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ACADEMIC ABSTRACT 

Salinization of freshwaters by human activities is of growing concern globally. Salt pollution can 

cause adverse effects to aquatic biodiversity, ecosystem function, ecosystem services, and human 

health. In many regions of the world, and in coal-mining-influenced streams of the temperate 

forests of Appalachia USA, specific conductance (SC), a surrogate measure for the dissolved 

major ions composing salinity, has been linked to decreased diversity of benthic 

macroinvertebrates. However, assessments used to reach this conclusion have generally not 

accounted for temporal variability of salinity, as most studies use ñsnapshotò SC data collected 

concurrently with biological data at a single point in time. Effective management of salinization 

requires tools to accurately monitor and predict salinity while accounting for temporal 

variability. To improve those tools, I conducted analyses of 4.5 years of salinity and benthic 

macroinvertebrate data from 25 forested headwater streams spanning a gradient of salinity where 

non-salinity stressors were minimized. My objectives were to: 1) model the annual pattern of 

salinity, 2) determine if salinity measures derived from continuous data are more precise than 

snapshot SC as predictors of aquatic biology, and 3) quantify response to salinity of the benthic 

macroinvertebrate community. A sinusoidal model of the annual cycle of SC using daily 

measurements for 4.5 years revealed that salinity naturally deviated ± 20% from annual mean 

levels, with minimum SC occurring in late winter and maximum SC occurring in late summer. 

The pattern was responsive to seasonal dilution as driven by catchment evapotranspiration 

dynamics. Alternative discrete sampling intervals can approximate the pattern revealed by 

continuous SC data if sampling intervals are Ò 30 days. Continuous SC variables did not 

significantly improve precision for prediction of benthic macroinvertebrate metrics (p > 0.1) as 

compared to snapshot SC using generalized additive mixed models. Results suggest that 

snapshot SC is a capable predictor of benthic macroinvertebrate community structure if sampling 

is carefully timed. However, continuous SC data can quantify chronic salt exposure, which 

supports a hypothesis to explain how temporal variability of field-based observations of salt 

sensitivity of benthic macroinvertebrate taxa may be influenced by life stage. Benthic 

macroinvertebrate community structure diverged from reference condition as salinity increased, 

with stronger relationships in Spring than in Fall. Intra-seasonal variation in community structure 

was also revealed across sampling dates. Non-Baetidae Ephemeroptera were most sensitive to 

salinity, with richness and abundance lower than reference at SC > 200 mS/cm in Spring based 

on snapshot SC. Equivalent effects were predicted by mean monthly SC of 250-300 mS/cm from 

the prior Fall. Continuous conductivity monitoring may improve assessment of salinity effects 

because they can describe life-cycle exposure, which may aid investigations of mechanisms 

driving field-based observations of benthic-macroinvertebrate community alteration. 
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GENERAL AUDIENCE ABSTRACT 

Freshwater ecosystems around the world are at risk of contamination from salt pollution 

resulting from a variety of human activities. All natural freshwaters contain low levels of 

dissolved minerals, or salts, the combined concentration of which is referred to as salinity. 

Activities such as crop irrigation, road de-icing, and mining can cause salt pollution in streams 

and rivers, and excessive salinity can be toxic to many aquatic organisms. In many regions of the 

world, including in coal-mining-influenced streams of Appalachia USA, elevated salinity has 

been linked to decreased diversity of benthic macroinvertebrates, which are primarily aquatic 

insects, a group critical to healthy stream ecosystems. However, assessments used to reach this 

conclusion have generally not accounted for annual variability of salinity, as most studies use 

ñsnapshotò salinity data collected concurrently with biological data at a single point in time. 

Effective management of salinity impacts requires tools to accurately monitor and predict 

salinity while accounting for annual variability. Toward improving those tools, I conducted 

analyses of 4.5 years of salinity and aquatic insect data from 25 small central Appalachian 

mountain streams spanning a gradient of salinity. My objectives were to: 1) characterize the 

annual pattern of salinity using high-frequency salinity data, 2) determine if high-frequency 

salinity data is better than snapshot data for predicting aquatic insect diversity, and 3) measure 

the response to salinity of the aquatic insect community and identify salinity levels associated 

with insect biodiversity loss. High-frequency (daily) data revealed that salinity exhibited a 

predictable cyclic annual pattern with seasonal deviations of ± 20% from annual average salinity 

levels. Minimum salinity occurred during late winter and maximum salinity occurred in late 

summer. Lower-frequency salinity data can approximate the annual pattern if sampling interval 

is Ò 30 days. Snapshot salinity was equally capable as high-frequency data of predicting aquatic 

insect diversity provided that snapshot salinity sampling is carefully timed. Diversity of many 

aquatic insects, especially mayflies, declined with increasing salinity, with stronger relationships 

in Spring than in Fall. Variation in diversity measures was also somewhat related to sample 

timing within seasons. Alteration of aquatic insect communities was evident at total salt 

concentrations levels of approximately 130 ï 200 parts per million, depending on time of year. 

Efforts to manage salinity impacts to aquatic life may be improved by integrating knowledge of 

annual salinity patterns with how aquatic insects respond to salt pollution. 
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CHAPTER 1 - INTRODUC TION  

Freshwater is increasingly at risk globally from anthropogenic salinization (Millennium 

Ecosystem Assessment 2005, Cañedo-Argüelles et al. 2013), which is an increased concentration 

of dissolved major ions (i.e., Ca2+, Mg2+, Na+, K+, Cl-, SO4
2-, HCO3

-) above natural background 

levels (Williams 1987, 2001) caused by human activities. Salinization can cause adverse effects 

to aquatic biodiversity, ecosystem function, ecosystem services, and human health, which is why 

development of policies for management of salinity is an urgent need (Cañedo-Argüelles et al. 

2016). Factors causing salinization include agricultural irrigation, water abstraction, road de-

icing, urban runoff, and, in many world regions, mining (Schreck 1995, Goetsch and Palmer 

1997, Hancock et al. 2005, Pond et al. 2008, Cañedo-Argüelles et al. 2013).  

 

Benthic macroinvertebrates are used for freshwater bioassessment by nearly all states in the USA 

(Govenor et al. 2017) and internationally (Statzner et al. 2001, Bonada et al. 2006, Morse et al. 

2007). In many regions of the world, freshwater salinization alters benthic macroinvertebrate 

community structure (Goetsch and Palmer 1997, Kefford 1998, Green et al. 2000, Arle and 

Wagner 2013). Effective monitoring and management of aquatic-life effects from freshwater 

salinization requires an understanding of how the benthic macroinvertebrate community 

responds to salinity. 

 

In headwater streams of the temperate eastern deciduous forests in USA, aquatic insect diversity 

is threatened where naturally-dilute streams (Griffith 2014) are affected by increases in dissolved 

major ions released from geologic materials that have been disturbed by mining (Griffith et al. 

2012, Cormier et al. 2013). Elevated specific conductance (SC), a surrogate measurement for the 

major dissolved ions composing salinity, has been linked to decreased richness and evenness of 

aquatic insect communities (Paybins et al. 2000, Hartman et al. 2005, Pond et al. 2008, Gerritsen 

et al. 2010, Bernhardt et al. 2012, Timpano et al. 2015). 

 

However, such linkages have been based on SC measured infrequently, even as rarely as with a 

single measurement per study stream (Bernhardt et al. 2012). I refer to that approach as 

ñsnapshotò sampling, as those data represent stream conditions at a single point in time. One-

time snapshot measurements of SC may not be sufficient to accurately quantify the intra-annual 

variation of salinity affecting organismal life-cycle exposure. It has long been recognized that 

surface-water solutes are influenced strongly by geology, hydrology, precipitation, and 

evapotranspiration (ET) (Gibbs 1970), as well as the interaction of climate and geology with 

terrestrial flora and soils (Hem 1985). It has also been observed that, in temperate streams with 

forested catchments, surface water solutes often exhibit strong seasonal variability (e.g., Likens 

and Bormann 1995), which is driven largely by land use and rates of precipitation and ET 

(Helsel and Hirsch 2002).  

 

Each of these factors has potential to influence salinity and its observed relationship with aquatic 

community structure. In addition, benthic macroinvertebrate community structure varies intra-

annually (Poff et al. 2006, Merritt et al. 2008), and biological assessments using benthic 

macroinvertebrates can vary based on taxonomic composition of samples, response metrics 

derived therefrom, and choice of metric endpoint used to define effects (Cao and Hawkins 2011). 

Further, method of quantifying salinity, as well as modeling framework, can influence 
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conclusions drawn regarding salinity levels associated with specific biological effects. Therefore, 

accurately relating salinity and benthic macroinvertebrate community structure requires 

accounting for temporal variability of both.  

 

Despite its widespread use, the relatively high cost of biotic sampling is often an obstacle to 

higher-frequency bioassessments. However, recent advent of affordable, deployable, data-

logging automated water-quality meters has enabled collection of high-frequency 

physicochemical data, including SC (Hart and Martinez 2006, Rundel et al. 2009). Salinity 

measures derived from continuous data may be more accurate predictors of biological 

community structure than snapshot salinity because continuous salinity measures can: 1) 

characterize chronic exposure, which represents sustained elevated-salinity levels that are 

expected to be a primary source of stress to aquatic life (Goodfellow et al. 2000) and 2) identify 

critical exposure periods, which represent salinity levels at particular times of year that coincide 

with specific points in an organismal life cycle. 

 

To address several of the limitations described above, I conducted analyses of long-term salinity 

and biological data, the objectives of which were to: 

1) test the hypothesis that salinity, as measured by SC in freshwater streams of Appalachia 

USA, exhibits a predictable seasonal pattern. 

2) determine if salinity measures derived from continuous data are more accurate and 

precise than snapshot SC as predictors of biological community structure. 

3) quantify response to salinity of benthic macroinvertebrates at the community level, 

identify relative salt-sensitivity of individual genera and taxonomic groups, model 

salinity response of the most salt-sensitive community metrics, and determine minimum 

SC levels associated with community change. 

 

I intend this research to advance knowledge of salinity patterns and related biological effects 

toward the goal of improving assessment of freshwater salinization as a stressor to aquatic life. 
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CHAPTER 2 ï FIELD AND LABORATORY  METHODS 

Overview 

Analyses presented in this dissertation were conducted using data from a long-term study of 25 

headwater streams in the coalfield region of central Appalachia USA, that span a gradient of 

salinity and are of reference-stream quality in other respects. Benthic macroinvertebrate and 

specific conductance (SC) data were collected during Spring and Fall most years from Fall 2011 

through Spring 2016, and dataloggers recorded continuous conductivity at 30-minute intervals 

during that same period. Samples of stream water were collected seasonally with biological 

samples, as well as roughly monthly from 2011 to 2013, for the purpose of quantifying major ion 

concentrations and proportional composition. 

Stream Selection 

Accurate quantification of salinity effects on benthic macroinvertebrates required minimizing 

non-salinity factors that may influence community structure and confound observed salinity-

biota associations. To isolate the salinity variable, streams must not be influenced by non-salinity 

stressors. I selected headwater streams within the U. S. Environmental Protection Agency 

(USEPA) Level IV Central Appalachian ecoregion 69d (Omernik and Griffith 2014) of Virginia 

and West Virginia with varied degrees of salinization associated with surface coal mining. I 

visited more than 260 streams to select 25 streams (Figure 2.1) that spanned a gradient of SC, yet 

were comparable to un-mined reference streams with respect to riparian- and instream habitat 

quality. Sample reaches were designated first-order per the USEPA National Hydrography 

Dataset Plus (USEPA 2012a) and had mean catchment area (± SD) of 331 ± 226 ha. Five streams 

free of salinization from mining and representing best available habitat and water quality in the 

region were considered ñreferenceò streams (mean SC range: 24 ï 130 mS/cm), and 20 ñtestò 

streams spanned a gradient of salinity (mean SC range: 220 ï 1,438 mS/cm), while maintaining 

reference-quality habitat. In selecting sampling reaches, I attempted to avoid influence from 

major upstream tributaries through examination of hydrography (USEPA 2012a) and stream 

reconnaissance to ensure study reaches had no perennial or intermittent tributaries immediately 

upstream. The primary source of saline leachate for test streams was weathering of mine spoil, 

which was either consolidated in stream channels in what are known as ñvalley fillsò, or left 

unconsolidated on the hillslope after contour mining.  

 

I selected elevated-salinity, test streams, meeting all abiotic reference criteria (with the exception 

of SC) used for Virginia Clean Water Act implementation studies (Burton and Gerritsen 2003, 

VDEQ 2006) (Table 2.1). Candidate streams were chosen by examining a variety of available 

water-quality and land-use data using a geographic information system (ArcGIS, ESRI Inc., 

Redlands, California USA), augmented by consultation with mine operators, consultants, and 

regulators with specific knowledge of stream conditions within the study area, and by analysis of 

data concerning water quality, mine permits, and historical surface-mining stream locations 

provided by Virginia Department of Mines, Minerals and Energy and West Virginia Department 

of Environmental Protection. The eastern coalfield region of Kentucky was also searched for 

suitable streams, but I was not able to locate streams that met selection criteria. The search for 
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Kentucky streams included consultation with knowledgeable parties (U.S. EPA and University 

of Kentucky), and travel to the University of Kentucky Robinson Forest area, where five 

candidate streams were assessed for potential inclusion in the study.  

 

 
Figure 2.1. Map of study streams in the central Appalachian coalfield of eastern USA. 

 

 

Table 2.1. Stream selection criteria. 

Parameter or Condition (units or range) Selection Criterion1 

Dissolved Oxygen (mg/L) Ó 6.0 

pH Ó 6.0 and Ò 9.0 

Epifaunal substrate score (0-20)2 Ó 11 

Channel alteration score (0-20) 2 Ó 11 

Sediment deposition score (0-20)2 Ó 11 

Bank disruptive pressure score (0-20) 2 Ó 11 

Riparian vegetation zone width score, per bank (0-10) 2 Ó 6 

Total habitat score (0-200) 2 Ó 140 

Residential land use immediately upstream None 
1 Reference-stream criteria from Burton and Gerritsen (2003).  

2 Rapid Bioassessment Protocols habitat assessment, high-gradient streams (Barbour et al. 1999). 
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Stream reconnaissance after initial screening in GIS allowed verification of current land uses and 

confirmation of reference-quality conditions, as per study design. Physicochemical water 

parameters, including pH and SC, were measured to ensure non-acidic conditions and that a 

gradient of salinity among test streams was achieved. Reference-quality habitat was assured by 

conducting qualitative visual estimates of habitat parameters using the high-gradient stream 

method as specified per U.S. EPA Rapid Bioassessment Protocols (RBP) (Barbour et al. 1999). 

In addition, potential sources of non-point source pollution were avoided, including upstream 

residential land use, bridges, culverts, active logging, non-mining industrial operations or 

infrastructure (e.g., railbeds), and commercial activity.  

 

Each sample reach was in an independent stream segment, with no other study streams upstream 

or downstream. Reference stream data were used to establish reference-quality habitat to ensure 

test streams were comparable to reference streams in that respect. Reference streams represent 

minimally disturbed streams for the region of study. 

Field Methods 

Long-term, continuous measurement of SC and water temperature was achieved using automated 

dataloggers (HOBO Freshwater Conductivity Data Logger, model U24-001, Onset Computer 

Corp., Bourne, Massachusetts). Dataloggers were installed upon completion of stream selection 

(between July and October 2011), and continued recording measurements at 30-minute intervals 

through April 2016. At each stream visit, dataloggers were downloaded, cleaned, and reset or 

replaced in case of malfunction. Downloaded electrical conductivity data and temperature were 

returned to the laboratory where they were converted to specific conductance. 

 

Snapshot conductivity was measured in situ at baseflow in Fall and Spring at the time of 

biological sample collection with a calibrated handheld multi-probe meter (Hanna HI-9828 - 

Hanna Instruments, Inc., Woonsocket, Rhode Island, USA; or YSI Professional Plus ï YSI, Inc., 

Yellow Springs, Ohio, USA). To assess ionic composition of streamwater, grab-samples of water 

were collected approximately monthly (Ò 19 times) at each stream during baseflow (i.e., flow not 

influenced by stormflow) from May 2011 through April 2013, as well as concurrently with 

biological sampling. Streamwater samples were filtered immediately using polyvinylidene 

difluoride syringe filters with a nominal pore size of 0.45mm and stored in sterile polyethylene 

sample bags. Aliquots for analysis of cations were preserved to pH < 2 with 1+1 concentrated 

ultrapure nitric acid. All samples were transported to the laboratory on ice and stored at 4 °C 

until analysis.  

 

Benthic macroinvertebrate community samples were collected during Fall (2011, 2012, 2013, 

2015) and Spring (2012, 2013, 2014, 2016) seasons. Timing of sample collection was consistent 

during each season across years, with most samples collected during April (median date = 16 

April) and October (median date = 20 October). Samples were generally collected within 

approximately nine days during a season. Exact timing of biological sampling within a season 

was influenced strongly by stream flow, with no sampling occurring during flow extremes. Great 

care was taken to collect all samples during baseflow, at least three days after moderate storms, 

and at least seven days after extreme flows that were estimated to have a scouring effect. 

Baseflow sampling helped to ensure adequate time for recolonization of substrate after high 
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flow, maximized visibility and accessibility of microhabitat, and allowed for concurrent 

collection of baseflow snapshot conductivity. I did not collect samples when extreme low flow 

exposed substrate or when velocity was insufficient for reliable flushing of organisms into the 

sampling net. 

 

Samples of benthic macroinvertebrates were collected using the single-habitat method for high-

gradient streams as per U.S. EPA Rapid Bioassessment Protocols (Barbour et al. 1999). Using a 

0.3-m D-frame kicknet with 500-ɛm mesh, a single composite sample (approximately 2 m2) 

composed of six 1 x 0.3-m kicks was collected along a 100-m reach at each stream. Because of 

presence of Endangered Species Act-listed crustaceans and mollusks in the region, all specimens 

from those groups were returned to the stream unharmed. Samples were preserved in 95% 

ethanol and returned to the laboratory for sorting and identification. 

Laboratory Methods 

Water samples were analyzed for major cations (Ca2+, Mg2+, K+, Na+), and dissolved trace 

elements (Al, Cu, Fe, Mn, Se, Zn) using either an inductively coupled plasma-optical emission 

spectrometer (Varian Vista MPX ICP-OES w/ICP Expert software, Varian Instruments, Walnut 

Creek, California USA) or an inductively coupled plasma-mass spectrometer (Thermo Electron 

X-Series ICP-MS, Thermo Fisher Scientific, Waltham, Massachusetts USA) (APHA 2005). An 

ion chromatograph (Dionex DX500, Dionex Corp., Sunnyvale, California USA) was used to 

measure Cl- and SO4
2- (APHA 2005). Total alkalinity was measured by titration with standard 

acid (APHA 2005) using a potentiometric auto-titrator (TitraLab 865, Radiometer Analytical, 

Lyon, France). Concentrations of anions CO3
2- and HCO3

- were calculated from alkalinity and 

pH measurements (APHA, 2005).  

 

Water chemistry data were examined to determine if trace elements were present at chronically 

toxic levels (exceeding criteria continuous concentrations [CCC]) (USEPA 2012, 2016; ILEPA 

2001). This was done to determine if there was potential for trace element toxicity to confound 

observed salinity-biota associations. Evaluation of dissolved trace elements analyzed by ICP-MS 

(n = 92 samples) did not provide evidence that observed salinity-biota associations were 

confounded by toxic effects from trace metals. Aluminum, Cu, and Fe were less than U.S. EPA 

aquatic-life CCCs (USEPA 2012) in all samples and Zn was greater than CCC in only one 

sample (data not shown). There is no U.S. EPA aquatic-life water-quality standard for Mn, but 

all values reported here were at least one order of magnitude lower than the proposed Illinois 

EPA aquatic-life CCC (ILEPA 2001), which is the only candidate aquatic-life criterion for Mn 

that I was able to identify. Selenium concentration was less than detection limit  (< 2.5 mg Se/L) 

in 76 samples but was consistently greater than the U.S. EPA aquatic-life CCC of 3.1 mg Se/L 

(USEPA 2016) in three streams (12 samples) and detected once in four other streams. Selenium 

was not significantly correlated with SC in samples (n = 16) where it was detected (Spearmanôs 

r = -0.2206, p = 0.4117, data not shown). 

 

Benthic macroinvertebrate samples were sub-sampled randomly to obtain a 200 (± 10%) 

organism count following Virginia Department of Environmental Quality methods (VDEQ 

2008), which are adapted from RBP methods (Barbour et al. 1999). Specimens were identified to 

genus/lowest practicable level using standard keys (Stewart et al. 1993, Wiggins 1996, Smith 
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2001, Merritt et al. 2008), except individuals in family Chironomidae and sub-class Oligochaeta, 

which were identified at those levels. 

 

Continuous conductivity downloaded data were converted to specific conductance at 25 °C using 

HOBOware software (Onset Computer Corp., Bourne, Massachusetts) to compute SC as a linear 

function of actual conductance and temperature (recorded concurrently by the dataloggers). The 

dataset was then censored to exclude false SC readings observed as a result of datalogger burial 

by sediment or datalogger malfunction (e.g., missing data or SC Ò 0 mS/cm).
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CHAPTER 3 - SEASONAL PATTERN OF SALINITY  IN FORESTED 

HEADWATER STREAMS OF  APPALACHIA USA  

Abstract 

Salinization of freshwaters by human activities is of growing concern globally. Consequences of 

salt pollution include adverse effects to aquatic biodiversity, ecosystem function, human health, 

and ecosystem services. In headwater streams of the temperate forests of eastern USA, elevated 

specific conductance (SC), a surrogate measurement for the major dissolved ions composing 

salinity, has been linked to decreased diversity of aquatic insects. However, such linkages have 

typically been based on limited numbers of SC measurements that do not quantify intra-annual 

variation. Effective management of salinization requires tools to accurately monitor and predict 

salinity while accounting for temporal variability. Toward that end, high-frequency SC data were 

collected within the central Appalachian coalfield over four years at 25 forested headwaters 

streams spanning a gradient of salinity. A sinusoidal model was used to quantify the annual cycle 

of SC, averaged across years and streams. The resultant model revealed that salinity deviated 

approximately ± 20% from annual mean levels, on average across all years and streams, with 

minimum SC occurring in late winter and peak SC occurring in late summer. The pattern was 

strongly responsive to varying seasonal dilution as driven by catchment evapotranspiration, an 

effect that was amplified slightly in unmined catchments with greater relative forest cover. 

Evaluation of alternative sampling intervals indicated that discrete sampling can approximate the 

model performance afforded by high-frequency data, but model error increases rapidly as 

discrete sampling intervals exceed 30 days. This study demonstrates that despite anthropogenic 

influence, intra-annual variation of salinity in central Appalachian streams follows a natural 

seasonal pattern, driven by interactive influences on water quantity and quality of climate, 

geology, and terrestrial vegetation. Because climatic and vegetation dynamics vary annually in a 

seasonal, cyclic manner, a periodic function can be used to fit a sinusoidal model to the salinity 

pattern. As the model is fundamentally describing seasonal dilution effects, the model framework 

has potential for application to streams in other regions where salinity is chronically elevated and 

responds to seasonal hydrologic patterns. Further model development that integrates 

precipitation and stream discharge could improve model precision, and site-specific models 

could increase flexibility of this approach. 

In troduction 

Freshwater is increasingly at risk globally from anthropogenic salinization (Millennium 

Ecosystem Assessment 2005, Cañedo-Argüelles et al. 2013), which is the increased 

concentration of dissolved major ions (i.e., Ca2+, Mg2+, Na+, K+, Cl-, SO4
2-, HCO3

-) above natural 

background levels (Williams 1987, 2001). Salinization can cause adverse effects to aquatic 

biodiversity, ecosystem function, human health, and ecosystem services, which is why 

development of policies for management of salinity is an urgent need (Cañedo-Argüelles et al. 

2016). Factors causing salinization include agricultural irrigation, water abstraction, road de-

icing, urban runoff, and, in many world regions, mining (Schreck 1995, Goetsch and Palmer 

1997, Hancock et al. 2005, Pond et al. 2008, Cañedo-Argüelles et al. 2013). 
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In headwater streams of the temperate eastern deciduous forests in USA, salinity is identified as 

a biotic stressor and threat to aquatic insect diversity where naturally-dilute streams (Griffith 

2014) are affected by major ions released from geologic materials that have been disturbed by 

mining (Griffith et al. 2012, Cormier et al. 2013). Elevated specific conductance (SC), a 

surrogate measurement for the major dissolved ions composing salinity, has been linked to 

decreased richness and evenness of aquatic insect communities (Pond et al. 2008), with generally 

sensitive taxa from the orders Ephemeroptera, Plecoptera, and Trichoptera most strongly affected 

(Pond 2010, 2012; Timpano et al. 2015). However, such linkages have been based on SC 

measured infrequently, even as rarely as with a single measurement per study stream (Bernhardt 

et al. 2012). Discrete, one-time measurements of SC may not be sufficient to quantify accurately 

the intra-annual variation affecting organismal life-cycle exposure.  

 

It has long been recognized that surface-water solutes are influenced strongly by geology, 

hydrology, precipitation, and evapotranspiration (ET) (Gibbs 1970), as well as the interaction of 

climate and geology with terrestrial flora and soils (Hem 1985). It has also been observed that in 

temperate streams with forested catchments, surface water solutes often exhibit strong seasonal 

variability (e.g., Likens and Bormann 1995), which is driven largely by land use and rates of 

precipitation and ET (Helsel and Hirsch 2002). Therefore, it is reasonable to expect salinity to 

vary seasonally as a function of one or more of these factors. If precipitation and geologic 

influence in headwater streams in the study region are relatively constant, stream water yield, 

and therefore stream salinity, should be influenced by ET and therefore exhibit a cyclic annual 

pattern roughly concurrent with the water cycle. Further, because ET is a natural influence on 

streamflow, I expect salinity patterns to be similar in both reference and test streams with 

partially forested catchments, despite the anthropogenic alterations of geology and weathering 

rates resultant from coal mining in the latter.  

 

My objective was to model the annual pattern of salinity, as measured by SC in freshwater 

streams of Appalachia USA, using a periodic function to characterize the cyclic nature of the 

pattern. Recognizing the practical hurdles to obtaining high-frequency SC data, I also sought to 

determine effects of sampling interval on characterization of SC pattern. Where salinity does 

vary seasonally, characterization of the annual pattern could enhance capability to quantify salt 

exposures to biota as well as to mitigate salinization effects. 

Methods 

Stream Selection 

I selected headwater streams within the U. S. Environmental Protection Agency (USEPA) Level 

IV Central Appalachian ecoregion 69d (Omernik and Griffith 2014) of Virginia and West 

Virginia with varied degrees of salinization by surface coal mining. I visited more than 260 

streams to select 25 streams (Figure 2.1) that spanned a gradient of SC, yet were comparable to 

un-mined reference streams with respect to riparian and instream habitat quality. Sample reaches 

were designated first-order per the USEPA National Hydrography Dataset Plus (USEPA 2012) 

and had mean catchment area (± SD) of 331 ± 226 ha. Five streams free of salinization from 

mining and representing best available habitat and water quality in the region were considered 

ñreferenceò streams (mean SC range: 24 ï 130 mS/cm), and 20 ñtestò streams spanned a gradient 

of salinity (mean SC range: 220 ï 1,438 mS/cm) while maintaining reference-quality habitat. See 
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Chapter 2 for further detail of stream selection methods. The source of saline leachate for test 

streams was weathering of mine spoil, which was either consolidated in stream channels in what 

are known as ñvalley fillsò, or left unconsolidated on the hillslope after contour mining.  

 

Forest coverage in each catchment was estimated in a GIS by first delineating watersheds 

upstream of the sample reach. Then proportion of forest land cover was calculated by geospatial 

analysis of existing databases (Li et al. 2015, MRLC 2017), followed by analysis of available 

high-resolution aerial imagery for assessment of recent forest-cover changes due to subsequent 

mining which was found to have occurred in a small number of test-stream watersheds.  

Regional Climate 

The central Appalachian ecoregion is characterized by mixed mesophytic forest (Omernik 1987) 

with temperate climate and relatively uniform precipitation throughout the year (Bailey 1995). 

Precipitation and temperature for the study region were estimated using data from four weather 

stations that span the extent of study stream locations (USNOAA 2017). The 30-year mean 

annual precipitation for those stations was 1,179 mm and the mean monthly temperature ranged 

from 0.6 °C to 22.8 °C. Precipitation averaged 1,227 mm per year for the study period 2011-

2015, with mean monthly precipitation ranging from 70 mm in November to 152 mm in July 

(Figure 3.1).  

 
Figure 3.1. Monthly mean precipitation during the study period (2011-2015) and 30-year 

mean precipitation and temperature at four U.S. National Weather Service stations in the 

study region: Wise 1 SE (station 449215) and Grundy (station 443640) in Virginia, and 

Oceana 2 SE (station 466600) and London Locks (station 465365) in West Virginia. 

 

Data Collection 

Long-term, continuous measurement of SC and water temperature was achieved using automated 

dataloggers (HOBO Freshwater Conductivity Data Logger, model U24-001, Onset Computer 

Corp., Bourne, Massachusetts). Dataloggers were installed upon completion of stream selection 

(between July and October 2011), and continued recording measurements at 30-minute intervals 
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through October 2015. All dataloggers were installed within stream reaches that were free of any 

known direct upstream anthropogenic influence other than coal mining. 

 

To assess ionic composition of stream water, grab-samples of water were collected 

approximately monthly (Ò 19 times) at each stream during baseflow (i.e., flow not influenced by 

storm flow) from May 2011 through April 2013. Stream water samples were filtered 

immediately using polyvinylidene difluoride syringe filters with a nominal pore size of 0.45mm 

and stored in sterile polyethylene sample bags. Aliquots for analysis of cations were preserved to 

pH < 2 with 1+1 concentrated ultrapure nitric acid. All samples were transported to the 

laboratory on ice and stored at 4°C until analysis. 

 

In the laboratory, water samples were analyzed for major cations using an inductively coupled 

plasma-optical emission spectrometer (Varian Vista MPX ICP-OES w/ICP Expert software, 

Varian Instruments, Walnut Creek, California USA) to measure total dissolved concentrations of 

Ca2+, Mg2+, K+, and Na+ (APHA 2005). An ion chromatograph (Dionex DX500, Dionex Corp., 

Sunnyvale, California USA) was used to measure Cl- and SO4
2- (APHA 2005). Total alkalinity 

was measured by titration with standard acid (APHA 2005) using a potentiometric auto-titrator 

(TitraLab 865, Radiometer Analytical, Lyon, France). Concentrations of the anions CO3
2- and 

HCO3
- were calculated from alkalinity and pH measurements (APHA, 2005).  

 

Data Analysis 

Ion Matrix Characterization 

Molar proportions of each of the eight major ions were calculated for each sample as molar 

concentration of each ion divided by the sum of the eight major ions. Mean molar proportions 

were then computed for each stream for the period Spring 2011 ï Spring 2013, and aggregate 

mean proportions were calculated by stream type. 

 

Continuous Conductivity Data Preparation 

I used HOBOWare software (Onset Computer Corp., Bourne, Massachusetts) to compute SC as 

a linear function of actual conductance and temperature in each study stream as recorded 

concurrently by the dataloggers. The dataset was then censored to exclude false SC readings 

observed as a result of datalogger burial by sediment or logger malfunction (e.g., missing data or 

SC Ò 0 mS/cm). The corrected dataset was then constrained to the period Oct 15, 2011 through 

Oct 14, 2015. To simulate an SC sampling scheme comparable to daily grab sampling, data were 

further constrained to SC observed at 12:00 pm each day to represent daily SC. 

 

To facilitate comparison of SC patterns among streams that span a wide range of salinity, a 

standardized SC metric was calculated. For each stream, I computed the SC relative deviation 

from mean (SCRDM) for each daily observation:  

 

ὛὅὙὈὓ 
Ὓὅ Ὓὅ

Ὓὅ
 

 

where d = date, and Ὓὅ = mean of daily SC for the four-year study period (n Ò 1,461). 
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I then computed the mean daily SCRDM across streams (n = 25) and years (n = 4) to yield a 

single SCRDM value for each day that represents deviation from long-term mean SC that is 

expected on a given Julian day.  

 

Model Specification 

Periodic functions can be used to describe cyclic seasonal patterns, including those observed in 

water quality (Helsel and Hirsch 2002) and epidemiology (Stolwijk et al. 1999). Because I 

expected SC to vary with annual cycle of streamflow, I fit a first-harmonic sinusoidal linear 

model describing SCRDM as a function of Julian day: 

 

ὛὅὙὈὓ  ÓÉÎ
ς“ὸ

Ὕ
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ς“ὸ

Ὕ
 ‐ 

 

where 

 

t = Julian day and T = length of period in days. In this case I used a period of T = 366 days 

because 2012 was a leap year. 

 

I evaluated the model for error and goodness of fit and for explanatory and predictive power. In 

addition, I used the model to estimate SCRDM extrema and associated error, to gauge ability of 

the model to predict timing and magnitude of salinity extremes during the year.  

