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INTRODUCTION 
 
     Biological assessment of the Willow Creek watershed consisted of evaluations of the fish and 
benthic macroinvertebrate communities in East, West, and Mainstem Willow Creeks.  This 
assessment was not intended to serve as a complete inventory of the aquatic life of Willow 
Creek; rather it was designed to evaluate communities upstream and downstream of former mine 
and mill sites.  This assessment will provide an index for monitoring the effectiveness of future 
reclamation efforts. 
 
MATERIALS AND METHODS 
 
     Sampling was conducted by the U. S. Fish and Wildlife Service’s Environmental 
Contaminants Program (EC) with volunteer support.  Sampling was done according to the 
Willow Creek Reclamation Committee Sampling and Analysis Plan (SAP) (1999).  Biological 
sampling sites were paired with water quality sampling sites (Fig. 1).  Locations  were  based 
upon known contaminant sources (Table 1).   
 
Fish 
 
     Fish were sampled using back-pack electrofishing equipment over a four day period (21-24 
September 1999).  A Seber-LeCren Estimator (N = C1*C2/[C1-C2] where N = population 
estimate, C1 = number of fish caught on pass 1, C2 = number of fish caught on pass 2, age 0 fish 
not included in estimate) was used to calculate density and biomass based on one-pass 
information.  The Seber-LeCren Estimator requires that Pass 1 and Pass 2 fish be separated, but 
they were not separated during these surveys.  Therefore, these models are rough population 
estimates and no confidence intervals were calculated.  Density estimates were calculated on a 
per acre basis to account for variations due to differences in reach variables. 
 
Benthic Macroinvertebrates 
 
     Macroinvertebrates were collected 22 September 1999 and 16-18 May 2000.  One-third of 
each sample collected was submitted to the University of Wyoming for identification.  
Invertebrates were collected from eight sites on 22 May 2001 for metals analyses using EC SOP 
#98-02 (Appendix A) and submitted to ACZ Laboratory for metals analyses.  Samples were 
analyzed for aluminum, arsenic, cadmium, calcium, copper, iron, lead, magnesium, manganese, 
and zinc.  Data received from ACZ labs were reported as wet weight with no percent moisture.  
To convert wet weight to dry weight the following conversion formula was used (dw = ww * 
(100/100 - % moisture)).  The percent moisture used in the formula was an arithmetic mean 
(81.55%) based on other EC unpublished data for invertebrates.  These data were compared to 
lowest observed adverse effects level (LOAEL) and no observed adverse effects level (NOAEL) 
-based benchmarks for food (Sample 1996) and dietary intake values (Eisler 2000, USDOI 1998) 
to determine if wildlife are exposed to potentially harmful metals concentrations.  If the dietary 
exposure (i.e. sample concentration) exceeds the benchmarks or dietary intake values, there is a 
potential risk to wildlife and further study may be warranted. 
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Additionally, benthic macroinvertebrate community composition was evaluated to determine if 
the community consisted of metals tolerant or metals intolerant species.  Metals tolerant taxa 
have the ability to cope with elevated metals concentrations.  Presence of metals-tolerant taxa 
does not mean there are no impacts to the aquatic community. 
 
Aquatic Habitat 
 

An aquatic habitat assessment was also conducted in the fall of 1999 following Rapid 
Bioassessment Protocol (RBP) and Stream Reach Inventory/Channel Stability Index (SRI/CSI) 
methods as described in the Willow Creek SAP (1999).  RBP methods provide a total score for 
each site evaluated and this score is compared to a reference site.  The ratio between the score for 
the site of interest and the reference site provides a percent comparability measure for each site.  
The sample site is then classified on the basis of its similarity to the reference site and its 
apparent ability to support a given aquatic community.  SRI/CSI methods provide a rating for 
each site to assess channel conditions within a watershed.  
 
RESULTS  
 
Fish 
 
     Sample reach descriptions and fish capture information (i.e. species, lengths, and weights) for 
East Willow, West Willow, and Mainstem Willow Creeks are presented in Tables 2-4.  A total of 
350 fish were captured (237 from East Willow, 111 from West Willow, and 2 from Mainstem 
Willow).  Reach variables and fish abundance estimates for all sample sites are presented in 
Table 5.     
 
     Fish were captured at every sample site on East Willow with a slight decrease in estimated 
abundance from upstream to downstream (Fig. 2).  All fish captured in East Willow, except one, 
were brook trout (Salvilinus fontinalis) and the other was a brown trout (Salmo trutta) (Table 2).  
Nearly all size classes of brook trout were captured in East Willow Creek (Fig. 3 & 4).  
 
     Fish were captured at four of five sample sites on West Willow Creek with estimated 
abundance decreasing from upstream to downstream (Fig. 2).  No fish were captured at site 
WWA which is located downstream of the Nelson Tunnel and upstream of the confluence with 
East Willow (Fig. 1).  Brook trout were the dominant species; however, brown trout were 
captured at both WWK and WWI.  Nearly all size classes of brook trout were captured in West 
Willow and most brown trout captured were >7 inches in length (Fig. 3 & 5).       
 
     Only 2 brown trout were captured on Mainstem Willow Creek, 1 at each site (WI and WJ) 
near the confluence with the Rio Grande (Table 4).  No fish were captured at the other Mainstem 
Willow Creek sites. 
 
Benthic Macroinvertebrates 
 
     Benthic macroinvertebrates were identified to the lowest taxon possible from samples 
collected in East Willow, West Willow, and Mainstem Willow Creeks (Tables 6-8).  
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Representative taxa include mayflies (Order Ephemeroptera), stoneflies (Order Plecoptera), 
caddisflies (Order Trichoptera), beetles (Order Coleoptera), true flies (Order Diptera), water 
mites (Class Arachnida), bivalve molluscs (Class Bivalvia), snails (Class Gastropoda), and 
flatworms (Class Turbellaria). 
      

Total abundance of all invertebrates (Fig. 6A) and invertebrates belonging to the orders 
Ephemeroptera, Plecoptera, and Trichoptera (EPT) (Fig. 6B) was determined for the portion of 
sample submitted to the University of Wyoming for invertebrate identification.  Species 
abundance, the total number of species identified, at a given site for all invertebrates collected 
(Fig. 7A) and the EPT subset (Fig. 7B) was also determined.  EPT abundance by site was also 
determined for East Willow, West Willow, and Mainstem Willow Creeks (Fig. 8). 
 
