convention used by ADF&G: 

DateiStream Codelspecies CodeiAge CodeISample Number 

An example fish label would read: 07120 I GC54DVJO 1, Where 07020 1 represents July 

2,200 1 ; GC54 represents Greens Creek, Site 54; DV represents Dolly Varden; J 

represents juvenile; and 0 1 represents sample replicate # I .  

Quality Control 1 Quality Assurance of Laboratory Analysis 

The analytical laboratory provided quality assuranceiquality control information for each 

analyte, including matrix spikes, standard reference materials, laboratory calibration data, 

sample blanks, and sample duplicates. 

Toxicity Testing 

Rationale 

Toxicity tests measure the combined toxic effects of all constituents in any particular 

sample. They measure toxicity of multiple components that may not be able to be 

measured using standard analytical techniques becausc some substanccs can be toxic in  

amounts that are below detection limits. This is especially true when multiple toxic 

components synergistically cause toxicity, although each component may be below a 

detection limit. A commonly available test is the Microtox test, which uses the 

lumi~lescent bacteria Vihrio,fischeri. When grown under optimum conditions, the bacteria 

produce light as a by-product of their cellular respiration. Bacterial bioluminescence is 

directly related to cell respiration, and any inhibition of cellular activity results in a 



decreased rate of respiration and a corresponding decrease in the rate of luminescence 

(Azur 1999). 

Sample Collection and Analysis 

The Microtox test (Azur 1999) requires approximately 100 ml of sample water per test 

replicate. Water samples were collccted at the same time other biomonitoring sampling 

was done. Samples were kcpt refrigerated until they were analyzed for both chronic (24- 

hr) and acute ( I  -hr) Microtox toxicity. Each analysis consisted of 4 sample controls, 4 

positive controls, and 4 replicates for each of 6 dilutions. The acute test used solutions of 

0% to 45% of the test (creek) water mixed with reagent water. The chronic test used 

solutions of 0% to 100% of the creek water. IC-20 concentrations were calculated from 

each site's chronic toxicity data. The IC-20 represents the estimated toxicant 

concentration that would cause a 20 percent reduction in a non-lethal biological 

rneasurement of the test organism. In the casc of thc tcsts conducted in this study , the 

non-lethal biological measurement was the growth of the test species, Vihrio-fisherii. 

Results and Discussion 

Samples collected in summer 2001 represent thc first year of a long-term biomonitoring 

program. We included 2000 results on fish tissues for comparison. No comparisons are 

made among sites except to show relativc productivity. 



Upper Greens Creek, Site 48 

Upper Greens Creek at Site 48 (Figure 2) was selected as an upstream, control site for 

comparison to "treatment" sites adjacent to and downstream from the KGCMC facilities. This site 

lies approximately % mile upstream of the weir which blocks access to anadromous fish. 

Therefore, the only salmonid species at this site is resident Dolly Varden. 

Figure 1. Greens Creek Site 48. 



Periphyton Biomass 

Periphyton communities in upper Greens Creek were similar to those in Greens Creek at 

Sitc 54: chlorophyll-a concentrations ranged from 0.3 to 5.6 mg/m2 (Figure 3). Forty 

percent of the chlorophyll b samples were less than the limit of detection (0.005 mg/rn2) 

and the remaining samples were less than 0.15 mg/m2. Chlorophyll-c also was low; all 

samplcs contained concentrations less than 0.7 mg/m2. 

chlor-a chlor-b chlor-c I 

1 -  _ - 

Figure 2. Concentrations of chlorophyll a, b, and c, Site 48, 200 1 .  

Benthic Macroinvertebrate Community 

Invertcbrate density and taxonomic richness wcrc high in Greens Creek at Site 48, as at 

Site 54 (Appendix I). In 2001, wc found an average macroinvertebrate density of 

2,368/m2 and a total of 25 individual taxa (usually gcnus level). Ephemexoptera and 

Plecoptera were the dominant groups (97.% of the total organisms collected) with 0.5% 

Trichoptera. The Heptageniidae: Epeorus was the dominant taxon (38% of the 

community). Epeorus is considered a sign of excellent water quality (Merritt and 

Curnmiris 1996, McCafferty 1998). 



Juvenile Fish Community 

Upper Greens Creek, Site 48, lies approximately '/z milc upstream of the weir which 

blocks access to anadromous fish. Therefore, only resident Dolly Varden occur at this 

site. The Greens Creek Site 48 sample rcach was an MM2 Channel Type (Paustian et al. 

1999) with an average width of 10 meters and gradient 2 to 4 percent. Cobble is the 

dominant substrate and large woody material is a kcy factor in pool formation and fish 

habitat cover. The 200 1 fish population survey conducted within a 72-meter reach, 

collected a total of 48 Dolly Varden with an estimated population density of 0.20 fish/m2. 

The fork length of the fish ranged froni 55 mm to 140 rnm (Figure 4). Because growth 

rates of resident fish are highly variable, it is not possible to estimate the number of age 

classes represented by these fish. 

Figure 3. Size distribution of Dolly Varden, Site 48,2001. 

Metals in Juvenile Fish 

Only residcnt Dolly Varden juvenile fish were found at Site 48; therefore, the fish 

collected and analyzed fbr metals concentrations might be considcrably than fish from 

other sites. All whole body fish tissue data are reported as dry weight basis (Table 2). 