 

Timing of minimum and maximum values of SCRDM was calculated as: 

 

ὸ   ÔÁÎ



 
Ὕ
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and 

ὸ ὸ  
Ὕ
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where 

 

tmin/tmax = Julian day of minimum/maximum SCRDM and T = length of period in days 

 

The expected SCRDM value for any Julian day, SCRDMt, was calculated as: 

 

ὛὅὙὈὓ ὃ ÃÏÓ
ς“ὸ

Ὕ
— 

where 

 

A =     , the amplitude of the sinusoidal function,  

t = Julian day,  

T = length of period in days (366), and 

ɗ =   , the phase shift of the cosine function in radians 
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Model Validation 

To evaluate how the sinusoidal model might perform on novel data from other streams in the 

population of Appalachian headwater streams, both reference and those salinized by coal mining, 

I conducted model validation using a leave-one-out cross validation (LOOCV) procedure 

modified to account for the unique data structure. Cross-validation evaluates the power of a 

model to predict novel independent observations in the population of interest (Arlot and Celisse 

2010), and my population of interest is that of central Appalachian headwater streams. Therefore, 

I modified the LOOCV procedure to leave streams out of the aggregate SCRDM calculation in 

order to estimate model performance on a novel stream. I performed cross-validation by leaving 

out one of the 25 streams (test dataset) from the full dataset and conducted the same data 

processing and modeling as described above on the remaining 24 streams (training dataset). I 

then compared predicted daily SCRDM values from the training model to observed daily 

SCRDM values from the test dataset to calculate cross-validation error (CVE) of the training 

model. I calculated CVE similarly to root mean squared error (RMSE), but instead of comparing 

the model predictions with data used to fit the model, model predictions are compared to 

observations of the single stream in the test dataset: 

 

ὅὠὉ
В ὛὅὙὈὓȟ ὛὅὙὈὓȟ

Ὕ
 

 

where t = Julian day and T = length of period in days (366). I repeated this procedure 25 times, 

leaving out a different stream each time, to arrive at the mean CVE (n = 25).  

 

Alternative Sampling Intervals 

Recognizing the challenges of daily SC measurement for practitioners who may want to 

characterize SC variation in streams of interest, I evaluated the feasibility of modeling annual SC 

using discrete sampling data gathered at longer intervals. I simulated sampling at intervals i = 7, 

14, 30, 60, and 90 days to complement my full model, which used data of i = 1 day. For each 

interval, I subsampled each stream exactly every i days. Because there are i ways to sample 

every i days (i.e., for i = 7, sample all Mondays in a year, all Tuesdays in a year, etc.), for each 

interval I repeated the subsampling process i times, shifting the subset of data by one day each 

time, thus yielding i subsets of data. To illustrate: in the case of i = 7, seven subsets were 

constructed composed of 52 days of SC observations, the first containing data for Julian days (1, 

8, 15,é,358, 365) and the seventh containing data for Julian days (7, 14, 21,é,357, 364). For 

each interval, i sub-models were constructed, one with each data subset, using the same model-

fitting procedure as was used for the full model. I then performed the LOOCV procedure as 

above, recording the prediction error of each CV training sub-model (n = 25i). Finally, I 

compared prediction errors among alternative intervals using the Games-Howell post-hoc 

multiple comparison test, which is robust to unequal sample sizes and heterogeneous variance 

among groups (Day and Quinn 1989). 

 

Evaluation of Mining Influence on Seasonal SC Pattern 

I modeled reference and test streams separately to determine if a seasonal SC pattern exists in the 

absence of mining influence. I aggregated and modeled daily SCRDM data across streams and 
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years for test (n = 20) and reference (n = 5) streams as above for the full i = 1-day model. I 

compared amplitude, SCRDM extrema timing, and prediction errors to quantify differences 

between reference- and test-stream SC patterns. All analyses were conducted using R (R Core 

Team 2017) with test a = 0.05. 

Results 

Ionic Composition 

The dominant cation was Ca2+ in both stream types, but SO4
2- was the dominant anion in 

salinized test streams, whereas HCO3
- was the primary anion in reference streams (Table 3.1). 

Proportions of Mg2+ were also elevated in test streams relative to reference streams. Sodium and 

Cl- were not major components of salinized streams, accounting for < 13% of molarity combined 

(Table 3.1).  

 

 

Table 3.1. Mean mass concentrations and molar proportion s of major ions by stream type, 

May 2011 ï April 2013. 

Stream Type units Cl- SO4
2- CO3

2- HCO3
- Ca2+ Mg2+ Na+ K + 

Reference mg/L 2.56 9.65 0.03 22.94 6.45 1.30 2.47 3.40 

 
molar 

proportion 
0.0834 0.1185 0.0007 0.3489 0.1655 0.0396 0.1075 0.1360 

          

Test mg/L 7.15 297.64 0.44 118.98 82.29 4.33 51.85 20.86 

 
molar 

proportion 
0.0215 0.2763 0.0006 0.2060 0.1965 0.0111 0.1864 0.1016 

 

 

Full Sinusoidal Model 

The full model identified a significant seasonal pattern of salinity, with minimum SC in spring 

and maximum SC in fall (Figure 3.2). As expected, the model was centered on mean SC (i.e., 

SCRDM = 0; b0 p > 0.05), with strong fit (R2 = 0.82) and a narrow confidence interval of ± 

1.25% (Table 3.2). Model RMSE was approximately 7% SCRDM, and prediction error was 

approximately ± 14% SCRDM (Table 3.2). Peak annual variation of salinity was approximately 

± 21% of mean SC (Table 3.3). The model predicted annual minimum SC within two weeks of 

the observed minimum (Tmin error = -12 days), whereas annual maximum SC was predicted 

almost four weeks earlier than actual (Tmax error = -25; Table 3.3). 
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Figure 3.2. Full model: first -harmonic sinusoidal model of relative deviation from mean 

specific conductance (SCRDM) by Julian day. Points are means of daily SCRDM for 25 

streams over the period Oct 15, 2011 ï Oct 14, 2015. Fitted line (solid) with 95% prediction 

interval (dashed). 

 

 

 

Table 3.2. Full model summary. 

Parameter Mean SE p 95% Confidence Limits 

b0 (Intercept) 6.664 x 10-4 3.662 x 10-3 0.8557 -6.535 x 10-3,  7.867 x 10-3 

b1 (sin) -0.1657 5.179 x 10-3 < 0.0001 -0.1759, -0.1556 

b2 (cos) -0.1272 5.179 x 10-3 < 0.0001 -0.1374, -0.1170 

Overall model   < 0.0001  

     

Adjusted R2  0.82   

RMSE  0.06986   

95% Confidence Interval (±) 0.01249   

95% Prediction Interval (±) 0.1385     

SE: standard error of mean, RMSE: root mean square error. 
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Table 3.3. Full model extrema summary. 
    Estimate Observed Error  

Extrema timing (Julian day)   

 Tmin
* 53 65 -12 

 Tmax 236 261 -25 

 Tmean 1**  144   

 Tmean 2 328   

     

Extreme and mean SCRDM***    

 at Tmin -0.2089 -0.2756 0.0667 

 at Tmax 0.2089 0.1407 0.0682 

 at Tmean 1 0 0.0246 -0.0246 

 at Tmean 2 0 -0.0267 0.0267 

     

Annual SCRDM extrema   

 Minimum -0.2089 -0.3085 0.0996 

  Maximum 0.2089 0.3218 -0.1129 
*Tmin/Tmax: Julian day of minimum/maximum SCRDM. 
** Tmean1/2: Julian day of first/second annual occurrence of 

mean SCRDM. 
*** SCRDM: specific conductance relative deviation from 

mean. 

 

Model Validation 

The modified LOOCV procedure yielded a CVE (± SE) of 0.1384 ± 0.0119 SCRDM, indicating 

that the full model can be expected to estimate mean SC patterns of novel individual streams 

with an upper 95% confidence limit of approximately 16% SCRDM error. Mean (± SE) RMSE 

was lower for the full model (0.0699 ± 0.0003 SCRDM) than was observed when sinusoidal 

models were fit on a site-specific basis to each of the 25 streams (0.1064 ± 0.008 SCRDM). 

However, much of the variance in error among streams was reflected in the mean CVE of the full 

model (0.1384 ± 0.0116 SCRDM) (Figure 3.3). This analysis revealed that individual streams 

can vary in their conformance to a sinusoidal pattern, but aggregation across streams creates a 

regional model that reveals the underlying pattern of annual periodic variation in salinity. 

 

 



20 

 

 
Figure 3.3. Boxplot of root mean squared error (RMSE) for full model, models fit to 

individual streams, and full model cross validation error (CVE). All models based on 1-day 

sampling interval, n = 25. 

 

 

Alternative Sampling Intervals 

Simulating alternative sampling intervals indicated a significant increase in prediction error with 

increasing sample interval (Figure 3.4). At intervals of 7, 14, and 30 days, models reliably 

explained SC patterns with predictive power comparable to the 1-day model, with 95% 

prediction intervals increasing slightly with sampling interval, but not exceeding ± 18% (Table 

3.4). At 60 days, the mean prediction interval increased to approximately ± 29%, more than 

twice as wide as that of the 1-day model. If sampling interval increased to 90 days, sub-models 

often failed to explain SC patterns (overall model p > 0.05) and prediction intervals were > five 

times higher than with the 1-day model (Table 3.4). 
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Table 3.4. Model summary for alternative sampling intervals. 
 Sampling Interval (days) 

Parameter 1 7 14 30 60 90 

Median sub-model p-values       

b0 (Intercept)    0.8557    0.9465    0.9694 0.9619 0.9474 0.8648 

b1 (sin) < 0.0001 < 0.0001 < 0.0001 0.0004 0.0299 0.0988 

b2 (cos) < 0.0001 < 0.0001 < 0.0001 0.0031 0.0769 0.1302 

Overall model < 0.0001 < 0.0001 < 0.0001 0.0003 0.0392 0.1180 

  

 ------ Specific conductance relative deviation from mean (SCRDM) ------- 

Mean Training Model RMSE 0.06986 0.07008 0.07081 0.07360 0.07727 0.09014 

Mean Cross-Validation Error 0.1384 0.1384 0.1387 0.1398 0.1417 0.1496 

Mean 95% Confidence Interval (±) 0.01249 0.03433 0.05033 0.07907 0.1685 0.4933 

Mean 95% Prediction Interval (±) 0.1385 0.1470 0.1565 0.1768 0.2918 0.7534 

RMSE: root mean squared error. 

 

 
Figure 3.4. Boxplot of prediction error for alternative sampling intervals. For each 

sampling interval i, n = 25i. Games-Howell multiple comparison procedure indicates 

significant differences (p < 0.05) in mean prediction error among sampling intervals with 

different letters.  
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Evaluation of Mining Influence on Seasonal SC Pattern 

Both reference and test streams exhibited significant seasonal SC patterns, with spring minima 

and fall maxima (Figure 3.5). Reference and test models were comparable, with the reference 

model exhibiting an amplitude approximately 12.5% larger and later occurrence of extrema (8.5 

days) as compared to the test stream model. Prediction error was also comparable between 

reference (± 0.1350 SCRDM) and test (± 0.1454 SCRDM) models. Model fit and coefficients 

were comparable for reference and test stream sinusoidal models, with only the sine term 

significantly different between models (Table 3.5). 

 

 

Table 3.5. Parameters and fit 

statistics for separate reference- and 

test-stream sinusoidal models 

  Reference Test 

Adjusted R2 0.85 0.79 

   

b0 (Intercept) -0.0039 0.0018 

SE 0.0036 0.0038 

p 0.2720 0.6390 

   

b1 (sin) -0.1969 -0.1579* 

SE 0.0051 0.0054 

p < 0.0001 < 0.0001 

   

b2 (cos) -0.1184 -0.1294 

SE 0.0051 0.0054 

p < 0.0001 < 0.0001 
* Parameter is significantly different between 

Reference and Test models (p < 0.05). 
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Figure 3.5. First-harmonic sinusoidal models of relative deviation from mean specific 

conductance (SCRDM) by Julian day for reference and test streams separately for the 

period Oct 15, 2011 ï Oct 14, 2015. Fitted line (solid) with 95% prediction interval 

(dashed). 
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Discussion 

Drivers of the Salinity Pattern 

The annual pattern of salinity observed in these headwater streams appears to be the product of 

interactions among the geology and climate of the central Appalachian ecoregion, as well as the 

land-cover vegetation of the catchments studied. Geology governs the character of major ions 

and climate influences precipitation available for weathering of geologic sources of salt. 

Evapotranspiration of terrestrial vegetation influences stream water yield, which in turn causes 

seasonal dilution or concentration of in-stream salts. In addition, respiration processes in 

catchment soils influence in-stream bicarbonate concentrations. 

 

Geology influences the type of major ions that occur in freshwaters (Gibbs 1970), and 

weathering by water contact dissolves and transports those ions to groundwater and surface 

water (Griffith 2014). In the case of mining-influenced streams, the geologic signature is altered 

and amplified relative to that of unmined reference streams, causing concentrations of salts 

downstream of valley fills to be elevated above background levels (Griffith et al. 2012). 

Geologic disturbance also influences the character of the salinity produced by these watersheds 

where sulfate is the dominant anion, whereas bicarbonate dominates anionic composition of 

reference-stream water. Others have observed that Appalachian mine rocks, when freshly 

disturbed, produce waters with elevated proportions of sulfates relative to reference levels (Pond 

et al. 2008, 2014), and that such ion-composition changes are direct results of geologic influence 

(Daniels et al. 2016). My data also show that Mg is elevated both proportionately as an anion 

component and as a ratio to Ca in mining-influenced streams, relative to reference streams. This 

effect is also a likely geologic influence. Data reported by other studies show similar results 

(Pond et al. 2008, 2014). 

 

Regional climate dictates precipitation levels and timing, which influences quantity of water 

available to weather and leach soluble ions from mine spoils. With relatively consistent 

precipitation levels throughout the year (Baily 1995, Figure 3.1), mine spoil fills located in the 

test-stream catchments studied here have a consistent source of water for mineral weathering and 

dissolution reactions that are responsible for soluble ion release. Those spoil fills discharge saline 

leachate that is elevated consistently over reference levels (Agouridis et al. 2012, Evans et al. 

2014, Sena et al. 2014, Clark et al 2016). Other studies have found that saline base flow is then 

maintained from Appalachian coal mine valley fills as a result of water storage-and-release 

effects of fill materials (Wiley 2001, Griffith et al. 2012, Nippgen et al. 2017).  

 

Combined geologic and climatic factors establish a relatively consistent mean salinity potential 

for each stream, because geologic materials influencing that character are fixed within those 

catchments. Baseflow SC levels of waters emerging from valley fills vary seasonally (Clark et al. 

2016). However, variations in salinity are also influenced by variable dilution of saline discharge 

from valley fills. The sinusoidal pattern modeled here uses data that have been relativized to the 

mean SC, so the pattern observed describes only annual variation resultant from dilution, not 

absolute SC levels. Dilution is governed by seasonal changes in amount of water reaching the 

stream channel, which is driven by both rainfall and ET in the catchment. Stream flow is 

inversely proportional to ET (Croft 1948), and increased forest cover increases ET, thus reducing 
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stream flow during the growing season (Hibbert 1967, Bosch and Hewlett 1982). In this study, 

all streams had intact forest in the riparian zone, and most stream catchments were well-forested. 

Overall mean forest cover was 76%, with reference streams averaging 94.3% (range: 87.4 ï 

100%) and test streams averaging 71.2% forest (range: 29.6 ï 97.8%). Test-stream catchment 

forest cover 25th percentile was 59.5% with only three catchments having < 50% forest.  

 

If the sinusoidal shape of the annual SC pattern is influenced strongly by ET, the pattern should 

correspond closely with annual temperature and tree leaf phenology. Minimum SC occurs in late 

February to early March (Figure 3.2), when deciduous trees lack leaves, catchment ET is at a 

minimum, and salinity dilution is at a maximum. Evapotranspiration, and in turn SC, begin to 

increase after leaf-out (Polgar and Primack 2011), which occurs typically in early April in the 

southern and central Appalachians (Lopez et al. 2008). Water yield continues to decline steadily 

through spring and summer as increased temperatures (Figure 3.1) and growing trees with full 

canopy increase ET, further increasing SC, which peaks during late August to early September 

(Figure 3.2). The observed downturn of SC during July and August may be a consequence of the 

above-average rainfall for July during the study period, which if delivered in the form of heavy 

storms would likely both infiltrate mine spoil fills, causing internal dilution, and raise peak flows 

in streams receiving those fill waters (Messinger and Paybins 2003, Wiley and Brogan 2003). 

Salinity begins to decline by the end of September, the point of 50% leaf fall (Lopez et al. 2008), 

and continues to decrease rapidly as lower temperatures and loss of leaves reduce ET. 

 

Terrestrial vegetation may also have some influence on seasonal salinity concentration via 

contributions of HCO3
- produced by root respiration and other soil respiration processes, some of 

which likely becomes dissolved in subsurface waters and is carried to streams (Castelle et al. 

1990). Others have shown that such effects vary seasonally in a manner that is complementary to 

the seasonal pattern observed here (Jones and Mulholland 1998). Because reference streams are 

less saline than test streams, the low-level HCO3
- contributions by terrestrial root respiration 

would be expected to have greater proportionate influence in reference streams. In contrast, test-

stream HCO3
- is predominantly of geologic origin, thus minimizing the seasonal influence of 

root respiration on salinity in mining-influenced streams. 

 

The case for ET, rather than precipitation, as the primary driver of the observed salinity pattern is 

strengthened by observation that SC extremes do not correspond to rainfall extremes. Peak 

monthly rainfall occurs on average in July (Figure 3.1), which would be a time of maximum 

dilution if salinity responded primarily to rainfall. By similar reasoning, minimum dilution 

should occur during November, the period of minimum monthly rainfall for the study period. 

However, SC was greater than its annual mean during July, and had declined substantially from 

its annual peak by November (Figure 3.2). Further, SC extrema occur at times when monthly 

rainfall is similar to the annual mean. Therefore, the evidence supports the conclusion that ET is 

a primary driver of the sinusoidal pattern of salinity observed in this study.  

Evaluation of Mining Influence on Seasonal SC Pattern 

Reference streams exhibited a strong annual cycle of SC, indicating that such a pattern is natural 

and not a phenomenon unique to mining-influenced streams. Although annual SC patterns were 

comparable between reference and test streams, there were minor, but notable, discrepancies 

between the two stream types. In particular, reference streams had greater amplitude of annual 
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deviation from mean SC than did test streams, as well as later onset of annual extrema (Figure 

3.5). Both of these discrepancies may be attributable to differences in ET and/or base flow 

between stream types.  

 

Greater amplitude of SCRDM in reference streams may be a result of greater dilution at 

minimum SCRDM in late winter (February ï March) and lower dilution at maximum SCRDM in 

late summer (August ï September) as compared to salinized test streams. During late winter, 

SCRDM was more negative for reference streams than for test streams, indicating that salinity 

was relatively more dilute in the former. The higher SCRDM in test streams at that time may be 

the result of the storage-and-release effect of mine spoil fills, which maintains relatively higher 

base flows in filled streams as compared to reference streams (Wiley 2001, Griffith et al. 2012, 

Nippgen et al. 2017). If higher base flow is maintained in test streams, the dilution effect of 

runoff in those streams may be reduced relative to reference streams. Conversely, in late 

summer, salts become relatively more concentrated in reference streams than in test streams, in 

part because of the higher base flow in test streams, as well as reduced dilution from runoff in 

reference streams owing to greater forest cover and ET of the latter. 

 

Later onset of SCRDM extrema in reference streams is likely a result of differential strength of 

precipitation dilution effects among stream types. In late February, as SC minimum is reached in 

test streams, reference streams maintain slightly higher SC levels (Figure 3.5). Upon increased 

precipitation in March (Figure 3.1) reference streams respond in the form of greater dilution of 

SC and thus more negative SCRDM than test streams. 

 

Differences of SCRDM amplitude and extrema timing between stream types are slight, which 

suggests that reference and test streams are highly comparable. Such was the intent of this study 

design, to isolate salinity as the primary factor that varied among streams, while keeping all other 

attributes as comparable as possible to reference condition. Greater differences from reference 

salinity patterns may be expected where catchment forest cover is substantially lower than was 

observed in the test-stream catchments studied here.  

Alternatives to Continuous Sampling 

Daily measurements of SC yielded the greatest predictive power among sampling intervals, but 

such high-frequency data are not available or practical to collect for all streams where 

salinization is a concern. After evaluating model performance for several sampling scenarios, I 

found that sampling at least monthly increased mean model prediction error by Ò 28 % relative to 

sampling daily. Bimonthly and quarterly sampling increased mean prediction error by 211% and 

544%, respectively. Error for 60- and 90-day models was also more variable than for models 

with shorter sampling intervals (Figure 3.4). More critically, models based on 60- and 90-day 

sampling intervals were often insignificant and/or had prediction intervals that exceeded model 

amplitude (Table 3.4), which translates to an SCRDM indistinguishable from zero. 

 

Results varied in other studies investigating optimum sampling frequency for water quality 

monitoring. Analysis of one year of daily samples from a surface-water monitoring network in 

Illinois USA found that monthly sampling was adequate for measurement of total dissolved 

solids, but more frequent sampling was necessary for nutrients (Harmeson and Barcelona 1981), 

and that 30-day intervals were advisable for describing seasonal variation (Loftis and Ward 
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1980). In South Korea, analysis of high-frequency water-quality data indicated that weekly to 

monthly sampling was adequate for characterizing seasonal patterns of solutes (Lee et al. 2015). 

Daily and sub-daily sampling produced greatest accuracy in quantifying short-term variations in 

water quality of Canadian prairie watersheds, but reducing sampling frequency to quarterly was 

deemed adequate only for measuring mean water-quality levels (Ross et al. 2015). 

Transferability of Salinity Model  

The exact model defined here is not broadly transferrable as-is because specifics of salinity 

patterns observed in this study are influenced by regional geology, climate, and catchment land 

cover, as discussed above. However, because the sinusoidal pattern fundamentally describes 

seasonal dilution effects, the model framework may be adaptable to other streams in which 

salinity responds to seasonal patterns of dilution. Such a water cycle would be expected in other 

temperate forests of the world, but models may also be developed for streams in arid regions 

where precipitation patterns, rather than ET, drive dilution of salinity. Seasonal, inverse 

relationships between stream flow and salinity appear common in systems where chronic non-

point sources of salt create chronically elevated salinity, as have been observed in Spain (Olias et 

al. 2004), Canada (Bhangu and Whitfield 1997), and Uzbekistan (Crosa et al. 2006). However, 

such predictable salinity-streamflow relationships are unlikely in streams that do not have 

chronic salt stress, or where salinity does not vary with natural water cycles. For instance, the 

sinusoidal model may not be appropriate in streams with managed mining discharge, pulsed 

sporadic inputs from road de-icing salts, storm-driven agricultural runoff, or industrial point-

sources.  

Conclusions 

As salinization increasingly threatens integrity of freshwaters globally, tools for describing and 

estimating patterns of major ion concentration in lotic systems will likely become increasingly 

critical for water resource managers seeking to manage or mitigate salinization effects. High-

frequency monitoring can reveal the annual pattern of salinity, as well as provide the detail 

necessary to describe mechanisms influencing such variation. I have demonstrated that despite 

anthropogenic influence, intra-annual variation of salinity in central Appalachian streams follows 

a natural pattern, driven by interactive influences on water quantity and quality of climate, 

geology, and terrestrial vegetation. Because climatic and vegetation dynamics vary annually in a 

seasonal, cyclic manner, a periodic function can be used to fit a sinusoidal model to the salinity 

pattern. In lieu of high-frequency data, discrete samples collected at longer intervals may be 

adequate to characterize annual salinity patterns, but model prediction error increases rapidly as 

sampling frequency declines. The model framework used here is broadly applicable in systems 

with streamflow-dependent chronic salinity stress, and is scalable to a single stream or single 

year to account for site-specific factors or climatic trends. Further model development that 

incorporates precipitation and/or stream discharge could improve predictive power and utility of 

this approach. 
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CHAPTER 4 - EVALUATI NG CONTINUOUS CONDUCTIVITY AS A 

PREDICTOR OF AQUATIC  LIFE  EFFECTS FROM FRESHWATER 

SALINIZATION  

Abstract 

Assessment of benthic macroinvertebrate responses to freshwater salinization, such as occurs in 

central Appalachian (USA) streams salinized by coal mining, is typically conducted by 

associating macroinvertebrate community structure with salinity sampled concurrently. This 

ñsnapshotò approach assesses stream conditions at a single point in time but does not capture 

temporal variability of salinity, thus potentially limiting its ability to characterize chronic salt 

exposures influencing benthic macroinvertebrate taxa. Deployable automated dataloggers can 

measure electrical conductivity (a salinity surrogate) at high-frequency over extended periods, 

which may enable more accurate assessment of biological response to salinization because it can 

quantify chronic salinity exposure. To test this hypothesis, I measured benthic 

macroinvertebrates and snapshot conductivity at baseflow in Spring and Fall, and continuous 

conductivity at 30-minute intervals, over 4.5 years in 25 headwater streams salinized by coal 

mining in central Appalachia (USA). Most snapshot data were collected in mid-April and mid-

October for Spring and Fall samples, respectively, and usually within a nine-day period. This 

minimized the influence of temporal variation that occurs naturally in stream communities.  

 

I compared the ability of snapshot and continuous conductivity to predict nine benthic 

macroinvertebrate community metrics using seasonal generalized additive mixed models. Spring 

models explained the salinity-biota relationships better than did Fall models overall and 

estimated lower conductivity levels associated with community change from reference condition. 

Metrics of Ephemeroptera richness and abundance responded most strongly to salinity and were 

predicted well in Spring by snapshot conductivity (R2 range: 0.53 ï 0.79) and mean monthly 

conductivity (R2 range: 0.70 ï 0.81). However, I detected no consistent significant differences (a 

= 0.1) in model fit among conductivity predictors, suggesting that most of the conductivity 

measures evaluated here can serve similarly as predictors of salt-sensitive community metrics. In 

addition, temporal patterns of nominal differences in R2 values among Ephemeroptera metrics 

provided support for a hypothesis to explain how temporal variability of field-based observations 

of invertebrate salt sensitivity is influenced by organism life stage. Snapshot salinity data, when 

obtained using carefully timed sampling methods, are capable predictors of biology, but they 

have limitations. Continuous conductivity data have potential to quantify field-based chronic salt 

exposure and uncover mechanisms driving benthic macroinvertebrate community response to 

salinity. 

Introduction  

Effective monitoring and management of aquatic-life effects from freshwater salinization can be 

advanced with development of models that describe accurately how biota respond to salinity, 

which, in turn, identify salinity levels that are predictive of particular biological effects. 

Assessment of salinity effects to aquatic life in central Appalachian (USA) streams influenced by 

coal mining typically has been conducted by associating invertebrate community structural 
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measures with salinity sampled concurrently with biology (Cormier et al. 2013). I refer to that 

approach hereafter as ñsnapshotò sampling, as those data represent stream conditions at a single 

point in time. Such an approach is based on ascribing status of a stream community to concurrent 

or prior conditions if stressors to aquatic life are to be diagnosed. However, water quality in any 

given stream varies seasonally and in response to numerous exogenous factors such as watershed 

activity, precipitation, and land cover (Allan and Castillo 2007); and quality of water to which 

organisms are exposed  prior to the snapshot date may influence community status as measured 

on the snapshot date. Therefore, effectively predicting salt concentration and related biological 

condition in salinized headwater stream systems may require more information than is provided 

by a single snapshot sample of water quality. 

 

Benthic macroinvertebrates are used for freshwater bioassessment by nearly all states in the USA 

(Govenor et al. 2017) and internationally (Statzner et al. 2001, Bonada et al. 2006, Morse et al. 

2007). Despite their widespread use, relatively high cost of biotic sampling is often an obstacle 

to higher-frequency bioassessments. Recent advent of affordable, deployable, data-logging 

automated water-quality meters, however, has enabled collection of high-frequency 

physicochemical data, including specific conductance (SC, or conductivity), a salinity surrogate 

(Hart and Martinez 2006, Rundel et al. 2009). Can high-frequency conductivity data predict 

salinity effects on biological condition at a single point in time more accurately than a snapshot 

salinity measure? This research attempts to answer that question by comparing the snapshot 

approach to other biological-prediction approaches using measurements of conductivity collected 

at 30-minute intervals for 4.5 years from 25 headwater streams in central Appalachia.  

 

Some of the attributes that make invertebrate communities advantageous for aquatic 

biomonitoring also suggest that snapshot environmental data may be inadequate to fully 

characterize factors driving biological condition. In particular, generation time of freshwater 

benthic macroinvertebrates, though useful for integrating effects over time (Resh 2008), means 

that community structure is influenced by water quality during times of year other than time of 

snapshot sampling. Because many salt-sensitive invertebrate taxa have one or fewer generations 

per year (Poff et al. 2006, Merritt et al. 2008), and because salinity exhibits a strong annual cycle 

in central Appalachian forested headwater streams (see Chapter 3), I have investigated whether 

measures of salinity that integrate exposure over time, or represent certain periods of time that 

may correspond with organism life-stages, may be more accurate than snapshot salinity in 

predicting invertebrate community structure.  

 

The goal of this investigation was to determine if predictions of biological responses to elevated 

salinity could be improved by using water-quality measures derived from continuous 

conductivity data as predictor variables. I hypothesized that salinity measures derived from 

continuous data would be more accurate predictors of biological community structure than 

snapshot salinity because continuous salinity measures can: 1) characterize chronic exposure, 

which represents sustained elevated-salinity levels that are expected to be a primary source of 

stress to aquatic life (Goodfellow et al. 2000) and 2) identify critical exposure periods, which 

represent salinity levels at particular times of year that coincide with specific points in an 

organismal life cycle. Both of these measures are also linked to fixed calendar dates making 

them more consistent and repeatable than snapshot conductivity, the timing of which is often 

dependent on potentially variable sampling dates of biology and associated water-quality.
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Methods 

Stream Selection 

Twenty-five fi rst-order streams were selected for assessment of SC and benthic 

macroinvertebrates in the central Appalachian coalfields of Virginia and West Virginia. Streams 

were selected to minimize influence by non-TDS stressors on benthic macroinvertebrate 

communities (Timpano et al. 2015). See Chapter 2 for details regarding stream selection criteria, 

selection methods, and stream attributes.  

Continuous Conductivity 

Continuous conductivity was measured using automated dataloggers (HOBO Freshwater 

Conductivity Data Logger, model U24-001, Onset Computer Corp., Bourne, Massachusetts). 

Dataloggers recorded SC at 30-minute intervals from October 2011 through April 2016. 

Reference streams (n = 5) had high-quality in-stream habitat and forested riparian zone, without 

elevated salinity from mining (mean SC range: 23 ï 129 mS/cm) and with no evident adverse 

influence from anthropogenic sources. Test streams (n = 20) were selected because they were 

comparable to reference streams (Timpano et al. 2015) with the exception of elevated salinity, 

which spanned a gradient (mean stream SC range: 220 ï 1,430 mS/cm). 

Benthic Macroinvertebrates and Snapshot Conductivity 

I surveyed the benthic macroinvertebrate community in each stream over a five-year period 

during Fall (2011, 2012, 2013, 2015) and Spring (2012, 2013, 2014, 2016) seasons. Timing of 

sample collection was consistent during each season across years, with most samples collected 

during April (median date = 16 April) and October (median date = 20 October). Samples were 

generally collected within approximately nine days of one another during a season. Exact timing 

of biological sampling within a season was influenced strongly by stream flow, with no sampling 

occurring during flow extremes. I took great care to collect all samples during baseflow (i.e., 

stream flow not influenced by storm flow), at least three days after moderate storms, and at least 

seven days after extreme flows that were estimated to have a scouring effect. Baseflow sampling 

helped to ensure adequate time for recolonization of substrate after high flow, maximized 

visibility and accessibility of microhabitat, and allowed for concurrent collection of baseflow 

snapshot conductivity. I did not collect samples when extreme low flow exposed substrate or 

when velocity was insufficient for reliable flushing of organisms into the sampling net. 

 

Samples were collected using the single-habitat method for high-gradient streams as per U.S. 

EPA Rapid Bioassessment Protocols (Barbour et al. 1999). Using a 0.3-m D-frame kicknet with 

500-ɛm mesh, a single composite sample (approximately 2 m2) composed of six 1 x 0.3-m kicks 

was collected along a 100-m reach at each stream. Because of presence of Endangered Species 

Act-listed crustaceans and mollusks in the region, all specimens from those groups were returned 

to the stream unharmed. Samples were preserved in 95% ethanol and returned to the laboratory 

for sorting and identification. 

 

Biological samples were sub-sampled randomly to obtain a 200 (± 10%) organism count 

following Virginia Department of Environmental Quality methods (VDEQ 2008), which are 
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adapted from RBP methods (Barbour et al. 1999) and are comparable to methods used by West 

Virginia Department of Environmental Protection (WVDEP 2015). Specimens were identified to 

genus/lowest practicable level using standard keys (Stewart et al. 1993, Wiggins 1996, Smith 

2001, Merritt et al. 2008), except individuals in family Chironomidae and sub-class Oligochaeta, 

which were identified at those levels. 

 

Snapshot conductivity was measured in situ at baseflow in Fall and Spring at the time of 

biological sample collection with a calibrated handheld multi-probe meter (Hanna HI-9828 - 

Hanna Instruments, Inc., Woonsocket, Rhode Island, USA; or YSI Professional Plus ï YSI, Inc., 

Yellow Springs, Ohio, USA). 