     Invertebrate tissue metals concentrations are presented in Table 9.  Tables 10 and 11 present 
dietary exposure benchmarks for fish and birds compared to potential exposures on East Willow, 
West Willow, and Mainstem Willow Creek. 
  
Aquatic Habitat 
 
 Aquatic habitat assessment scores using RBP and SRI/CSI are presented in Table 12. 
 
DISCUSSION 
 
East Willow Creek 
 
 Generally, our results were characteristic of a headwater stream – including the presence of a 
self-sustaining population of brook trout.  Most size classes of brook trout were captured at every 
sample site on East Willow Creek (Fig. 4); however, site EWJ did not have many larger size 
classes present.  This is also characteristic of most brook trout streams.   
 

At EWJ (Fig. 1), we expected to find brook trout of all sizes and ages; however, only 15 fish 
were captured with fish <5” comprising 60% of the sample (Fig 4).  Many factors including 
water chemistry, a lack of food (i.e., invertebrates), habitat limitations, or over-fishing may be 
influencing the size/age class distribution at this site.  The RBP score and SRI/CSI rating (Table 
12) indicate good habitat for this particular site, and invertebrate abundance does not indicate a 
lack of food.  Water chemistry data do not indicate elevated metals concentrations at this site 
(Table 13).  Although there are no invertebrate tissue data for this site, based on water chemistry, 
we would not expect elevated metals in invertebrate tissue.  However, further evaluation of water 
quality data at this site is warranted prior to making any conclusions regarding dietary exposure 
of metals to fish.  Fishing pressure may be heavily influencing the size distribution of brook trout 
at this site because it is easily accessible from the road.   
 

Sites EWF and EWI are located in the area of the Colorado Division of Minerals and 
Geology’s (DMG) stream reclamation efforts which were completed in the fall of 1991.  In the 
fall of 1987, Colorado Division of Wildlife (CDOW) conducted a biological assessment of 
Willow Creek (Lehnertz 1989) and found only 3 fish at their sampling site upstream of North 
Creede (Table 14).  We captured 34 fish at our sampling location closest to the CDOW site, 
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EWA (Table 2).  Additionally, population estimates for sites EWF and EWI were 266 fish/acre 
and 312 fish/acre respectively.  It is apparent that the reclamation work aided the fish population 
in East Willow Creek. 
 

In September 1999, most of the biological sampling stations in East Willow Creek had 
concentrations of arsenic, cadmium, copper, lead, and zinc in the water which were below 
literature threshold concentrations for toxicity to brook trout (Tables 13, 15).  However, 
cadmium was elevated at EWA (1.7 µg/L).  Thirty to 60 day exposure studies have demonstrated 
that cadmium concentrations >1 and <3 µg/L in low alkalinity water cause reduced growth, 
survival, and fecundity in brook trout (Eisler 2000).     

 
Generally, invertebrate tissue metals concentrations in East Willow are below benchmark 

concentrations that would affect fish (Table 10).  Even though arsenic in invertebrate tissue is 
above the no effects benchmark concentration at sites EWF and EWA, it is well below 
concentrations which impact growth.   

 
Invertebrate tissue metals concentrations are below benchmark concentrations that would 

affect birds (Table 11).  Although lead concentrations in East Willow Creek invertebrates 
sampled exceed Eisler’s (2000) recommended dietary intake values, lead concentrations are in 
both the NOAEL and LOAEL ranges.  The highest lead concentration in invertebrates occurred 
at EWF which is downstream of the Solomon wetlands.  Further investigation may be warranted. 

 
Most East Willow Creek biological sampling sites received a “good” Stream Reach 

Inventory/Channel Stability Index (SRI/CSI) habitat rating and Rapid Bioassessment Protocol 
(RBP) scores from “partially supporting” to “supporting” an acceptable level of biological health 
(Table 12).  Site EWF was the only East Willow site to be rated poor (SRI/CSI) and non-
supportive (RBP).  This site is downstream of the Solomon adit  (Fig. 1) and most likely it 
received lower scores due to a lack of instream habitat, riparian vegetation, and lack of pool 
habitat.    Prior the DMG’s stream reclamation work, the Colorado Water Quality Control 
Division (1991) scored a site in this vicinity as non-supporting in 1990 due to degradation of the 
riparian zone, stream channel, and instream substrate due to mining influences.  Even though 
EWJ scored lower than expected, it does support aquatic life.  Restoring riparian vegetation in 
this area would improve habitat. 

 
Benthic macroinvertebrates integrate effects of contaminants over long periods of time and 

provide a direct measure of water quality because they are continuously exposed to varying 
water quality conditions.  Consequently, invertebrates are commonly used in stream 
biomonitoring studies.  Typical indicators of metals-impacted streams include:  reduced 
invertebrate abundance, reduced species richness, and a shift in community composition from 
sensitive taxa (e.g. Ephemeroptera -  mayflies) to tolerant taxa (Orothocladiinae chironomids and 
caddisflies) (Sprague et al. 1965, Winner et al. 1980, Chadwick et al. 1986, Clements et al. 1988, 
Lynch et al. 1988, Roline 1988, Leland et al. 1989, Clements et al. 1989, Clements 1991, 
Clements et al. 1992, cited in Clements 1994). 

 
Invertebrate communities in East Willow Creek generally consist of metals tolerant taxa 

including caddisflies (Hydropsychidae), mayflies (Baetidae), and true flies (Orthocladiinae 
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chironomids) (Table 6).  Taxa which tend to be intolerant of metals (Heptageniid mayflies and 
Rhyacophilid caddisflies) generally decreased from upstream to downstream, which indicates 
metals exposure is likely occurring.  One family of caddisfly, Hydropsychidae, which has been 
shown to be tolerant of metals (Clements and Kiffney 1995, Mize and Deacon 2002) was 
abundant at EWA and virtually non-existent at upstream sites.  Total abundance and species 
abundance tended to be higher in the spring than in the fall. 