The complete laboratory results are presented in Appendix 2. 



Table 2. Concentrations of metals in juvenile fish, Site 48, 2001. 

Mcdian Maximum Minimum 

Ag, mgfkg 0.02 0.03 0.02 
Cd, niglkg 1.41 2.27 0.89 
Cu, mglkg 7.05 8.3 4.7 
Pb, mdkg 0.185 0.23 0.1 
Sc, mg/kg 5.5 6.2 4.6 
Zn, lndkg 168.5 189 138 

Toxicity Testing 

We did not detect any toxicity in any of the dilutions of Site 48 water with either the 

chronic or acute Microtox toxicity tests. All sample replicates showed growth of Vibrio 

Jischeri similar to thc control the calculated 1C-20 was > 100%. 



Middle Greens Creek, Site 6 

Middle Fork Greens Creek at Site 6 (below the confluence of Bruin Creek, Figure 5) has 

been monitored continuously under the FWMP since 1978. The site was located to detect 

potential effects on Greens Creek from activities in the KGCMC mine, mill, and shop 

areas. Access of anadromous fish to this stream reach was created by KGCMC in 1989 

by installing a fish pass in a waterfall about 3 miles downstream. This site is near the 

upper limit of anadromous fish, defined by a weir located about !4 mile upstream. Both 

Dolly Varden and coho salmon have been found in this reach. Biornonitoring 

information from this site will be used to detect possible changes in aquatic communities 

that may occur from natural causes or as a result of mine activities. 

Figure 4. Greens Creek Site 6. 



Periphyton Biomass 

Chlorophyll-a concentrations in Greens Creek at Site 6 ranged from 0.37 to 7. I5 n1gIrn2 

in late July 2001 (Figure 6). Conceiltrations of chlorophyll b were near detection (0.005 

mg/m2), and coilcentrations of chlorophyll-c rangcd from 0.16 to 1.9 mg1L. The 

presence of chlorophyll-c suggests the importance of diatoms to the periphyton 

community. 

I 

chlor-a chlor-b chlor-c 
I 

Figure 5. Concentration of chlorophylls a, b, and c, Site 6,2001. 

Benthic Macroinvertebrate Community 

Tnvcrtebrate density and taxonon~ic richness were high in Grcens Creek at Site 6, as in 

Sites 54 and 411 (Appendix 1). In 2001, we found an average inacroinvertebrate density 

of 1 ,99hlm2 and a total of 20 individual taxa (usually genus level). Ephemeroptera and 

Plecoptera were the dominant groups (95% of the total organisms collected) with 0.2% 

Trichoptera. The Heptageniidac: Fpeorus was the dominant taxon (41% of the 

community). Epeorus is considered a sign of excellent water quality (Merritt and 

Cummins 1996, McCafferty 1998). 
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Juvenile Fish Community 

In July 200 1, the USFS surveycd a 135-meter stream reach at Site 6 to estirnatc thc fish 

population. Both Dolly Varden and coho salmon have been previously documented in 

this reach; howevcr, in 200 1, only Dolly Varden were found. The size distribution of 

Dolly Varden was similar to Greens Creek at Site 54, with the majority of fish in the 80 

to 110 mm range (Figure 7). A few fish were evenly distributed from 120 to 170 mm. A 

total of 175 Dolly Varden were collected in this sampling effbrt and the estimated density 

of Dolly Varden was 0.13 fish/m2. 

Length, 1m1 1 

Figure 6. Size distribution of Dolly Varden, Site 6, 2001. 

Metals in Juvenile Fish 

Six resident Dolly Varden juvenile fish (from 109 to 168 mm fork length) were collected 

and analyzed for whole body concentrations of Ag, Cd, Cu, Pb, Se, and Zn (Table 3 j. All 

data are reported as dry weight. The complete data are presented in Appendix 2. 



Table 3. Concentrations of metals in juvenile fish, Site 6, 2001. 

Mcdian Maximum Minimurn 
Ag, mdkg 0.03 0.04 0.02 
Cd. rnglkg 0.865 1.94 0.73 
Cu, rnglkg 6.7 16.7 4.6 
Pb, mg/kg 1.5 1 1.96 0.33 
Se, mglkg 4.55 5.3 4.3 

Zn, mdkg 170 215 126 

Toxicity Testing 

We did not detcct any toxicity in any of the dilutions of middle Greens Creek at Site 6 

water with eithcr the chronic or acute Microtox toxicity tests. All sample replicates 

showcd growth of Vibrio.fischeri similar to the control and thc calculatcd IC-20 was 

> 100% 



Greens Creek Below D-Pond, Site 54 

Greens Creek at Site 54 (Figure 8) is located about '/4 mile downstream of Site 6, about 3/4 

mile downstream of the weir, and near the upper limit of anadromous fish. Anadromous 

fish access to this stream reach was created by KGCMC in 1989 by installing a fish pass 

in a waterfall area some 3 miles downstream. Both Dolly Varden and coho salmon have 

been previously documented in this reach. 

Figure 7. Greens Creek Site 54. 



Periphyton Biomass 

Stream primary productivity was cstirnated from samples of periphyton biomass, 

measured as chlorophyll concentrations. The concentration of chlorophyll-a ranged from 

1.4 to 4.9 mg/m2 in July 2001 (Figure 9). Eighty percent of the samples contained 

concentrations of chlorophyll b that were below the limit of detection (0.005 mg/m2). 