Data Analysis 

Deriving Salinity Predictors 

I evaluated salinity-biota relationships using two types of SC data, which I refer to as ñsnapshotò 

and ñcontinuousò. The snapshot approach involved modeling biological response as a function of 

SC measured in situ at the time of biological sample collection, with data from each sample 

season and year (e.g., Spring 2012) treated discretely (i.e., no pooling or averaging of data across 

years/seasons). I use the term snapshot to distinguish these types of data and assessments from 

those that incorporate a temporally-integrative, or continuous measure of biology, water quality, 

or both (e.g., mean annual SC). The snapshot approach is consistent with the majority of salinity-

biota investigations conducted in the Appalachian coalfield region over the past two decades, 

which use data collected infrequently, often just one time (Bernhardt et al. 2012) or once or twice 

per year (Green et al. 2000, Timpano et al. 2015) per study stream. Snapshot data also form the 

basis for recent efforts to develop field-based salinity standards for freshwater aquatic life 

protection (Cormier et al. 2013). Snapshot data represent the relationship between salinity and 

biota at fixed points in time, whereas analyses using continuous SC data encompass influence of 

chronic exposure to SC, as well as exposure during different life stages of benthic 

macroinvertebrates. 

 

Two types of SC predictors were derived from continuous SC data for comparison with snapshot 

SC data. Relative prior exposure periods (n = 4) were calculated using SC data from 30, 90, 180, 

and 360 days preceding the median Julian day of seasonal sample collections from Spring 2012 ï 

Spring 2016 (16 April for Spring, 20 October for Fall). Monthly exposure periods (n = 12) 

represented mean SC for each of 12 calendar months preceding a biological sampling season. 

The period from 1 April of the year preceding biological sampling to 31 March of the year of 

biological sampling was associated with biological data collected during the Spring sampling 

season (March 1 ï May 31), and the period 1 October of the year preceding biological sampling 

to 30 September of the year of biological sampling was used for biological data collected during 

the Fall sampling season (September 1 ï November 30). For each continuous SC measure, mean 

SC for the respective measurement period was calculated using 30-minute conductivity data for 

that period. To ensure that continuous SC predictors accurately represented salinity over each 

respective period, intervals having fewer than 90% of days with SC data were excluded from 

modeling datasets.  
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Comparing Salinity Predictors 

Snapshot data from Fall 2011 for benthic macroinvertebrates and salinity were excluded from 

assessment of SC predictor performance because there were no SC data available prior to Oct 1, 

2011 with which to conduct such analyses. However, Fall 2011 biological data were used in 

establishing reference-stream biological conditions, described below, as those samples did 

adequately represent benthic macroinvertebrate community structure during the Fall season in 

the study streams.  

 

Benthic macroinvertebrate community structure was quantified by calculating 25 candidate 

metrics that are often used for biological assessment (Barbour et al. 1999) and that summarize 

elements of community richness, composition, diversity, evenness, and trophic functional traits 

(Table B - 1). Candidate taxa were screened for responsiveness to salinity and a subset of the 25 

metrics were used for further modeling, as described below. 

 

I characterized response of community metrics to snapshot and continuous SC predictors by 

fitting generalized additive mixed models (GAMM) relating each community metric to each SC 

predictor, with separate models for Spring and Fall data. I modeled SC predictor as a fixed effect 

and stream as a random effect to account for multiple samples from each stream over the study 

period. The GAMM process fits a flexible curve with automatic optimization of smoothing 

stiffness, resulting in a relatively stiff (i.e., not over-fitted) continuous curve to represent the 

salinity-biota relationship (Quinn and Keough 2002). Flexibility of the curve makes this 

approach appropriate for use with non-linear relationships (Hastie and Tibshirani 1986). I fit 

models using the Poisson error distribution with log-link for richness metrics (i.e., count data) 

and the Gaussian distribution with identity-link (i.e., continuous data) for all others (Quinn and 

Keough 2002).  

 

All community metrics with snapshot GAMM R2 values Ó 0.5 (p < 0.05) were retained for final 

modeling. Several additional metrics with snapshot GAMM R2 Ó 0.40 (p < 0.05) were included, 

as they represented common measures of community richness, diversity, and evenness, bringing 

the total number of community metrics evaluated to nine in Spring and six in Fall (Table B - 1). 

 

To identify minimum levels of salinity (critical conductivity, SCcrit) associated with change in 

community structure, I first defined change as deviation from reference condition. This is a 

common approach to defining reference thresholds, which I inferred to be the value of each 

metric at a high or low quantile (e.g., 10th percentile) of its reference-stream distribution 

(Hawkins et al. 2010). For metrics expected to decline with increasing perturbation, the reference 

threshold was the 10th percentile of reference-stream metric values, and for metrics that 

increased with salinity, the reference threshold was the 90th percentile of reference values. Data 

from Fall 2011 ï Spring 2016 were used to determine reference thresholds. Critical conductivity 

levels were defined for each combination of community metric and SC predictor as the SC 

associated with the intersection of the reference threshold with a fitted GAMM curve. Upper and 

lower 95% confidence limits of SCcrit were defined as the SC at which GAMM 95% confidence 

limit curves crossed the reference threshold. 
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Reference thresholds and SCcrit values were calculated separately for Spring and Fall. Threshold 

values represent change from community structure observed in the respective season, and SCcrit 

values represent SC levels associated with a particular seasonal community structure.  

 

A continuous SC predictor was judged an improvement over snapshot SC for biological 

prediction if it increased GAMM model fit, or secondarily, if it increased precision of the critical 

conductivity estimate derived from the model. Model fit improvement was defined as a 

significant increase in continuous-SC model R2 relative to snapshot-SC model R2. Critical 

conductivity precision improvement was defined as a significant narrowing of SCcrit span, which 

is the width of the continuous SCcrit 95% confidence interval relative to snapshot SCcrit 95% 

confidence interval. 

 

To determine whether differences in R2 values and SCcrit spans were significant among SC 

predictors, bootstrapped confidence intervals of both parameters were compared for overlap 

between snapshot-SC models and continuous-SC models. Bootstrapping involved 104 iterations 

of randomly resampling the observed data with replacement, fitting GAMMs to the simulated 

data, then computing R2 and SCcrit span values for each simulated model. Two-tailed bias-

corrected (Efron 1987) 76% confidence intervals were calculated using the 104 bootstrapped 

model values. Comparison of overlap for two 76% confidence intervals approximates a t-test at 

the 10% level (MacGregor-Fors et al. 2013). All analyses were conducted using R statistical 

software (R Core Team 2017).

Results 

Community Metric Selection 

Initial screening of community metrics yielded nine in Spring and six in Fall that met selection 

criteria (Table B - 1). All nine community metrics exhibited consistent change from reference 

levels as snapshot salinity increased, regardless of season. Strongest fits were observed for 

metrics influenced by mayfly taxa, with sensitive mayfly metrics (i.e., those excluding Baetidae) 

having the highest R2 (Figure 4.1). Metrics with stronger fits generally had lower SCcrit values, 

with sensitive mayflies having the lowest SCcrit. In Fall, community metrics had generally 

weaker model fit with snapshot SC as compared with Spring models, and Fall SCcrit values were 

higher than those in Spring (Figure 4.2). 

Model Fit 

I did not detect consistent significant differences in model fit among SC predictors at a test level 

of a = 0.1 for either season. However, nominal differences in fit among predictors did not appear 

random, but instead exhibited notable patterns. Spring models had higher R2 for nearly all 

predictors (Figure 4.3 and Figure 4.4) than did Fall models (Figure B - 1 and Figure B - 2). In 

Spring, snapshot SC was generally the best predictor for Ephmeroptera richness, with the most 

recent prior-interval predictors having fits comparable to snapshot but decreasing as prior 

intervals expanded (Figure 4.3 A, C). For % Ephemeroptera, R2 was lowest for snapshot SC and 

highest for prior intervals most distant in time from snapshot (Figure 4.3 F). Those patterns 

appear to be linked to time of year, as Ephemeroptera richness had improved model fit with 

monthly mean SC in winter months (Figure 4.4 A, C) as they were more proximal to biological 
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sampling. Mayfly abundance model fit also appeared to vary with time of year, with the highest 

R2 values observed using summer monthly mean SC, a time more distant from biological 

sampling (Figure 4.4 F). 

 

 
Figure 4.1. Generalized additive mixed models of snapshot conductivity and community 

metrics for Spring. Snapshot observations (gray circles), with smoothed fit (solid line) and 

95% confidence limits (dashed lines). Dotted line is reference threshold (Ref10 or Ref90; the 

10th or 90th percentile of metric value in reference streams), the intersection of which by 

fitted lines denotes critical conductivity value, SCcrit  (with 95% confidence limits). 
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Figure 4.2. Generalized additive mixed models of snapshot conductivity and community 

metrics for Fall. Snapshot observations (gray circles), with smoothed fit (solid line) and 

95% confidence limits (dashed lines). Dotted line is reference threshold (Ref10, the 10th 

percentile of metric value in reference streams), the intersection of which by fitted lines 

denotes critical conductivity value, SCcrit  (with 95% confidence limits). 
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Figure 4.3. Spring model goodness-of-fit for snapshot and continuous relative prior salinity 

exposure predictors. Generalized additive mixed model (GAMM) R2 point estimates 

(numbers) for snapshot (X) and continuous (circle) relative prior exposure period 

predictors (in days), with 76% confidence intervals (lines). 
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Figure 4.4. Spring model goodness-of-fit for snapshot and continuous prior  monthly 

salinity exposure predictors. Generalized additive mixed model (GAMM) R2 point 

estimates (numbers) for snapshot (X) and continuous (circle) mean specific conductance for 

each of the 12 months prior to biological sampling, with 76% confidence intervals (lines). 

Predictor with (*) is significantly different from snapshot (p < 0.1). 

 

 

Critical Conductivity Precision 

I did not detect consistent significant differences between snapshot and continuous SCcrit 

precision at a test level of a = 0.1 for most community metrics in either season. However, 

precision of SCcrit did not appear random, as nominal patterns were evident among community 

metrics. Snapshot and proximal relative prior intervals were generally more precise than longer 

intervals for Ephemeroptera metrics, with the exception of % Ephemeroptera (Figure 4.5 F). For 

Spring Ephemeroptera richness metrics, SCcrit precision of continuous monthly mean SC 

predictors was significantly lower (i.e., larger SCcrit 95% confidence interval) for June-through-

October predictors than for snapshot and December-through-March predictors (Figure 4.6 A, C). 

Spring models had generally higher SCcrit precision than Fall models (Figure B - 3 and Figure B - 

4). In addition, December mean SC was frequently the most precise predictor of Spring metrics 

(i.e. with the narrowest 95% confidence interval span), whereas October mean SC was often the 

least precise predictor in that season (Figure 4.6). Precision of SCcrit is affected somewhat by 

model fit, as better fit narrows model confidence intervals and thus SCcrit span. Confidence 

interval span of SCcrit is also influenced by slope of the GAMM fit, with steeper slopes 



42 

 

narrowing confidence intervals horizontally along the reference threshold. The latter 

phenomenon is not reflected in the R2 statistic, but results show a tendency of SCcrit confidence 

intervals to decrease as model fit increases (Figure 4.4 and Figure 4.6).  

 

 
Figure 4.5. Spring model critical conductivity precision for snapshot and continuous 

relative prior salinity exposure predictors. Span of critical (SCcrit ) conductivity 95% 

confidence interval point estimates (numbers) derived from generalized additive mixed 

models (GAMM) for snapshot (X) and continuous (circle) relative prior exposure period 

predictors (in days), with 76% confidence intervals (lines). Predictors with (*) are 

significantly different from snapshot (p < 0.1). 
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Figure 4.6. Spring model critical conductivity precision for snapshot and continuous 

monthly salinity exposure predictors. Span of critical conductivity (SCcrit ) 95% confidence 

interval  point estimates (numbers) derived from generalized additive mixed models 

(GAMM)  for snapshot (X) and continuous (circle) mean specific conductance for each of 

the 12 months prior to biological sampling, with 76% confidence intervals (lines). 

Predictors with (*) are significantly different from snapshot (p < 0.1). 
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Discussion 

Model Fit 

An assessment of SC predictor performance based solely on model fit suggests that continuous 

conductivity data provide no benefit compared with traditional snapshot sampling. Although 

improved explanation of model variance is desirable, focusing on goodness-of-fit only allows 

assessment of how well the predictor describes the observed relationship between biology and 

conductivity overall. It does not allow evaluation of how well a model performs at any particular 

value of predictor or response variable. That is, if one is interested in the relationship between 

salinity and biota at the threshold of community change, alternative indicators of predictor 

performance should be considered. 

 

Model fit was not significantly different among SC predictors, likely because SC predictors are 

highly correlated with one another in both seasons (pair-wise Pearson r: range = 0.86 ï 0.99; 

mean = 0.96, p < 0.0001). This correlation is likely because of the strong seasonal cyclic pattern 

of SC  in these streams (Chapter 3), which inherently links SC measures of differing temporal 

extents (including snapshot SC) with one another. This relationship is likely not unique to the 

streams studied here, as solute concentrations often vary with stream flow (Allan and Castillo 

2007) and in temperate forested streams, flow follows a seasonal cycle linked to precipitation 

and evapotranspiration (Croft 1948, Bosch and Hewlett 1982), suggesting a seasonal cycle for 

geologic-origin solutes as well. It appears that such temporal autocorrelation has made detection 

of significant differences among continuous SC predictors (e.g., monthly mean) unlikely at low 

Type I error rates. Therefore, cautious consideration of nominal differences in predictor 

performance may be prudent, as statistically insignificant results may yet have practical 

significance (Gelman and Stern 2006). 

Predictor Consistency  

Continuous water-quality measures may offer more consistency than snapshot measures, owing 

to the formerôs association with a consistent, discrete period of time over which it integrates 

salinity data. Measures such as ñmean annual SCò, or ñmean December SCò are well-defined, 

readily repeatable measures that are invariant with biological sample timing. In contrast, because 

practical limitations prevent biological surveys of large regions from being completed in a short 

amount of time, snapshot SC values measured concurrently with each biological sample are 

likely to be inconsistent among samples or across years. In addition, snapshot SC, like many 

stream solutes, is subject to short-term variability from floods or droughts (Allan and Castillo 

2007). 

 

The snapshot data I collected are exceptionally consistent, because 1) I endeavored to sample at 

the same time of year every year, 2) I attempted to collect all samples each season over the 

course of 1-2 weeks to minimize time differences among samples within a season, and 3) all 

collections of benthic macroinvertebrates and water chemistry were conducted at baseflow (i.e., 

not influenced by stormflow). Such efforts kept variability of sample timing, and thus SC, 

relatively low during the study period, with a median sample time span of nine days across four 

Spring and three Fall sampling events. Sample collection during any Spring season spanned Ò 40 

days, and all samples during any Fall season were collected in a period of Ò 25 days. Thus for 
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my data, snapshot SC is consistently comparable to ñmean April SCò or ñmean October SCò. 

Greater numbers of biomonitoring samples collected across a larger region would likely have an 

increased span of time among samples, resulting in more variable snapshot SC values than were 

used for this study. Such biological data would likely exhibit greater variability because 

biological assessments can vary with taxonomic composition of samples (Cao and Hawkins 

2011) and taxa presence and abundance vary during the year (Johnson et al. 2012, Boehme et al. 

2016). Salinity data would likely vary as well, because salinity exhibits an annual cyclic pattern 

(Chapter 3) subject to stream flow and other influences. It is likely that models relating snapshot 

salinity and biology collected under more variable conditions would be more variable than those 

I analyzed. Further, if SC measurements are taken at times other than at baseflow, such 

measurements are likely to exhibit greater variability than the data used in this analysis, given the 

frequent and substantial storm-driven dilution of SC I observed in continuous conductivity data 

throughout the year for all streams (data not shown). Such temporal inconsistency creates 

challenges for replicating snapshot SC, given the difficulty of matching timing and flow 

conditions during subsequent monitoring that were used to develop salinity-biota models. 

Continuous data offer the benefit of fixed timing and reliable repeatability of measurement. 

A Critical Exposure Period Hypothesis 

Mayfly richness and abundance were best predicted by SC (highest GAMM R2) at opposite times 

of year, with richness best predicted by winter SC (Figure 4.4 C) and abundance best predicted 

by summer SC (Figure 4.4 F). This pattern suggests that mayfly metrics are not responding 

congruently to a single arbitrary salinity measurement such as Spring snapshot SC, but may 

instead be responding to different levels of SC at different times of year, which are dictated by 

their life stage.  

 

Such a response is plausible given the following observations regarding mayfly response to 

salinization. Mayfly metrics were the most responsive to salinity, an observation common among 

studies of benthic macroinvertebrates exposed to mining-origin salts (Green et al. 2000, Pond 

2004, Hartman et al. 2005, Pond et al. 2008, Clements and Kotalik 2016). Many mayfly taxa 

have an annual life cycle that begins and ends in late spring (Clifford 1982, Poff et al. 2006, 

Merritt et al. 2008), which can cause their presence in biomonitoring samples to vary with time 

of collection (Johnson et al. 2012). Salinity varies annually in a cyclic manner in the study 

streams (Chapter 3). Eggs and early instars of many invertebrates may be more sensitive to salts 

than their older life stages (Kefford et al. 2004, 2007, Clements and Kotalik 2016). However, 

there is also evidence that final instars or the emergence process may be more sensitive than 

early instars to ionic contaminants such as dissolved metals (Schmidt et al. 2013, Wesner et al. 

2014) and dissolved salts (Soucek and Dickinson 2015). In the latter experiment, after initial 

mortality of early instars, a second wave of mortality was observed near emergence of the 

mayfly Neocloeon triangulifer (Ephemeroptera:Baetidae) at concentrations of Na2SO4 that did 

not cause mortality of early instars (Soucek and Dickinson 2015). These findings suggest that 

there may be multiple times of the year, corresponding to specific life stages, during which 

insects may be more susceptible to salinity toxicity than was previously inferred from snapshot 

SC measures. Levels of SC associated with biological effects at each of those critical periods 

may differ as well. 
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I therefore hypothesize that summer salinity predicts mayfly relative abundance in the following 

spring because summer salinity influences survivorship of mayfly eggs and early instar nymphs, 

whereas winter salinity predicts mayfly richness because winter salinity influences success of 

growth, emergence, and reproduction for mayflies in the following spring. Failure to emerge or 

reproduce successfully could cause demise of the local population and thus reduction of 

taxonomic richness. Among those taxa surviving, their population sizes would be driven in part 

by salinity stress from the earliest stages of life, thus affecting individual survival and relative 

abundance. I refer to the points in the life stage of particular susceptibility to salinity as critical 

exposure periods, which in turn are linked to relatively fixed times of year and associated salinity 

levels at those times. I expect differences only in the time of year at which SC is strongly 

predictive of different biological responses; actual levels of SC associated with those responses 

can vary independently of timing of the critical exposure period.  

 

This hypothesis is supported by 1) laboratory experiments that have observed salt tolerance of 

early life stages of insects to be < 50% that of their older life stages (Kefford et al. 2004), 2) 

emergence failure evident at SC > 1,000 mS/cm (Hassell et al. 2006), and 3) nymph survival 

reduction at SC > 1,513 mS/cm (Johnson et al. 2015) for the mayfly Neocloeon triangulifer, a 

member of the relatively tolerant family Baetidae. In addition to mortality, or emergence and 

reproductive failure, absence of mayfly taxa in samples could result from elevated drift rates of 

nymphs out of the sample reach. Clements and Kotalik (2016) conducted a mesocosm 

experiment in which they documented strong increases in mayfly drift rates along a gradient of 

salinity dominated by dissolved salts typical in streams salinized by coal mining. They posited 

that early instar sensitivity may have influenced their findings, after noting dominance in their 

Fall samples of early life-stage mayflies. In turn, they suggest that if life stage influences salt 

sensitivity, then seasonal associations between salinity and biota will be driven by insect 

phenology. 

 

Although exact timing of insect development may vary inter-annually and is driven strongly by 

water temperature (Ward and Stanford 1982), prior research in a subset of my study streams 

(Boehme et al. 2016) documented approximate phenology to support the mechanism of life-stage 

sensitivity suggested by Clements and Kotalik (2016). Boehme et al. (2016) noted that in 

unsalinized reference streams, maximum annual mayfly richness was observed in spring, and 

annual minimum mayfly nymph abundance occurred in summer. Those data suggest that 

summer salinity would be most influential to eggs or early instar nymphs, whereas winter 

salinity would be most influential to later instar nymphs nearer adulthood.  

Conclusions 

I did not find evidence strong enough to confirm my hypothesis that salinity measures derived 

from continuous data are better predictors of benthic macroinvertebrate community structure 

than snapshot salinity measures collected using the carefully timed sampling methods that I 

employed. Similarly, I did not find evidence that my snapshot data were superior to continuous 

SC predictors. Therefore, my analyses suggest that most of the SC measures evaluated here can 

serve as predictors of community metrics, but that community-change thresholds derived from 

model predictions will vary with the selected SC measure. The choice of which predictor to use 

is largely discretionary, but should be applied within its limitations (e.g., snapshot measures are 
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not transferrable across seasons or months). Snapshot SC data have long been reliable measures 

for identifying salinity associations with biological responses but may not represent life-cycle 

exposure and they are more challenging to collect with the temporal and baseflow precision on 

which these findings are based. In contrast, continuous conductivity data are more readily 

repeatable and have potential to quantify field-based chronic salt exposure and to reveal possible 

mechanisms driving benthic macroinvertebrate community response to salinity.  
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CHAPTER 5 - BENTHIC MACROINVERTEBRATE CO MMUNITY 

RESPONSE TO SALINIZATION IN APPALACHIAN HEADWATER 

STREAMS OVER MULTIPL E YEARS 

Abstract 

Salinization of freshwaters threatens aquatic ecosystems globally, via effects that include 

reductions in benthic macroinvertebrate diversity. Enhanced understanding of salinity effects in 

freshwater ecosystem could improve mitigation efforts. Salinization effects on benthic 

macroinvertebrate community structure were quantified in a five-year study of 25 headwater 

streams spanning a gradient of salinity in central Appalachia USA. Community structure was 

strongly seasonal, justifying treatment of Spring and Fall data separately. Stream communities 

became increasingly different from reference condition as salinity increased, with stronger 

relationships between biota and salinity in Spring than in Fall. Intra-seasonal variation in 

community structure was also revealed across sampling dates. Genera of the order 

Ephemeroptera were most sensitive to salinity, with Plecoptera and Trichoptera less so, and 

some Plecoptera genera exhibited increased relative abundance at elevated salinity. Other 

community metrics were weakly associated with salinity and exhibited greater variability than 

Ephemeroptera metrics, suggesting that Ephemeroptera richness and abundance are sensitive 

indicators with which to gauge onset of salinity effects. Declines in richness and abundance of 

non-Baetidae Ephemeroptera were associated strongly with increasing salinity, with effects 

observed at specific conductance (SC) levels as low as 200 mS/cm in Spring based on seasonal 

discrete conductivity sampling. Equivalent effects were predicted by mean monthly SC values of 

approximately 250-300 mS/cm from the prior Fall. Use of SC measures derived from continuous 

conductivity monitoring may improve assessment of salinity effects if they can be linked to life-

cycle exposure, which may aid investigations of mechanisms driving field-based observations of 

benthic macroinvertebrate community alteration.  

Introduction  

Salinization of freshwaters threatens aquatic ecosystems globally, with increased dissolved 

concentrations of major ions (i.e., Ca2+, Mg2+, Na+, K+, Cl-, SO4
2-, HCO3

-) from a variety of 

sources associated with alterations of benthic macroinvertebrate community structure (Cañedo-

Argüelles et al. 2013). There is increasing scientific recognition of the need for water 

management policies to mitigate salinization impacts to freshwater biota (Cañedo-Argüelles et 

al. 2016). However, much remains unknown about how salinity affects aquatic communities.  

 

In the USA, central Appalachian headwater streams are subject to long-term salinization from 

surface coal mining as natural waters can leach major ions from mine spoils, raising in-stream 

salinity in excess of background levels for decades (Pond et al. 2014, Evans et al. 2014). 

Assessment of mining-induced salinization effects has been largely conducted using field-based 

observational surveys, which have documented substantial alterations of the benthic 

macroinvertebrate community as specific conductance (SC ï a salinity surrogate) increases 

(Paybins et al. 2000, Hartman et al. 2005, Pond et al. 2008, Gerritsen et al. 2010, Bernhardt et al. 

2012). Investigations of such alterations have used differing methodologies for measuring and 

relating salinity stressors and biological effects, limiting comparability among studies. Biotic 
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effect levels have been reported at SC levels ranging from < 200 to > 900 mS/cm, depending on 

salinity measure, biological endpoint, and modeling framework (Timpano et al. 2015).  

 

Freshwater salinization has been associated with aquatic life impacts globally, including in South 

Africa (Goetsch and Palmer 1997), Australia (Kefford 1998, Wright et al. 2017), France (Piscart 

et al. 2005), Spain (García-Criado et al. 1999, Cañedo-Argüelles et al. 2012), and Germany (Arle 

and Wagner 2013). In those studies, impacts were characterized as declines in one or more 

measures of benthic macroinvertebrate community structure, such as richness, diversity, 

abundance, or evenness. In addition to loss of salt-sensitive taxa, invasion of salt-tolerant non-

native species was observed (Piscart et al. 2005).  

 

Laboratory toxicity testing has shown that dissolved salts, when elevated above natural 

background concentrations, can cause lethal and sublethal effects to a variety of freshwater 

invertebrates (Chapman et al. 2000, Kennedy et al. 2003, Soucek and Kennedy 2005). Several 

recent laboratory experiments have focused on measuring salt toxicity to mayflies 

(Insecta:Ephemeroptera), a group particularly sensitive to salinity in mining-influenced streams 

(Johnson et al. 2015). The mayfly Neocloeon triangulifer (Ephemeroptera:Baetidae) has shown 

lethal and sublethal effects from individual salts (e.g., Johnson et al. 2015, Soucek and Dickinson 

2015), as well as ion mixtures typical of surface waters receiving alkaline mine drainage (e.g., 

Kunz et al. 2013). Ongoing experimental research into ecotoxicology of salts and salt mixtures is 

illuminating mechanisms and responses of indicator species, but field-based data form the basis 

of current efforts to establish salinity ñbenchmarksò, minimum SC levels at which biotic 

community alterations from a reference condition are observed (Cormier et al. 2013). Therefore, 

quantifying field-based salinity sensitivity is an important complement to laboratory 

experimentation as means for gaining improved understanding of salinity effects on benthic 

macroinvertebrates. 

 

Biological assessments commonly use benthic macroinvertebrates as indicators; results of such 

assessments can vary based on taxonomic composition of samples, response metrics derived 

therefrom, and choice of metric endpoint used to define effects (Cao and Hawkins 2011). In 

addition, choice of SC predictor and modeling framework can influence conclusions drawn 

regarding salinity levels associated with specific biological effects. Therefore, I sought to assess 

salinity-biota relationships while accounting for sources of variation. My objectives were to 

characterize response to salinity of benthic macroinvertebrates at the community level, identify 

relative salt-sensitivity of individual genera and taxonomic groups, model salinity response of 

the most salt-sensitive community metrics, and determine minimum SC levels associated with 

community change.  
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Methods 

Stream Selection 

Twenty-five first-order streams were selected for assessment of SC and benthic 

macroinvertebrates in the central Appalachian coalfields of Virginia and West Virginia. Streams 

were selected to minimize influence by non-TDS stressors on benthic macroinvertebrate 

communities (Timpano et al. 2015). See Chapter 2 for details regarding stream selection criteria, 

selection methods, and stream attributes.  

Benthic Macroinvertebrates 

Biological condition was characterized by surveying the benthic macroinvertebrate community 

during Fall (2011, 2012, 2013, 2015) and Spring (2012, 2013, 2014, 2016) seasons. Timing of 

sample collection was consistent each year, with most samples collected in April (median date = 

16 April) and October (median date = 20 October), and the median span of time needed to 

complete sampling in a season was nine days. Samples were collected using the single-habitat 

method for high-gradient streams, per U.S. EPA Rapid Bioassessment Protocols (Barbour et al. 

1999). Biological samples were sub-sampled randomly in the laboratory to obtain a 200 (± 10%) 

organism count, from which community metrics were calculated. Specimens were identified to 

genus/lowest practicable level using standard keys (Stewart et al. 1993, Wiggins 1996, Smith 

2001), except individuals in family Chironomidae and sub-class Oligochaeta, which were 

identified at those levels. See Chapter 2 for further details of biological sample collection 

methods. 

Continuous Conductivity 

Continuous conductivity and temperature were measured using automated dataloggers (HOBO 

Freshwater Conductivity Data Logger, model U24-001, Onset Computer Corp., Bourne, 

Massachusetts, USA). The dataloggers recorded SC at 30-minute intervals (barring 

malfunction/loss) from October 2011 through April 2016 in the 25 first-order headwater streams 

I selected for study. All dataloggers were installed within stream reaches that were free of any 

known direct upstream anthropogenic influence other than coal mining. 

Water Chemistry 

Water temperature, dissolved oxygen (DO), SC, and pH were measured in situ in Fall and Spring 

at the time of biological sample collection with a calibrated handheld multi-probe meter (Hanna 

HI-9828 - Hanna Instruments, Inc., Woonsocket, Rhode Island, USA; or YSI Professional Plus ï 

YSI, Inc., Yellow Springs, Ohio, USA). To assess dissolved ion concentrations, grab-samples of 

water were collected approximately monthly (Ò 19 times) at each stream during baseflow (i.e., 

stream flow not influenced by storm flow) from May 2011 through April 2013, as well as 

concurrently with biological sampling. Stream water samples were filtered immediately using 

polyvinylidene difluoride syringe filters with a nominal pore size of 0.45mm and stored in sterile 

polyethylene sample bags. Aliquots for analysis of cations were preserved to pH < 2 with 1+1 

concentrated ultrapure nitric acid. All samples were transported to the laboratory on ice and 

stored at 4°C until analysis. 
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In the laboratory, water samples were analyzed for major cations (Ca2+, Mg2+, K+, Na+), and 

dissolved trace elements (Al, Cu, Fe, Mn, Se, Zn) using either an inductively coupled plasma-

optical emission spectrometer (Varian Vista MPX ICP-OES w/ICP Expert software, Varian 

Instruments, Walnut Creek, California USA) or an inductively coupled plasma-mass 

spectrometer (Thermo Electron X-Series ICP-MS, Thermo Fisher Scientific, Waltham, 

Massachusetts USA) (APHA 2005). An ion chromatograph (Dionex DX500, Dionex Corp., 

Sunnyvale, California USA) was used to measure Cl- and SO4
2- (APHA 2005). Total alkalinity 

was measured by titration with standard acid (APHA 2005) using a potentiometric auto-titrator 

(TitraLab 865, Radiometer Analytical, Lyon, France). Concentrations of the anions CO3
2- and 

HCO3
- were calculated from alkalinity and pH measurements (APHA 2005). Water chemistry 

data were examined to determine if trace elements were present at chronically toxic levels 

(exceeding criteria continuous concentrations [CCC]) (USEPA 2012, 2016; ILEPA 2001). This 

was done to determine if there was potential for trace element toxicity to confound observed 

salinity-biota associations. 

Data Analysis 

Data Types 

I evaluated salinity-benthic macroinvertebrate relationships using two types of salinity data, 

which I refer to as ñsnapshotò and ñcontinuousò. The snapshot approach involved modeling 

biological response as a function of SC measured in situ at the time of benthic macroinvertebrate 

sample collection, with data from each sample season and year (e.g., Spring 2012) treated 

discretely (i.e., no pooling or averaging of data across years/seasons). I use the term snapshot to 

distinguish these types of data and assessments from those that incorporate a temporally-

integrative, or continuous measure of salinity (e.g., mean annual SC). The snapshot approach is 

consistent with the majority of salinity- benthic macroinvertebrate investigations conducted in 

the Appalachian coalfield region over the past two decades, which use data collected 

infrequently, often just one time (Bernhardt et al. 2012) or once or twice per year (Green et al. 

2000, Timpano et al. 2015). Snapshot data also form the basis for recent efforts to develop field-

based salinity standards for freshwater aquatic life protection (Cormier et al. 2013). Snapshot 

data represent the relationship between salinity and biota at fixed points in time, whereas 

analyses using continuous SC data encompass influence of continuous exposure to SC, as well as 

exposure during different life stages of benthic macroinvertebrates. 

 

Continuous salinity exposure periods were represented by calculating monthly mean SC for each 

of the 12 calendar months preceding a biological sampling season. Continuous conductivity data 

for the period from 1 April to 31 March was used to predict Spring biological metrics, and the 

period 1 October to 30 September was used for prediction of Fall biology. To ensure that 

continuous SC predictors represented accurately the salinity over each respective period, months 

having fewer than 90% of days with SC data were excluded from each modeling dataset. 

 

Snapshot data from all sample seasons were used for multivariate analyses and for fitting 

regression models for determination of critical SC. Continuous salinity data were used for 

calculating critical SC using the same regression approach as was used for snapshot data, but 

data from Fall 2011 were excluded because there were no SC data available prior to Oct 1, 2011 

with which to represent prior SC exposure. However, Fall 2011 biological data were used in 

establishing the reference condition, which was used to determine critical SC levels, as those 
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samples adequately represented benthic macroinvertebrate community structure during the Fall 

in the study streams. 