 
West WillowCreek 
 

Brook trout were captured at most sites on West Willow Creek.  The most upstream site, 
WWM (Allen’s Crossing), represents a typical Rocky Mountain headwaters stream containing a 
self-sustaining brook trout population.  The SRI/CSI habitat rating was good for this site, and the 
site also serves as the RBP reference site for West Willow Creek.   

 
Downstream of heavily impacted mining sites, water quality degradation is reflected in fewer 

fish captured (Fig. 2 and Table 3).  Although both brown and brook trout were captured at WWK 
and WWI, the brown trout are probably not a self-sustaining population.  The site upstream 
(WWM) consists only of brook trout.  Physical barriers (i.e. concrete flume, Commodore 
cribbing) block upstream movement of brown trout from the Rio Grande River, although 
downstream movement would be possible.  Additionally, neither Lehnertz (1989) nor Colorado 
Water Quality Control Division (CWQCD) (1991) captured any brown trout in West Willow 
Creek. 

 
Only 4 brook trout were captured at WWG and they may have been washed down to the site 

during high flows.  Although this site has a good SRI/CSI rating, it mostly consists of a series of 
step-pools with little riparian habitat.  After spring runoff, fish may become isolated in the step-
pools and over-winter survival is questionable.   

 
All biological sampling stations in West Willow Creek had waterborne concentrations of 

total arsenic which were below literature threshold concentrations for toxicity to brook trout 
(Tables 13, 15).  All but one station (WWA) had waterborne concentrations of copper and lead 
below literature threshold concentrations for toxicity to brook trout.  Cadmium threshold 
concentrations were exceeded at WWI, WWG, and WWA (Table 13).  Sites WWI and WWG 
had cadmium concentrations which were close to the high end of the Maximum Acceptable 
Toxicant Concentration (MATC).  The high MATC value is the lowest concentration tested that 
produced a measurable effect, therefore finding fish at these sites is not unexpected.  Site WWI 
did not have any fish <5 inches which indicates that reproduction in this area is probably not 
occurring.  Site WWA has significantly elevated waterborne cadmium and zinc concentrations 
and no fish were captured. 

 
Invertebrate tissue metals concentrations are below benchmark concentrations that would 

affect fish (Table 10) at sites WWM and WWI.  Invertebrates were not found at site WWA most 
likely due to elevated metals (cadmium, copper, lead, and zinc) in the water.  Sites WWK and 
WWG were inaccessible at the time of sampling. 
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Invertebrate tissue metals concentrations are below benchmark concentrations that would 
affect birds (Table 11) for arsenic, cadmium, and copper.  Cadmium concentrations at WWI 
exceed the dietary intake value recommended by Eisler (2000), yet it is also in the NOAEL range 
presented by Sample et al. (1996).  Lead concentrations in West Willow invertebrates sampled 
exceed recommended dietary intake values, NOAEL- and LOAEL-based benchmarks (Table 
11).  For the West Willow sites sampled, zinc does not exceed recommended dietary intake 
values and falls with the NOAEL-based benchmark range (Table 11). 

 
West Willow biological sampling sites received “poor” to “good” SRI/CSI habitat ratings.  

RBP scores ranged from “non-supporting” to “supporting” an acceptable level of biological 
health (Table 12).  Based on SRI/CSI ratings and RBP scores, sites WWK and WWI do not have 
favorable habitat.  Even though we captured both brown and brook trout at WWK and WWI, the 
aquatic and riparian habitat could be improved.  Site WWA received an SRI/CSI rating of “poor” 
and a “non-supportive” RBP score, which is reflected in the fact that no fish and few 
invertebrates were captured there.  

 
Invertebrate communities in West Willow include metals tolerant taxa such as mayflies 

(Baetidae) and true flies (Orthocladiinae chironomids) (Table 7).  Taxa which tend to be 
intolerant of metals (Heptageniid mayflies, Chloroperlid stoneflies, and Rhyacophilid 
caddisflies) generally decreased from upstream to downstream, which indicates metals exposure 
is occurring.  In contrast to East Willow, there were virtually no Hydropsychid caddisflies, which 
are metals tolerant, in West Willow.  Total abundance and species abundance tended to be higher 
in the spring than in the fall.  

 
Mainstem Willow Creek 

 
Only 2 fish were captured on Mainstem Willow, 1 in each channel near the confluence with 

the Rio Grande (Table 4).  These fish were most likely from the Rio Grande due to the proximity 
to the river and the elevated metals in Mainstem Willow. 

 
 In September 1999, all Mainstem Willow biological sampling sites had concentrations of 

cadmium and zinc in the water which exceeded literature threshold concentrations for toxicity to 
brook trout (Tables 13, 15).  Eisler (2000) estimates that adverse effects on fish or wildlife are 
either pronounced or probable when cadmium concentrations exceed 3 µg/L in freshwater.  
Mainstem Willow cadmium concentrations in water ranged from 10.7-14.48 µg/L in September 
1999.  Brown trout embryos and fry are sensitive to elevated concentrations of zinc and adverse 
effects are known to occur at concentrations from 4.9-9.6 µg/L (Eisler 2000).  Zinc 
concentrations in Mainstem Willow ranged from 1764-3196 µg/L (Table 13). 

 
Invertebrate tissue metals concentrations for arsenic, copper, and zinc in Mainstem Willow 

generally exceeded dietary exposure concentrations that would affect fish (Table 10).  Site WB 
(Fig. 1) did not exceed dietary exposure concentrations for arsenic and copper, but did exceed 
zinc concentrations that would affect fish.  Invertebrates at sites WI and WJ, both near the 
confluence with the Rio Grande, have substantially higher concentrations of arsenic, cadmium, 
copper, lead, and zinc in their tissues.  Metals in Mainstem Willow downstream of Creede are 
biologically available and are being accumulated by invertebrates. 
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All biological sampling sites on Mainstem Willow had invertebrate tissue metals 
concentrations for arsenic, cadmium, lead, and zinc that exceeded recommended dietary intake 
values for birds (Table 11).   

 
Mainstem Willow biological sampling sites received “fair” to “fair-poor” SRI/CSI habitat 

ratings.  RBP scores were not determined for these sites because there was no reference site 
(Table 12).  The SRI/CSI ratings are reflected in the fact that virtually no fish and few 
invertebrates were captured.  