Concentrations of chlorophyll-c were above detection, but all samples contained less than 

0.5 mg/m2. 

clhr- a chlor-b chlor- c 

Figure 8. Concentration of chlorophylls a, b, and c, Site 54,2001. 

Benthic Macroinvertebrate Community 

In 2001, we found an average macroinvertebrate density of 3,564 /m2 and a total of 29 

individual taxa (usually genus level, Appendix 1). Bpherneroptera and Plecoptera were 

the dominant ordcrs (96% of the total organisms collcctcd) with 0.4% Trichoptera. The 

Heptageniidae: Epcorus was the dominant taxon (52.5% of the community). This mayfly 

species is considered a sign of excellent water quality (Merritt and Cummins 1996, 

McCafferty 1998). 



Both the taxonomic richness and macroinvertebrate density were higher at this site than 

at any of the other sites sampled in 2001. 

Juvenile Fish Community 

The Greens Creek sample reaches at Sitc 54 is of the MM2 Channel Type (Paustian et al. 

1999), with an average channel width of 10 meters and stream gradient from 2 to 4 

percent. Cobble is the dominant substrate material and large woody debris (fallen logs, 

roots, etc.) is integral to pool formation and fish habitat cover. In 200 1, the USFS 

reported fcw juvenile coho salmon in Greens Crcek at Site 54, which were not measured. 

However, Dolly Varden juveniles were abundant, with a total of 138 fish collected in the 

28-m reach that was sampled. Tlie USPS estimated a fish dclisity of 0.58 Dolly Varden 

per m2 of suitable habitat. Thc majority of Dolly Varden fork lengths ranged from 95 to 

11 0 mm (Figure 10). The size distribution from 30 mm to 165 mm suggcsts the presence 

of four age classes, from age-0 to age-3 plus a possible age-4 fish at 165 mm. 

Length, mrn 
I I 

Figure 9. Size distribution of Dolly Varden, Site 54, 200 1. 



Metals in Juvenile Fish 

In 2000, we collected 6 coho salmon for tissue analysis from Greens Creek at Site 54 (we 

were unable to collect a full sample of 6 Dolly Varden). In 2001, we collected 6 Dolly 

Varden. Most of the fish collected in 2001 were anadromous forms (DeCicco, pers. 

comm. 2001). Both median and maximum concentrations of Ag, Cd, Cu, Pb, and Zn 

were higher in 2000 coho salmon than in 200 1 Dolly Varden (Figures 1 1 to 14 and 16). 

Median and maximum concentrations of Se were slightly higher in 2001 than in 2000 

(median for 2000 = 4.7 mglkg and 2001 = 5.1 mglkg, Figure 15). Differences between 

fish collected in 2000 and 2001 may be due to differences in the species compositio~l of 

the sarnplcs. All data from fish tissues is provided in Appendix 2. 

Figure 10. Concentration of Ag in whole body juvenile fish, Greens Creek at Site 54 
(median, maximum, and minimum). 

Figure 1 1 .  Concentration of Cd in whole body juvenile fish, Greens Creek at Site 54 
(median, maximum, and minimum). 



Figure 12. Concentration of Cu in whole body juvenile fish, Site 54 (median, maximum, 
and minimum). 

Figure 13. Concentration of Pb in whole body juvcnile fish, Sitc 54 (median, maximurn, 
and minimum). 

1 . .  . . . .  . .  

Figure 14. Concentration of Se in whole body juvenile fish, Site 54 (median, maximum, 
and minimum). 



Figure 15. Concentration of Zn in whole body juvenile fish, Sitc 54 (nicdian, maximum, 
and minimum). 

Toxicity Testing 

We did not detect any toxicity in any of the dilutioils of Sitc 54 water with either the 

chronic or acute Microtox toxicity tests. All samplc rcplicatcs showed growth of Vihrin 

fischeri similar to the co~ltrol and the calculated IC-20 values were >100%. 



Tributary Creek. Site 9 

Tributary Creek is a small tributary with a dense canopy (Figure 17). This site was 

previously monitored under the FWMP from 1981 through 1993 and is included in the 

current biomonitoring program because it is located downstream from the KGCMC dry 

tailings placement facilities. This creek has populations of pink (Onchorynchus 

gorbuscha), chum (0. keta), and coho salmon, and Dolly Varden char. 

Figure 16. Tributary Creek. 



Periphyton Biomass 

One of the screens containing glass slides in Tributary Creek was no longer submerged 

when the watcr level dropped. The slides were left dry for in unknown time. Extraction 

tests for phaeophytin showed that inorc than 25% the chlorophyll from this group of 

slides had degraded to phaeophytin. Therefore, we did not include this group in the 

results. The remaining the two screens of slides that had remained submerged contained 

less than 7% phaeophytin. 

Samplcs collected directly from the stream substratc containcd higher concentrations of 

chlorophyll-a than the glass slidc (Figure 18). However, the within sample variability of 

substrate saniples was greater than for the slides. 

u 

-A-A--- - 
Substrate Slides 

Figure 17. Chlorophyll-a concentrations from Tributary Creek, 2001. Samples from 
substrate and glass slides, mean and 95% confidence interval. 