 

Community- and Taxon-Level Responses to Salinity 

I evaluated response of the benthic macroinvertebrate community to salinity by indirect gradient 

analysis using non-metric multidimensional scaling (NMDS) (McCune et al. 2002, Legendre and 

Legendre 2012). I chose NMDS to identify correlations of community structure with 

environmental gradients while accommodating non-linear responses of taxa to the gradients. 

Ordination reduces dimensionality of sample attributes (e.g., relative abundance values of many 

taxa) and represents each sample as a point in multidimensional ordination space such that 

distance between points is inversely proportional to the similarity in attributes (i.e., structure of 

the community in which it occurs) among those samples (McCune et al. 2002). Samples close to 

one another represent communities with structures that are more similar than are communities 

for samples separated by greater distance. In addition, I rotated the ordination to align NMDS 

Axis 1 with SC and calculated correlation coefficients between SC and sample locations in 

ordination space to provide a magnitude and direction of association between those factors and 

community differences (Legendre and Legendre 2012). 

 

Prior to ordination, raw taxa abundance values were transformed to proportional abundance and 

used to calculate Bray-Curtis dissimilarities among streams. Three ordinations (dimension = 2) 

were computed using (1) data from both seasons (BOTH model; eight samples over six years, n 

= 194 samples), (2) only Spring data (SPRING model; four years, n = 99 samples), and (3) only 

Fall data (FALL model; four years, n = 95 samples). 

 

I omitted from multivariate analyses taxa that were found in fewer than 5% of samples (i.e., 

ñrareò taxa), as determined separately for each of the three models. Rare taxa for the BOTH 

model were those found in fewer than 10 samples and rare taxa for the SPRING and FALL 

models were those found in fewer than five samples. I chose to exclude rare taxa to reduce 

likelihood that observed taxon absence was a result of sampling bias (Cormier et al. 2013), 

transient presence at a sampling reach, or other chance occurrence (Legendre and Legendre 

2012). 

 

Seasonal differences in community structure can occur naturally in headwater streams of my 

study region (Poff et al. 2006, Merritt et al. 2008, Pond and North 2013), independent of salinity 

effects, so I first used the BOTH model to determine if communities differed by season. Next, I 

used the SPRING and FALL models separately to quantify association between salinity and 

change at the community level by rotating ordinations to align NMDS Axis 1 with the 

conductivity gradient and computing Pearson correlation coefficients of stream scores with SC 

along NMDS Axis 1 (Legendre and Legendre 2012). I then ranked taxon scores along NMDS 

Axis 1 and summarized ranks at the genus, family, and order levels to determine relative 

sensitivity to salinity of individual taxa and taxonomic groups. Lower taxon scores along NMDS 

Axis 1 are associated with low-SC reference streams and higher taxon scores along that axis are 

associated with higher-SC test streams. Taxon score rank serves as a proxy for SC sensitivity 

because NMDS Axis 1 is parallel to and correlated with the SC gradient. Relative sensitivity of 

individual taxa was determined directly based on taxon score rank (i.e., the taxon with rank 1 is 

most sensitive to SC). Family and order sensitivities were determined by calculating the median 
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rank of individual taxa belonging to each taxonomic group of interest, with lower median rank 

values indicating higher SC sensitivity. 

 

Community Metrics and Critical Conductivity Levels 

To identify minimum levels of salinity (critical conductivity, SCcrit) associated with change in 

community structure, I first defined change as deviation from reference condition. This is a 

common approach to defining reference thresholds, which I inferred to be the value of each 

metric at a high or low quantile (e.g., 10th percentile) of its reference-stream distribution 

(Hawkins et al. 2010). For metrics expected to decline with increasing perturbation, the reference 

threshold was the 10th percentile of reference-stream metric values, and for metrics that 

increased with salinity, the reference threshold was the 90th percentile of reference values. Data 

from Fall 2011 ï Spring 2016 were used to determine reference thresholds. Critical conductivity 

levels were defined for each combination of community metric and SC predictor as the SC 

associated with the intersection of the reference threshold with a fitted GAMM curve. Upper and 

lower 95% confidence limits of SCcrit were defined as the SC at which GAMM 95% confidence 

limit curves crossed the reference threshold. 

 

I modeled response of community metrics to snapshot and continuous SC predictors and 

calculated SCcrit using the same nine community metrics as were used in Chapter 4 (Table B - 1). 

I used monthly mean SC exposure periods as continuous predictors because monthly SC data 

illuminate SC predictor performance throughout the year, and monthly data had fewer instances 

of data gaps > 10% than did relative prior exposure periods that were used in Chapter 4. 

 

All analyses were conducted using R statistical software (R Core Team 2017). Multivariate 

ordination used the package [vegan] and generalized additive mixed modeling used the package 

[gamm4]. 
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Results 

Water Chemistry 

The dominant dissolved cation was Ca2+ in both stream types (mean molar proportion = 16.5 % 

in reference streams, 19.7% in test streams), with Mg2+ proportion comparable to Ca2+ in test 

streams. The dominant anion in salinized test streams was SO4
2- (27.6 %), whereas HCO3

- was 

the primary anion in reference streams (34.9 %). See Chapter 3 for more details regarding ion 

proportions.  

 

Evaluation of dissolved trace elements analyzed by ICP-MS (n = 92 samples) did not provide 

evidence that observed salinity-biota associations were confounded by toxic effects from trace 

metals. Aluminum, Cu, and Fe were less than U.S. EPA aquatic-life CCCs (USEPA 2012) in all 

samples and Zn was greater than CCC in only one sample (data not shown). There is no U.S. 

EPA aquatic-life water-quality standard for Mn, but all values reported here were at least one 

order of magnitude lower than the proposed Illinois EPA aquatic-life CCC (ILEPA 2001), which 

is the only candidate aquatic-life criterion for Mn that I was able to identify. Selenium 

concentration was less than detection limit (< 2.5 mg Se/L) in 76 samples but was consistently 

greater than the U.S. EPA aquatic-life CCC of 3.1 mg Se/L (USEPA 2016) in three streams (12 

samples) and detected once in four other streams. Selenium was not significantly correlated with 

SC in samples (n = 16) where it was detected (Spearmanôs r = -0.2206, p = 0.4117, data not 

shown). 

 

Occurrence of Benthic Macroinvertebrate Taxa  

A total of 115 taxa were observed in 194 samples collected from Fall 2011 through Spring 2016. 

Fall was the more diverse season, with 101 taxa (n = 95 samples), as compared to only 89 taxa 

found in Spring (n = 99 samples). The five most common taxa across all seasons were 

Chironomidae (192 samples), Diplectrona (189), Leuctra (161), Rhyacophila (157), and 

Ectopria (135). Genera Diplectrona and Leuctra also represented the most common genus in 

their order (Trichoptera and Plecoptera, respectively), whereas Baetis was the most common 

Ephemeropteran (114 samples). Ephemerella was the next most common mayfly, found in 68 

samples. There were 15 taxa found only in Spring samples and 26 taxa unique to Fall samples. 

The most common taxon found only in Spring was Drunella (51 samples) and the most common 

taxon found only in Fall was Paracapnia (35 samples).  

 

Benthic macroinvertebrate taxa in reference streams were less unique compared to test streams, 

with only six taxa exclusive to reference streams, whereas test streams had 29 unique taxa. 

Among taxa segregated by stream type, the most common taxon found at only reference streams 

was Agapetus (7 of 37 samples) and the most common taxon unique to test streams was 

Neotrichia (16 of 157 samples). Approximately 35-45% of taxa were considered rare (found in < 

5% of samples) for the purpose of NMDS ordination, resulting in 63 taxa retained for the BOTH 

NMDS model, with 58 and 61 taxa retained for the SPRING and FALL NMDS models, 

respectively (Table B - 2).  
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Community Changes and Salt-Sensitive Taxa 

Distinct seasonal differences among benthic macroinvertebrate communities were revealed by 

the BOTH model ordination (Figure 5.1). After rotation to align NMDS Axis 1 with seasonal 

separation, stream scores were strongly correlated with Julian day of sample collection (Figure 

5.1). Absence of overlap in 95% confidence ellipses for each season justified conducting 

assessment of salinity-biota associations using separate seasonal models. 

 
Figure 5.1. NMDS plot of BOTH seasons (n = 194), with 95% confidence ellipses around 

Spring (gray squares) and Fall (black circles) samples and Pearson correlation between 

NMDS Axis 1 and Julian day of sample collection; arrow indicates direction of correlation.  

 

Ordination of Spring and Fall seasons separately indicated that benthic macroinvertebrate 

community structure of salinized streams was increasingly different from reference stream 

community structure as SC increased. Correlations of NMDS Axis 1 with log10(SC) were 

moderate (|r| > 0.50) to strong (|r| > 0.70), with nominally higher coefficients in Spring (Figure 

5.2A) than in Fall (Figure 5.2B) models. Community structure also differed among streams 

within sample seasons based on when samples were collected. Correlations between Julian day 

of sample collection and ordination location were moderate for Spring samples (Figure 5.2A) but 

weaker for Fall samples (Figure 5.2B). 
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Figure 5.2. NMDS plot of A) SPRING and B) FALL samples. Arrows indicate direction of 

Pearson correlations of samples with log10(SC) and Julian day of sample collection and 

with reference streams as triangles and test streams as circles. 

Identifying Salt-Sensitive Taxa  

Mayflies (order Ephemeroptera) were the group most sensitive to SC in both seasons, as 

indicated by highest median rank of NMDS Axis 1 scores for Ephemeroptera genera (Table 5.1 

and Table 5.2). Mayflies accounted for three and four of the 10 most-sensitive families in Spring 

(Table 5.1) and Fall (Table 5.2), respectively. Notably less sensitive than other mayflies was the 

family Baetidae, which had median rank of 29 in Spring (Table 5.1) and 39 in Fall (Table 5.2). 

Further, mayfly genera constitute eight and nine of the 20 most-sensitive taxa in Spring (Table 

5.3) and Fall (Table 5.4), respectively, with the seven most-sensitive taxa in Fall belonging to 

that order (Table 5.4). In both seasons, stoneflies (order Plecoptera) and caddisflies (order 

Trichoptera) were less sensitive than mayflies but more sensitive than true flies (order Diptera), 

the next most-common order (Table 5.1 and Table 5.2). 
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Table 5.1. Rank of relative salinity sensitivity by family and order for Spring samples. 

Order  Family 

Median 

Genus 

Rank 

No. 

Genera  Order  

Median 

Genus 

Rank 

No. 

Genera  

Ephemeroptera Leptophlebiidae 4 1  Ephemeroptera 14 11 

Trichoptera Glossosomatidae 8 2  Coleoptera 26.5 4 

Plecoptera Pteronarcyidae 9 1  Plecoptera 32.5 12 

Ephemeroptera Heptageniidae 9.5 4  Trichoptera 35 13 

Trichoptera Uenoidae 11 1  Diptera 39 15 

Ephemeroptera Ephemerellidae 13 2  Odonata 49 1 

Diptera Ceratopogonidae 17 3  Oligochaeta 51 1* 

Plecoptera Perlodidae 20 3  Megaloptera 52 1 

Trichoptera Lepidostomatidae 21 1     

Coleoptera Psephenidae 22.5 2     

Trichoptera Philopotamidae 26.5 2     

Diptera Tipulidae 27 4     

Coleoptera Elmidae 27.5 2     

Diptera Simuliidae 28.5 2     

Ephemeroptera Baetidae 29 3     

Plecoptera Chloroperlidae 29 2     

Ephemeroptera Ameletidae 30 1     

Plecoptera Peltoperlidae 34 2     

Trichoptera Polycentropodidae 35 1     

Diptera Chironomidae 40 1*     

Diptera Empididae 41 4     

Plecoptera Perlidae 41 2     

Trichoptera Rhyacophilidae 41 1     

Trichoptera Hydropsychidae 44.5 4     

Diptera Dixidae 46 1     

Odonata Gomphidae 49 1     

 Oligochaeta 51 1*     

Megaloptera Corydalidae 52 1     

Plecoptera Nemouridae 53 1     

Plecoptera Leuctridae 56 1     

Trichoptera Hydroptilidae 57 1     

* Specimens identified to family or subclass as named. 
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Table 5.2. Rank of relative salinity sensitivity by family and order for Fall samples. 

Order  Family 

Median 

Genus 

Rank 

No. 

Genera  Order  

Median 

Genus 

Rank 

No. 

Genera 

Ephemeroptera Ephemerellidae 2 3  Ephemeroptera 6.5 12 

Ephemeroptera Leptophlebiidae 3 1  Trichoptera 29.5 14 

Ephemeroptera Ephemeridae 4 1  Plecoptera 30 13 

Plecoptera Limnephilidae 9 1  Diptera 31 14 

Ephemeroptera Heptageniidae 9.5 4  Oligochaeta 41 1 

Plecoptera Perlodidae 15.5 2  Odonata 49 1 

Plecoptera Pteronarcyidae 17 1  Megaloptera 50 2 

Trichoptera Uenoidae 20 1  Coleoptera 53.5 4 

Diptera Chironomidae 21 1*      

Diptera Ceratopogonidae 22 3     

Plecoptera Perlidae 23.5 2     

Trichoptera Psychomyiidae 25 1     

Diptera Tipulidae 26 5     

Trichoptera Philopotamidae 27 3     

Trichoptera Polycentropodidae 27.5 2     

Plecoptera Chloroperlidae 31 2     

Ephemeroptera Ameletidae 34 1     

Plecoptera Capniidae 35 2     

Diptera Dixidae 36 1     

Ephemeroptera Baetidae 39 2     

Diptera Empididae 39 3     

Diptera Simuliidae 40 1     

 Oligochaeta 41 1*      

Plecoptera Peltoperlidae 42 1     

Megaloptera Corydalidae 43 1     

Trichoptera Hydropsychidae 45 4     

Plecoptera Taeniopterygidae 46 1     

Trichoptera Rhyacophilidae 47 1     

Plecoptera Leuctridae 48 1     

Coleoptera Psephenidae 48 2     

Odonata Gomphidae 49 1     

Trichoptera Hydroptilidae 53 1     

Coleoptera Elmidae 53.5 2     

Megaloptera Sialidae 57 1     

Plecoptera Nemouridae 61 1     

* Specimens identified to family or subclass as named. 
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Table 5.3. Taxon relative salinity sensitivity by decreasing rank for Spring samples. 

Order 1 Taxon2 

NMDS 

Axis 1 

Score N
o

. 
S

a
m

p
le

s 

R
a

n
k
 

 Order 1 Taxon2 

NMDS 

Axis 1 

Score N
o

. 
S

a
m

p
le

s 

R
a

n
k
 

T Agapetus -1.3373 7 1  E Ameletus -0.2368 27 30 

D Prosimulium -1.3203 14 2  T Wormaldia -0.2312 27 31 

P Remenus -1.2137 7 3  P Peltoperla -0.2298 20 32 

E Paraleptophlebia -1.1105 20 4  P Haploperla -0.2284 37 33 

E Cinygmula -1.0916 20 5  P Isoperla -0.2283 50 34 

E Epeorus -1.0644 42 6  T Polycentropus -0.1972 21 35 

D Hexatoma -0.9433 26 7  P Tallaperla -0.1930 24 36 

E Ephemerella -0.9133 57 8  D Chelifera -0.1439 61 37 

P Pteronarcys -0.8677 24 9  T Hydropsyche -0.1280 24 38 

D Dasyhelea -0.8188 6 10  D Hemerodromia -0.1225 35 39 

T Neophylax -0.7092 19 11  D Chironomidae -0.1101 97 40 

D Dicranota -0.6889 8 12  T Rhyacophila -0.0853 73 41 

E Stenonema -0.6527 9 13  D Antocha -0.0529 9 42 

E Diphetor -0.6363 11 14  D Neoplasta -0.0502 15 43 

T Glossosoma -0.5501 5 15  T Ceratopsyche -0.0420 37 44 

E Maccaffertium -0.5161 14 16  T Diplectrona -0.0364 96 45 

D Bezzia -0.4484 30 17  D Dixa 0.0120 11 46 

E Drunella -0.4473 51 18  D Clinocera 0.0525 18 47 

C Ectopria -0.4417 69 19  E Baetis 0.0710 73 48 

P Yugus -0.4238 29 20  O Lanthus 0.0827 41 49 

T Lepidostoma -0.3862 10 21  D Tipula 0.1294 20 50 

T Dolophilodes -0.3673 33 22   Oligochaeta 0.1332 49 51 

D Stilobezzia -0.3552 5 23  M Nigronia 0.2059 15 52 

P Acroneuria -0.3535 41 24  P Amphinemura 0.3088 99 53 

P Sweltsa -0.3481 19 25  T Cheumatopsyche 0.3399 44 54 

C Psephenus -0.3424 18 26  D Simulium 0.4228 54 55 

C Oulimnius -0.3157 54 27  P Leuctra 0.4941 98 56 

C Optioservus -0.3048 39 28  T Ochrotrichia 0.5427 5 57 

E Acentrella -0.2807 49 29  P Perlesta 0.6062 7 58 

1 C: Coleoptera, D: Diptera, E: Ephemeroptera, M: Megaloptera, O: Odonata, P: Plecoptera, T: Trichoptera. 

2 Taxa identified to genus, except Chironomidae and Oligochaeta; those specimens at family or subclass as named. 
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Table 5.4. Taxon relative salinity sensitivity by decreasing rank for Fall samples. 

Order Taxon* 

NMDS 

Axis 1 

Score N
o
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Order  Taxon* 

NMDS 

Axis 1 

Score N
o
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E Eurylophella -1.8550 13 1 P Sweltsa -0.1603 27 32 

E Attenella -1.5571 9 2 E Diphetor -0.1588 9 33 

E Paraleptophlebia -1.4600 19 3 E Ameletus -0.1548 13 34 

E Ephemera -1.1422 9 4 T Ceratopsyche -0.1348 50 35 

E Ephemerella -1.0601 11 5 D Dixa -0.1175 26 36 

E Epeorus -1.0587 13 6 C Ectopria -0.0895 66 37 

E Stenacron -1.0433 8 7 T Cheumatopsyche -0.0766 67 38 

P Yugus -0.9179 8 8 D Clinocera -0.0500 5 39 

T Pycnopsyche -0.9041 24 9 D Simulium -0.0468 29 40 

P Paracapnia -0.8911 35 10  Oligochaeta -0.0216 31 41 

D Dasyhelea -0.8656 8 11 P Peltoperla -0.0210 27 42 

E Stenonema -0.8226 12 12 M Nigronia -0.0104 19 43 

D Chimarra -0.7327 16 13 D Tipula -0.0033 70 44 

D Chelifera -0.7280 7 14 E Baetis 0.0005 41 45 

D Hexatoma -0.6115 32 15 P Taeniopteryx 0.0062 31 46 

E Maccaffertium -0.5840 35 16 T Rhyacophila 0.0122 84 47 

P Pteronarcys -0.5632 17 17 P Leuctra 0.0130 63 48 

P Eccoptura -0.4269 6 18 O Lanthus 0.0295 48 49 

D Limnophila -0.4253 6 19 D Hemerodromia 0.0458 23 50 

T Neophylax -0.4100 17 20 C Oulimnius 0.0797 51 51 

D Chironomidae -0.3913 95 21 T Hydropsyche 0.0899 54 52 

D Bezzia -0.3708 33 22 T Neotrichia 0.2062 16 53 

P Isoperla -0.3549 27 23 D Antocha 0.2090 9 54 

T Cyrnellus -0.3430 11 24 T Diplectrona 0.2339 93 55 

T Lype -0.3415 7 25 C Optioservus 0.2390 43 56 

D Dicranota -0.2972 13 26 M Sialis 0.3272 5 57 

T Wormaldia -0.2857 37 27 D Forcipomyia 0.3309 11 58 

T Dolophilodes -0.2409 58 28 C Psephenus 0.3627 33 59 

P Acroneuria -0.2291 49 29 P Allocapnia 0.3716 91 60 

P Haploperla -0.1966 20 30 P Soyedina 0.4084 5 61 

T Polycentropus -0.1701 31 31      

1 C: Coleoptera, D: Diptera, E: Ephemeroptera, M: Megaloptera, O: Odonata, P: Plecoptera, T: Trichoptera. 

2 Taxa identified to genus, except Chironomidae and Oligochaeta; those specimens at family or subclass as named. 
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Community Metrics and Critical Conductivity Levels 

Salinity-Biota Relationships 

Models of community metrics as a function of snapshot SC were significant (GAMM p < 0.05) 

for 19 metrics in Spring and 17 metrics in Fall (see Table 1 in Chapter 4). Of those models, nine 

met selection criteria (see Methods in Chapter 4) in Spring (Figure 5.3), and six did so in Fall 

(Figure 5.4). Those metrics were retained for modeling with snapshot and continuous SC 

predictors, as well as determination of critical conductivity levels. 

 

Metrics heavily influenced by Ephemeroptera taxa were most strongly responsive to snapshot 

SC, exhibiting steady decline with increasing SC, then decreasing more slowly above 

approximately 500 mS/cm in Spring (Figure 5.3 A-D, F) and above approximately 1,000 mS/cm 

in Fall (Figure 5.4 A-E). Shannon diversity, as well as the evenness measure % 5 Dominant 

Taxa, declined with increased SC in a non-linear manner in both seasons, but relationships were 

weaker for those metrics, as model R2 were < 0.50 in Spring (Figure 5.3 H-I) and < 0.40 in Fall 

(data not shown). Richness of insect orders other than Ephemeroptera in both seasons was either 

weakly responsive to SC (Plecoptera Richness R2 Ò 0.28; data not shown), or models were not 

significant (Coleoptera Richness, Diptera Richness, and Trichoptera Richness p > 0.05; data not 

shown).  

 

Critical Conductivity Levels 

Critical conductivity (SCcrit) based on snapshot data varied among community metrics, ranging 

from approximately 200 ï 400 mS/cm in Spring (Figure 5.3) and from approximately 240 ï 600 

mS/cm in Fall (Figure 5.4). Models with higher GAMM R2 generally had lower and more precise 

(i.e., narrower 95% confidence intervals) values for SCcrit (Figure 5.3 and Figure 5.4). Metrics 

for sensitive mayflies (i.e., metrics excluding Baetidae) had the lowest SCcrit levels and highest 

precision in both seasons, but Spring was lowest overall, with SCcrit = 214 mS/cm for sensitive 

mayfly richness (Figure 5.3A) and SCcrit = 196 mS/cm for sensitive mayfly relative abundance 

(Figure 5.3B). Reference thresholds were also lower in Fall than in Spring, indicating that SCcrit 

values are not directly comparable between seasons as they correspond to different seasonal 

reference conditions. 

 

Using continuous SC data as predictors of benthic macroinvertebrate metrics indicated that SC 

levels associated with community change vary depending on time of year at which SC is 

measured (Figure 5.5 and Figure 5.6). That is, the numerical value for snapshot SCcrit does not 

necessarily indicate community change if that same value is observed at other times of year. For 

mayfly metrics (those most sensitive to salinity), mean monthly SCcrit values were generally 

higher for September and October (Figure 5.5 and Figure 5.6), which corresponds to the time of 

year when SC was typically highest (Chapter 3). Conversely, SCcrit was generally lowest for 

mayfly metrics during December, January, and February (Figure 5.5 and Figure 5.6), the time 

when SC was near its annual minimum (Chapter 3). This annual pattern indicates, for instance, 

that for % Ephemeroptera less Baetidae, an SC of 211 mS/cm in January is predictive of metric 

divergence from reference condition in April, whereas an SC of 324 mS/cm in September is 

predictive of the same change in April (Figure 5.5B, Table B - 3).  
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Figure 5.3. Generalized additive mixed models of snapshot conductivity and community 

metrics for Spring. Snapshot observations (gray circles), with smoothed fit (solid line) and 

95% confidence limits (dashed lines). Dotted line is reference threshold (Ref10 or Ref90), the 

intersection of which by fitted lines denotes critical conductivity value, SCcrit (with 95% 

confidence limits). 
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Figure 5.4. Generalized additive mixed models of snapshot conductivity and community 

metrics for Fall. Snapshot observations (gray circles), with smoothed fit (solid line) and 

95% confidence limits (dashed lines). Dotted line is reference threshold (Ref10), the 

intersection of which by fitted lines denotes critical conductivity value, SCcrit (with 95% 

confidence limits). 
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Figure 5.5. Critical conductivity levels for community metrics in Spring. Specific 

conductance associated with community change as predicted by generalized additive mixed 

models (GAMM) using snapshot (X) and monthly mean (circle) of specific conductance 

during the 12 months preceding biological sampling. Numbers are point estimates and lines 

are 95% confidence intervals of critical conductivity.  
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Figure 5.6. Critical conductivity levels for community metrics in Fall. Specific conductance 

associated with community change as predicted by generalized additive mixed models 

(GAMM) using snapshot (X), and monthly mean (circle) of specific conductance during the 

12 months preceding biological sampling. Numbers are point estimates and lines are 95% 

confidence intervals of critical conductivity.  
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Discussion 

Biological Response to Salinity 

Overall benthic macroinvertebrate community structure as measured by multivariate ordination 

was increasingly dissimilar from reference condition as salinity increased. Deviation from 

reference condition was also observed along the salinity gradient for all nine metrics of 

community structure used in final analyses. These general responses are consistent with those 

observed in other studies of salinized central Appalachian headwater streams using similar 

community metrics (Green et al. 2000, Pond 2004, Pond et al. 2008, Merriam et al. 2011, 

Bernhardt et al. 2012) and using multivariate analyses at the genus level (Pond 2010, 2012; Pond 

et al. 2014). However, my results indicate that salinity effects are unequal among genera and 

order-level aggregate metrics, suggesting that community changes are driven by disproportionate 

salinity effects to certain taxa, rather than broad community-wide effects. 

 

My assessment of relative salt sensitivity of individual taxa agrees with findings by others that 

Ephemeroptera is the order most sensitive to salinity in Appalachian coalfield streams (Pond 

2004, 2010; Hartman et al. 2005, Pond et al. 2008, 2014), but not all Ephemeroptera responded 

equally to SC. Members of family Baetidae appear more tolerant of coal-mining induced 

salinization than other Ephemeroptera (Pond 2010). My data suggest the same, as I found that in 

Spring the Baetidae genera Acentrella and Baetis composed the bulk of Ephemeroptera 

specimens in test streams (median = 77.5%; data not shown), but were relatively uncommon in 

reference streams (median = 7.43%; data not shown). However, Baetidae abundance declined at 

higher SC, and coupled with decreases in other salt-sensitive Ephemeroptera taxa, the metric % 

Ephemeroptera exhibited a moderately strong negative salinity response. The strongest SC-

response signals of all community metrics were found with Ephemeroptera metrics that excluded 

Baetidae. Ephemeroptera Richness less Baetidae and % Ephemeroptera less Baetidae had the 

highest GAMM R2 values in both seasons. In Spring, when Ephemeroptera were most abundant, 

non-Baetidae genera had median salt-sensitivity rank of 10.5, compared to median rank of 29 for 

Baetidae genera. My results concur with findings of others that Ephemeroptera metrics excluding 

salt-tolerant Baetidae are more responsive than aggregate Ephemeroptera metrics in streams 

salinized by coal mining   (Merriam et al. 2011, Pond et al. 2013). 

 

Plecoptera, often considered with Ephemeroptera as generally sensitive to perturbation (Barbour 

et al. 1999), were much less strongly and consistently responsive to SC at the order level, an 

observation made by others in similar streams  (Pond et al. 2008, 2014; Pond 2010, Merriam et 

al. 2011). At the genus level, some Plecoptera taxa were relatively sensitive (e.g., Pteronarcys in 

Spring and Paracapnia in Fall, Table 5.3 and Table 5.4), but as a group, Plecoptera metrics were 

influenced by abundant and tolerant genera Amphinemura and Leuctra (Table 5.3), which 

increased in relative abundance along the SC gradient in Spring, and by Allocapnia (Table 5.4), 

which exhibited a similar pattern in Fall. Salt-tolerant Amphinemura and Leuctra can dominate 

samples in coal-mining-salinized streams (Pond et al. 2008, 2014; Pond 2012), which could 

explain why Plecoptera metrics were less sensitive than Ephemeroptera metrics to SC in my 

study.  

 

Rounding out the trinity of typically pollution-sensitive EPT (Barbour et al. 1999), responses of 

Trichoptera metrics to SC are similarly masked by a few abundant and tolerant taxa. Despite 
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containing relatively sensitive genera ï Agapetus is ranked first in salt sensitivity among Spring 

taxa (Table 5.3) and Pycnopsyche is ranked ninth among Fall taxa (Table 5.4) ï Trichoptera 

metrics are driven by genera of the ubiquitous and tolerant family Hydropsychidae, with a 

median genus salt-sensitivity rank of 45 for both seasons (Table 5.1 and Table 5.2). It is possible 

that I did not detect a strong salt signal from caddisflies because of sample bias. Among the EPT 

orders, Trichoptera are the most diverse, yet I collected only 26 genera (13 or 14 in a given 

season) of approximately 150 genera known in North America (Merritt et al. 2008), ostensibly 

because my focus on erosional habitat (riffle-run complex) does not allow for collection of 

Trichoptera that inhabit depositional areas in a stream. A broader sampling effort to encompass 

all habitat types could improve quantification of salinity effects on Trichoptera taxa in salinized 

streams of the region. 

 

Scraper richness in Spring was the only functional feeding group metric exhibiting a moderate 

negative association with salinity (Figure 5.3 E). Scraper taxa found in samples included genera 

from orders Ephemeroptera, Coleoptera, and Trichoptera, which differ in their physiology and 

lif e histories, but which share a common route of exposure to contaminants: consumption of 

periphyton (Merritt et al. 2008). Selenium is often elevated along with salinity in streams 

influenced by coal mining in central Appalachia, where bioaccumulation and trophic transfer of 

Se is a risk to aquatic life (USEPA 2011). Therefore, it is possible that some of the apparent 

salinity response I observed for scrapers may be attributable to Se toxicity but I found no 

evidence to confirm or refute that claim. 

 

Mechanisms explaining the unequal field-based salt sensitivity among taxa are a topic of 

ongoing research, but recent studies suggest that ion toxicity or osmoregulatory stress are likely 

drivers that induce behavioral drift (Clements and Kotalik 2016), impede growth and 

development (Johnson et al. 2015), and/or cause mortality (Kunz et al. 2013). These responses 

are more pronounced in mayflies, likely because of their phylogenetic and physiological 

differences. Ephemeroptera evolved from a lineage that diverged from most other aquatic insect 

orders approximately 410 million years ago (Misof et al. 2014). Differential evolutionary age 

suggests a unique evolutionary history of mayflies, which may include different osmoregulatory 

ability (Kefford et al. 2016, Scheibener et al. 2016), as well as more-frequent molting that may 

increase susceptibility to stressors (Camp et al. 2014). In addition, there is evidence to suggest 

that early instars may be more salt-sensitive than later instars (Kefford et al. 2004, 2007), but 

recent studies have noted that final instars and/or adult emergence may also be a time of high 

sensitivity, to metals (Schmidt et al. 2013, Wesner et al. 2014) and salts (Soucek and Dickinson 

2015) alike. Additional experimental investigation into the suspected high metabolic costs of 

osmoregulation and effects of ion mixtures (Kunz et al. 2013), as well as possible behavioral or 

life-stage-dependent responses (Clements et al. 2013, Clements and Kotalik 2016) has potential 

to reveal mechanisms controlling salinity effects to benthic macroinvertebrates. 

 

Identification of relative salt sensitivities enables assessments using metrics that emphasize 

sensitive taxa and exclude tolerant taxa, which can increase the ability to detect community 

changes in response to increased salinity (Pond 2010, 2012; Merriam et al. 2011). My data 

support excluding tolerant mayflies and stoneflies from their respective order-level metrics, and 

Pond et al. (2013) justify removing the tolerant caddisfly Cheumatopsyche from the % EPT 

metric, but other logical adjustments of aggregate metrics are possible and should be considered. 
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For example, Boehme et al. (2016) found that excluding the tolerant families Baetidae, 

Leuctridae, and Hydropsychidae removed the masking effect of abundant and salt-tolerant taxa 

such as Baetis, Leuctra, and Diplectrona, thus yielding a modified % EPT metric with greater 

sensitivity to salinity than unmodified % EPT.  

Critical Conductivity Levels 

Establishment of field-based critical conductivity levels depend on multiple factors, including 

biological sample timing, modeling framework, SC predictor, and biological condition target, 

many of which differ among studies of salinization in streams in the central Appalachian region 

(Timpano et al. 2015). Therefore, SCcrit values should be interpreted in light of those factors, 

recognizing that they may not be directly comparable across studies or transferrable to novel 

streams or ecoregions. Rather than identifying definitive SC levels of concern, my SCcrit values 

provide approximations that contribute to the larger body of evidence that may be useful in 

developing salinity management policies and procedures. In addition, comparability between my 

SCcrit values and those observed by others validates methods used here, which may be more 

broadly transferrable than specific SCcrit values. Comparisons of SCcrit among metrics can be 

made to assess relative SC-sensitivities of those metrics. Development of SCcrit values for times 

of year prior to seasonal biological sampling allows year-round measurement of SC to be 

associated with, and predictive of, seasonal measures of community structure. 