 
Invertebrate communities in Mainstem Willow include metals tolerant taxa such as mayflies 

(Baetidae) and true flies (Orthocladiinae chironomids) (Table 8).  Taxa which tend to be 
intolerant of metals (Heptageniid mayflies, Chloroperlid stoneflies, and Rhyacophilid 
caddisflies) were at low abundances and generally decreased from upstream to downstream 
which indicates metals exposure is occurring.  As in West Willow, Hydropsychid caddisflies, 
which are metals tolerant, were not in the samples from the downstream sites, WI and WJ.  Total 
abundance and species abundance tended to be higher in the spring than in the fall.  

 
CONCLUSION   
 
       Data from September 1999 and May 2000 provide an indication of the status of aquatic life 
in Willow Creek, but additional sampling events are necessary to fully evaluate the impacts of 
metals to biota.   
 
 Recommendations: 
 
  -collect invertebrate tissue samples for metals analyses in fall and spring 
  
  -conduct another round of electrofishing in the fall  
 
  -evaluate seasonal trends in water quality (using existing data) in relationship to biota  
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Site Location1 Notes1

EWM 2.84 mi u/s of conf. w/ West Willow u/s of Phoenix Park Mill
EWK 2.16 mi u/s of conf. w/ West Willow u/s of Outlet Mine;d/s of Phoenix Park Mill
EWJ 1.93 mi u/s of conf. w/ West Willow d/s of Outlet Mine
EWI 1.42 mi u/s of conf. w/ West Willow u/s of Ridge Mine
EWF 0.95 mi u/s of conf. w/ West Willow d/s of Solomon Mine
EWA ~150 ft u/s of conf. w/ West Willow d/s of Mammoth Adit
WWM 3.69 mi u/s of conf. w/ East Willow u/s location
WWK 1.70 mi u/s of conf. w/ East Willow d/s of Amethyst Tunnel
WWI 1.44 mi u/s of conf. w/ East Willow d/s of Amethyst Mine and Nelson Creek
WWG 0.57 mi u/s of conf. w/ East Willow u/s of Commodore Mine area
WWA ~30 ft u/s of conf. w/ East Willow d/s of Commodore Mine area
WB 0.25 mi d/s of conf. of East and West 

Willow u/s of settling ponds
WD ~200 ft d/s flume at RR crossing d/s of concrete flume
WI West channel, ~150 ft u/s of conf. w/ Rio 

Grande
discharge to Rio Grande

WJ East channel, ~150 ft u/s of conf. w/ Rio 
Grande

discharge to Rio Grande

Table 1.  Sampling sites for fish and benthic macroinvertebrates in September 1999 and 
May 2000.  



Table 2 (cont.)

Date Site Time 
(sec)

Species 
(trout)

Length 
(in)

Weight 
(lbs)

Date Site Time 
(sec)

Species 
(trout)

Length 
(in)

Weight 
(lbs)

2.52 0.004 2.56 0.007
3.62 0.031 2.76 0.009
3.94 0.027 3.31 0.020
4.21 0.031 4.02 0.027
4.45 0.033 4.25 0.031
4.61 0.024 4.37 0.033
4.80 0.051 4.61 0.042
5.71 0.073 4.65 0.036
5.79 0.080 4.65 0.042
6.02 0.084 4.65 0.036
6.06 0.091 5.67 0.073
6.14 0.100 5.83 0.080
6.18 0.100 6.10 0.107
6.34 0.131 6.10 0.107
7.05 0.136 6.14 0.109
7.13 0.160 6.34 0.089
7.68 0.193 6.69 0.129
7.68 0.187 6.73 0.147
7.83 0.211 6.85 0.120
7.83 0.193 6.93 0.138
7.91 0.213 6.97 0.138
7.99 0.213 7.17 0.162
8.03 0.213 7.24 0.167
8.07 0.229 7.24 0.184
8.39 0.242 7.56 0.207
8.46 0.307 7.76 0.189
8.50 0.262 7.76 0.264
8.54 0.262 8.11 0.218
8.54 0.267 8.35 0.284
8.62 0.253 8.74 0.320
8.74 0.284 9.06 0.407
8.82 0.307 9.13 0.316
9.06 0.307 9.41 0.382

10.04 0.464 9.84 0.427
1.93 0.004 1.69 0.002
2.01 0.004 1.77 0.002
2.05 0.004 1.89 0.004
2.05 0.004 1.93 0.002
2.13 0.002 1.97 0.004
2.17 0.002 2.17 0.002
2.20 0.004 2.20 0.007
2.20 0.004 2.20 0.004
2.28 0.004 2.36 0.004
2.32 0.007 3.23 0.016
2.36 0.007 3.98 0.022
2.36 0.004 4.09 0.027
2.36 0.002 4.37 0.029
2.36 0.007 4.57 0.040
2.40 0.002 4.61 0.036
2.48 0.007 4.69 0.036
2.56 0.007 5.16 0.053
2.56 0.007 5.47 0.069

9/23/1999 EWF 
(cont.)

6014 Brook

9/23/1999 EWI 5918 Brook

Brook

6014 Brook

Table 2.  Fish sampled from East Willow 21-24 
September 1999.

9/22/1999 EWA

9/23/1999 EWF

3904



Table 2 (cont.) Table 2 (cont.)
Date Site Time 

(sec)
Species 
(trout)

Length 
(in)

Weight 
(lbs)

Date Site Time 
(sec)

Species 
(trout)

Length 
(in)

Weight 
(lbs)

5.51 0.047 6.46 0.116
5.67 0.073 6.61 0.120
5.79 0.073 6.69 0.131
5.94 0.073 7.40 0.158
6.06 0.082 7.56 0.176
6.14 0.073 7.56 0.176
6.38 0.093 7.68 0.182
6.81 0.136 7.76 0.187
6.97 0.122 7.80 0.176
7.52 0.178 7.83 0.216
7.64 0.158 7.91 0.207
7.68 0.178 7.91 0.196
7.76 0.151 7.99 0.247
7.80 0.167 8.07 0.198
7.91 0.209 8.07 0.224
7.95 0.218 8.07 0.247
7.95 0.224 8.07 0.229
8.11 0.191 8.07 0.247
8.31 0.242 8.31 0.229
8.46 0.247 8.31 0.211
9.09 0.340 8.43 0.260
9.17 0.298 8.43 0.316
9.33 0.311 8.43 0.244