The concentration of chlorophyll-a (combined substrate and slidc samples) in Tributary 

Creek rangcd from 0.16 to 16.6 rng/m2 of stream substrate (Figure 19). The concentration 

of chlorophyll b was low and most samples were at our limit of detection (0.005 mglni2). 

Low concentrations of chlorophyll b indicate a periphyton community with little 

filamentous green algae or blue-green bacteria. The higher concentration of chlorophyll- 

c found at this site indicates a community dominated by diatoms. 
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Figure 18. Concentrations of chlorophyll~ a, -b, and -c in Tributary Creek, 200 1. 
Samples from slides and substrate combined. 

Benthic Macroinvertebrate Community 

The average density of aquatic macroinvcrtebrates at this site was 10 18 

macroinvertebrates/m2 of stream bottom and 21 diffcrcnt taxa (usually identified to genus 

levcl) (Appendix 1 ). Of the macroinvertebrates collected, 54% werc Ephemeroptera, 

Plecoptera, and Trichoptera (EPT) taxa. The dominant taxa at Site 9 were Ostracoda 

(1 8% of the total collected) and Ephemeroptera Heptageniidae Cinygmula (17 %) Both 

Ostracoda and Cinygmulu are regarded as signs of excellent water quality (Merritt and 

Cummins 1996, McCafferty 1998). 

Juvenile Fish Community 

The Tributary Creek reach (FP3 Channel Type, Paustian 1999) is 2 ~nctcrs widc with a 

1 O/o stream gradient. Fine gravel is the dominant substrate. A variety of fish rear in 

Tributary Creek, including coho salmon, Dolly Varden, cutthroat trout (0. clarki) and 

sculpin (species not givcn). Coho, pink and chum salmon spawn in this creek. Cutthroat 

and sculpin (4 total collected) are minor components of the fish community in thc 



Tributary Crcck reach. Juvenile coho salmon is the most commonly occurring rearing 

fish species (total caught = 120 in the 44 m reach surveyed) followed by Dolly Varden 

(total caught =8 I ) .  

The juvet~ile coho salmon at this site are likely a lnixturc of age classes, the lower range 

being age 0 and the higher range a mixture of age 2 and 3 (Figure 20). Morrow (1980) 

statcs that coho salmon spend 1 to 2 years in freshwater before going to sea, although the 

time period to smolt can be as long as 3, and rarely, 4 years. 

According to the age-length distributions presented by Armstrong and Morrow (1980), 

the Dolly Varden caught in Tributary Creek are likely age 1 and age 2-3, the length 

frequency distribution (Figure 21) suggests there are no age 0 fish. Armstrong and 

Morrow (1980) provide averagc ranges of 25 to 33 mm for age 0 fish, 51 to 75 nlnl for 

age 1 fish, 61 to 98 mm for age 2 fish, and 65 to 137 mm for age 3 fish). 

Figure 19. Size distribution of coho salmon, Tributary Creek at Site 9, 2001. 



Figure 20. Size distribution of Dolly Varden, Tributary Creek at Site 9, 2001. 

Tributary Creek (Site 9) has high densities of both Dolly Varden and coho salmon 

juveniles, the USFS estimated fish densities of 0.92 Dolly Varden and 0.80 coho salmon 

juveniles per m2. These densities are considerably higher than regional averages of 0.26 

coho salmon parr per m2 and 0.30 Dolly Varden parr per m2 for this channel type (USPS 

FP3 Channel Type, Paustian et al. 1999). The coho salmon parr dcnsity cstimatc for Site 

9 is based on fish greater than 55 rnm fork length, based on the assumption that fish under 

55mm are young of the year (age 0) fry (Bryant 2000). Tributary Creek at Site 9 is 

located low in the Greens Crcek watershed where recruitment of spawning adults is 

expected to be high. The watershed above this site in influenced by palustrine wetland 

inflow buffered by small ponds that enhance the habitat for rearing fish. This site has 

relatively warm water temperature, a stable flow regime and high influx of organic 

nutrients when compared to similar streams of this sizc and typc. Wc bclicvc that the 

location of this site within the watershed and the habitat features contribute to the high 

densities of fish found in this first year of sampling. 



Metals in Juvenile Fish 

Concentrations of Ag, Cd, and Zn were similar in anadromous Dolly Varden tested in 

2001 and juvenile coho salmon and anadromous Dolly Varden tested in 2000 (Figures 22, 

23, and 27). Conccntrations of Ag are near the Method Reporting Limit and should be 

regarded as semi-quantitative. Median concentrations of Cu and Pb were lower in 200 1 

than 2000; however the 2001 sample containcd one fish with higher Pb concentrations 

(Figures 24 and 25). Concentrations of Se were slightly higher in 2001 (median = 6.8 

mglkg) than in  2000 (median = 3.65 mglkg) (Figure 26). All data from fish tissues is 

provided in Appendix 2. 

Figure 21. Concentration of Ag in whole body juvenile fish, Tributary Creek. (median, 
maximum, and minimum). 

- -. 1 

Figure 22. Concentration of Cd in whole body juvenile fish, Tributary Creek. (median, 
maximum, and minimum). 



Figure 23. Concentration of Cu in whole body juvenile fish, Tributary Creek. (median, 
maximum, and minimum). 

Figurc 24. Concentration of I)b in whole body juvenile fish, Tributary Creek. (median, 
maximum, and minimum). 