 

Because it is reasonable to expect that the most sensitive members of the community would 

respond first to increasing salinity, critical conductivity levels for mayfly metrics indicate the 

salinity associated with onset of community change when conditions begin to differentiate from 

reference. Only a few studies of mining-salinized streams in central Appalachia have estimated 

critical SC levels with emphasis on mayfly taxa, but despite differing methods, those studies 

found SCcrit values similar to mine. A changepoint analysis of Spring data indicated that % 

Ephemeroptera association with salinity diverged in the range of 124 ï 336 mS/cm (Pond 2010), 

which overlaps the SCcrit range of 184 ï 413 mS/cm I found for % Ephemeroptera. Sampling in 

Spring, Merriam et al. (2011) observed that Ephemeroptera Richness and % Ephemeroptera less 

Baetidae were less than reference-stream levels at SC Ó 168 mS/cm. That is near the lower 95% 

confidence limit of SCcrit that I observed for % Ephemeroptera less Baetidae (157 ï 243 mS/cm), 

but lower than I observed for Ephemeroptera Richness (217 ï 341 mS/cm). Analyzing 50 taxa 

that declined in abundance with increasing salinity, 17 of which were mayflies, Bernhardt et al. 

(2012) found the greatest cumulative decline in community diversity occurred from 178 ï 289 

mS/cm. That range is comparable to the range I observed for declines in Total Richness (136 ï 

394 mS/cm), Ephemeroptera Richness less Baetidae (159 ï 259 mS/cm), Ephemeroptera Richness 

(217 ï 341 mS/cm), % Ephemeroptera (184 ï 413 mS/cm), and % Ephemeroptera less Baetidae 

(157 ï 243 mS/cm). The comparability of my SCcrit levels with those found by others who have 

conducted studies in the central Appalachian region indicate that my modeling approach is 

effective in describing community changes in response to salinization and estimating 

conductivity levels associated with those changes. 

 

In an examination of community-level responses to experimental salinization mimicking the ion 

mixtures observed in my study streams, Clements and Kotalik (2016) conducted a 10-day 

mesocosm experiment of mining-induced salinity effects, using insects collected during Fall 

(October) from an uncontaminated, low-SC stream in Colorado, USA. They reported EC20 
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values (SC level resulting in 20% difference from controls) for Ephemeroptera abundance 

ranging from 221 ï 382 mS/cm for NaHCO3 exposure and 349 ï 577 mS/cm for MgSO4 

exposure. Recalculating my % Ephemeroptera snapshot SCcrit based on a reference threshold of 

80% of the mean reference value for % Ephemeroptera in Fall yielded an EC20 ranging from 23 

ï 236 mS/cm. That range is similar to the EC20 values Clements and Kotalik (2016) found for 

Ephemeroptera drift, which was 153 ï 271 mS/cm in NaHCO3 and 135 ï 172 mS/cm in MgSO4, 

with drift rate increasing strongly as SC increased. These findings suggest that behavioral drift 

may be an important, and largely overlooked, source of mayfly population decline in salinized 

streams.  

Influence of Sample Timing 

Community differences may be influenced by short- and long-term variation in salinity and in 

community structure, which could confound the salinity-response signal. Some natural seasonal 

variation in benthic macroinvertebrate community composition is expected, as life cycles and 

phenology vary among taxa (Poff et al. 2006, Merritt et al. 2008). Such seasonal variation of 

biota can affect assessments of community structure (Linke et al. 1999, Clarke and Hering 2006, 

Silveira et al. 2006, Ġporka et al. 2006, Álvarez-Cabria et al. 2010, Johnson et al. 2012). Long-

term variation of community composition may arise from trending influences such as climate 

(Mazor et al. 2009). Intra-seasonal variation is also possible, as relative abundance metrics can 

increase during a season (Boehme et al. 2016) as seasonal recruitment increases (Mackay 1992). 

 

The strong seasonal separation of community structure detected here (Figure 5.1) allowed for 

identification of sensitive taxa in each season and fitting of strong seasonal regression models for 

community metrics. However, despite my relatively narrow sampling window each year, I 

detected a moderate correlation of Julian day with stream scores in ordination space, indicating 

that sample timing may have influenced community structure in addition to salinity. Efforts to 

minimize variation of intra-seasonal sample timing could minimize error of salinity-biota 

regression models and increase SCcrit precision.  

Conclusions 

Analyses of salinity effects on benthic macroinvertebrate community structure in 25 streams over 

a period of five years provided an opportunity to assess salinity-benthic macroinvertebrate 

interactions over a duration providing a range of conditions. Declines in diversity at the 

community level appear driven by decreases in salt-sensitive taxa, many of which are in the 

insect order Ephemeroptera. This suggests that Ephemeroptera richness and abundance are 

sensitive indicators with which to gauge onset of salinity effects. Although sensitive taxa are not 

limited to the Ephemeroptera order, lower sensitivity and greater variability of other community 

metrics in response to SC makes them less valuable as bioindicators of salinity effects than 

Ephemeroptera metrics. Temporal variability of biology and salinity observed and known to 

occur make clear that linking measurements to specific conditions and accounting for sample 

timing are critical for accurate assessment and prediction of aquatic life effects of salinization. 

Use of SC measures derived from continuous conductivity monitoring may improve assessment 

of salinity effects if they can be linked to life-cycle exposure, which may aid investigations of 

mechanisms driving field-based observations of benthic macroinvertebrate community alteration.
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CHAPTER 6 - CONCLUSIONS 

As salinization increasingly threatens integrity of freshwaters globally, tools for describing and 

estimating patterns of dissolved major ion concentrations in lotic systems will likely become 

increasingly critical for water resource managers seeking to mitigate salinization effects. High 

frequency monitoring can reveal the annual pattern of salinity, as well as provide detail 

necessary to describe mechanisms influencing such variation. I have demonstrated that a 

sinusoidal model captures the seasonal salinity pattern driven primarily by evapotranspiration in 

temperate forested headwater streams of the central Appalachians. In lieu of high-frequency data, 

discrete samples collected at longer intervals may be adequate to characterize annual salinity 

patterns, but model prediction error increases rapidly as sampling frequency declines. The model 

framework used here is broadly applicable in systems with streamflow-dependent chronic 

salinity stress, and is scalable to a single stream or single year to account for site-specific factors 

or climatic trends. Further model development that incorporates precipitation and/or stream 

discharge should improve predictive power and utility of this approach. 

 

I did not find evidence strong enough to confirm my hypothesis that salinity measures derived 

from continuous data are better predictors of benthic macroinvertebrate community structure 

than snapshot salinity measures collected using the carefully timed sampling methods that I 

employed. Similarly, I did not find evidence that my snapshot data were superior to continuous 

SC predictors. Therefore, my analyses suggest that most of the SC measures evaluated here can 

serve as predictors of community metrics, but that community-change thresholds derived from 

model predictions will vary with the selected SC measure. Choice of which predictor to use is 

largely discretionary, based on user needs, but should be applied within its limitations (i.e., 

snapshot measures are not transferrable across seasons or months). Snapshot SC data are reliable 

measures for identifying salinity associations with responses of components of the benthic 

macroinvertebrate communities in headwater streams of central Appalachia USA but may not 

represent life-cycle exposure, and they are more challenging to collect with the temporal and 

baseflow precision on which these findings are based. In contrast, continuous conductivity data 

are more readily repeatable and have potential to quantify field-based chronic salt exposure and 

to reveal possible mechanisms driving benthic macroinvertebrate community response to 

salinity.  

 

Analyses of salinity effects on benthic macroinvertebrate community structure in 25 streams over 

a period of five years provided an opportunity to assess salinity-benthic macroinvertebrate 

interactions over a duration providing a range of conditions. Declines in diversity of benthic 

macroinvertebrates at the community level appear driven by decreases in salt-sensitive taxa, 

many of which are in the insect order Ephemeroptera. This suggests that Ephemeroptera richness 

and abundance are sensitive indicators with which to gauge onset of salinity effects. Temporal 

variability of benthic macroinvertebrate community structure and salinity observed in this study 

suggest that linking measurements to specific conditions and timing is critical for accurate 

assessment and prediction of aquatic-life effects of salinization. Use of SC measures derived 

from continuous conductivity monitoring may improve assessment of salinity effects because 

they can indicate life-cycle exposure, which may aid investigations of mechanisms driving field-

based observations of alterations in benthic macroinvertebrate community structure. 
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My findings have potential to improve capability to assess and predict biological responses to 

salinity in freshwater streams. The field-based approaches used here, which account for temporal 

variability of biology and salinity provide information to improve our understanding and 

management of salinization effects to aquatic life.  
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Table A - 1. Stream attributes. 

Stream 
Site 

ID 

Site 

Type 

Stream 

Order1 
County, ST Latitude Longitude 

Watershed 

Area1 

(km2) 

Birchfield Creek BIR Test 1 Wise, VA 37.03605 -82.57016 3.49 

Copperhead Branch COP Ref 1 Dickenson, VA 37.06471 -82.09067 0.81 

Crane Fork CRA Test 1 Wyoming, WV 37.75127 -81.52721 9.49 

Crooked Branch CRO Ref 1 Dickenson, VA 37.13013 -82.21794 2.27 

Dave Branch DAV Test 1 Logan, WV 37.72819 -81.73839 1.53 

Eastland Creek EAS Ref 1 Wise, VA 36.91764 -82.59196 2.38 

Fryingpan Creek FRY Test 1 Dickenson, VA 37.06021 -82.21774 5.73 

Fryingpan Creek Right Fork RFF Test 1 Dickenson, VA 37.05981 -82.22114 4.56 

Grape Branch GRA Test 1 Buchanan, VA 37.25776 -82.00918 4.07 

Hurricane Fork (VA) HUR Test 1 Buchanan, VA 37.38540 -82.08481 1.22 

Hurricane Branch (WV) HCN Ref 1 McDowell, WV 37.42042 -81.86627 5.93 

Kelly Branch KEL Test 1 Wise, VA 36.93472 -82.79085 2.63 

Kelly Branch UT3 KUT Test 1 Wise, VA 36.93575 -82.79250 1.09 

Laurel Branch LAB Test 1 Russell, VA 37.01393 -82.20517 2.69 

Left Fk/Laurel Fk/Coal Fk LLC Test 1 Kanawha, WV 38.08404 -81.47592 4.17 

Longlick Branch East Fork LLE Test 1 Wyoming, WV 37.73959 -81.64158 0.67 

Longlick Branch West Fork LLW Test 1 Wyoming, WV 37.73965 -81.64186 1.98 

Middle Camp Branch MCB Ref 1 Dickenson, VA 37.27375 -82.28591 1.27 

Mill Branch West Fork MIL  Test 1 Wise, VA 36.92717 -82.74680 2.74 

Powell River POW Test 1 Wise, VA 37.01310 -82.69751 2.68 

Rickey Branch RIC Test 1 Wise, VA 37.03710 -82.54583 4.22 

Rickey Branch UT2 RUT Test 1 Wise, VA 37.03763 -82.54536 1.92 

Rockhouse Creek ROC Test 1 Raleigh, WV 37.96569 -81.50123 7.21 

Roll Pone Branch ROL Test 1 Russell, VA 37.01446 -82.19490 1.30 

Spruce Pine Creek SPC Test 1 Buchanan, VA 37.26124 -81.92038 6.71 
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Table A - 2. Stream habitat assessment summary statistics for Spring 2013. 

Stream 

Type 
Statistic 
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Ref Min 17 13 15 12 18 20 18 8 8 10 10 8 10 169 

 Max 20 17 20 17 20 20 19 9 9 10 10 10 10 187 

 Median 19 16 18 14 20 20 19 9 9 10 10 10 10 184 

 Mean 18.8 15.4 17.4 14.4 19.4 20.0 18.6 8.6 8.6 10.0 10.0 9.6 10.0 180.8 

 SD 1.1 1.8 1.9 1.8 0.9 0.0 0.5 0.5 0.5 0.0 0.0 0.9 0.0 7.5 

 n 5 5 5 5 5 5 5 5 5 5 5 5 5 5 

                

Test Min 17 13 16 12 16 20 16 6 7 6 6 8 8 162 

 Max 20 17 18 15 20 20 19 10 9 10 10 10 10 184 

 Median 18 15.5 17 14.5 20 20 18 8 8 10 10 10 10 176 

 Mean 18.1 15.2 17.0 14.2 19.4 20.0 17.8 8.0 8.0 9.8 9.8 9.6 9.4 176.1 

 SD 0.8 1.1 1.0 1.0 1.1 0.0 1.1 1.1 0.8 0.9 0.9 0.8 0.9 4.8 

 n 20 20 20 20 20 20 20 20 20 20 20 20 20 20 

Habitat assessment per U.S. EPA Rapid Bioassessment Protocols (Barbour et al. 1999). 

Scores range 0-20 per attribute, 0-200 total. 
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Table A - 3. Water chemistry. 
Ion 

Matrix 

Trace  

Elements 

Snap- 

shot 
Date 

Snapshot 

Season 
Stream 

Stream 

Type 

SC 

mS/cm 

pH 

S.U. 

D.O. 

ppm 

Temp. 

°C 

Cl- 

ppm 

SO4
2- 

ppm 

CO3
2- 

ppm 

HCO3
- 

ppm 

Ca2+ 

ppm 

K+ 

ppm 

Mg2+ 

ppm 

Na+ 

ppm 

Al  

ppb 

Cu 

ppb 

Fe 

ppb 

Mn 

Ppb 

Se 

ppb 

Zn 

ppb 

X   2011-06-06 Spring BIR Test 722 8.1 7.3 22.6 7.7 263.7 0.0 135.3 67.2 3.8 50.0 20.1       

X   2011-05-22 Spring COP Ref 122 7.3 9.5 13.4 2.4 21.1 0.0 37.4 12.7 1.4 4.7 4.6       

X   2011-05-21 Spring CRO Ref 67 6.8 9.0 16.0 5.5 9.2 0.0 15.1 4.7 1.5 2.3 3.6       

X   2011-06-06 Spring EAS Ref 23 7.1 7.3 15.9 0.5 2.9 0.0 12.3 3.5 0.4 0.7 0.6       

X   2011-05-22 Spring FRY Test 433 7.9 9.4 16.2 6.9 132.7 0.0 90.5 43.2 2.3 22.3 20.2       

X   2011-05-20 Spring GRA Test 190 7.7 9.7 12.6 3.1 51.8 0.0 62.9 18.4 1.9 7.7 11.0       

X   2011-05-20 Spring HUR Test 338 7.8 9.5 13.9 0.8 181.1 0.0 45.4 41.2 2.7 29.1 10.5       

X   2011-06-07 Spring KEL Test 885 7.7 9.2 15.0 1.9 398.9 0.0 114.0 97.3 5.7 51.4 14.0       

X   2011-06-07 Spring KUT Test 1193 8.2 9.2 15.3 2.7 528.9 0.0 196.4 128.5 7.4 66.9 43.5       

X   2011-05-22 Spring LAB Test 659 7.7 9.0 16.3 1.9 227.1 0.0 113.8 64.7 3.8 34.7 30.9       

X   2011-05-21 Spring MCB Ref 47 6.5 8.8 15.7 0.8 10.8 0.0 9.6 3.2 1.2 1.9 1.8       

X   2011-05-23 Spring MIL  Test 738 7.8 8.7 17.1 1.9 282.6 0.0 137.0 87.3 4.6 42.8 12.5       

X   2011-05-23 Spring POW Test 848 7.7 8.3 15.5 1.0 369.3 0.0 122.1 97.4 4.1 54.0 10.6       

X   2011-05-22 Spring RFF Test 528 8.1 9.3 15.7 5.0 137.2 0.0 152.4 44.6 2.6 18.6 52.5       

X   2011-06-06 Spring RIC Test 1896 8.2 8.0 17.5 6.3 919.1 0.0 242.6 186.2 6.9 180.4 16.2       

X   2011-05-22 Spring ROL Test 793 7.3 8.2 16.6 1.9 274.1 0.0 95.2 86.5 3.4 47.9 18.6       

X   2011-06-06 Spring RUT Test 763 8.1 8.1 18.5 5.2 269.7 0.0 93.2 61.8 3.9 57.8 6.6       

X   2011-05-20 Spring SPC Test 284 8.0 9.4 13.5 7.6 66.7 0.0 70.7 24.4 1.6 10.6 21.4       

X   2011-06-28  BIR Test 694 8.1 9.2 23.1 8.4 239.1 0.0 151.6 65.9 3.9 48.0 19.9       

X   2011-06-30  COP Ref 87 7.7 8.5 15.3 2.1 17.1 0.0 59.2 13.5 1.6 4.9 5.4       

X   2011-06-29  CRO Ref 72 7.2 10.9 19.0 4.3 8.1 0.0 18.2 5.5 1.6 2.5 3.5       

X   2011-06-29  EAS Ref 27 6.9 9.7 16.6 0.5 2.8 0.0 10.6 3.3 0.4 0.7 0.6       

X   2011-06-29  FRY Test 263 7.9 11.2 18.2 8.4 55.6 0.0 78.2 25.3 1.8 12.0 14.9       

X   2011-06-30  GRA Test 305 7.8 7.7 18.2 3.0 87.3 0.0 77.7 29.3 2.2 11.7 23.3       

X   2011-06-30  HUR Test 495 7.6 8.1 18.9 0.9 206.6 0.0 55.0 49.3 3.2 34.1 12.1       

X   2011-06-28  KEL Test 885 8.0 9.2 15.5 1.5 347.5 0.0 148.8 87.5 4.9 53.1 12.5       

X   2011-06-28  KUT Test 1120 8.4 9.5 15.1 2.3 514.4 2.4 191.4 121.6 7.3 62.6 45.6       

X   2011-06-29  LAB Test 528 7.8 10.9 15.6 2.0 199.1 0.0 122.6 60.8 3.8 31.5 27.1       

X   2011-06-30  MCB Ref 55 6.8 6.4 18.3 0.8 8.0 0.0 20.8 4.2 1.6 2.0 2.5       

X   2011-06-28  MIL  Test 715 8.2 9.1 19.3 1.5 279.4 0.0 139.4 89.5 4.8 40.6 11.5       

X   2011-06-28  POW Test 789 8.1 9.7 17.1 0.9 352.3 0.0 127.3 96.5 4.1 53.2 9.5       

X   2011-06-29  RFF Test 252 7.9 11.2 17.6 3.2 51.8 0.0 82.3 22.2 1.9 9.6 20.7       

X   2011-06-28  RIC Test 1803 8.4 10.4 19.5 6.0 922.3 3.7 234.1 188.3 7.1 174.2 17.0       

X   2011-06-29  ROL Test 638 7.7 10.6 18.4 1.9 246.8 0.0 79.2 71.8 4.2 40.4 10.7       

X   2011-06-28  RUT Test 780 8.1 9.8 19.9 5.2 274.3 0.0 113.1 66.1 4.0 60.2 7.1       
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Ion 
Matrix 

Trace  
Elements 

Snap- 
shot 

Date 
Snapshot 
Season 

Stream 
Stream 
Type 

SC 

mS/cm 

pH 
S.U. 

D.O. 
ppm 

Temp. 
°C 

Cl- 
ppm 

SO4
2- 

ppm 
CO3

2- 
ppm 

HCO3
- 

ppm 
Ca2+ 
ppm 

K+ 
ppm 

Mg2+ 
ppm 

Na+ 

ppm 
Al  

ppb 
Cu 
ppb 

Fe 
ppb 

Mn 
Ppb 

Se 
ppb 

Zn 
ppb 

X   2011-06-30  SPC Test 438 8.1 8.0 18.7 8.4 96.0 0.0 151.5 38.4 2.2 15.4 45.7       

X   2011-08-30  CRA Test 537 7.1 7.0 17.9 3.4 220.9   54.7 2.9 36.4 7.8       

X   2011-08-26  DAV Test 657 8.0 7.9 20.2 17.2 158.9 2.6 217.2 72.3 6.5 35.1 33.7       

X   2011-09-01  HCN Ref 131 7.3 6.0 16.5 3.3 2.3 0.0 87.0 7.5 1.4 2.8 18.8       

X   2011-08-24  LLC Test 1882 7.8 8.3 17.7 34.3 899.8 0.0 109.9 152.6 15.8 163.8 61.4       

X   2011-08-26  LLE Test 1224 7.3 6.7 19.4 8.5 610.8 0.0 93.0 147.8 5.0 70.6 24.8       

X   2011-08-26  LLW Test 1508 7.8 7.8 19.5 12.0 724.7 0.0 184.6 181.2 8.1 103.7 15.9       

X   2011-08-24  ROC Test 1073 8.0 8.2 19.1 10.0 403.7 2.1 220.8 96.3 8.2 85.0 9.8       

X   2011-09-22  BIR Test 678 7.9 7.9 18.3 21.5 229.0 0.0 148.3 65.3 4.2 47.9 18.7       

X   2011-09-20  FRY Test 488 8.2 9.0 17.1 9.6 126.7 0.0 132.9 50.7 2.9 24.1 29.1       

X   2011-09-20  GRA Test 440 7.8 7.5 16.2 23.6 98.5 0.0 88.6 38.6 2.6 15.3 33.2       

X   2011-09-20  HUR Test 481 7.7 9.0 16.9 3.5 177.1 0.0 61.9 46.3 3.1 32.1 12.3       

X   2011-09-22  KEL Test 861 7.8 9.0 15.2 8.3 359.0 0.0 130.3 97.6 5.3 50.5 14.4       

X   2011-09-22  KUT Test 1187 8.2 9.6 14.4 4.1 507.4 0.0 214.1 135.0 7.5 67.7 42.2       

X   2011-09-20  LAB Test 787 8.1 9.0 15.9 7.4 286.1 0.0 153.7 81.2 4.7 40.7 48.0       

X   2011-09-22  MIL  Test 845 7.9 8.5 17.6 11.4 351.1 0.0 136.7 109.9 5.4 48.8 14.1       

X   2011-09-22  POW Test 916 7.9 8.1 16.0 8.3 397.8 0.0 160.8 114.8 4.5 55.0 10.8       

X   2011-09-20  RFF Test 432 8.2 8.8 17.1 6.7 95.4 0.0 137.7 36.4 2.6 15.5 43.1       

X   2011-09-22  RIC Test 1751 8.1 8.6 17.1 8.8 830.1 0.8 254.4 183.2 7.3 170.9 15.8       

X   2011-09-20  ROL Test 666 8.0 8.7 17.0 11.3 258.2 0.0 107.4 77.0 3.9 41.1 17.0       

X   2011-09-22  RUT Test 650 7.9 8.4 17.2 21.6 253.8 0.0 94.0 54.9 3.9 49.0 6.1       

X   2011-09-20  SPC Test 680 8.3 8.9 15.6 17.4 118.2 0.8 234.9 48.4 2.6 20.2 62.3       

X  X 2011-10-11 Fall BIR Test 700 7.9 8.0 15.6 10.1 229.6 0.0 160.9 70.0 4.5 50.5 20.7       

X  X 2011-10-12 Fall COP Ref 157 7.6 8.7 14.0 4.0 18.2 0.0 67.5 17.5 2.0 6.3 8.0       

X  X 2011-10-06 Fall CRA Test 485 7.1 9.4 12.1 2.3 202.8 0.0 28.2 51.8 2.6 32.9 6.5       

X  X 2011-10-13 Fall CRO Ref 84 7.2 8.3 14.0 9.2 6.6 0.0 30.7 7.1 2.0 3.7 4.1       

X  X 2011-10-04 Fall DAV Test 418 8.3 9.2 12.1 2.7 100.2 0.0 140.9 46.5 3.9 22.0 19.4       

X  X 2011-10-12 Fall EAS Ref 26 6.6 8.4 13.1 2.6 2.7 0.0 12.5 3.4 0.5 0.7 0.7       

X  X 2011-10-15 Fall FRY Test 474 8.2 9.6 12.0 11.9 115.1 0.0 138.3 48.6 2.7 23.3 31.2       

X  X 2011-10-15 Fall GRA Test 356 7.7 10.1 11.9 16.6 83.4 0.0 86.8 35.2 2.5 14.1 28.4       

X  X 2011-10-13 Fall HCN Ref 73 7.1 7.6 14.6 5.4 10.8 0.0 26.3 6.1 1.9 2.3 5.7       

X  X 2011-10-13 Fall HUR Test 331 7.5 8.4 15.0 2.7 120.8 0.0 51.4 31.4 3.0 22.1 10.4       

X  X 2011-10-16 Fall KEL Test 905  12.6 10.4 5.0 350.2 0.0 118.3 94.0 4.9 47.6 14.6       

X  X 2011-10-16 Fall KUT Test 1389  11.2 11.7 19.1 542.7 0.0 229.9 139.7 7.9 70.5 52.4       

X  X 2011-10-15 Fall LAB Test 845 8.2 9.7 12.8 28.1 309.6 0.0 161.0 88.3 4.5 43.4 41.5       

X  X 2011-10-05 Fall LLC Test 1481 7.8 9.2 12.7 20.5 699.3 0.0 92.9 118.2 12.7 94.0 56.5       
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X  X 2011-10-04 Fall LLE Test 768 7.6 8.0 11.8 7.1 354.8 0.0 59.3 85.7 3.3 50.0 14.7       

X  X 2011-10-04 Fall LLW Test 1328 8.2 9.4 13.0 7.8 641.8 0.0 170.7 155.7 7.0 92.9 13.1       

X  X 2011-10-15 Fall MCB Ref 50 7.2 8.2 11.6 0.4 7.5 2.0 15.0 4.0 1.7 2.0 2.0       

X  X 2011-10-11 Fall MIL  Test 949 8.0 8.0 15.5 5.6 385.5 0.0 162.7 122.9 5.9 47.8 19.9       

X  X 2011-10-16 Fall POW Test 891  9.9 12.6 8.3 328.4 0.0 144.3 101.5 4.2 54.3 11.3       

X  X 2011-10-15 Fall RFF Test 479 8.2 9.5 11.5 8.5 109.7 0.0 162.5 42.3 2.8 18.1 53.6       

X  X 2011-10-11 Fall RIC Test 1839 8.2 8.9 13.8 9.4 879.3 1.3 255.8 193.0 7.5 185.2 17.3       

X  X 2011-10-05 Fall ROC Test 919 8.2 9.1 14.2 9.7 310.7 1.1 225.9 83.5 7.4 70.0 7.5       

X  X 2011-11-22 Fall ROL Test 549   10.7 9.1 180.8 0.0 92.7 69.4 3.3 30.0 16.2       

X  X 2011-10-11 Fall RUT Test 762 7.9 7.5 13.2 7.1 318.0 0.0 109.8 66.4 4.0 59.6 7.0       

X  X 2011-10-14 Fall SPC Test 557 8.4 8.4 14.7 16.4 94.9 0.2 222.6 46.3 3.3 18.4 53.7       

X   2011-11-10  BIR Test 551 8.0 10.5 8.7 1.8 11.3 0.0 121.6 54.0 3.5 33.0 20.9       

X   2011-11-22  COP Ref 118   12.3 6.0 16.8 0.0 39.6 13.4 1.6 4.4 3.9       

X   2011-11-09  CRA Test 510 7.1 9.5 12.1 6.5 190.9 0.0 27.9 54.8 2.5 30.4 6.0       

X   2011-11-22  CRO Ref 67   12.0 8.4 8.6 0.0 13.5 5.3 1.7 2.6 3.2       

X   2011-11-09  DAV Test 553 8.4 9.2 10.7 7.3 122.8 0.0 169.7 61.3 4.6 24.6 24.8       

X   2011-11-21  EAS Ref 22   11.0 5.9 2.8 0.0 7.5 2.5 0.4 0.6 0.6       

X   2011-11-10  FRY Test 365 8.3 10.6 8.5 12.8 72.3 0.0 98.7 34.7 2.0 13.8 22.1       

X   2011-11-30  GRA Test 141   8.9 10.7 27.9 0.0 32.2 14.8 1.5 4.9 6.1       

X   2011-11-10  HCN Ref 40 7.4 9.5 8.8 11.8 9.6 0.0 19.2 5.2 1.6 2.1 3.6       

X   2011-11-10  HUR Test 420 7.8 9.4 9.1 4.7 145.0 0.0 51.6 41.2 2.8 24.8 11.6       

X   2011-11-21  KEL Test 775   11.7 23.3 293.6 0.0 122.6 103.5 5.4 56.5 12.3       

X   2011-11-21  KUT Test 976   12.6 56.2 343.5 0.0 173.4 121.7 6.9 65.5 42.6       

X   2011-11-22  LAB Test 525   11.8 49.1 141.2 0.0 126.7 63.9 3.7 25.9 29.1       

X   2011-11-09  LLC Test 1697 8.1 10.0 7.5 41.3 734.4 0.0 94.8 144.5 12.6 131.4 75.9       

X   2011-11-09  LLE Test 941 7.8 9.7 9.7 37.2 385.8 0.0 64.5 110.6 3.5 59.3 16.6       

X   2011-11-09  LLW Test 1617 8.3 9.7 11.5 29.7 721.9 0.0 171.6 200.3 7.3 129.3 15.0       

X   2011-11-10  MCB Ref 53 7.2 10.1 8.5 8.4 9.1 0.0 14.1 3.9 1.5 2.0 2.1       

X   2011-11-10  MIL  Test 869 8.2 9.8 9.2 35.0 302.6 0.0 157.1 119.2 5.0 53.7 18.6       

X   2011-11-21  POW Test 693   12.1 40.4 237.0 0.0 115.7 92.3 3.9 46.1 8.3       

X   2011-11-22  RFF Test 218   12.0 10.5 37.6 0.0 63.8 20.4 1.9 7.5 17.5       

X   2011-11-21  RIC Test 1203   12.4 73.9 506.3 0.0 182.6 133.6 5.3 117.3 9.9       

X   2011-11-09  ROC Test 1082 8.5 11.1 8.4 40.2 335.9 0.0 234.7 103.4 7.1 95.1 7.8       

X   2011-11-22  ROL Test 549   10.7 9.1 180.8 0.0 92.7 69.4 3.3 30.0 16.2       

X   2011-11-10  RUT Test 549 8.0 10.4 8.0 10.8 174.2 0.0 83.1 46.7 2.9 43.5 5.7       

X   2011-11-22  SPC Test 213   13.1 15.8 30.6 0.0 70.4 21.2 1.8 6.3 16.7       
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X   2011-12-20  BIR Test 542  10.3 7.0 7.4 181.6 0.0 110.9 59.9 3.4 37.5 17.3       

X   2011-12-14  COP Ref 119 7.9 12.7 9.8 2.4 20.0 0.0 38.0 15.3 1.6 4.7 4.3       

X   2011-12-13  CRA Test 386 7.6 10.9 9.3 2.5 162.6 0.0 29.5 44.3 2.2 24.0 6.6       

X   2011-12-15  CRO Ref 59 7.6 13.7 8.4 4.7 8.9 0.0 10.5 4.9 1.5 2.4 3.0       

X   2011-12-13  DAV Test 324 8.2 11.7 8.0 1.3 85.7 0.0 94.7 38.3 2.9 15.8 11.9       

X   2011-12-20  EAS Ref 20 7.9 10.3 7.5 1.1 2.9 0.0 6.2 2.5 0.4 0.6 0.6       

X   2011-12-15  FRY Test 354 8.5 12.8 9.9 4.9 101.8 0.0 82.5 43.4 2.3 17.9 21.2       

X   2011-12-14  GRA Test 165 8.0 12.8 9.9 3.3 42.1 0.0 34.5 17.6 1.6 6.0 8.1       

X   2011-12-14  HCN Ref 47 7.6 11.9 7.8 1.8 9.5 0.0 9.1 4.0 1.5 2.0 2.2       

X   2011-12-14  HUR Test 407 8.1 11.2 10.8 1.4 163.9 0.0 45.2 42.7 2.6 24.8 10.6       

X   2011-12-20  KEL Test 821 8.3 10.2 8.4 4.3 350.4 0.0 117.1 117.4 5.7 65.0 14.5       

X   2011-12-20  KUT Test 1073 8.6 9.9 9.8 6.1 471.8 0.0 184.7 136.3 6.8 74.2 34.7       

X   2011-12-15  LAB Test 535 8.3 13.2 11.6 3.7 162.6 0.0 118.8 62.3 3.4 25.8 28.1       

X   2011-12-13  LLC Test 1019 8.0 11.3 6.5 13.6 481.5 0.0 70.6 91.8 8.6 76.1 45.3       

X   2011-12-13  LLE Test 418 7.7 11.3 8.1 4.3 166.7 0.0 30.6 48.6 2.2 24.8 7.2       

X   2011-12-13  LLW Test 1226 8.4 11.3 9.6 4.0 620.7 0.0 156.6 161.0 6.2 104.6 12.1       

X   2011-12-14  MCB Ref 42 7.4 11.3 9.2 1.0 10.1 0.0 7.9 3.3 1.3 2.1 2.1       

X   2011-12-20  MIL  Test 626 8.6 10.2 7.2 3.5 232.7 0.0 118.5 82.0 3.9 38.2 9.2       

X   2011-12-15  POW Test 795 8.2 12.7 11.9 2.6 315.7 0.0 128.4 109.0 4.0 56.6 9.0       

X   2011-12-15  RFF Test 375 8.7 13.3 10.1 3.9 77.0 0.1 133.7 33.0 2.4 11.7 58.5       

X   2011-12-20  RIC Test 1396 9.1 10.5 8.4 6.7 704.9 1.6 193.4 173.4 6.1 155.8 12.6       