Brown 6.69 0.120 8.50 0.224
1.97 0.004 8.58 0.302
2.32 0.004 8.70 0.233
2.56 0.007 8.70 0.307
4.29 0.033 8.78 0.251
4.37 0.036 8.82 0.311
4.49 0.036 8.90 0.264
4.69 0.038 9.06 0.320
5.00 0.053 9.06 0.387
5.00 0.047 9.21 0.382
5.55 0.071 9.25 0.389
7.28 0.158 9.29 0.322
7.44 0.193 9.45 0.447
7.80 0.167 9.49 0.369
8.54 0.229 9.49 0.378

10.00 0.387 9.84 0.467
2.05 0.002 9.88 0.538
2.13 0.002 9.92 0.396
2.28 0.002 9.92 0.444
2.56 0.007 10.16 0.484
2.72 0.007 10.20 0.407
4.02 0.024 10.43 0.551
4.13 0.029 1.97 0.002
4.57 0.036 2.05 0.002
5.55 0.067 2.05 0.002
5.98 0.093 2.17 0.004
6.02 0.076 2.17 0.002
6.06 0.076 2.20 0.002
6.18 0.082 2.40 0.004

9/24/1999 EWM 3104 Brook

9/24/1999 EWK 
(cont.)

4550 Brook

4120

4550 Brook

Brook

5918 Brook

9/24/1999 EWK

9/23/1999 EWJ

9/23/1999 EWI 
(cont.)



Table 2 (cont.)
Date Site Time 

(sec)
Species 
(trout)

Length 
(in)

Weight 
(lbs)

2.44 0.007
2.52 0.007
2.64 0.009
4.09 0.029
4.09 0.027
4.21 0.031
4.29 0.031
5.31 0.062
5.31 0.067
5.43 0.062
5.47 0.069
5.47 0.067
5.91 0.080
6.10 0.093
6.14 0.102
6.14 0.084
6.22 0.104
6.26 0.087
6.26 0.100
6.50 0.113
6.61 0.116
6.73 0.120
6.77 0.116
8.03 0.242
8.74 0.242
8.82 0.251
8.86 0.282
9.61 0.338
9.84 0.409

3104 Brook9/24/1999 EWM 
(cont.)



Table 3 (cont.)

Date Site Time 
(sec)

Species 
(trout)

Length 
(in)

Weight 
(lbs)

Date Site Time 
(sec)

Species 
(trout)

Length 
(in)

Weight 
(lbs)

9/22/1999 WWA 1220 NONE 3.90 0.024
2.95 0.016 4.17 0.029
5.79 0.091 4.29 0.029
6.02 0.104 4.29 0.031
8.46 0.260 4.57 0.040
5.75 0.084 4.88 0.042
6.26 0.098 4.88 0.053
6.30 0.109 4.96 0.053
6.54 0.098 5.31 0.058
7.36 0.156 5.63 0.082
7.36 0.176 5.67 0.069
7.56 0.142 5.67 0.069
7.87 0.216 5.71 0.073
8.07 0.200 5.75 0.087
8.78 0.262 5.83 0.076
9.17 0.269 5.94 0.076
4.02 0.022 5.94 0.076
8.54 0.202 6.06 0.069

10.94 0.487 6.10 0.102
6.18 0.084 6.22 0.091
7.05 0.116 6.30 0.096
7.87 0.173 6.34 0.100
8.11 0.187 6.34 0.104
9.80 0.353 6.38 0.109
1.89 0.002 6.42 0.109
3.94 0.022 6.42 0.107
7.95 0.160 6.50 0.109
7.95 0.180 6.54 0.102
8.03 0.184 6.57 0.104
8.07 0.169 6.85 0.136
8.31 0.198 6.93 0.129
8.46 0.213 7.05 0.160
8.70 0.213 7.05 0.122
8.78 0.233 7.17 0.156
8.78 0.267 7.20 0.153
8.90 0.211 7.20 0.144
8.90 0.256 7.87 0.200
8.94 0.304 7.87 0.216
9.09 0.291 7.95 0.222
9.17 0.229 7.99 0.187
9.21 0.224 8.03 0.198
9.25 0.271 8.11 0.191

10.71 0.442 8.27 0.258
11.18 0.498 8.31 0.224
1.93 0.002 8.43 0.240
2.01 0.002 8.46 0.238
2.05 0.004 8.70 0.307
2.05 0.002 8.86 0.207
2.09 0.002 8.90 0.224
2.17 0.004 8.90 0.293
2.17 0.002 8.94 0.211
2.17 0.004 9.29 0.322
2.20 0.002 9.49 0.307
3.50 0.018 9.65 0.316
3.74 0.018 9.69 0.296
3.86 0.024 9.92 0.342

Brown

3696

1497

Brown

Brook

9/24/1999 WWM 5746 Brook

BrookWWM 
(cont.)

57469/24/1999

Table 3. Fish sampled from West Willow 21-24 
September 1999.

9/22/1999

9/22/1999

9/24/1999

Brook2800

WWK

WWG

WWI

Brook



Table 4. Fish sampled from Mainstem Willow 21-24 September 1999.

Date Site Species (trout) Time (sec) Length (in) Weight (lbs)
9/22/1999 WB NONE 1960
9/21/1999 WD NONE 2500
9/21/1999 WI Brown 2676 5.91 0.078
9/21/1999 WJ Brown 3282 10.43 0.409



Table 5. Sampling site variables and fish abundance estimates from 22-24 September 1999.