Figure 25. Concentration of Se in whole body juvenile fish, Tributary Creek. (median, 
maximum, and minimum). 



Figure 20. Concentration of Zn in whole body juvenile fish, Tributary Creek. (median, 
maximum, and minimum). 

Toxicity Testing 

We did not find any toxicity in any of the dilutions of Tributary Creek water with either 

the chronic or acute Microtox toxicity tests. The growth of the test species, Vibrio 

fisherii, was the same in controls and all test dilutions (100% Tributary Creek water for 

chronic tests and 45% for acute tests). Thercforc, the calculated IC-20 value was >100%. 



Comparisons Among Sites 

Periphyton Biomass 

Thc abundance of periphyton, estimated by the concentrations of chlorophyll-a, was 

highest in Tributary Creek at Site 9 (Figure 28). The small size of this creek, combined 

with limited scouring flows, is more conducive to the establishment and growth of 

attached algae. The high flows in Greens Creek (all sites) likely limit the establishment 

of a dense algal community in the riffle areas that were sampled. 

Site 48 Slte 6 Srtc 54 She 9 
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Figure 27. Periphyton biomass, expressed as concentration of chlorophyll-a (mean t 1 
standard deviation), all sites, 200 1. 

Benthic Macroinvertebrates 

The density of aquatic macroinvertebrates was highest in Grccns Creek at Sitc 54 and all 

Greens Creek sites had higher densities than Tributary Creek (Figure 29). The taxonomic 

richness (measured by total number of taxa) also was highest in Greens Creek at Site 54 

(Figure 30). Taxoilomic richness was similar in Greens Creek at Site 6 and Tributary 

Creek Site 9, (Figure 3 l), with Greens Creek Sites 48 and 54 producing higher numbcrs 

of taxa.. The proportion of EPT taxa was high at all sites, although Tributary Creck 

contained fewer EPT organisms (Figure 32). Pcrcent dominant taxa is frequently used to 

signal a stressed community where sensitive species are rcduccd or missing and 

pollution-tolerant species are most common. Ephe~neroptera and Ostracoda, both known 



to be sensitivc to many pollutants, were most common in the Greens Creek and Tributary 

Creek sites. The high proportion of these two taxa, combined with high taxonomic 

richness at each site (20 to 29 distinct forms) indicates a diverse and complex 

macroinvertebrate community, not a community that is stressed. 

Sitc 48 Site 6 Site 54 site 9 1 

Figure 28. Benthic macroinvertebrate density at each site, 2001 

Sitc 48 Site 6 Site 54 site 9 1 

Figure 29. Taxonon~ic richness, all sites, 2001. 
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Figure 30. Percent Chironomidae and percent EPT taxa, all sites, 2001. 

I Site 48 Site 6 Site 54 S ~ t e  9 
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Figure 3 1. Percent dominant taxon, all sites, 200 1. Dominant taxon in Greens Creek at 
sites 6,48, and 54 was Heptageniidae: Epeorus and in Tributary Creck at Site 9, 
Ostracoda. 

Juvenile Fish Community 

Population estimates for Dolly Varden juveniles were made at the three Greens Creek 

biomonitoring sites (Table 4). Density of fish (estimated from total reach length and 

average channel width) ranged from 0.13 per m2 at Greens Creek Site 48 to 0.58 per rn2 



at Grecns Creek Site 54. The estimated fish density at Greens Creek Site 54 is higher 

than the average regional density of 0.42 for this channel type (Paustian et. a1 1999). 

Table 4. Fish population estimates for length of reach sampled. (Data from USFS) 

95% confidence 
Location Fish Pop. Est. Standard Error interval 

Upper Greens Ck (48) DV 144 74.76 84 --> 448 
Middle Circcns CK (6) DV 175 21.67 149 --> 240 
Grcnls Ck below D pond (54) DV I64 12.32 150 --> 200 

Tributary Ck (9) DV 8 1 0.78 81 --> 81 
Tributary Ck (9) CO 120 2.14 119 --; 128 
Tributary Ck (9)  SC 4 0.2 1 4 --> 4 

Dolly Varden populations appear healthy in all of the Greens Creek sample reaches. 

Numbers of coho salmon juveniles, however, were lower in Greens Creek in 2001 than 

expected. Pilot sampling last summer indicated a greater abundance of coho salmon 

juveniles than were observed this year. The apparent decrease in juvenile coho salmon 

may be the result of fall flow conditions that restricted movement of adult spawners 

through the Middle Grccns Creek fish pass, or low run strength. Because of the 

apparently high year-to-year natural variability in juvcnile coho salmon populations, we 

recommend focusing fish population studies on juvenile Dolly Varden. 

We found little differences in Dolly Varden length distributions among the Greens Creck 

biomonitoring sites. However, few Dolly Varden in the larger size classes (greater than 

100mm) wcre observed in Tributary Creek. Their prcsence in this system is likely 

limited by the smaller channel and low flows. 

For future fish population monitoring, we recommend concentrating the traps in shorter 

30 to 40 meter sample reaches at Sites 48 and 6 to increase the confidence level of the 

population estimates. We further recommend that future samples be compared among 

years to evaluate possible changes in the length distribution of Dolly Varden. 