X   2011-12-13  ROC Test 759 8.5 12.1 7.6 5.0 248.6 2.4 185.8 78.3 5.8 71.0 4.9       

X   2011-12-15  ROL Test 557 8.1 12.6 9.1 3.1 195.7 0.0 93.4 70.0 2.9 30.6 18.0       

X   2011-12-20  RUT Test 485  9.9 8.0 5.4 189.9 0.0 68.7 46.9 2.8 44.4 4.7       

X   2011-12-14  SPC Test 341 8.2 12.7 9.9 6.6 94.4 0.0 80.1 36.3 2.1 13.6 28.3       

X   2012-01-11  BIR Test 606   6.8 9.9 205.4 0.0 116.4 63.9 3.3 40.3 17.4       

X   2012-01-07  COP Ref 167   6.0 2.4 21.0 0.0 42.8 15.8 1.5 4.7 4.8       

X   2012-01-10  CRA Test 444   7.6 2.2 189.1 0.0 25.0 49.7 2.1 27.2 6.0       

X   2012-01-07  CRO Ref 72   3.7 5.4 9.2 0.0 9.1 4.4 1.3 2.1 2.7       

X   2012-01-10  DAV Test 430   6.1 1.4 116.7 0.0 137.0 52.4 3.8 21.0 18.8       

X   2012-01-09  EAS Ref 20   5.1 1.0 3.2 0.0 4.0 2.0 0.5 0.6 0.6       

X   2012-01-07  FRY Test 430   7.3 6.3 112.9 0.0 82.9 43.0 2.1 17.9 20.1       

X   2012-01-06  GRA Test 175   4.3 3.9 45.1 0.0 31.0 16.6 1.4 5.7 8.0       

X   2012-01-11  HCN Ref 50   5.2 2.1 9.8 0.0 7.9 3.8 1.3 1.9 2.1       

X   2012-01-11  HUR Test 397   8.4 1.3 158.9 0.0 42.3 41.0 2.4 23.9 11.0       

X   2012-01-08  KEL Test 921   7.0 3.9 360.4 0.0 116.0 105.2 4.7 57.7 12.3       
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X   2012-01-08  KUT Test 1123   10.8 3.2 485.3 0.5 187.0 134.5 6.6 73.6 35.1       

X   2012-01-07  LAB Test 679   8.5 4.9 208.6 0.0 115.5 69.5 3.5 29.2 30.8       

X   2012-01-10  LLC Test 1184   3.4 20.9 579.8 0.0 76.8 111.2 9.1 96.6 49.0       

X   2012-01-10  LLE Test 445   5.6 4.3 184.5 0.0 31.8 51.3 2.0 26.5 7.8       

X   2012-01-10  LLW Test 1163   7.5 3.7 587.0 0.0 139.3 154.9 5.7 98.3 11.6       

X   2012-01-11  MCB Ref 46   7.1 1.4 10.5 0.0 6.5 3.0 1.1 1.9 2.0       

X   2012-01-11  MIL  Test 610   8.1 4.9 220.5 0.0 119.6 84.4 4.1 38.6 10.7       

X   2012-01-08  POW Test 748   6.4 3.2 371.1 0.0 133.1 118.5 3.8 61.6 9.8       

X   2012-01-07  RFF Test 498   8.6 5.5 121.2 0.4 166.4 42.9 2.4 14.3 66.9       

X   2012-01-08  RIC Test 1676   4.5 7.9 763.1 0.0 199.8 165.1 5.4 148.5 11.7       

X   2012-01-10  ROC Test 851   4.9 7.0 292.6 0.0 204.6 91.0 6.1 83.3 5.8       

X   2012-01-07  ROL Test 706   6.3 5.7 247.0 0.0 98.8 81.1 2.9 35.7 19.2       

X   2012-01-08  RUT Test 641   8.0 8.4 225.6 0.0 74.6 53.3 2.7 51.7 5.0       

X   2012-01-06  SPC Test 308   2.6 6.4 73.6 0.0 79.2 28.1 1.6 10.1 24.5       

X   2012-02-16  BIR Test 626  10.3 7.7 11.4 210.1 0.0 117.3 64.8 3.2 41.0 19.4       

X   2012-03-06  COP Ref 89 8.4  8.0 2.7 18.7 0.0 29.4 11.0 1.3 3.5 3.0       

X   2012-03-06  CRO Ref 44 8.3  8.2 3.2 9.1 0.0 7.2 3.1 1.1 1.9 2.1       

X   2012-02-16  EAS Ref 22  10.0 6.2 0.4 8.2 0.0 6.2 2.4 0.3 0.6 0.6       

X   2012-03-08  EAS Ref 15 7.5  8.0 0.9 3.3 0.0 3.7 1.7 0.4 0.5 0.5       

X   2012-02-17  FRY Test 381   8.0 8.9 109.2 0.0 81.6 40.3 1.9 16.5 19.2       

X   2012-03-07  FRY Test 348 8.0  8.9 5.3 124.5 0.0 72.8 44.3 2.0 19.2 14.6       

X   2012-03-06  GRA Test 72 8.2  7.5 3.1 36.0 0.0 24.3 12.8 1.4 4.6 5.6       

X   2012-02-16  KEL Test 854  10.7 8.0 2.3 374.4 0.0 116.9 105.6 4.6 58.9 12.3       

X   2012-03-08  KEL Test 674 7.9  10.0 4.8 337.2 0.0 100.0 100.9 4.6 55.3 11.4       

X   2012-02-16  KUT Test 1098  9.9 11.0 6.6 486.8 0.0 185.1 131.6 6.4 72.5 35.2       

X   2012-03-08  KUT Test 885 8.0  11.8 5.1 447.5 0.0 160.5 122.4 6.9 66.8 49.9       

X   2012-02-17  LAB Test 606   9.4 6.1 211.0 0.0 112.1 68.3 3.3 28.9 28.5       

X   2012-03-07  LAB Test 468 7.6  10.8 3.5 173.9 0.0 94.4 60.5 3.2 25.9 23.1       

X   2012-02-16  MIL  Test 674  10.9 7.0 4.9 249.4 0.0 131.5 86.1 3.8 41.0 11.2       

X   2012-02-16  POW Test 764  10.1 7.6 1.1 308.1 0.0 113.7 94.1 3.2 48.3 7.9       

X   2012-03-08  POW Test 498 7.9  9.8 3.4 301.9 0.0 114.4 99.2 3.6 51.1 7.8       

X   2012-02-17  RFF Test 536   9.7 5.7 129.1 0.0 173.8 44.7 2.3 14.6 62.9       

X   2012-03-07  RFF Test 419 8.1  8.8 4.5 114.2 0.0 146.0 43.4 2.1 14.4 51.2       

X   2012-02-16  RIC Test 1433  10.5 8.0 6.2 734.0 0.0 170.4 156.1 5.0 139.4 11.4       

X   2012-03-07  RIC Test 1234 8.1  10.8 6.3 673.4 0.0 195.5 154.6 5.5 142.2 10.4       

X   2012-02-17  ROL Test 636   8.3 4.9 239.9 0.0 93.7 78.1 2.7 34.5 18.2       
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X   2012-03-07  ROL Test 489 7.7  10.8 4.1 207.0 0.0 83.1 67.2 2.6 30.5 15.5       

X   2012-02-16  RUT Test 570  11.0 6.3 6.7 224.0 0.0 74.4 50.9 2.6 48.9 5.0       

X   2012-03-07  RUT Test 424 7.6  8.5 6.3 175.5 0.0 60.1 42.2 2.5 39.5 4.0       

X   2012-03-06  SPC Test 219 8.2  5.7 3.9 66.3 0.0 57.2 23.3 1.4 8.4 14.1       

X  X 2012-03-22 Spring BIR Test 648 8.1 8.3 16.7 7.2 235.3 0.0 119.2 67.7 3.5 44.4 15.1       

X  X 2012-04-19 Spring COP Ref 118 7.8 10.2 14.5 2.1 20.2 0.0 47.0 15.9 1.5 4.7 5.0       

X  X 2012-04-18 Spring CRA Test 450 7.4 9.3 10.9 1.5 210.1 0.0 27.8 56.4 2.4 31.1 6.0       

X  X 2012-04-19 Spring CRO Ref 59 7.5 9.6 17.2 7.7 8.7 0.0 12.5 4.6 1.4 2.2 2.7       

X  X 2012-04-18 Spring DAV Test 467 8.3 9.1 12.3 3.8 120.2 0.0 151.1 56.1 4.3 22.4 19.2       

X  X 2012-04-19 Spring EAS Ref 25 6.9 10.1 12.0 0.9 2.9 0.0 8.3 3.2 0.4 0.7 0.6       

X  X 2012-03-22 Spring FRY Test 385 8.2 9.0 15.4 5.4 119.9 0.0 79.2 41.0 2.1 17.2 15.1       

X  X 2012-05-01 Spring GRA Test 168 7.8 9.4 16.6 3.1 36.7 0.0 44.0 17.8 1.6 5.8 7.5       

X  X 2012-03-23 Spring HCN Ref 49 7.5 9.2 15.6 1.7 9.9 0.0 7.8 3.0 1.3 1.7 1.9       

X  X 2012-03-23 Spring HUR Test 419 7.9 9.5 14.8 1.2 169.5 0.0 42.9 41.0 2.4 23.8 9.3       

X  X 2012-05-01 Spring KEL Test 819 8.0 9.9 13.7 11.8 345.1 0.0 121.8 102.8 4.8 57.4 12.3       

X  X 2012-05-01 Spring KUT Test 1058 8.3 9.8 14.3 4.4 455.8 0.0 183.5 126.7 6.7 71.4 35.5       

X  X 2012-04-19 Spring LAB Test 630 8.2 9.5 14.2 6.3 226.8 0.0 115.1 73.2 3.8 31.9 29.1       

X  X 2012-04-17 Spring LLC Test 1395 8.0 9.3 13.4 19.5 699.1 0.0 102.6 130.6 12.0 114.7 54.1       

X  X 2012-04-18 Spring LLE Test 559 7.7 9.1 11.5 4.0 242.4 0.0 46.4 68.0 2.5 35.0 10.0       

X  X 2012-04-18 Spring LLW Test 1185 8.2 9.2 12.3 2.8 597.8 0.0 140.9 154.3 5.8 96.5 11.8       

X  X 2012-03-23 Spring MCB Ref 48 7.3 9.5 13.2 1.2 10.8 0.0 7.6 2.9 1.1 1.9 1.9       

X  X 2012-03-22 Spring MIL  Test 576 8.3 10.0 12.6 3.3 198.1 0.0 117.9 71.8 3.7 33.6 7.5       

X  X 2012-04-20 Spring POW Test 898 8.1 9.4 14.6 5.2 429.9 0.0 137.1 129.5 4.2 69.2 10.8       

X  X 2012-04-19 Spring RFF Test 550 8.6 9.8 14.0 5.5 134.9 0.0 177.4 53.1 2.6 17.8 57.6       

X  X 2012-05-01 Spring RIC Test 1300 8.3 9.7 15.9 6.9 645.2 0.0 186.8 147.3 5.0 129.2 10.7       

X  X 2012-04-17 Spring ROC Test 921 8.4 9.2 13.9 5.3 333.8 2.0 215.8 92.6 6.4 87.7 6.6       

X  X 2012-04-19 Spring ROL Test 619 8.1 8.4 13.7 4.2 191.5 0.0 102.5 66.3 2.5 28.1 19.5       

X  X 2012-03-22 Spring RUT Test 586 8.2 9.0 14.7 6.7 227.8 0.0 81.2 51.8 2.9 50.2 4.8       

X  X 2012-05-01 Spring SPC Test 242 8.0 9.0 17.8 4.4 48.5 0.0 74.9 25.2 1.6 7.7 16.8       

X   2012-05-11  BIR Test 683 8.1 7.8 17.1 8.9 231.5 0.0 155.4 75.3 3.7 48.8 18.2       

X   2012-05-16  COP Ref 113 7.6  14.5 2.4 17.9 0.0 45.2 14.2 1.5 4.4 4.5       

X   2012-05-10  CRA Test 391 7.7 9.8 10.8 2.4 163.1 0.0 34.3 41.8 2.0 22.7 6.2       

X   2012-05-17  CRO Ref 57 7.4  13.5 4.4 8.7 0.0 15.8 4.7 1.4 2.3 2.5       

X   2012-05-10  DAV Test 350 8.3 9.3 12.4 1.4 92.0 0.0 114.5 41.1 3.2 16.9 12.7       

X   2012-05-15  EAS Ref 16 8.2  12.3 1.2 3.0 0.0 6.9 2.6 0.4 0.6 0.6       

X   2012-05-16  FRY Test 342 8.5  15.9 6.1 112.8 0.0 98.2 43.4 2.2 18.2 17.8       
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X   2012-05-15  GRA Test 224 7.4  14.6 0.2 0.4 0.0 52.1 24.0 1.8 8.1 15.9       

X   2012-05-11  HCN Ref 58 7.4 9.6 10.6 1.6 9.9 0.0 18.3 4.3 1.4 2.0 2.8       

X   2012-05-11  HUR Test 413 7.8 9.4 11.7 1.5 162.9 0.0 52.4 41.4 2.4 24.4 11.0       

X   2012-05-15  KEL Test 669 7.6  13.9 2.9 295.9 0.0 115.4 88.7 4.3 50.3 10.3       

X   2012-05-15  KUT Test 944 8.7  14.7 5.6 437.5 0.0 179.0 120.9 6.5 68.0 36.4       

X   2012-05-16  LAB Test 534 8.1  16.5 4.2 197.0 0.0 117.2 67.5 3.5 28.6 26.5       

X   2012-05-10  LLC Test 808 8.0 9.1 13.9 16.4 357.6 0.0 68.9 70.3 6.7 61.1 27.9       

X   2012-05-10  LLE Test 234 7.5 9.6 11.3 4.8 79.6 0.0 26.1 24.4 1.6 12.3 4.0       

X   2012-05-10  LLW Test 840 8.2 9.6 11.7 6.1 374.4 0.0 117.6 102.9 4.3 65.2 7.7       

X   2012-05-11  MIL  Test 688 8.3 8.6 14.6 2.8 248.9 0.0 149.6 94.0 4.5 40.8 11.8       

X   2012-05-16  POW Test 712 8.7  13.2 4.8 322.9 0.0 132.7 103.6 3.6 53.2 9.1       

X   2012-05-16  RFF Test 470 8.3  15.6 5.2 119.6 0.0 166.2 47.0 2.6 15.8 51.9       

X   2012-05-16  RIC Test 1246 8.3  13.0 6.3 689.0 0.0 192.8 151.8 5.0 134.4 11.0       

   2012-05-10  ROC Test 638 8.4 9.5 12.9               

X   2012-05-16  ROL Test 474 8.3  16.5 4.6 207.0 0.0 96.2 71.9 3.0 30.5 15.0       

X   2012-05-16  RUT Test 490 8.3  13.2 6.5 199.3 0.0 89.8 48.9 2.7 47.3 4.8       

X   2012-05-17  SPC Test 272 7.9  14.5 4.8 59.5 0.0 92.6 27.4 1.7 8.9 24.4       

X   2012-06-22  BIR Test 754 8.1 7.2 22.1 2.5 88.8 0.0 173.3 88.8 4.5 58.0 23.2       

X   2012-06-26  COP Ref 145 8.0  16.8 2.7 18.2 0.0 68.8 19.2 1.8 5.8 8.5       

X   2012-06-21  CRA Test 500 7.4 8.6 15.9 1.6 224.5 0.0 27.0 61.0 2.7 32.8 7.2       

X   2012-06-27  CRO Ref 63 8.8  14.5 3.7 7.8 0.0 26.5 5.9 1.7 2.8 3.0       

X   2012-06-21  DAV Test 655 8.5 8.2 19.6 1.3 172.6 1.5 223.7 88.1 6.8 34.3 32.9       

X   2012-06-28  EAS Ref 24 7.5  15.2 0.7 2.9 0.0 13.2 3.9 0.5 0.8 0.8       

X   2012-06-27  FRY Test 333 8.0  16.0 6.4 93.7 0.0 104.2 42.2 2.2 16.6 18.9       

X   2012-06-26  GRA Test 425 8.5  17.4 4.5 163.1 0.0 85.6 47.9 2.7 15.8 47.1       

X   2012-06-21  HCN Ref 121 7.4 6.6 17.8 1.4 4.5 0.0 65.5 10.4 1.7 3.0 17.7       

X   2012-06-21  HUR Test 494 7.7 7.5 20.6 0.7 201.7 0.0 60.5 55.0 3.4 32.1 13.5       

X   2012-06-28  KEL Test 689 8.0  14.0 4.1 363.3 0.0 132.5 115.1 5.0 63.5 14.4       

X   2012-06-28  KUT Test 960 8.2  13.4 3.2 549.2 1.3 228.4 157.8 7.9 89.3 54.2       

X   2012-06-27  LAB Test 653 8.0  16.5 4.1 266.9 0.0 138.7 88.3 4.0 37.3 39.0       

X   2012-06-21  LLC Test 1690 8.0 8.1 19.5 19.7 876.3 0.0 122.4 167.4 15.8 156.5 67.0       

X   2012-06-21  LLE Test 841 7.8 8.2 18.1 1.1 436.4 0.0 72.8 124.2 4.2 64.1 18.1       

X   2012-06-21  LLW Test 1380 8.2 8.2 18.2 1.5 750.2 0.0 172.6 222.5 8.8 139.2 16.8       

X   2012-06-22  MCB Ref 52 7.2 6.6 20.1 0.5 8.0 0.0 18.1 4.0 1.7 2.2 2.2       

X   2012-06-22  MIL  Test 804 8.2 8.0 19.4 1.3 329.0 0.0 162.3 151.3 6.8 62.6 20.2       

X   2012-06-28  POW Test 780 7.5  16.8 3.9 423.2 0.0 161.8 137.4 4.4 69.6 10.5       
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X   2012-06-27  RFF Test 433 8.2  14.5 5.6 113.2 0.0 170.0 45.5 2.5 15.3 54.0       

X   2012-06-27  RIC Test 1604 8.1  17.3 6.8 1060.7 1.2 249.2 231.3 7.5 232.1 17.1       

X   2012-06-21  ROC Test 827 8.2 8.3 19.1 1.8 316.5 0.0 188.7 87.8 6.6 78.0 9.2       

X   2012-06-27  ROL Test 432 7.5  16.8 4.7 151.5 0.0 100.1 62.9 3.7 24.4 15.5       

X   2012-06-27  RUT Test 876 8.0  17.4 6.7 457.6 0.0 130.9 99.8 4.4 99.9 6.8       

X   2012-06-26  SPC Test 489 8.2  16.5 6.8 101.0 21.9 186.7 46.1 2.1 15.1 70.1       

X   2012-07-18  BIR Test 477 8.0 7.2 21.6 7.3 127.2 0.0 124.8 69.1 5.4 39.4 18.3       

X   2012-08-02  COP Ref 144 7.4 7.4 19.2 2.2 17.3 0.0 72.2 18.8 1.8 5.4 8.3       

X   2012-07-11  CRA Test 516 7.5 8.0 17.7 2.0 219.4 0.0 25.0 84.6 3.8 46.9 10.3       

X   2012-08-02  CRO Ref 76 7.9 8.1 20.3 4.2 7.6 0.0 30.5 7.5 1.9 3.3 2.9       

X   2012-07-11  DAV Test 663 8.4 7.8 19.7 1.9 171.3 5.5 216.8 80.7 6.4 32.3 31.6       

X   2012-08-01  EAS Ref 28 7.8 8.3 17.1 0.3 2.8 0.0 8.3 2.5 0.4 0.6 0.5       

X   2012-08-02  FRY Test     6.9 111.6 0.0 125.9 48.3 2.5 18.9 22.4       

X   2012-08-02  GRA Test 305 7.6 8.1 20.8 3.4 89.6 0.0 82.4 33.3 2.3 10.3 21.8       

X   2012-07-18  HCN Ref 68 7.5 7.8 19.9 1.5 13.7 0.0 16.2 6.7 2.6 2.7 4.2       

X   2012-07-18  HUR Test 435 7.7 7.7 20.2 1.5 164.7 0.0 59.2 51.5 3.5 29.8 11.9       

X   2012-08-01  KEL Test 782 7.9 8.3 16.3 1.6 363.4 0.0 137.1 107.2 5.0 60.1 12.1       

X   2012-08-01  KUT Test 1078 8.2 9.1 15.3 1.6 519.1 1.4 203.6 137.4 8.1 78.1 44.9       

X   2012-08-01  LAB Test 725 7.9 8.4 18.5 1.7 292.3 0.0 150.2 90.6 4.0 37.9 42.3       

X   2012-07-11  LLC Test 1866 8.0 7.8 19.6 41.3 966.9 0.0 87.5 182.4 16.8 182.0 75.8       

X   2012-07-11  LLE Test 1255 7.7 7.3 19.3 4.1 658.5 0.0 93.2 179.4 5.1 92.9 25.7       

X   2012-07-11  LLW Test 1462 8.2 7.9 19.6 6.4 766.0 0.0 167.3 193.4 7.4 120.8 14.4       

X   2012-07-18  MCB Ref 53 7.4 7.1 21.3 1.5 6.4 0.0 21.4 4.8 2.2 2.5 2.4       

X   2012-07-18  MIL  Test 765 8.0 8.1 19.5 4.3 287.8 0.0 159.4 132.0 5.9 54.4 16.7       

X   2012-07-31  POW Test 794 8.0 7.9 17.7 0.5 366.0 0.0 140.3 113.1 4.2 58.1 8.3       

X   2012-08-02  RFF Test 475 8.1 8.7 18.8 5.9 123.5 9.1 179.8 47.6 2.7 16.1 60.5       

X   2012-07-31  RIC Test 1744 8.2 7.8 20.2 5.6 979.0 2.1 245.7 204.0 7.0 196.9 14.4       

X   2012-07-11  ROC Test 936 8.3 7.8 19.5 5.8 358.4 0.7 204.2 104.1 7.5 95.0 11.2       

X   2012-08-01  ROL Test     1.7 212.3 0.0 102.0 74.7 4.1 29.4 15.2       

X   2012-07-31  RUT Test     4.3 244.1 0.0 124.3 61.9 3.6 57.3 5.5       

X   2012-08-02  SPC Test 347 8.0 7.9 20.4 5.4 68.8 0.2 157.5 36.8 2.1 11.0 42.3       

X   2012-09-12  BIR Test 651 8.2 8.0 17.8 8.0 195.9 3.2 164.2 81.2 4.4 51.0 20.9       

X   2012-09-05  COP Ref 213 7.8 6.1 18.9 3.2 16.1 0.0 107.2 24.6 2.0 6.8 15.2       

X   2012-09-11  CRA Test 524 7.4 8.8 15.0 2.3 223.3 0.0 24.8 68.1 3.0 36.7 7.7       

X   2012-09-05  CRO Ref 70 7.5 7.5 20.8 2.1 5.3 0.0 26.9 6.4 2.0 2.7 2.3       

X   2012-09-11  DAV Test 665 8.4 8.7 16.5 1.5 171.5 6.2 223.5 81.8 6.2 33.6 34.8       
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X   2012-09-04  EAS Ref 30 7.0 7.0 18.0 0.9 2.8 0.0 14.1 3.6 0.5 0.8 0.7       

X   2012-09-05  FRY Test 500 8.2 7.2 21.3 6.1 129.1 0.0 149.9 54.9 3.0 21.5 32.3       

X   2012-09-06  GRA Test 313 7.9 7.4 19.7 3.6 78.0 0.0 83.0 33.9 2.5 10.4 21.3       

X   2012-09-11  HCN Ref 81 7.5 7.6 16.6 1.9 8.8 0.0 32.4 6.4 1.7 2.2 6.3       

X   2012-09-11  HUR Test 455 7.7 6.7 16.5 1.3 176.5 0.0 57.4 50.0 3.2 29.8 13.1       

X   2012-09-04  KEL Test 851 7.9 8.2 16.5 3.4 357.2 0.0 140.5 111.6 5.1 61.2 13.8       

X   2012-09-04  KUT Test 1232 8.3 8.6 15.3 4.7 544.7 0.8 228.3 157.9 7.7 87.9 46.7       

X   2012-09-05  LAB Test 849 8.1 7.5 18.0 5.8 322.0 0.0 163.7 98.7 4.5 40.9 53.3       

X   2012-09-10  LLC Test 1652 8.0 8.6 17.2 33.0 856.2 0.0 96.6 156.8 14.6 151.1 67.1       

X   2012-09-11  LLE Test 1167 7.6 7.0 14.7 6.2 614.7 0.0 89.1 171.0 4.7 91.2 24.2       

X   2012-09-11  LLW Test 1519 8.2 8.0 15.9 7.2 802.7 3.5 172.1 220.5 7.9 144.3 15.6       

X   2012-09-12  MCB Ref 57 7.3 5.8 15.4 1.2 5.5 0.0 25.7 4.8 1.7 2.5 2.0       

X   2012-09-12  MIL  Test 874 8.2 8.6 16.7 4.5 348.5 1.3 166.5 133.1 5.5 54.7 16.9       

X   2012-09-04  POW Test 1009 8.0 7.2 18.6 3.3 449.0 0.0 177.4 144.3 4.6 72.7 11.3       

X   2012-09-05  RFF Test 588 8.3 6.8 21.1 6.0 123.9 1.8 213.0 49.3 3.2 16.5 78.2       

X   2012-09-04  RIC Test 1925 8.3 7.3 19.6 6.5 1006.3 1.2 260.9 219.1 7.8 217.9 16.2       

X   2012-09-10  ROC Test 771 8.4 8.8 16.9 4.2 276.3 3.1 165.8 82.3 6.6 71.6 9.5       

X   2012-09-05  ROL Test 602 7.1 5.0 18.5 4.8 191.4 0.0 133.5 78.6 3.8 30.0 22.3       

X   2012-09-04  RUT Test 905 8.1 7.2 19.7 6.3 403.6 0.0 130.3 90.6 4.6 88.3 6.7       

X   2012-09-06  SPC Test 478 8.3 7.4 19.6 6.8 86.2 1.1 188.0 43.9 2.5 13.7 58.3       

X  X 2012-10-22 Fall BIR Test 658 8.0 8.4 13.1 10.3 196.3 0.5 172.7 75.1 4.6 47.4 22.9       

X  X 2012-10-16 Fall CRA Test 512 7.4 9.3 13.4 1.9 218.3 0.0 27.5 61.7 2.7 33.4 6.2       

X  X 2012-10-13 Fall CRO Ref 78  9.8 10.8 4.6 8.1 0.0 28.6 7.6 1.7 3.4 3.0       

X  X 2012-10-16 Fall DAV Test 616 8.5 9.7 11.8 2.0 155.9 6.4 211.1 80.5 5.8 32.2 33.3       

X  X 2012-10-12 Fall EAS Ref 23  9.0 11.2 0.3 2.7 0.0 8.4 3.0 0.4 0.7 0.6       

X  X 2012-11-06 Fall FRY Test 271 8.0 13.7 4.8 9.2 53.2 0.0 78.2 28.5 1.7 11.1 17.2       

X  X 2012-10-14 Fall GRA Test 282  9.2 11.7 3.8 70.7 0.0 76.4 31.2 2.0 10.0 16.7       

X  X 2012-10-17 Fall HCN Ref 85 7.6 8.7 10.2 2.3 9.4 0.0 35.5 7.1 1.6 2.5 7.6       

X  X 2012-10-17 Fall HUR Test 418 7.7 9.4 11.8 1.4 163.1 0.0 52.7 48.0 3.0 28.8 11.0       

X  X 2012-10-12 Fall KEL Test 855  9.8 11.0 1.6 378.8 0.0 135.0 112.2 4.9 61.2 14.1       

X  X 2012-10-12 Fall KUT Test 1270  9.5 13.0 1.4 592.3 0.0 220.5 157.6 7.7 88.3 50.1       

X  X 2012-10-13 Fall LAB Test 791  9.8 10.4 2.0 307.7 0.0 156.6 94.9 4.1 39.9 49.3       

X  X 2012-10-15 Fall LLC Test 1828 8.0 9.5 13.7 27.7 957.1 0.0 109.2 185.3 16.0 172.0 78.0       

X  X 2012-10-16 Fall LLE Test 941 7.9 9.8 11.0 7.7 473.0 0.0 73.4 129.4 3.9 69.1 18.5       

X  X 2012-10-16 Fall LLW Test 1505 8.3 9.4 13.4 6.2 796.7 3.3 172.7 209.4 7.5 136.7 15.2       

X  X 2012-11-06 Fall MCB Ref 48 7.5 13.0 6.3 1.5 8.6 0.0 13.4 3.4 1.4 2.2 1.9       
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X  X 2012-10-22 Fall MIL  Test 810 8.1 9.2 12.9 7.0 320.0 0.0 160.0 122.7 5.3 51.9 15.7       

X  X 2012-10-12 Fall POW Test 972  9.0 10.6 0.5 450.0 0.4 165.0 140.3 4.2 70.3 11.7       

X  X 2012-10-13 Fall RFF Test 399  7.2 9.0 4.9 82.1 0.0 139.7 36.2 2.2 12.6 41.4       

X  X 2012-10-12 Fall RIC Test 1795  10.0 8.4 6.0 968.1 0.0 235.1 201.2 6.5 194.1 14.7       

X  X 2012-10-15 Fall ROC Test 901 8.3 8.9 14.0 7.5 344.6 4.7 190.1 99.8 6.6 88.8 12.0       

X  X 2012-11-06 Fall ROL Test 677 7.8 11.2 5.8 13.7 264.5 0.0 96.1 101.3 4.7 45.0 18.2       

X  X 2012-10-22 Fall RUT Test 743 8.1 9.9 10.1 6.2 309.1 0.0 114.1 78.8 4.1 76.5 6.7       

X  X 2012-10-14 Fall SPC Test 483  9.7 12.9 6.4 87.3 1.2 191.6 42.4 2.2 13.6 60.2       

X   2012-11-05  BIR Test 509 8.1 12.3 8.0 16.3 135.1 1.3 131.9 55.2 3.6 32.5 20.9       

X   2012-11-07  CRA Test 408 7.5 10.1 11.0 1.6 174.3 0.0 24.2 50.5 2.3 27.2 4.7       

X   2012-12-01  CRO Ref 69 8.9 11.3 2.5 4.6 9.4 0.0 21.6 6.3 1.3 2.9 2.7       

X   2012-11-07  DAV Test 336 8.2 12.4 8.1 2.0 79.0 0.0 109.6 41.1 3.2 16.2 14.7       

X   2012-11-30  EAS Ref 23 8.7 7.5 5.7 0.3 2.9 0.0 7.0 2.6 0.3 0.6 0.6       

X   2012-11-06  FRY Test 271 8.0 13.7 4.8 9.2 53.2 0.0 78.2 28.5 1.7 11.1 17.2       

X   2012-12-01  GRA Test 222 7.9 10.8 6.1 3.6 68.8 0.0 56.9 26.7 1.6 8.6 13.4       

X   2012-11-07  HCN Ref 59 7.6 12.9 6.7 2.7 9.4 0.0 15.7 5.1 1.6 2.2 3.4       

X   2012-11-06  HUR Test 337 7.7 11.9 9.4 1.1 128.4 0.0 41.1 36.7 2.6 21.8 9.0       

X   2012-11-30  KEL Test 818 8.5 7.2 4.5 1.5 387.4 0.0 124.4 109.9 4.5 59.9 14.5       

X   2012-11-30  KUT Test 1245 8.6 7.6 9.9 1.5 607.0 2.6 221.4 157.9 7.5 87.5 54.0       

X   2012-11-13  LLC Test 1372 7.9 11.9 7.6 29.6 690.6 0.0 79.9 115.9 10.8 113.5 70.8       

X   2012-11-07  LLE Test 399 7.7 11.6 8.4 8.1 158.6 0.0 29.0 50.0 2.4 25.8 7.5       

X   2012-11-07  LLW Test 1025 8.3 11.1 10.2 14.9 489.5 1.1 130.4 140.3 5.9 93.6 9.3       

X   2012-11-06  MCB Ref 48 7.5 13.0 6.3 1.5 8.6 0.0 13.4 3.4 1.4 2.2 1.9       

X   2012-11-05  MIL  Test 732 8.1 12.5 8.9 8.1 276.2 2.8 145.4 107.6 4.6 47.8 13.8       

X   2012-11-30  POW Test 967 8.4 7.5 7.0 0.5 462.1 0.0 160.0 135.7 4.0 69.4 11.3       

X   2012-12-01  RFF Test 271 8.1 10.8 2.5 4.2 61.7 0.0 88.3 27.8 1.5 10.0 20.6       

X   2012-11-30  RIC Test 1739 8.6 7.6 2.0 6.0 953.5 1.1 218.4 198.8 5.9 187.9 14.6       

X   2012-11-13  ROC Test 766 8.3 12.1 7.0 18.3 264.4 4.2 174.4 69.7 5.1 72.7 6.7       

X   2012-11-06  ROL Test 677 7.8 11.2 5.8 13.7 264.5 0.0 96.1 101.3 4.7 45.0 18.2       

X   2012-12-01  SPC Test 483 8.6 12.3 6.3 6.8 114.7 0.6 180.5 44.2 2.0 15.4 62.4       

X   2013-02-08  BIR Test 617 7.9 10.4 6.8 6.4 231.2 1.0 114.6 66.9 3.8 44.4 14.9       

X   2013-02-09  COP Ref 122 8.0 11.9 4.5 2.0 22.6 0.0 38.1 14.2 1.4 4.6 4.2       

X   2013-02-10  CRA Test 400 8.0 10.6 8.0 2.2 180.5 0.0 27.0 45.2 2.1 25.3 5.9       

X   2013-02-09  CRO Ref 55 7.7 11.2 4.8 3.4 9.8 0.0 10.6 4.5 1.4 2.3 2.6       

X   2013-02-10  DAV Test 332 8.1 11.6 6.2 1.0 83.3 0.0 101.9 41.1 3.2 17.1 13.9       

X   2013-02-08  EAS Ref 21 7.9 11.0 6.1 0.3 2.9 0.0 5.7 2.4 0.3 0.6 0.6       
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X   2013-02-09  FRY Test 381 8.1 11.8 5.4 6.1 126.4 0.0 76.7 41.4 2.0 17.7 19.0       