Site Reach 
Length 

(ft)

Reach 
Width 

(ft)

Reach 
Size 

(acres)

Trout 
Species

Abundance Weight 
(lbs)

Species 
Percent of 

Total 
Abundance

Species 
Percent 
of Total 
Weight

Biomass 
(lbs/acre)

Abundance 
per mile

Abundance 
per acre

Length in 
inches         

Mean (Range)

Weight in lbs    
Mean (Range)

EWM 330 11 0.09 Brook 36 3.34 100 100 38.98 576.0 420.5 5.3 (2.0-9.8) 0.09 (0.002-0.41)
EWK 420 12 0.11 Brook 58 13.25 100 100 117.42 729.1 514.1 7.6 (2.0-10.4) 0.23 (0.002-0.55)
EWJ 262 20 0.12 Brook 15 1.45 100 100 12.05 302.3 124.7 5.4 (2.0-10.0) 0.10 (0.004-0.38)

Brook 41 4.21 98 97 31.33 555.1 305.3 5.6 (1.7-9.3) 0.10 (0.002-0.34)
Brown 1 0.12 2 3 0.89 13.5 7.4 6.7 0.12

EWF 500 17 0.20 Brook 52 5.08 100 100 26.05 549.1 266.5 5.0 (1.9-9.8) 0.10 (0.002-0.42)
EWA 420 14 0.14 Brook 34 5.72 100 100 41.75 427.4 248.3 6.9 (2.5-10.0) 0.17 (0.004-0.46)
WWM 300 9 0.06 Brook 68 8.18 100 100 129.11 1179.2 1057.4 6.1 (1.9-9.9) 0.12 (0.002-0.34)

Brook 5 0.91 20 17 8.94 62.9 49.4 7.8 (6.2-9.8) 0.18 (0.08-0.35)
Brown 20 4.53 80 83 44.73 251.4 197.6 8.3 (1.9-11.2) 0.23 (0.002-0.49)
Brook 11 1.79 79 72 21.52 176.0 132.0 7.4 (5.7-9.2) 0.16 (0.08-0.27)
Brown 3 0.70 21 28 8.46 48.0 36.0 7.8 (4.0-10.9) 0.23 (0.02-0.48)

WWG 330 19 0.14 Brook 4 0.47 100 100 3.24 64.0 27.8 5.8 (3.0-8.5) 0.12 (0.02-0.26)
WWA 420 13 0.12 NONE
WB 500 12 0.14 NONE
WD 480 15 0.17 NONE
WI 820 20 0.38 Brown 1 0.08 100 100 0.20 6.4 2.7 5.9 0.08
WJ 800 12 0.22 Brown 1 0.41 100 100 1.84 6.6 4.5 10.4 0.41

0.1011420WWK

WWI 330 11 0.08

EWI 390 15 0.13



Ameletidae Ameletus sp. 4
Baetidae Baetis bicaudatus 13 884 9 178 27 704 11 108 9 48 28 28

Drunella coloradensis 20 8 32 2 1 1
Drunella doddsi 2 4 1 1
Ephemerella infrequens 6 8
Cinygmula sp. 1 56 2 10 3 136 2 3 2 6 4
Epeorus sp. 4 1 1 8 2 4 2 4
Rhithrogena robusta 4 1

Capniidae Paraleuctra sp. 4 2 8
Chloroperlidae 1 8 2 7 3 2 8
Plumiperla diversa 8 4 8 14 15 20
Sweltsa sp. 4 2 12 1 1 4 1 3
Podmosta sp. 60 8 64 2 2 124
Prostoia besametsa 16 12 16 1 3 140
Zapada sp. 1 8 1 56 3 2 1 40
Kogotus modestus 4
Megarcys signata 11 4 13 8 23 12 35 4 42 21 7 4
Cultus aestivalis 12 3
Diura knowltoni
Doddsia occidentalis
Taenionema sp. 8 2
Brachycentrus sp. 1
Micrasema sp.

Hydropsychidae Arctopsyche grandis 1 7 104 48
Chyrandra centralis 4
Hesperophylax sp. 1 1
Rhyacophila brunnea 4 16 36 3 3 4
Rhyacophila coloradensis
Rhyacophila hyalinata 8 13 52
Rhyacophila pellisa 64 22 56 12 10
Rhyacophila sp. 9 4 20 17 8 10 13
Neothremma alicia 57 196 41 62 48 180 41 2 31 55 4 32
Oligophlebodes sp. 8 4 4 1 7 32
Heterlimnius corpulentus 1 56 13 48 19 92 8 1 16 5 19 312
Optioservus sp.

Athericidae Atherix pachypus
Blephariceridae Bibiocephala grandis 6

Ceratopogonidae Ceratopogonidae 2 8 4 10 3 1 12
Brillia sp. 4
Chaetocladius sp. 36 18 4
Corynoneura sp. 2 4
Cricotopus/Nostococladius sp.
Cricotopus/Orthocladius  sp. 3 4 7 12 1 6 60
Diamesa sp. 16 8
Eukiefferiella sp. 8 6 28 1 2 84
Heleniella sp. 2
Heterotrissocladius sp. 4
Limnophyes sp. 4
Macropelopia 1 1 3
Micropsectra sp. 12 52 32 3 52
Pagastia sp. 4 12
Parachaetocladius sp.
Parametriocnemus sp. 4
Parorthocladius sp.
Polypedilum sp. 2
Rheocricotopus sp. 2 4 16
Stempellina sp.
Tvetenia sp. 12 6 4 1 1 48
Chelifera sp. 12 1 1 4 3 1 4 24
Clinocera sp. 2 6 1 1
Oreogeton sp.

Muscidae Limnophora aequifrons 3
Psychodidae Pericoma sp. 3 36 7 26 2 32 3 3 1

Prosimulium sp. 108 46 160 5 56
Simulium sp. 1 12 2 12 4 68
Dicranota sp. 4 1 6 8 1
Hexatoma sp. 1 1 2 1
Tipula sp. 1 1 1 1
Lebertia sp. 4 4 12 1 8
Sperchon sp. 4

Class Bivalvia Pelecypoda pisium 2
Class Gastropoda Family Limnaedae

Phylum Platyhelminthes Class Turbellaria Polycelis coronata
Phylum Nematomorpha Gordius sp. 2 3

Total Abundance 107 1692 129 586 174 1792 113 169 148 208 181 1316
Species Abundance 15 33 21 32 18 37 11 20 18 25 13 31
Number EPT Species 8 18 9 15 8 22 9 14 11 17 8 15
EPT Abundance 97 1360 91 344 127 1380 104 157 117 193 150 544