Metals in Juvenile Fish Tissue 

The concentration of Ag in juvenile Dolly Varden was similar among all fish collected in 

Greens Creek (Sites 48, 6, and 54) and highest in Tributary Creek (Figure 33). Cd was 

highest in Site 6 and Site 48 san~plcs, concentrations from Site 54 were lower and similar 

to concentrations from Sitc 9 (Figure 34). Median Cu coricentrations were similar in fish 

from all sample sites (Figure 35). Thc median Pb concentration was slightly higher i n  

fish from Site 6 than from the other Greens Creek sites (Figure 36). Fish from Tributary 

Creek, Site 9, contained two fish with higher Pb concentrations (2.19 and 4.88 mglkg). 

These values were checked by the analytical laboratory and confirmed. Concentrations 

of Se and Zn were similar among all sites (Figurcs 37 and 38). 

Site 4X Slte h site 54 s ~ t c  9 
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Figure 32. Concentration of Ag in juvenile Dolly Varden, 200 1.  

I Site 48 Site 6 site 54 sltc 9 
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Figure 33. Concentration of Cd in juvenile Dolly Varden, 2001. 
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Figure 34. Concentration of Cu in juvenile Dolly Varden, 2001. 

Sitc 48 Site h s ~ t c  54 

Figure 35. Concentration of Pb in juvenile Dolly Varden, 2001 
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Figure 36. Concentration of Se in juvenile Dolly Varden, 2001. 
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Figure 37. Concentration of Zn in juvenile Dolly Varden, 2001. 

Toxicity Testing 

We conducted Microtox acute (I-hour) and chronic (24-hour) toxicity tests with water 

from all sites. Nonc of the tests detected toxicity, and growth of Vihrio,fischeri was 

similar to the control for all dilutions. Because there was no toxic response, the 1C-20 

value for each site is >loo%. 

Conclusion 

Three sites ia Greens Creek and the site in Tributary Creek had complex, diverse aquatic 

nlacroilivertebrate cornlnunitics with high densities. The prevalence of Ephc~ncroptera 

and Plecoptera are signs of excellent water quality. Periphyton corn~nunities (estimated 

by algal standing crop) are well established in each site, especially in Tributary Creek 

where stream flows are low and scouring flood events arc rare. We found no indication 

of either chronic or acute toxicity in watcr from all sites. Fish populations are well 

established in each site, although populations of coho salmon were lower than expected 

in the Greens Creek sites. We believe that low numbers may have resulted froni liigh 

water events in the previous year. Site 48 contained resident Dolly Varden, access by 
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anadromous fish is restricted by a downstream weir. Dolly Varden in Greens Creek at 

Sites 6 and 54 were a mixture of anadromous and resident fish, and all salmonid fish in 

Tributary Creek were anadromous. 
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Appendix I. Macroinvertebrate Data 

Tributary Creek, Site 9, 2001. 

Total 
Collected 

Insecta 
Ephemeroptera Baetidae Baetis 

Proclueon 
Ephemerellida Cuudatella 
e 
Heptageniidac Cinygma 

Cinygm ula 
Leptophlebiida Paraleptophlebia 
e 
Ameletidae Ameletus 

Plecoptera 

Coleoptera 

Diptera 

Miscellaneous 
Acarina 
Oligochaeta 
Gastropoda 
Ostracoda 

Capniidae Suwallia 
Leuctridae Despuxia 

Puruleuclra 
Ne~nouridae Zapada 
Perlodidae Isoperla 

Blmidae Nu rpus 

Ceratopogonid Probezzia 
ae 
Chironomidae 
Empididae Oreogeton 
Psychodidae Psychoda 
Simuliidae Sirnulium 
Tipulidae Tipula 



Summary of macroinvertebrate data, Tributary Creek, Site 9,2001. 

Abundance 
Average aq. 
i11vertcbrateslm2 

O/, Sample aquatic 
(% San~ple 

terrestrial 
Community 
Total aquatic taxa 
Tot. Ephemeroptera 
Tot. Plecoptera 
Tot. Trichop. 
Total Aq. Diptera 
Misc.Aq.sp 
% other 
% Epherneroptera 
O/o Plccoptera 
% Trichoptera 
D/o Aq. Diptcra 
Total Chironomidae 
% EPT 
% Chironomidae 
Dominant taxon 
% Dominant Taxon 



Greens Creek below Pond D, 2001. 

Tnsecta 

Ephemeroptera Baetidae 
Ephemercllidae 

Heptageniidae 

Leptophlebiidae 
Arncletidae 

Plecoptera Capniidae 
Chloroperlidae 

Leuctridae 
Nemouridac 
Perlodidae 

Trichoptera Lirnnephilidae 
Rhyacophil idae 

Coleoptera Staphylinidae 

Diptera Chironomidae 
Dolichopodidae 
Empididae 

Simuliidae 
Tipulidae 

Miscellaneous 
Acarina 
Oligochaeta 
Gastropoda 
Ostracoda 

Baetis 
Ephemerellu 
Drunellu # I  
Llrunella #2 
Cinygmula 
Epeorus 
Paraleptophlehia 
Ameletus 

Capnin 
Paraperla 

Suwallia 
Puraleuctra 
Zapada 
Diura 
Isoperla 

Psychnglypha 
Rhyucophila 

Chelifera 
Oreogeton 
Sirnulium 
Antocha 
Dicranota 
Tipula 

Total 
Counted 

248 
2 

100 
18 

3 19 
935 

1 
4 



Summary of macroinvertebrate samples, Greens Creek, Site 54, 2001. 