X   2013-02-09  GRA Test 147 7.5 11.0 5.5 2.9 40.3 0.0 28.8 15.0 1.4 5.4 6.0       

X   2013-02-10  HCN Ref 47 8.0 12.8 3.1 1.3 10.3 0.0 6.6 3.6 1.3 1.9 1.9       

X   2013-02-10  HUR Test 395 8.0 11.9 4.7 0.8 169.2 0.0 40.6 41.4 2.4 24.5 10.0       

X   2013-02-08  KEL Test 801 8.2 10.6 8.5 1.0 367.4 0.1 114.5 105.6 5.3 60.2 12.7       

X   2013-02-08  KUT Test 1003 8.3 10.1 10.9 1.2 467.3 3.8 159.2 125.4 6.9 70.2 33.6       

X   2013-02-09  LAB Test 598 8.0 11.0 7.0 1.7 227.8 0.4 105.7 71.3 3.8 31.4 30.1       

X   2013-02-10  LLC Test 893 7.9 11.3 6.8 18.7 443.7 0.0 54.8 82.3 7.4 70.1 39.2       

X   2013-02-10  LLE Test 311 8.1 11.7 5.1 0.8 124.6 0.0 22.4 36.9 1.9 19.6 5.8       

X   2013-02-10  LLW Test 1035 8.1 10.7 8.5 0.9 542.9 0.0 128.4 142.2 5.8 91.7 10.9       

X   2013-02-09  MCB Ref 44 7.7 11.3 4.5 0.6 11.0 0.0 6.0 2.9 1.0 1.8 1.8       

X   2013-02-08  MIL  Test 564 8.2 11.2 6.3 0.8 206.2 4.4 114.8 74.8 4.0 37.3 8.3       

X   2013-02-08  POW Test 720 7.8 10.5 7.5 0.5 315.3 0.0 112.4 98.1 3.9 51.4 8.0       

X   2013-02-09  RFF Test 500 8.3 11.5 5.8 4.9 130.8 2.1 157.6 41.9 2.3 14.4 63.7       

X   2013-02-08  RIC Test 1476 8.3 10.4 7.8 6.4 777.5 7.1 202.3 171.0 6.5 158.7 12.4       

X   2013-02-10  ROC Test 612 8.2 11.6 7.2 2.8 271.7 0.8 140.1 61.2 4.5 56.1 5.4       

X   2013-02-09  ROL Test 614 7.9 11.7 4.3 1.5 256.1 0.0 82.8 82.3 3.1 38.8 18.0       

X   2013-02-08  RUT Test 469 8.1 10.9 5.7 3.0 192.3 0.0 56.9 43.7 2.9 39.5 4.4       

X   2013-02-09  SPC Test 294 7.7 11.0 6.8 5.2 91.4 0.0 62.6 30.2 1.8 11.5 21.8       

X   2013-03-18  BIR Test 610 8.1 10.2 8.6 10.3 220.3 0.0 117.0 59.0 3.3 38.3 17.7       

X   2013-03-14  COP Ref 106 7.6 12.8 5.9 1.8 19.1 0.0 30.4 10.8 1.2 4.0 3.7       

X   2013-03-18  COP Ref 101 8.1 10.1 8.3 1.6 17.8 0.0 31.7 10.3 1.2 3.7 3.4       

X   2013-03-22  CRA Test 406 8.1 12.2 3.2 3.6 181.0 0.0 25.6 38.4 1.9 23.1 6.6       

X   2013-03-18  CRO Ref 52 8.4 10.3 8.1 3.2 8.8 0.0 10.6 3.4 1.1 1.9 2.3       

X   2013-03-21  DAV Test 314 8.0 12.2 4.5 0.9 77.2 0.0 92.6 31.5 2.7 14.3 11.2       

X   2013-03-11  EAS Ref 19 7.2 10.6 7.3 0.3 2.8 0.0 5.0 2.2 0.3 0.5 0.5       

X   2013-03-18  FRY Test 337 8.3 9.9 8.6 7.3 103.8 0.0 74.5 30.9 1.7 14.1 16.9       

X   2013-03-15  GRA Test 142 7.6 11.5 4.2 3.0 38.1 0.0 28.7 13.0 1.3 5.3 6.8       

X   2013-03-21  HCN Ref 45 7.9 12.2 4.8 1.4 9.7 0.0 5.6 2.9 1.1 1.6 1.9       

X   2013-03-21  HUR Test 315 7.9 11.9 5.6 0.7 131.8 0.0 34.1 27.4 2.0 17.4 8.3       

X   2013-03-12  KEL Test 766 7.5 9.8 8.3 1.1 345.9 0.0 113.2 91.6 4.6 50.9 11.0       

X   2013-03-12  KUT Test 982 7.7 9.4 11.3 1.0 471.6 0.0 160.7 115.2 6.3 70.8 32.1       

X   2013-03-18  LAB Test 542 8.1 10.0 9.8 2.1 196.8 0.0 103.5 54.0 3.2 25.3 24.1       

X   2013-03-22  LLC Test 864 7.9 11.9 5.6 18.0 422.9 0.0 56.1 66.9 6.4 66.6 31.8       

X   2013-03-21  LLE Test 303 7.9 12.3 3.8 0.7 120.3 0.0 22.7 28.1 1.5 16.4 5.1       

X   2013-03-21  LLW Test 935 8.1 11.8 5.1 0.9 477.7 0.0 114.2 105.1 4.4 76.7 8.4       
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X   2013-03-18  MIL  Test 614 8.3 10.5 7.5 0.8 231.3 0.0 130.6 71.9 3.7 36.2 9.7       

X   2013-03-13  POW Test 660 7.7 12.9 4.9 0.4 275.6 0.0 100.6 80.6 3.2 39.4 7.7       

X   2013-03-18  RFF Test 447 8.3 10.0 9.6 4.9 113.0 0.8 148.7 33.9 2.1 12.8 48.1       

X   2013-03-13  RIC Test 1341 7.8 13.3 5.4 6.6 628.0 0.0 175.1 136.0 4.9 133.9 10.8       

X   2013-03-22  ROC Test 520 8.2 12.3 2.8 1.4 175.2 0.0 114.8 42.8 3.5 40.1 4.9       

X   2013-03-18  ROL Test 663 8.0 10.4 8.5 2.2 268.0 0.0 89.3 75.3 2.8 35.9 16.3       

X   2013-03-13  RUT Test 471 7.8 13.2 4.8 6.2 179.5 0.0 64.1 37.5 2.4 36.4 5.6       

X   2013-03-21  SPC Test 185 8.4 11.2 4.2 4.2 44.3 0.0 46.8 16.0 1.3 6.1 11.4       

X  X 2013-04-07 Spring BIR Test 566 8.0 9.7 12.7 18.7 253.2 0.0 106.9 52.3 3.1 35.4 16.9       

X  X 2013-04-06 Spring COP Ref 96 7.5 9.9 10.3 1.7 18.2 0.0 27.0 9.5 1.2 3.5 3.3       

X  X 2013-04-05 Spring CRA Test 402 8.0 10.6 8.7 3.6 176.1 0.0 29.8 39.1 1.9 23.8 6.6       

X  X 2013-04-06 Spring CRO Ref 53 7.4 10.0 10.6 3.2 9.6 0.0 9.9 3.5 1.2 2.0 2.6       

X  X 2013-04-05 Spring DAV Test 309 8.3 10.5 10.1 0.8 77.1 0.0 90.9 31.5 2.9 14.3 11.2       

X  X 2013-04-08 Spring EAS Ref 21 7.8 10.8 9.0   0.0 5.9 2.3 0.3 0.5 0.5       

X  X 2013-04-07 Spring FRY Test 278 8.1 11.7 8.0 6.0 81.3 0.0 62.8 25.6 1.5 11.6 13.8       

X  X 2013-04-06 Spring GRA Test 114 8.1 9.7 7.2 2.9 29.3 0.0 23.3 10.0 1.2 4.3 5.5       

X  X 2013-04-05 Spring HCN Ref 45 8.0 10.5 8.8 1.6 9.5 0.0 5.9 3.0 1.2 1.6 2.1       

X  X 2013-04-06 Spring HUR Test 352 7.8 9.2 12.8 0.9 152.6 0.0 36.2 31.8 2.4 20.2 8.6       

X  X 2013-04-08 Spring KEL Test 811 8.1 10.0 9.5 1.3 365.9 1.5 118.2 95.3 4.7 53.9 12.0       

X  X 2013-04-08 Spring KUT Test 1004 8.2 9.6 11.8 1.4 479.0 1.4 165.6 116.4 6.4 73.0 29.8       

X  X 2013-04-07 Spring LAB Test 472 8.0 10.8 11.5 2.2 159.6 0.0 94.7 47.8 3.0 22.1 20.1       

X  X 2013-04-11 Spring LLC Test 1188 7.8 9.9 15.9 23.5 633.1 0.0 72.7 98.6 9.6 97.6 49.2       

X  X 2013-04-05 Spring LLE Test 305 7.9 10.7 9.0 0.7 122.4 0.0 23.1 29.3 1.6 16.9 5.1       

X  X 2013-04-05 Spring LLW Test 958 8.2 9.8 12.0  496.0 0.0 121.3 111.6 5.0 80.5 8.7       

X  X 2013-04-06 Spring MCB Ref 40 7.5 9.9 11.1 0.8 11.1 0.0 6.3 2.8 1.1 1.8 1.9       

X  X 2013-04-08 Spring MIL  Test 540 8.2 10.2 9.5 0.8 206.1 3.7 115.7 65.9 3.6 33.6 8.9       

X  X 2013-04-07 Spring POW Test 748 8.0 9.7 11.7 0.4 345.1 0.0 118.9 93.9 3.7 48.2 8.7       

X  X 2013-04-07 Spring RFF Test 363 8.2 10.2 8.7 3.8 87.5 0.9 116.6 28.9 1.8 11.1 35.9       

X  X 2013-04-07 Spring RIC Test 1270 8.3 10.1 11.6 5.8 684.1 1.2 160.8 129.7 4.9 130.0 10.5       

X  X 2013-04-05 Spring ROC Test 557 8.4 11.6 6.2 1.6 197.8 0.0 123.5 47.8 3.9 44.8 5.5       

X  X 2013-04-07 Spring ROL Test 576 7.7 10.3 9.9 1.8 247.9 0.0 79.9 66.9 2.6 32.4 13.7       

X  X 2013-04-07 Spring RUT Test 433 8.1 10.3 10.6 5.0 176.0 0.0 65.2 36.4 2.5 35.5 5.5       

X  X 2013-04-06 Spring SPC Test 161 8.1 11.1 9.0 4.5 37.2 0.0 40.2 14.3 1.3 5.6 10.0       

  X 2013-11-16 Fall BIR Test 717 7.9  7.1 6.0 261.7 0.4 188.9           

 X X 2013-11-12 Fall COP Ref 180 8.1  6.4 2.3 19.2 0.0 108.9 19.4 1.9 6.7 12.2 2.4 0.5 155.4 3.0 2.5 5.0 

 X X 2013-11-10 Fall CRA Test 490 8.6  7.6 1.3 207.9 0.0 27.9 42.1 2.1 26.3 5.7 7.9 0.5 5.0 8.3 2.5 5.0 
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 X X 2013-11-12 Fall CRO Ref 82 8.5  5.9 3.0 7.9 0.0 31.3 6.0 1.7 3.4 2.8 3.6 0.5 13.2 1.7 2.5 5.0 

 X X 2013-11-10 Fall DAV Test 559 8.1  8.1 1.1 135.7 0.6 200.2 51.0 4.4 22.6 21.1 4.6 0.5 5.0 0.5 2.5 5.0 

 X X 2013-11-17 Fall FRY Test 469 7.4  7.2 6.1 125.1 0.0 136.6 38.7 2.1 18.3 25.9 2.5 0.5 18.1 0.5 2.5 5.0 

 X X 2013-11-11 Fall GRA Test 427 8.4  5.5 2.7 126.7 0.0 99.3 27.2 1.9 11.0 34.5 1.7 0.5 5.0 4.2 2.5 5.0 

 X X 2013-11-11 Fall HCN Ref 90 8.4  8.8 1.2 9.4 0.0 38.8 5.6 1.4 2.5 7.2 1.3 0.5 116.0 16.2 2.5 5.0 

 X X 2013-11-11 Fall HUR Test 415 8.3  8.2 0.7 162.6 0.0 52.6 31.1 2.3 21.6 7.8 2.6 0.5 39.5 4.2 2.5 11.9 

 X X 2013-11-15 Fall KEL Test 808 8.4  3.7 1.1 352.8 0.0 124.6 79.2 3.9 47.9 12.7 1.5 0.5 11.4 7.3 2.5 5.0 

 X X 2013-11-15 Fall KUT Test 1298 7.9  8.9 1.2 597.2 2.0 237.1 113.9 6.6 71.2 46.5 3.4 0.5 28.0 7.2 9.7 5.0 

 X X 2013-11-13 Fall LAB Test 798 7.8  4.5   0.0 149.7 67.5 3.3 32.6 38.5 1.9 0.5 5.0 2.0 2.5 5.0 

 X X 2013-11-09 Fall LLC Test 1612 8.4  7.1 24.9 839.4 0.0 90.0 103.5 11.3 114.4 66.5 3.0 0.5 15.3 4.7 6.3 5.0 

 X X 2013-11-11 Fall LLE Test 894 8.0  6.9   0.0 162.1 123.9 5.2 89.6 9.7 4.6 0.5 5.0 1.4 2.5 5.0 

 X X 2013-11-10 Fall LLW Test 1314 7.9  8.8 0.7 366.0 0.0 69.6 83.8 3.1 49.7 13.4 4.4 0.5 5.0 1.1 2.5 5.0 

 X X 2013-11-15 Fall MIL  Test 921 8.2  4.8 1.0 377.8 0.0 195.6 93.5 4.2 47.6 18.6 1.8 0.5 17.2 11.2 2.5 5.0 

 X X 2013-11-16 Fall POW Test 1008 7.9  7.0 0.3 495.1   114.3 3.9 62.6 12.1 3.9 0.5 943.6 11.8 2.5 12.1 

  X 2013-11-13 Fall RFF Test 511 8.2  2.8 5.5 110.1 0.8 181.8           

 X X 2013-11-16 Fall RIC Test 1894 7.9  5.9 5.7 1030.6 1.4 237.1 171.6 6.1 177.9 14.4 2.7 0.5 22.4 9.9 2.5 5.0 

 X X 2013-11-09 Fall ROC Test 845 8.8  5.4 1.5 373.0 5.4 169.2 65.7 5.1 64.6 10.3 4.4 0.5 5.0 2.4 8.0 5.0 

 X X 2013-11-16 Fall RUT Test 867 8.0  5.5 3.7 430.5 0.0 121.7 64.5 3.6 71.6 6.3 2.4 0.5 5.0 2.3 2.5 5.0 

 X X 2013-11-11 Fall SPC Test 545 8.1  4.8 5.7 88.4 2.2 234.2 29.9 1.7 11.7 62.0 2.0 0.5 19.3 3.5 2.5 5.0 

 X X 2014-04-23 Spring BIR Test 656  9.1 12.3 5.8 125.9 0.0 139.1 52.2 3.2 37.5 16.4 2.8 0.5 33.2 18.2 2.5 5.0 

 X X 2014-04-12 Spring COP Ref 114 7.4 10.4 10.0 1.3 18.3 0.0 37.5 10.1 1.2 3.9 3.7 4.5 0.5 60.7 3.8 2.5 5.0 

 X X 2014-04-21 Spring CRA Test 453  10.1 10.3 1.1 192.9 0.0 28.6 36.1 1.9 22.8 5.3 25.7 0.5 5.0 31.6 2.5 5.0 

 X X 2014-04-12 Spring CRO Ref 55 7.1 9.3 9.9 2.3 8.9 0.0 12.3 3.1 1.1 1.9 2.3 6.6 0.5 36.0 1.6 2.5 5.0 

 X X 2014-04-21 Spring DAV Test 500  9.4 14.6 1.0 131.0 0.0 166.5 43.4 4.1 19.4 16.9 6.6 0.5 13.4 0.5 2.5 5.0 

 X X 2014-04-12 Spring EAS Ref 22 7.9 9.3 11.5 0.2 2.7 0.0 6.5 2.1 0.3 0.5 0.5 5.2 0.5 12.2 0.5 2.5 5.0 

 X X 2014-04-12 Spring FRY Test 330 7.4 8.2 14.9 5.0 89.4 0.0 77.3 26.0 1.7 12.2 14.6 3.5 0.5 18.9 1.3 2.5 5.0 

 X X 2014-04-11 Spring GRA Test 135   14.9 1.9 31.9 0.0 30.5 9.8 1.3 4.4 5.6 14.1 0.5 342.4 3.6 2.5 31.0 

 X X 2014-04-11 Spring HCN Ref 46   14.0 1.1 9.2 0.0 7.1 2.5 1.2 1.5 2.0 8.7 0.5 54.4 2.4 2.5 5.0 

 X X 2014-04-22 Spring HUR Test 416  9.8 12.0 0.5 163.8 0.0 49.2 31.7 2.2 21.2 9.3 5.5 0.5 5.0 3.6 2.5 5.0 

 X X 2014-04-13 Spring KEL Test 795 7.5 9.6 12.5 0.9 335.1 0.0 126.3 74.0 4.1 46.0 10.7 2.6 0.5 23.7 5.4 2.5 5.0 

 X X 2014-04-13 Spring KUT Test 1009 7.7 8.6 14.6   0.0 180.7 88.9 5.6 55.5 29.1 4.1 0.5 11.8 3.6 8.0 10.5 

 X X 2014-04-22 Spring LAB Test 586  9.7 13.6 1.1 204.4 0.0 118.5 49.0 3.0 24.0 23.0 8.6 0.5 17.4 6.0 2.5 5.0 

 X X 2014-04-11 Spring LLC Test 925 8.3 10.0 10.0 17.9 404.7 0.0 52.9 53.6 6.4 51.7 42.1 13.5 0.5 21.6 28.6 8.4 5.0 

 X X 2014-04-21 Spring LLE Test 466  9.6 13.2 0.6 193.7 0.0 38.1 38.9 2.0 23.2 6.9 6.8 0.5 5.0 1.3 2.5 5.0 

 X X 2014-04-21 Spring LLW Test 1146  9.2 15.6 0.8 543.8 0.0 143.5 108.8 5.0 74.4 9.5 7.2 0.5 5.0 1.5 2.5 5.0 

 X X 2014-04-22 Spring MCB Ref 48  9.3 12.7 0.5 10.7 0.0 8.2 2.5 1.1 1.7 1.8 6.2 0.5 10.3 1.1 2.5 5.0 
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 X X 2014-04-13 Spring MIL  Test 620 7.7 8.1 17.7 0.7 218.8 0.0 137.9 59.0 3.7 32.2 9.5 3.3 0.5 28.2 6.9 2.5 5.0 

 X X 2014-04-12 Spring POW Test 795 7.2 8.9 14.1 0.4 326.5 0.0 127.9 78.6 3.4 44.8 8.2 3.5 0.5 178.8 5.0 2.5 5.0 

 X X 2014-04-12 Spring RFF Test 374 7.3 8.2 12.7 3.0 77.5 0.0 131.4 24.0 1.8 9.6 32.4 4.3 0.5 11.4 1.2 2.5 5.0 

 X X 2014-04-13 Spring RIC Test 1348 7.7 9.4 11.4 7.4 674.8 0.0 177.8 109.0 4.3 110.3 10.4 4.6 0.5 17.5 8.7 2.5 5.0 

 X X 2014-04-11 Spring ROC Test 688 7.9  11.5 1.4 262.4 0.0 179.4 51.6 4.6 52.7 4.9 11.7 0.5 249.6 8.4 15.7 74.8 

 X X 2014-04-22 Spring ROL Test 614  9.3 13.1 1.2 238.1 0.0 98.1 57.3 2.5 28.8 14.6 3.7 0.5 5.0 0.5 2.5 5.0 

 X X 2014-04-23 Spring RUT Test 584  10.3 9.2 5.9 219.1 0.0 83.3 38.7 2.5 40.9 6.0 5.2 0.5 5.0 1.5 2.5 5.0 

 X X 2014-04-11 Spring SPC Test 242   15.8 3.6 48.4 0.0 68.9 16.5 1.4 6.6 14.7 16.3 0.5 222.6 22.1 2.5 10.8 

 X X 2015-10-20 Fall BIR Test 685 8.0 9.1 9.1 8.3 191.5 0.0 178.5 62.8 4.0 37.7 18.5 3.6 0.5 30.6 8.4 1.3 19.9 

 X X 2015-10-21 Fall COP Ref 158 7.9 8.2 10.1 1.5 13.8 0.0 74.7 15.7 1.6 5.0 6.7 3.3 0.5 19.5 1.8 1.3 19.4 

 X X 2015-10-27 Fall CRA Test 520 8.0 8.9 11.9 1.3 222.3 0.0 32.4 50.5 2.6 27.1 5.6 7.8 0.5 5.0 10.2 1.3 15.9 

 X X 2015-10-21 Fall CRO Ref 83 8.1 9.4 8.1 1.7 7.8 0.0 33.6 6.5 1.7 3.3 2.6 2.2 1.1 5.0 1.9 1.3 28.3 

 X X 2015-10-19 Fall EAS Ref 24 8.2 9.7 9.4 0.3 3.3 0.0 8.3 2.6 0.4 0.6 0.6 5.4 0.5 26.9 1.5 1.3 29.4 

 X X 2015-10-20 Fall FRY Test 519 8.2 9.0 9.6 7.3 131.8 0.0 134.7 50.7 2.4 20.7 22.9 2.1 0.5 5.0 0.5 1.3 14.3 

 X X 2015-10-22 Fall GRA Test 332 7.9 9.0 8.8 2.5 91.3 0.0 92.1 29.5 1.9 9.9 19.4 2.3 0.5 5.0 5.1 1.3 14.4 

 X X 2015-10-22 Fall HCN Ref 128 7.5 6.4 11.5 1.0 2.8 0.0 77.1 8.1 1.3 2.5 14.4 2.4 0.5 340.3 35.4 1.3 23.2 

 X X 2015-10-22 Fall HUR Test 460 7.9 8.6 10.8 0.6 170.4 0.0 54.9 40.5 2.6 24.5 7.9 1.7 0.5 5.0 2.8 1.3 12.9 

 X X 2015-10-19 Fall KEL Test 807 8.1 10.6 7.5 1.5 308.8 0.0 144.8 86.9 4.4 46.6 11.4 4.1 0.5 58.1 11.3 1.3 30.2 

 X X 2015-10-19 Fall KUT Test 1221 8.3 9.6 11.5 1.3 489.1 0.1 239.9 125.3 6.9 64.2 43.2 6.1 1.1 5.0 7.0 9.1 5.0 

 X X 2015-10-21 Fall LAB Test 824 8.1 9.5 8.5 1.7 296.3 0.0 158.8 80.9 3.7 32.6 41.0 3.0 0.5 28.1 1.6 2.5 18.2 

 X X 2015-10-27 Fall LLC Test 1457 8.0 9.4 10.9 16.0 700.0 0.0 62.6 110.8 11.8 83.9 68.9 3.4 0.5 5.0 5.8 5.9 14.1 

 X X 2015-10-27 Fall LLE Test 1158 7.8 8.0 11.1 1.0 580.1 0.0 100.7 134.4 4.6 70.2 18.9 5.4 1.3 5.0 3.7 5.1 17.3 

 X X 2015-10-27 Fall LLW Test 1315 7.9 8.1 11.4 1.4 667.7 0.0 161.5 151.6 6.4 90.2 10.6 4.2 0.5 5.0 6.6 1.3 16.4 

 X X 2015-10-21 Fall MCB Ref 56 7.6 8.2 9.5 0.3 6.7 0.0 23.0 4.0 1.6 2.3 2.1 3.7 1.0 11.3 1.4 1.3 22.4 

 X X 2015-10-19 Fall MIL  Test 819 8.3 10.1 8.6 1.1 279.7 0.0 200.0 95.0 4.4 42.5 14.9 3.5 0.5 64.4 10.6 1.3 22.4 

 X X 2015-10-20 Fall POW Test 942 7.6 9.2 8.3 0.4 387.7 0.0 167.4 113.4 4.3 53.4 8.9 3.2 1.1 27.5 7.2 1.3 20.3 

 X X 2015-10-20 Fall RFF Test 450 8.3 9.2 10.1 3.7 113.8 0.0 143.7 35.8 2.7 13.4 34.6 2.8 0.5 5.0 1.1 1.3 24.2 

 X X 2015-10-20 Fall RIC Test 1814 8.2 10.0 8.0 10.1 948.7 0.0 246.6 172.0 5.7 155.0 14.2 3.7 1.3 157.3 13.7 1.3 35.6 

 X X 2015-10-27 Fall ROC Test 860 8.1 9.0 11.6 1.9 305.5 0.0 192.0 73.1 5.5 64.4 9.6 4.2 1.0 5.0 2.8 11.1 13.4 

 X X 2015-10-21 Fall ROL Test 765 8.1 8.3 7.6 2.1 296.5 0.0 121.1 86.5 3.1 37.9 15.5 2.9 0.5 5.0 3.2 1.3 16.8 

 X X 2015-10-20 Fall RUT Test 807 8.3 9.7 7.2 4.2 315.3 0.0 131.5 65.3 3.4 61.4 6.2 4.5 0.5 28.4 3.1 1.3 45.5 

 X X 2015-10-22 Fall SPC Test 549 8.0 9.4 7.8 4.4 77.5 1.2 236.6 35.1 1.9 11.7 64.1 2.3 0.5 18.4 2.0 1.3 13.9 

 X X 2016-04-15 Spring BIR Test 657 8.1 9.0 15.4 11.2 210.1   57.9 3.4 38.8 17.7 2.3 0.5 109.3 4.6 1.3 21.2 

 X X 2016-04-16 Spring COP Ref 138 7.8 10.1 13.5 1.5 18.4 0.0 53.5 12.9 1.5 4.5 4.9 4.9 0.5 48.4 2.5 1.3 14.4 

 X X 2016-04-19 Spring CRA Test 471 7.8 9.9 14.4 1.1 192.2 0.0 25.1 37.4 2.1 22.2 5.6 30.2 0.5 5.0 20.5 1.3 24.1 

 X X 2016-04-16 Spring CRO Ref 66 7.9 9.6 14.6 2.8 9.1 0.0 20.5 4.5 1.7 2.4 2.8 6.0 0.5 25.3 2.2 1.3 13.8 
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 X X 2016-04-15 Spring EAS Ref 24 7.4 10.7 10.4 0.4 3.7 0.0 3.8 2.5 0.5 0.6 0.6 4.0 0.5 5.0 2.0 1.3 14.3 

 X X 2016-04-16 Spring FRY Test 403 8.4 10.2 14.4 6.7 101.8 0.0 93.7 35.5 2.0 15.8 17.5 2.2 0.5 5.0 1.7 1.3 5.0 

 X X 2016-04-17 Spring GRA Test 243 7.9 11.4 9.6 2.3 74.0 0.0 49.8 18.9 1.5 7.7 14.2 3.0 0.5 5.0 2.2 1.3 5.0 

 X X 2016-04-17 Spring HCN Ref 59 7.6 10.3 15.6 1.3 10.2 0.0 14.8 3.4 1.4 1.7 3.2 3.6 0.5 65.8 4.4 1.3 11.9 

 X X 2016-04-17 Spring HUR Test 377 7.7 9.3 17.3 0.6 150.0 0.0 45.1 30.1 2.5 19.1 9.0 10.9 0.5 19.6 6.5 1.3 11.5 

 X X 2016-04-15 Spring KEL Test 757 8.2 10.5 10.4 1.2 294.6 0.0 129.3 75.2 4.2 46.0 10.4 2.4 0.5 38.8 5.1 3.7 19.7 

 X X 2016-04-15 Spring KUT Test 996 8.3 10.4 13.4 0.9 407.0 0.0 188.1 94.3 6.0 56.9 30.4 2.7 0.5 5.0 4.0 9.1 5.0 

 X X 2016-04-16 Spring LAB Test 620 8.3 10.1 14.4 1.5 205.1 0.0 132.1 57.3 3.3 25.9 28.4 7.0 0.5 86.3 8.3 4.8 14.3 

  X 2016-04-19 Spring LLC Test 1065 7.9 10.1 16.0 7.7 505.6 0.0 59.0 77.8 8.2 60.3 39.0       

 X X 2016-04-20 Spring LLE Test 491 7.9 10.5 11.7 0.6 206.5 0.0 43.9 45.2 2.2 26.9 7.8 4.5 1.3 24.1 0.5 1.3 5.0 

 X X 2016-04-20 Spring LLW Test 1092 8.1 10.8 11.3 0.8 542.1 0.0 135.2 113.4 4.9 76.8 9.3 3.5 0.5 18.0 2.7 2.9 19.9 

 X X 2016-04-17 Spring MCB Ref 49 7.5 10.9 12.0 0.5 10.3 0.0 13.9 2.7 1.2 1.8 1.9 4.6 0.5 51.6 1.2 1.3 15.8 

 X X 2016-04-15 Spring MIL  Test 669 8.3 9.7 15.6 0.9 241.9 0.0 158.1 69.1 3.8 37.2 12.0 2.2 0.5 39.5 7.5 1.3 189.1 

 X X 2016-04-20 Spring POW Test 900 8.0 9.1 17.2 0.6 375.9 0.0 148.9 101.2 4.0 53.4 10.4 5.5 0.5 419.6 6.7 1.3 31.9 

 X X 2016-04-16 Spring RFF Test 587 8.5 10.5 15.3 6.9 145.9 0.0 188.9 40.6 2.8 16.4 53.4 20.4 0.5 5.0 2.8 1.3 5.0 

 X X 2016-04-16 Spring RIC Test 1544 8.0 11.3 8.1 6.5 827.5 0.0 192.2 137.4 5.2 141.2 12.9 4.4 1.4 5.0 9.8 1.3 12.1 

 X X 2016-04-19 Spring ROC Test 684 8.5 10.1 17.3 1.4 234.7 0.0 147.7 53.5 4.6 52.0 7.9 8.1 0.5 5.0 0.5 11.8 12.1 

 X X 2016-04-16 Spring ROL Test 740 8.1 11.2 10.6 1.8 295.0 0.0 107.1 76.4 2.8 37.5 18.6 4.2 0.5 5.0 2.2 1.3 11.9 

 X X 2016-04-16 Spring RUT Test 600 8.0 11.6 7.9 0.5 220.1 0.0 90.3 44.3 2.7 44.7 6.0 5.6 0.5 120.3 2.8 1.3 14.7 

 X X 2016-04-17 Spring SPC Test 341 8.0 11.6 8.4 4.6 71.5 0.0 116.7 25.0 1.6 9.4 27.4 5.4 0.5 62.9 8.5 1.3 10.8 
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Table A - 4. Continuous specific conductance daily values by stream, 2011 ï 2015. 
Date/Stream BIR COP CRA CRO DAV EAS FRY GRA HCN HUR KEL  KUT  LAB  LLC  LLE LLW  MCB MIL  POW RFF RIC ROC ROL RUT SPC 

2011-10-15 682 146 489 98 340  474 362 72 390 884 1375 842 1158 435 1176 54 850 778 197 1627 701 883 631 548 

2011-10-16 680 149 486 99 414  467 363 75 406 904 1389 851 1598 434 1308 46 878 822 489 1686 817 885 654 557 
2011-10-17 690 153 489 100 453  475 372 78 420 909 1387 857 1660 442 1310 50 894 865 483 1708 882 875 674 568 

2011-10-18 696 155 492 93 477  481 381 76 428 911 1383 862 1706 450 688 55 907 891 476 1722 937 869 713 574 

2011-10-19 606 139 498 91 484  440 365 79 345 839 1263 746 1574 459  56 770 827 391 1517 965 760 728 557 
2011-10-20 670 110 499 103 346 19 389 269 58  791 1283 770 1458 546  54 774 767 98 1152 921 929 436 403 

2011-10-21 619 104 499 102 372 18 389 271 57  824 1317 795 1602 378  54 811 789 122 1314 946 897 498 433 

2011-10-22 578 114 498 100 408 18 396 280 58  848 1330 809 1679 376  55 833 811 158 1418 967 889 530 461 
2011-10-23 571 118 497 100 429 19 404 292 60  856 1334 816 1707 388  55 855 830 154 1484 983 875 544 481 

2011-10-24 574 120 495 101 452 19 414 306 62  860 1331 822 1726 408  57 871 856 218 1525 998 894 562 498 

2011-10-25 582 122 493 102 470 19 423 311 64 410 861 1323 829 1658 426  60 885 875 311 1564 1012 874 590 510 

2011-10-26 590 132 490 103 482 20 430 311 65 425 859 1317 834 1658 439  60 895 877 380 1584 1025 872 614 523 