Simulidae

Tipulidae

Subcohort Hydracarina

Uenoidae

Elmidae

Chironomidae

Empididae

Taeniopterygidae

Brachycentridae

Limnephilidae

Rhyacophilidae

Order Trichoptera

Order Coleoptera

Order Diptera

Phylum Mollusca

Class Arachnida

Order Ephemeroptera

Order Plecoptera

EWAEWF

Ephemerellidae

Heptageniidae

Chloroperlidae

Nemouridae

Perlodidae

Perlodinae

Table 6.  Invertebrates sampled from East Willow 22 September 1999 (white background) and 16-18 May 2000 (yellow background).
EWIEWJEWKEWM



Ameletidae Ameletus sp.
Baetidae Baetis bicaudatus 14 103 38 6 54 23 6

Drunella coloradensis 3
Drunella doddsi 1
Ephemerella infrequens 1 1
Cinygmula sp. 37 1 3 1
Epeorus sp. 1 1 2 2
Rhithrogena robusta 11 3 2

Capniidae Paraleuctra sp. 5 1
Chloroperlidae 26 2 1
Plumiperla diversa 13 1 1
Sweltsa sp. 6 9 6 6 9 1 4
Podmosta sp. 14 2 4 20 2
Prostoia besametsa 11 4 6 23 27
Zapada sp. 11 1 1
Kogotus modestus
Megarcys signata 29 1 3 1 18 3 17 7
Cultus aestivalis 2 6
Diura knowltoni 1
Doddsia occidentalis
Taenionema sp. 1 1 1
Brachycentrus sp.
Micrasema sp. 1 1 3 1

Hydropsychidae Arctopsyche grandis 1 1 1
Chyrandra centralis
Hesperophylax sp.
Rhyacophila brunnea 3 1 1 5 1
Rhyacophila coloradensis
Rhyacophila hyalinata 1 1 13
Rhyacophila pellisa 23 1 4 1
Rhyacophila sp. 16 4 12
Neothremma alicia
Oligophlebodes sp. 1
Heterlimnius corpulentus 89 40 15 5 42 2 25 11 6 3
Optioservus sp.

Athericidae Atherix pachypus
Blephariceridae Bibiocephala grandis 4 3 2

Ceratopogonidae Ceratopogonidae 4 1
Brillia sp.
Chaetocladius sp.
Corynoneura sp.
Cricotopus/Nostococladius sp. 1
Cricotopus/Orthocladius  sp. 2 1 1
Diamesa sp. 1
Eukiefferiella sp. 1 10
Heleniella sp. 1
Heterotrissocladius sp.
Limnophyes sp.
Macropelopia
Micropsectra sp. 3
Pagastia sp.
Parachaetocladius sp. 2
Parametriocnemus sp.
Parorthocladius sp.
Polypedilum sp.
Rheocricotopus sp. 2
Stempellina sp. 3 1
Tvetenia sp. 2 1
Chelifera sp. 1 1 17 1 1
Clinocera sp. 2 9 2
Oreogeton sp. 2

Muscidae Limnophora aequifrons
Psychodidae Pericoma sp. 3 1

Prosimulium sp. 20 6 3 2
Simulium sp. 1
Dicranota sp. 1
Hexatoma sp. 3 1
Tipula sp. 2
Lebertia sp.
Sperchon sp.

Class Bivalvia Pelecypoda pisium
Class Gastropoda Family Limnaedae

Phylum Platyhelminthes Class Turbellaria Polycelis coronata
Phylum Nematomorpha Gordius sp.

Total Abundance 185 329 30 85 104 90 71 138 10 40
Species Abundance 11 25 6 22 9 19 7 24 4 10
Number EPT Species 7 17 5 14 6 12 4 15 2 5
EPT Abundance 88 254 15 63 51 78 43 92 3 32

Table 7.  Invertebrates sampled from West Willow 22 September 1999 (white background) and 16-18 May 2000 (yellow background).

Order Ephemeroptera

Order Plecoptera

Ephemerellidae

Heptageniidae

Chloroperlidae

Nemouridae

Perlodidae

Perlodinae

Taeniopterygidae

Order Trichoptera

Order Coleoptera

Order Diptera

Phylum Mollusca

Class Arachnida

Brachycentridae

Limnephilidae

Rhyacophilidae

Simulidae

Tipulidae

Subcohort Hydracarina

Uenoidae

Elmidae

Chironomidae

Empididae

WWM WWAWWGWWIWWK



Ameletidae Ameletus sp. 1
Baetidae Baetis bicaudatus 3 1 1

Drunella coloradensis
Drunella doddsi 1
Ephemerella infrequens 1
Cinygmula sp.
Epeorus sp. 1 1
Rhithrogena robusta

Capniidae Paraleuctra sp.
Chloroperlidae 1 1
Plumiperla diversa
Sweltsa sp. 1
Podmosta sp. 5 45
Prostoia besametsa 20 11
Zapada sp.
Kogotus modestus
Megarcys signata 2 5
Cultus aestivalis 1
Diura knowltoni
Doddsia occidentalis 1
Taenionema sp.
Brachycentrus sp. 1 1 2 1
Micrasema sp.

Hydropsychidae Arctopsyche grandis 26 4 16 5
Chyrandra centralis
Hesperophylax sp. 1 2 32 7 14 131
Rhyacophila brunnea
Rhyacophila coloradensis 2
Rhyacophila hyalinata 2 1
Rhyacophila pellisa 3
Rhyacophila sp. 3 1 1
Neothremma alicia 2 1 1
Oligophlebodes sp. 1
Heterlimnius corpulentus 3 5 1 4
Optioservus sp. 1

Athericidae Atherix pachypus 4 2
Blephariceridae Bibiocephala grandis

Ceratopogonidae Ceratopogonidae 1
Brillia sp. 1
Chaetocladius sp.
Corynoneura sp.
Cricotopus/Nostococladius sp.
Cricotopus/Orthocladius  sp. 3 7 22 1
Diamesa sp. 18
Eukiefferiella sp. 17 19 2 3
Heleniella sp. 3
Heterotrissocladius sp.
Limnophyes sp.
Macropelopia
Micropsectra sp. 1 42
Pagastia sp. 7
Parachaetocladius sp.
Parametriocnemus sp.
Parorthocladius sp. 1
Polypedilum sp. 1
Rheocricotopus sp. 1 66 3 5
Stempellina sp.
Tvetenia sp. 1 32
Chelifera sp. 2 6 15 39
Clinocera sp. 5
Oreogeton sp.

Muscidae Limnophora aequifrons
Psychodidae Pericoma sp.