Abundance 
Average aq. invertebrates/m2 

% Sample aquatic 
94 Sample terrestrial 

Community 
Total aquatic taxa 
Tot. Ephemeroptera 
Tot. Plecoptcra 
Tot. Trichop. 
Total Aq. Diptera 
Misc.Aq.sp 
% other 
O/o Ephcrneroptera 
% Plecoptera 
% Trichoptcra 
% Aq. Diptera 
% EPT 
% Chironomidae 
% Dominant Taxon 



Invertebrates collected from Upper Greens Creek, Site 48,2001. 

Tnsecta 

Epherneroptera Baetidae 

Total 
Counted 

Buetis 309 

Drunrllu # I  47 

Epeorus 444 

Rhithrogena 193 

Plecoptera 
Cliloroperlidae Alloperla 

Plumiperlu 
Suwallia 
Sweltsa 

Leuctridae Paraleuctra 
Nemouridae Podmosta 

Zapada 

Trichoptera Hydropsychidae Arctopsyche 

Coleoptera 

Diptera 

Rhyacophilidae Rhyacophila 

Staphylinidae 

Chironomidae 
Deuterophlebiidae Deuterophlehia 
Empididae Che1iJi.r~ 

Oreogeton 
Psychodidae Psychocia 
Simuliidae I'arasimuliurn 

Prosimulium 
Simulium 

Miscellaneous 
Acarina 



Summary of macroinvertebrate samples, Site 48, 2001. 

Abundance 
Average aq. invertcbrateslrn2 

% Sample aquatic 
% Sample terrcstrial 

Community 
Total aquatic taxa 
Tot. Ephemeroptera 
Tot. Plecoptera 
Tot. Trichop. 
Total Aq. Diptera 
Misc.Aq.sp 
% other 
O/o Ephemeroptera 
96 Plecoptcra 
% Trichoptera 
% Aq. Diptera 
% EPT 
% Chironomidae 
% Dominant Taxon 



Invertebrates collected in Green Creek, Site 6,2001. 

Insecta Total 
Counted 

Ephemeroptera Baetidae Baetis 153 

Ephemerellidac Drunellcr #I  45 

Drunellu #2 7 

Heptagcni idae Cinygmula 303 

Epeorus 408 

Plecoptera 

Trichoptera 

Coleoptera 

Diptera 

Miscellaneous 
Arachnids 
Acarina 
Oligochaeta 
Ostracoda 

Chloropcrlidae Suwalliu 2 

Leuctri dac Paralcuctra 7 
Nernouridae Zapada 1 o 
Perlodidae lsoperla 7 

Rhyacophilidae Rhyacophila 1 

Staphylinidae 1 

Chironomidae 19 

Dcutcrophlebiidae Deuterophlehia 1 

Dolichopodidae 1 

Empididae Chelgeru I 

Oreogeton 3 



Summary of macroinvertebrate samples, Greens Creek, Site 6,2001. 

Abundance 
Average aq. invertebrateslm2 water 

% Sample aquatic 
% Sample terrestrial 

Community 
Total aquatic taxa 
Tot. Ephemeroptera 
Tot. Plecoptera 
Tot. Trichop. 
Total Aq. Diptera 
Misc.Aq.sp 
Yo 
other 
% Ephemeroptera 
% Plecoptera 
% Trichoptera 
% Aq. Diptera 
Yo 
EPT 
% Chironomidae 
% Dominant Taxon 



Appendix 2. Juvenile Fish Tissue Data. 

Sample catalogue number, date collected, location, site number, species, weight, and 

length. 

Samplc Nunlbcr 

062 1 OOGCCOJO 1 

062 1 OOGCCOJO2 

062 100GCCOJ03 

062 100GC:COJ04 

062 100GCCOJ05 

062 100GCCOJ06 

072301GC54DVJOl 

072301GC54DVJ02 

072301GC54DVJ03 

072301 GC54DVJ04 

072301GC54DVJ05 

07230 1 GC54DVJ06 

062 1 OOTRCOJO 1 

062 100TRCOJ02 

062 100TRCOJ03 

062 100TRDVJ04 

0621 00TRDVJ05 

0621 00TKDVJ06 

Datc, 
collected 

2 1 -Jun-00 

21-Jun-00 

2 1-Jun-00 

2 1-Jun-00 

2 1-Jun-00 

2 1-Jun-00 

23-Jul-01 

23-Jul-01 

23-Jul-01 

23-Jul-01 

23-Jul-01 

23-Jul-01 

21-Jun-00 

2 1 -Jun-00 

21-Jun-00 

21-Jun-00 

21-Jun-00 

21 -Jun-00 

Crcck 

Grccns Cr. 

Greens Cr. 

Greens Cr. 

Greens Cr. 

Greens Cr. 

Grcens Cr. 

Greens Cr. 

Greens Cr. 

Greens Cr. 

Greens (3. 

Greens Cr. 

Greens Cr. 

Tributary Cr. 

Tributary Cr. 

Tributary Cr. 

Tributary Cr. 

Tributary Cr. 

Tributary Cr. 

Sitc 

Site 54 

Sitc 54 

Site 54 

Site 54 

Site 54 

Site 54 

Silc 54 

Sitc 54 

Site 54 

Site 54 

Site 54 

Site 54 

Site 9 

Site 9 

Site 9 

Site 9 

Sitc 9 

Sitc 9 

Fish spp. 

Coho 

Coho 

Coho 

Coho 

Coho 

Coho 

DV 

DV 

DV 

DV 

DV 

DV 

Coho 

Coho 

DV 

DV 

DV 

DV 

Weight, 
grams 

4.4 

6.1 

4.9 

3.4 

5.9 

6 

121 

119 

107 

109 

105 

138 

9.7 

5.3 

12.8 

13.8 

13.4 

11.3 

Length, 
mm (fl) 

72 

82 

73 

6 8 

73 

75 

21.5 

19.32 

15.73 

13.64 

13.52 

27.54 

102 

7 5 

112 

105 

105 

100 



Sample Number 

072301TR09DVJ01 

072301TR09DVJ02 

072301TR09DVJ03 

072301TR09DVJ04 

07230 lTR09DVJO5 

07230 1 TR09DVJ06 

07230 1 GC06DVJO 1 

07230 lGC06DVJ02 

072301 GC06DVJO3 

07230 lGC06DVJ04 

07230 1 GCOGDVJO5 

07230 1 GC06DVJ06 

072301GC48DVJOl 

072301GC48DVJ02 

07230 1 GC48DVJ03 

072301 GC48DVJ04 

072301 GC4XDVJO5 

072301 GC48DVJ06 

Datc, collected 

23-Jul-01 

23-Jul-01 

23-Jul-01 

23-Jul-01 

23-Jul-0 1 

23-Jul-01 

23-Jul-01 

23-Jul-01 

23-Jul-01 

23-Jul-01 

23-Jul-01 

23-Jul-01 

23-Jul-01 

23-Jul-01 

23-Jul-01 

23-Jul-01 

23-Jul-01 

23-Jul-01 

Creek 

Tributary Cr. 

Tributary Cr. 

TributaryCr. 

Tributary Cr. 

Tributary Cr. 

Tributary Cr. 

Greens Cr. 

Greens Cr. 

Greens Cr. 

Grccns Cr. 

Greens Cr. 

Greens Cr. 

Greens Cr. 

Grccns Cr. 

Greens Cr. 

Greens Cr. 

Greens Cr. 

Greens Cr. 

Site 

Site 9 

Site 9 

Site 9 

Site 9 

Site 9 

Site 9 

Site 6 

Site 6 

Site 6 

Sitc 6 

Site 6 

Site 6 

Site 48 

Site 48 

Site 48 

Site 48 

Site 48 

Site 48 

Fish spp. 

DV 

DV 

DV 

DV 

DV 

DV 

DV 

DV 

DV 
- 

DV 

DV 

DV 

DV 

DV 

DV 

DV 

DV 

DV 

Weight, grams 

97 

97 

97 

9 8 

86 

93 

139 

140 

167 

155 

109 

168 

131 

137 

119 

121 
- 

111 

121 



Concentration of select elements in juvenile fish. 

Sample Number 

062 1 OOGCCOJO 1 

062 100GCCOJ02 

062 100GCCOJ03 

Ag 

mg/kg 

0.02(MKL) 

0.04 

0.09 

0.22 

062 100TRDVJ06 

07230 1TR09DVJO 1 

07230 lTR09DVJ02 

072301TR09DVJ03 

072301 TR09DVJ04 

072301 TR09DVJO5 

072301 TR09DV106 

Cd 

mglkg 

0.02(MRL) 

0.95 

0.66 

1.07 

0.05 

0.09 

0.1 

0.15 

0.15 

0.08 

0.06 

Cu 

mgkg  

0.1 (MRL) 

15.3 

11.7 

24.2 

0.45 

0.35 

0.77 

0.92 

0.86 

0.76 

0.37 

Pb 

mgkg  

0.02(MRL) 

1.4 

1.21 

1.4 

32.8 

4.3 

5.2 

5.4 

6.7 

4.9 

12 

Se 

mgkg 

1 ( M U )  

4.9 

4.7 

3.4 

1.57 

0.56 

0.67 

4.88 

2.19 

0.33 

0.38 

Zn 

mglkg 

O.S(MRL) 

25 1 

224 

206 

% 

Solids 

20.5 

20.2 

20.4 

5 

6.8 

8 

5.3 

6.2 

6.8 

2 13 

127 

118 

144 

99.1 

106 

122 

23 

22.1 

21.3 

22.2 

22.6 

22.2 

20.6 



Sample Number 

072301 GC06DVJ01 

072301 GC06DVJ02 

07230 lGC06DVJ03 

Cu 

mgkg 

O.l(MRI,) 

16.7 

4.6 

5.3 

Ag 

mglkg 

0.02(MRL) 

0.04 

0.03 

0.03 

Cd 

nlglkg 

0.02(MRI,) 

1.94 

0.84 

0.82 

Pb 

mglkg 

0.02(MRL) 

1.24 

1 

1.94 

Se 

mg/kg 

l(MFL) 

5 

4.5 

4.3 

Zn 

rnglkg 

O.S(MRL) 

173 

167 

171 

% 

Solids 

20.8 

22.8 

21.7 