Prosimulium sp. 3 12
Simulium sp. 2 1
Dicranota sp.
Hexatoma sp.
Tipula sp. 1 1
Lebertia sp. 1
Sperchon sp. 2

Class Bivalvia Pelecypoda pisium
Class Gastropoda Family Limnaedae 1

Phylum Platyhelminthes Class Turbellaria Polycelis coronata 1
Phylum Nematomorpha Gordius sp.

Total Abundance 43 78 49 355 35 16 16 141
Species Abundance 9 21 10 32 3 6 3 5
Number EPT Species 7 11 7 11 2 3 2 1
EPT Abundance 38 38 26 73 34 9 15 131

Table 8.  Invertebrates sampled from Mainstem Willow 22 September 1999 (white background) and 16-18 May 2000 (yellow 
background).

WD WI WJWB

Uenoidae

Elmidae

Chironomidae

Taeniopterygidae

Brachycentridae

Order Coleoptera

Simulidae

Tipulidae

Subcohort Hydracarina

Empididae

Ephemerellidae

Heptageniidae

Order Diptera

Phylum Mollusca

Class Arachnida

Order Ephemeroptera

Order Plecoptera

Limnephilidae

Rhyacophilidae

Order Trichoptera

Chloroperlidae

Nemouridae

Perlodidae

Perlodinae



EWI EWF EWA WWM WWI WB WI WJ
Al 60 31 17 166 139 97 1010 747
As 3.6 5.2 1.4 0.2 41 1.2 141 22.0
Cd 2.43 2.98 1.40 0.07 2.15 2.06 14.60 12.00
Ca 470 1080 408 220 290 440 6001 260
Cu 7.7 6.2 3.5 2.7 11.5 6.7 69.0 62.9
Fe 112.0 76.3 47.5 170.0 276.0 77.2 1050.0 807.0
Pb 15.9 39.6 21.1 0.1 99.1 31.0 391.0 556.0
Mg 240 250 201 150 180 170 6001 260
Mn 15.4 13.7 16.2 30.2 21.0 18.9 539.0 253.0
Zn 40.4 53.0 135.0 24.8 79.5 148.0 1420.0 2120.0

Table 9. Invertebrate tissue metals concentrations (mg/kg wet weight) collected 22 May 2001.

1Bold type indicates values below the Practical Quantiative Limit as determined by ACZ Labs for that given sample 
and dilution.



 

Table 10.  Dietary Exposure Benchmarks for fish compared to potential exposures from ingestion of 
metals on East, West, and Mainstem Willow Creeks (ppm, dw). 
 

Invertebrate Tissue Metals Concentration Ranges Analyte Dietary Intake Values (ppm) 
East Willow West Willow Mainstem Willow  

As  10 fish – no effect1 
90 fish1 7.58 – 28.18 1.084 – 21.68 6.5 – 119.24 

Cd Waterborne concentration most 
important for fish2 7.58 – 16.15 0.38 – 11.65 11.17 – 79.13 

Cu  <178 fish2 18.97 – 41.73 14.63 – 62.33 36.31 – 373.98 

Pb Waterborne concentration most 
important for fish2 86.18 – 214.63 0.54 – 537.12 168.02 – 3013.52 

Zn 440 – 1700 fish – no effect1 218.97 – 731.7 134.42 – 430.89 802.16 – 11490.4 

1 U.S. DOI 1998  
2Eisler 2000   
 

 

 

Table 11.  Dietary Exposure Benchmarks for birds compared to potential exposures from ingestion of 
invertebrates on East, West, and Mainstem Willow Creeks (ppm, dw). 
 

Invertebrate Tissue Metals Concentration Ranges Analyte NOAEL-Based 
Benchmark – 
Food (ppm)1 

LOAEL-Based 
Benchmark – 
Food (ppm)1 

Dietary Intake 
Values (ppm) East Willow  West Willow  Mainstem Willow  

As 4.3 – 29.22 10.6 – 73.12 <30 mallards3 7.58 – 28.18 1.084 – 21.68 6.5 – 119.24 

Cd 1.2 – 14.984 16.56 – 206.614 <2 birds3 7.58 – 16.15 0.38 – 11.65 11.17 – 79.13 

Cu 38.9 – 485.54 51.1 – 637.44 <200 poultry3 18.97 – 41.73 14.63 – 62.33 36.31 – 373.98 

Pb 0.94 – 11.675 

3.19 – 39.776 9.36 – 116.735 <5 birds3 86.18 – 214.63 0.54 – 537.12 168.02 – 3013.52 

Zn 12.0 – 149.84 108.5 – 1353.34 
<178 birds3, 

150-200 
recommended3 

218.97 – 731.7 134.42 – 
430.89 802.16 – 11490.4 

1Sample et al. 1996 
2Low value for sodium arsenite in American Robin.  High value for sodium arsenite in Great Blue Heron. 
3Eisler 2000 
4Low value for American Robin. High value for Red-tailed Hawk. 
5Lead acetate.  Low value for American Robin.  High value for Red-tailed Hawk. 
6Metallic Lead.  Low value for American Robin.  High value for Red-tailed Hawk. 
 
 
 
 
 
 
 



Figure 2.  Estimated trout (A) abundance and (B) biomass from samples collected 21-24 September
1999.  
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Figure 3.  Trout length distribution from samples collected 21-24 September 1999.
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Figure 4.  Trout length distribution by site from East Willow samples collected 21-24 September 
1999.
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Figure 5.  Trout length distribution by site from West Willow samples collected 21-24 September 
1999.
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  A                                                                                              Total Invertebrate Abundance

  B                                                                                                      EPT Abundance

Figure 6.  A) Total and B) EPT abundance for benthic macroinvertebrates sampled 22 September 1999 and 16-18 May 2000.  Data labels are at the end of the 
bars for clarity.
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Figure 7.  A) Total and B) EPT abundance for benthic macroinvertebrates sampled 22 September 1999 and 16-18 May 2000.  Data labels are at the end of the 
bars for clarity.
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East Willow
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Figure 8.  Ephemeroptera, Plecoptera, and Trichoptera abundances for samples collected 22 September 1999 and 16-18 
May 2000.
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Appendix C 
 

EC SOP #98-02 
 