2011-10-27 598 129 472 105 424 19 438 317 66 401 859 1304 836 1485 387  50 904 871 389 1598 886 860 634 530 

2011-10-28 587 125 500 100 391 20 418 308 51 373 833 1252 779 1398 348  47 841 820 344 1462 826 835 622 513 
2011-10-29 617 108 486 100 290 20 361 283 38 307 786 1230 702 1090 394  42 757 612 76 1107 687 935 475 304 

2011-10-30 620 88 479 102 313 19 336 235 36 322 825 1264 746 1004 277  41 786 653 128 1142 681 921 458 291 

2011-10-31 578 90 476 100 360 20 344 256 38 331 842 1271 748 1111 282  42 810 686 75 1227 690 882 489 324 
2011-11-01 557 92 478 98 399 19 357 280 40 354 849 1275 754 1235 296  42 835 721 72 1294 403 862 517 354 

2011-11-02 553 95 483 98 430 20 372 303 40 369 852 1274 764 1336 310  43 852 751 65 1353 842 875 537 386 

2011-11-03 561 96 486 98 448 21 384 325 42 383 854 1268 771 1407 322  43 870 775 100 1390 874 852 552 411 
2011-11-04 543 96 491 99 471 21 348 325 39 379 786 1196 686 1474 349  44 761 601 91 883 901 931 411 372 

2011-11-05 524 94 494 102 503 20 319 324 40 392 817 1228 712 1535 360  44 784 589 77 1006 936 902 406 401 

2011-11-06 520 94 496 98 524 20 322 334 41 401 833 1236 710 1589 373  44 804 633 69 1137 920 865 442 423 
2011-11-07 510 94 502 97 538 21 333 337 40 409 840 1239 718 1627 382  45 830 682 60 1230 844 859 473 438 

2011-11-08 514 96 507 98 547 21 344 345 40 415 844 1235 726 1665 386  47 845 710 60 1282 839 842 500 449 

2011-11-09 527 98 510 98 554 21 355 349 40 419 843 1230 736 1663 390  48 860 736 49 1328 822 846 525 468 

2011-11-10 549 99 521 100 546 21 367 355 40 419 842 1227 745 1702 890 1516 55 868  74 1361 1005 858 545 473 

2011-11-11 629 97 521 98 569 22 372 354 41 427 845 1226 754 1728 900 1545 57 855  89 1406 1037 848 568 478 
2011-11-12 649 98 520 97 587 22 380 361 44 432 845 1225 760 1755 918 1567 58 868  159 1440 1049 844 580 490 

2011-11-13 674 102 519 98 597 22 385 375 47 433 844 1225 764 1878 924 1548 60 868  234 1459 1041 860 587 496 

2011-11-14 684 104 519 101 605 22 392 388 50 436 844 1226 772 1851 925 1500 59 872 834 270 1469  865 600 505 
2011-11-15 679 106 512 104 589 21 381 394 50 439 832 1217 649 1806 915 1353 61 778 854 259 1427 1016 826 606 501 

2011-11-16 572 80 524 100 274 20 209 354 16 288 619 880 332 1312 520  56 498 621 178 968 724 756 455 243 

2011-11-17 384 73 398 32 207 20 179 120 29 248 545 882 349 680 381  41  416 134 742 441  306 140 
2011-11-18 450 86 401 34 291 20 220 141 32 289 686 963 404 824 447  42  552 162 1025 559  345 193 

2011-11-19 543 99 414 35 345 21 246 160 35 319 739 946 441 963 502 1073 42  628 180 1110 642  381 227 

2011-11-20 581 110 424 36 382 22 275 182 38 345 765 961 473 1309 550 1157 43  688 232 1186 701  411 261 
2011-11-21 592 114 436 38 375 22 297 179 40 308 775  503 1391 538 1108 45  679 222 1164 732  432 222 

2011-11-22 587 118 443 43 373 22 306 151 41 314 785  527 1360 512 1078 45  683 220 1234 741 539 439 210 

2011-11-23 512 103 390 67 240 20 271 131 35 244 598 833 511 650 346 630 41  387 215 817 563 566 333 185 

2011-11-24 470 101 338 65 263 20 251 127 37 286  950 511 636 369 712 42  528 198 995 540 567 361 178 

2011-11-25 496 107 340 66 314 20 267 142 40 318  943 510 781 405 880 42  613 207 1126 613 572 400 212 

2011-11-26 548 115 374 68 358  287 158 42 348  959 524 431 435 1114 43  672 220 1228 685 562 432 252 
2011-11-27 577 120 385 71 390  307 173 45 372  997 529 481 475 1180 45  717 240 1299 728 534 454 288 

2011-11-28 594 120 398 73 418  324 187 49 391  1032 517 1021 503 1220 46  751 257 1356 788 518 480 319 

2011-11-29 557 98 413 73 253  278 161 47 342  977 460 910 379 921 45   226 1028 725 590 410 202 
2011-11-30 517 96 403 72 279 21 257 139 46 352  1029 447 677 380 980 44  657 217 1136 603 586 405 191 

2011-12-01 469 59 400 72 328  274 149 47 364  1030 449 474 374 1061 44   218 1228 656 587 433 223 
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2011-12-02 536 67 399 72 361  293 159 49 376  1029 472 407 400 1126 45   234 1298 710 585 462 257 

2011-12-03 553 79 399 74 387  309 169 50 390  1035 495 446 442 1178 45  754 244 1354 751 585 486 290 
2011-12-04 569 92 402 75 412 21 323 179 53 398  1047 565 954 364 1214 44  764 271 1387 784 586 500 315 

2011-12-05 576 95 404 77 415  333 186 56 406  1058 574 1254 352 1247 45   289 1416 806 591 516 331 

2011-12-06 568 91 406 79 402  326 179 57 372  985 547 1096 365 1204 43  732 306 1256 802 634 497 268 
2011-12-07 434 70 392 66 186 19 189 106 47 198 511 795 354 830 210 320 37  440 160 538 588 580 255 102 

2011-12-08 373 76 310 48 235 19 190 97 47  666 910 366 465 207 424 38  498 150 840 426 427 297 147 

2011-12-09 479 88 331 55 303 20 250 110 50 312 731 915 420 573 261 682 40  598 175 1050 529 463 342 164 
2011-12-10 526 98 346 53  20 287 123 53 338 760 939 469 680 303 871 41  650 216 1176 607 487 377  

2011-12-11 558 104 357 55  20 315 133 46 362 777 987 503 534 344 1145 42  693 237 1279 684 507 410  

2011-12-12 574 110 372 56   335 143 44 376 794 1031 518 1101 380 1202 42  729 281 1331 735 511 435  
2011-12-13 581 115 382 57   348 154 46 391 802 1051 539 1019 414 1250 42  756 304 1374 774 513 460 309 

2011-12-14 580 119 393 60 217 21 354 162 47 408 810 1058 542 1041 444 1292 43  783 344 1406 807 546 478 331 

2011-12-15 617 124 395 60 324  354 168 48  814 1058 536 1085 466 1315 46  808 376 1426 824 556 494 341 
2011-12-16 630 123 411 60 357  355 167 49  775 1022 518 1142 479 1322 45  772 359 1378 858 529 508 345 

2011-12-17 608 120 416 63 368 21 332 165 49  798 1055 533 1199 479 1316 46  776 349 1333 868 576 478 283 

2011-12-18 554 120 419 61 374 20 310 155 48  811 1065 536 1422 484 1318 46  778 338 1349 880 599 474 269 
2011-12-19 544 124 423 62 382 19 319 154 48  815 1071 541 1342 490 1324 45  778 350 1358 904 614 478 264 

2011-12-20 544 131 427 63 391  334 159 48  821 1077 550 1362 496 1331 47 630 787 357 1364 915 626 485 267 

2011-12-21 464 137 415 65 341 20 348 164 48  791 1053 556 1324 421 1168 45 568 774 388 1392 793 633 486 272 
2011-12-22 533 142 438 58 339 20 358 164 49 361 766 1069 553 1301 410 1119 47 522 726 377 1247 736 648 448  

2011-12-23 400 114 400 35 158 19 240 114 44 278 693 1037 492 878 254 699 43 402 577 211 820 480 678 316 129 

2011-12-24 431 119 351 47 206 19 265 116 44 299 743 1080 491 844 269 854 45 475 580 210 1042 529 672 348 163 
2011-12-25 486 128 362 51  20 298 126 44 322 772 1094 501 922 297 1006 45 524 632 233 1151 606 678 377 197 

2011-12-26 534 138 375 54  18 329 137 46 343 792 1088 527 1024 332 1116 45 563 677 254 1241 684 675 408 233 
2011-12-27 542 134 380 56  19 329 145 44 336 745 1131 483 1034 289 956 45 511 634 290 1219 654 731 412 241 

2011-12-28 553 140 371 59  21 330 150 46 344 779 1150 544 881 262 877 46 581 688 280 1250 597 684 424 258 

2011-12-29 552 144 360 60  21 334 149 45 343 791 1170 549 933 266 925 45 583 701 316 1293 612 682 453 269 
2011-12-30 568 150 370 62  10 348 149 45 354 800 1160 560 1022 291 1022 46 591 719 342 1317 656 676 463 265 

2011-12-31 585 156 382 64  13 366 153 47 370 807 1000 575 1287 319 1090 46 602 724 336 1344 698 663 473 270 

2012-01-01 564 163 390 65  12 386 162 47 372 790 961 593 1233 342 1127 46 571 704 353 1363 725 668 473 286 
2012-01-02 586  399 66  10 398 165 48 393 811 993 609 1287 371 1184 46 638 745 373 1408 768 686 496 278 

2012-01-03 589  404 67  11 408 164 48 403 815 1008 625 1352 396 1212 46 650 754 384 1448 798 678 514 278 

2012-01-04 590  412 68  9 420 172 50 411 821 1032 641 1686 417 1247 47 657  419 1480  680 529 294 
2012-01-05 602  418 70  11 425 172 49 413 826 1054 655 1540 429 1254 46 657  443 1475  690 536 295 

2012-01-06 606  422 71  11 432 175 50 415 832 1077 668 1558 430 1260 48 661  434 1488  695 541  

2012-01-07 604 168 430 72  13 428 172 50 417 833 1101 679 1579 432 1222 45 662  434 1485  699 543 310 
2012-01-08 603 169 432 73  19 440 171 51 420  1125 627 1640 448 1234 46 675  398 1521  680 554 326 

2012-01-09 600 170 431 73  19 441 175 51 413   622 1652 451 1214 46 665 871 432 1524  667 561 338 

2012-01-10 602 173 439 74  20 441 171 51 417   626 1175 441 1188 45 682 880 439 1531  668 565 310 
2012-01-11 601 165 437 73 400 19 414 161 50 399   612 1169 403 1098 46 637 826 403 1458 827 656 548 274 

2012-01-12 602 153 431 76 344 19 331 134 18 318   566 1167 343 990 42 648 776 266 1396 796 670 530 181 

2012-01-13 604 148 376 73 297 20 315 117 46 309   548 1149 308 941 43 661 736 236 1302 754 652 531 162 
2012-01-14 601 150 359 73 312 19 320 121 47 318   538 1166 317 994 43 670 738 260 1259 743 650 542 191 

2012-01-15 594 154 376 73 342 19 331 128 47 332   539 1420 335 1073 43 675 750 275 1206 747 644 544 217 

2012-01-16 601 158 384 74 368 20 348 138 48 348   552 1465 357 1131 44 685 769 320 1207 755 646 555 248 
2012-01-17 598 162 394 74 375 20 353 140 48 356   560 1256 372 1132 44 637 768 359 1169 714 650 550 250 

2012-01-18 600 164 343 75 241 20 367 142 48 365   572 950 295 888 44 668 745 360 1184 642 649 540 252 

2012-01-19 605 165 337 73 269 19 374 140 48 376   583 905 299 941 44 665 744 391 1100 634 649 548 252 
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2012-01-20 605 168 355 74 310 20 376 140 48 382   590 906 318 1016 44 668 747 378 1065 656 636 548 257 

2012-01-21 574 155 317 71 86 19 348 140 46 290   520 754 146 365 27 588 587 368 1165 335 669 491 194 
2012-01-22 548 153 307 72  19 332 100 46 299   562 710 170 712 42 556 614 332 1208 420 653 465 162 

2012-01-23 535 150 332 71  19 311 107 46 317   552 896 217 882 38 548 572 309 1199 530 649 441 181 

2012-01-24 532 154 353 72  20 304 114 47 342   541 965 275 1018 35 578 610 288 1223 628 647 443 215 
2012-01-25 528 156 370 71  19 305 124 48 360   530 892 308 1101 35 593 640 321 1246 686 649 455 245 

2012-01-26 545 160 379 71  19 314 130 49 374   520 935 338 1139 36 612 673 345 1253 722 643 465 263 

2012-01-27 512 148 388 71  19 310 139 49 370  1033 488 871 302 934 36 568 577 324 1012 716 659 414 232 
2012-01-28 502 149 380 71  20 297 134 49 384  1074 504 870 293 942 36 533 604 313 1068 738 641 410 228 

2012-01-29 502 154 374 70  20 305 135 50 389  1081 502 1105 306  36 569 640 313 1138 764 636 429 230 

2012-01-30 527 160 374 70  20 320 135 50 397  1078 516 1214 326  36 610 680 364 1196 784 632 454 244 
2012-01-31 546 166 383 70  20 338 140 50 396  1086 533 508 351  36 627 719 373 1242 793 632 475 264 

2012-02-01 561 172 391 71  21 348 145 51 407  1089 543 510 380 1166 36 609 712 434 1261 799 634 501 278 

2012-02-02 554 171 399 71  20 346 145 49 384  1104 542 545 402 1169 36 626 700 430 1223 742 655 480 262 
2012-02-03 564 174 406 70  20 350 150 50 372  1115 544 766 423 1229 36 640 718 425 1272 725 639 492 283 

2012-02-04 568 174 413 69  20 340 148 49 327  1101 550 1354 447 1235 37 595 691 426 1250 723 639 490 274 

2012-02-05 561 154 418 69  20 305 134 48 350  1075 517 1350 402 1060 37 535 470 358 1128 664 644 442 238 
2012-02-06 525 151 409 65  19 259 107 47   1103 496 1310 390 1062 36 514 527 279 1086 661 613 411 211 

2012-02-07 522 158 404 65  20 274 102 48 357  1094 493 698 394 1080 36 544 610 303 1123 684 608 423 212 

2012-02-08 535 164 400 66  20 295 101 47 386  1081 506 711 400 1092 36 570 665 360 1166 698 612 447 230 
2012-02-09 560 170 407 65  20 312 102 49 406  1081 525 715 418 1140 37 598 711 396 1212 721 615 474 253 

2012-02-10 577 174 412 66  20 327 104 49 421  1086 538 727 432 1142 37 616 738 423 1250 745 618 500 273 

2012-02-11 591 176 412 65  21 340 104 50 428  1088 548 745 442 1137 36 625 740 429 1258 745 620 511 274 
2012-02-12 616 182 423 66  22 363 110 52 450  1098 564 771 474 1227 37 657 800 456 1332 790 621 546 311 

2012-02-13 622 185 428 67  21 373 115 53 462  1100 576 798 482 1247 37 675 812 545 1356 804 620 566 337 
2012-02-14 624 185 432 66  21 372 112 52 461  1096 583 836 480 1223 37 668 817 507 1323 795 617 574 322 

2012-02-15 633 189 438 66  21 374 108 62 452  1100 589 819 465 1136 37 684 830 549 1329 793 616 573 312 

2012-02-16 615 188 429 59  21 366 104 50  845  594 796 364 783 35  716 535 1306 714 620 565 282 
2012-02-17 631 191 328 60  21 371 90 40 387 861 1103 602 763 285 712 36  648 531 1454 625 631  207 

2012-02-18 640 191 336 60  21 372 83 39 392 873 1102 578 755 308 865 36  664 510 1465 612 592  198 

2012-02-19 622 191 352 59  20 362 84 39 406 875 1084 552 640 335 974 36  664 493 1464 637 576  214 
2012-02-20 573 181 367   21 349 89 38 392 840 1074 490 653 352 1032 35  557 447 1310 663 511 531 214 

2012-02-21 575 171 372   20 342 88 38 390 843 1067 455 672 319 1007 35  682 418 1149 643 482 491 184 

2012-02-22 497 152 377   19 228 61 47 359 866 1068 375 685 346 933 41  611 248 914 610 443 388 141 
2012-02-23 351 131 375   17 140 64 46 381  916  676 357 946 46  448 137 700 598 445 292 136 

2012-02-24 439 143 368   16 189 60 49 399  852  855 345 947 48  533 181 889 496 462 316 146 

2012-02-25 505 149 372   17 212 65 48 427  895  834 378 992 47  609 196 1028 493 467 369  
2012-02-26 527 158 376   17 272 70 49 445  894  866 398 1031 47  669 278 1134 438 485 413  

2012-02-27 556 166 381   16 316 79 50 459  898  904 413 1054 48  716 320 1218 454 508 436  

2012-02-28 577 173 388   15 345 87 51 476  918  958 434 1085 49  744 392 1288 476 524 454 261 
2012-02-29 590 179 391   15 354 95 51 486  933  1002 428 1020 50  755 418 1322 476 550 465  

2012-03-01 409 138 271   14 162 48 47 450  695  833 230 529 49  625 166  340 416 322 136 

2012-03-02 473 154 303   15 242 53 47 456  720  704 269 801 49  644 264  460 441  174 
2012-03-03 347 138 267 38  14 150 34 45 363  645  762 231 531 47  441 142  351 408 286 110 

2012-03-04 456 150 294 41  14 239 44 47 402 760 740  1026 259 787 50  602 254  504 441 354 164 

2012-03-05 535 115 320 42  14 290 56 47 425 800 793  916 293 940 48  685 298  592 496 407 198 
2012-03-06 571 119 345 43  14 333 70 46 445 882 860  750 328 1052 49  751 377  678 532 447 248 

2012-03-07 589 123 354 44  13 350 78 47 420 656 886  756  1018 49  761   673 583 468 270 

2012-03-08 598 137 359 46  14 363 84 47 339 671 887  770 357 882 52  387 428  690 605 482 284 
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2012-03-09 388 150 348 40  12 195 62 47 418 595 790  941 309 751 48  464 197  576 567 348 151 

2012-03-10 458 108 333 42  13 247 62 48 424 636 844  760  859 40  607 257  597 559 393 167 
2012-03-11 520 115 342 44  14 294 70 48 438 660 857  824 332 967 38  684 332  652 573 426 200 

2012-03-12 556 117 355 45  14 331 78 49 456 674 876  866 360 1050 44  728 381  676 595 450 229 

2012-03-13 581 111 369 47  14 338 86 49 458 681 890  857 387 1104 44  775 408   613 469 250 
2012-03-14 596 112 378 48  16 363 94 49 338 688 898  853 419 1152 45  812 430   624 420 266 

2012-03-15 612 114 366 50  15 384 103 50 332 693 899  871 259 529 45  837 446   642 350 281 

2012-03-16 613 111 367 50  15 376 106 49 332 694 898 552 841 266 612 45  847 447   622 354 271 
2012-03-17 630 114 362 52  16 392 112 49 338 706 901 553 856 304 856 46  844 454   635 321 280 

2012-03-18 625 105 365 49  16 368 115 50 336 654 896 524 938  955 45  808 426   677 275 263 

2012-03-19 623 106 375 54  16 361 117 52 343 702 912 532 974 363 972 46  824 402   653 292 270 
2012-03-20 630 106 383 54  16 356 118 50 348 716 915 529 959 389 1076 46  806 397   663 336 269 

2012-03-21 645 109 391 54  16 366 121 42 403 725 912 538 972 418 1120 47  769 406   670 324 270 

2012-03-22 647 111 398 55  18 376 125 42 412 731 914 552 1005 446 1044 47  738 423   670 313 276 
2012-03-23  114 406 56  18 392 130 49 418 736 919 567 1033 469 1133 46 597 726 444 1527  673 583 282 

2012-03-24 649 112 402 54  18 364 131 48 408 611 920 547 1043 468 1007 43 547 751 432 1349  726 506 262 

2012-03-25  110 415 55  18 371 132 50 312 730 924 562 1151 478 1016 47 577 782 440 1420  673 511 260 
2012-03-26  107 415 58  19 364 137 51 327 746 938 579 1172 491 1033 48 579 718 457 1434  670 553 257 

2012-03-27  108 417 57  18 358 142 52 328 753 945 585 1131 504 1052  588 689 451 1458  661 526 252 

2012-03-28  111 418 57  19 360 145 54 333 759 952 588 1110 508 1056  596 677 447 1465  654 568 251 
2012-03-29  113 418 58  19 368 147 55 335 763 959 594 1119 531 1168  603 657 449 1461  648 530 256 

2012-03-30  117 421 58  20 381 153 56 335 769 960 599 1133 538 1186  612 658 463 1495 820 646 562 266 

2012-03-31  112 423 57  20 368 155 58 385 767 954 580 1148  1199  606 641 455 1458 834 674 529 274 
2012-04-01 642 115 424 59  21 388 162 59 394 775 952 597 1158  1210  628 654 506 1510 820 634 611 289 

2012-04-02  104 431 55  21 251 163 50 358 577 923 390 1173 569 1194 48 593 641 269 1238 844 557 529 253 
2012-04-03 645 97 431 52  21 234 160 55 364 765 936 408 1192  1225 48 631 656 243 1344 868 467 469 272 

2012-04-04  96 432 53  21 263 125 56 363 768 929 385 1214  1233 48 605 626 250 1114 864 462 456 268 

2012-04-05 629 94 427 50  18 249 97 54 346 487 821 345 1217 535 1048 44  567 224 680 776 446 313 165 
2012-04-06 609 92 439 49  19 248 89 56 335 635 865 368 1227 540 1091 44  607 249 896  421 351 150 

2012-04-07  97 436 51  20 284 98 56 336 667 859 424 1227 547 1115 46  669 308 1047  426 353 178 

2012-04-08  103 438 52  20 313 110 57 336 681 879 471 1240 550 1113 46  699 371 1144  436 310 202 
2012-04-09 595 106 439 53  20 338 119 58 337 697 924 503 1253  1126 47  692 386 1213 444 438 310 223 

2012-04-10  111 440 53  20 356 129 61 340 715 961 526 1266 584 1117 48  688 450 1267 493 443 330 242 

2012-04-11 608 109 444 53  21 373 140 60 343 725 980 547 1290 606 1177 48  775 470 1317 647 456 346 260 
2012-04-12  110 444 54  22 389 151 61 349 735 985 566 1295 196 1201 48  788 500 1360 789 468 359 286 

2012-04-13 642 110 447 54  22 398 162 62 358 742 984 580 1309  1214 49  826 501 1386 864 467 373 307 

2012-04-14  109 451 57  22 409 172 66 371 750 984 593 1323 494 1224 50  846 519 1412 882 470 386 324 
2012-04-15 642 120 451 58  23 415 181 68 381 761 987 603 1343  1230 51  837 528 1431 893 480 382 339 

2012-04-16 634 123 451 59  23 422 194 71 391 769 993 614 1415  1242 52  859 539 1451 899 494 390 356 

2012-04-17 536 112 452 60  24 430 205 73 395 778 998 624   1263 54  799 546 1468 912 490 375 374 
2012-04-18 596 103 449 56  23 405 202 70 394 747 998 597 1296  1176 49  732 524 1281 868 529 382 356 

2012-04-19 658 120 459 61 523 24 425 216 74 382 781 1011  1274 614 1240 51  795 548 1360 894 624 368 378 

2012-04-20 524 119 460 63 541 24 432 227 75 386 791 1019 637 1296 628 1242 52  784 568 1398 910 620 416 394 
2012-04-21 558 119 461 58 531 24 424 218 73 394 788 1017 645 1268 641 1224 51  831 554 1374 870 623 402 372 

2012-04-22 596 117 469 64 541 22 426 209 74 388 804 1032 652 1472 618 1189 52  938 566 1386 893 643 416 344 

2012-04-23 601 113 466 62 440 22 419 196 71 379 808 1038 638 1030 491 1118 50  910 555 1393 772 644 426 317 
2012-04-24 501 116 470 62 509 21 424 202 72 377 814 1038 659 1290 511 1120 50  904 560 1412 781 632 434 299 

2012-04-25 644 111 465 60 523 20 403 196 73 379 810 1038 650 1288 528 1128 50  862 546 1362 787 667 435 282 

2012-04-26 605 42 279 44  20 154 104 52 187 258 873 344 418 108  37  493 147 655  587 440 87 
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2012-04-27 482 66 274 47  19 207 98 57 232 740 1012 397 392 155  42  506 205 875 295 454 308 142 

2012-04-28 481 80 282 49  19 275 116 61 276 777 1038 437 514 161  45  566 278 1010 408 478 305 171 
2012-04-29 492 91 308 54  20 321 131 65 301 798 1050 476 811 202  46  639 330 1124 469 500 331 205 

2012-04-30 511 99 333 56  20 353 148 68 319 811 1050 507 874 245  48  695 378 1215 518 516 374 242 

2012-05-01 549 105 342   20 377 162 59 297 816 1054 525 705   48  738 416 1285 390 537 409 252 
2012-05-02 556 108 341 58  21 386 176 26 338 816 1053 554 692 232  49  777 432 1357 426 550 406 279 

2012-05-03 570 113 348 58  21 406 192 32 364 814 1052 572 741   50  813 472 1411 506 559 419 308 

2012-05-04 604 116 349 57  21 416 208 37 377 767 1037 578 797   51  807 498 1404 497 564 384 329 
2012-05-05 604 118 364 58  22 423 220 42 356 701 1024 591 504   51  818 513 1423 382 571 403 291 

2012-05-06 619 120 356 59  22 435 230 72 353 782 1044 607 570   52  868 535 1473 365 578 382 343 

2012-05-07 630 122 359 60  22 445 254 86 371 790 1047 616 679   55  880 552 1514 470 568 383 368 
2012-05-08 629 123 374 61  22 458 275 77 386 782 1046 626 643 188  57  907 564 1527 408 576 391 381 

2012-05-09 649 120 383 61  21 444 257 72 389 786 1045 586 726 197  58  908 561 1555 591 578 440 377 

2012-05-10 668 122 393 58 350 20 450 276 58 400 784 1047 614 788 236 849 54  928 570 1575 634 592 421 379 
2012-05-11 682 126 402 58 393 20 461 295 26 410 781 1048 626 844 253 967 52  968 581 1611 690 576 428 410 

2012-05-12 694 128 412 59 432 20 470 317 4 419 777 1046 634 945 290 1052 55 704 952 592 1637 738 578 438 440 

2012-05-13 698 131 420 61 461 20 476 337 13 433 775 1047 640 1258 314 1110 56 709 978 598 1673 759 590 452 461 
2012-05-14 642 89 421 52 270 18 330 196 44 308 402 859 449 1135 232 693 46 524 585 408 909 628 642 379 217 

2012-05-15 551 104 399 56 278 17 378 204 48 329 658 934 578 1014 252 798 50 513 700 471 1263 603 570 326 231 

2012-05-16 548 109 388 57 328 17 396 224 49 354 702 991 583 1016 280 913 53 539 753 501 1386 657 572 560 249 
2012-05-17 547 116 395 58 380 18 408 247 47 370 723 1053 595 1052  1020 52 578 790 144 1467 706 580 588 287 

2012-05-18 567 120 404 59 423 18 417 276 52 380 734 1050 602 1098 316 1094 55 601 832 274 1524 735 598 616 329 

2012-05-19 504 122 414 60 460 18 416 292 38 387 738 1018 610 1152 349 1145 54 616 849 434 1548 759 594 636 363 
2012-05-20 603 125 422 61 489 19 414 316 56 418 740 912 618 1391 393 1199 54 641 864 425 1582 786 587 658 398 

2012-05-21 613 128 430 61 513 19 455 340 60 429 742  627 1420 426 1242 56 652 881 481 1614 801 583 686 429 
2012-05-22 612 129 437 62 532 19 460 355 62 432 741  630 1324 448 1270 59 621 913 290 1639 810 594 725 449 

2012-05-23 612 127 445 62 542 16 429 365 62 446 738  631 1325 559 1284 61 585 883 391 1610 818 644 722 461 

2012-05-24 660 113 455 63 542 16 442 341 63 310 739  634 1362 566 1271 58 609 643 501 1627 822 628 736 305 
2012-05-25 685 120 457 64 563 16 452 368 65 383 743  638 1402 571 1305 58 641 740 411 1656 831 634 752 359 

2012-05-26 661 126 460 65 576 17 466 389 69 409 744  648 1436 560 1328 60 668  492 1681 847 644 767 405 

2012-05-27 665 129 464 66 585 18 473 417 72 425 746  651 1607 607 1340 58 682  500 1703 850 652 785 442 
2012-05-28 693 133 466 65 596 19 476 428 77 438 745  666 1522 563 1355 56 699  486 1718 850 651 473 468 

2012-05-29 709 135 470 65 601 19 480 443 78 450 745  668 1517 774 1365 57 722 693 597 1739 859 656 417 476 

2012-05-30 713 128 468 62 603 20 425 368 76 443 740  672 1463 697 1252 56 729  274 1750 422 733 461 470 
2012-05-31 714 132 471 64 610 20 455 399 80 457 740  676 1472 739 1296 56 742 624 481 1777 411 737 497 501 

2012-06-01 673 122 461 58 463 18 377 299 68 303 290 1091 595 1422 694 1190 45 551 639 425 1505 427 699 683 460 

2012-06-02 667 110 472 54 517 17 328 206 63 262 678 889 623 1338 506 1093 48 585 601  1452 648 664 522 310 
2012-06-03 600 118 470 58 569 17 363 251 68 316 687  648 1507 590 1227 45 611 700  1600 559 682 614 371 

2012-06-04 584 124 476 60 590 18 385 284 72 342 697  655 1576 618 1184 48 640 750  1663 493 688 637 414 

2012-06-05 600 127 482 60 600 18 400 313 75 369 706  660 1517 656 1242 54 664 790 379 1697 391 694 676 446 
2012-06-06 619 130 464 62 608 18 417 343 76 391 710  658 1561 733 1316 53 682  436 1724 407 702 752 475 

2012-06-07 642 133 483 62 613 19 431 335 76 406 711  655 1593 745 1328 55 699  463 1741 384 701 789 448 

2012-06-08 650 136 484 63 623 20 437 367 82 418 712  668 1620 815 1351 54 641 401 580 1766 405 696 816 488 
2012-06-09 663 139 484 64 629 20 450 389 88 444 713  683 1664 809 1366 55 728 310 610 1784 415 690 833 512 

2012-06-10 684 141 484 63 635 20 456 409 93 453 716  689 1783 843 1382 57 742 593 620 1810 427 683 845 529 

2012-06-11 693 142 486 63 639 21 463 429 98 469 716  693 1754 871 1396 55 755 559 628 1832 432 671 864 542 
2012-06-12 712 140 497 63 605 21 455 421 89 422 716  699 1723 765 1286 55 761 697 630 1843 429 731 848 542 

2012-06-13 708 143 497 63 622 21 466 430 94 438 714  698 1735 794 1352 60 769 792 632 1859 428 729 862 548 

2012-06-14 725 144 495 63 634 22 470 459 103 458 710  702 1758 819 1391 56 778 963 636 1880 454 733 888 558 
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2012-06-15 726 147 495 63 641 22 479 479 107 456 712  705 1784 840 1426 59 786 980 641 1893 456 728 890 567 

2012-06-16 734 149 495 64 645 23 487 500 110 492 709  704 1804 931 1442 57 795  644 1908 463 717 914 574 
2012-06-17 751 150 496 64 647 22 490 514 116 494 707  708 1881 950 1443 56 802  647 1917 456 705 922 579 

2012-06-18 754 151 497 64 646 23 498 508 118 500 705  703 1750 1021 1430 57 811  650 1923 369 692 922 582 

2012-06-19 762 154 499 64 651 23 504 526 122 507 703  700 1797 1028 1434 58 819  649 1942 595 679 928 585 
2012-06-20 776 156 499 64 654 24 510 545 124 515 702  709 1820 1061 1458 57 829  652 1958 596 669 936 588 

2012-06-21 772 157 500 65 657 23 512 552 121 516 694  724 1683 840 1378 55 819 628 654 1963 840 661 973 575 

2012-06-22 755 124 499 60 645 24 326 480 152 460 691  673 1690 793 1402 55 777 653 469 1653 812 767 604 329 
2012-06-23 764 124 499 60 633 24 216 454 112 465 695  612 1697 938 1431 62 815  250 1823 780 384 702 359 

2012-06-24 773 136 499 62 634 24 262 480 134 480 694  690 1706 1052 1451 67 827 840 360 1887 690 400 826 451 

2012-06-25 782 141 500 63 625 24 308 496 126 489 694  701 1783 1062 1465 66 834  427 1923 688 472 875 498 
2012-06-26 790 144 499 62 617 24 343 501 125 496 691  702 1726 1148 1479 65 842 900 470 1953 689 550 895 521 

2012-06-27 802 160 500 73 614 24 371 478 125 508 690  708 1729 1197 1489 66 853  502 1977 671 639 939 540 

2012-06-28 814 165 499 74 610 24 396 476 125 515 685 1167 731 1738 1252 1498 69 872  530 2003 653 492 1026 554 
2012-06-29 811 167 500 75 669 30 414 483 123 543 696 1172 741 1751 878 1504 57 881 972 551 2013 631 497 1039 564 

2012-06-30 820 170 500 77 660 31 430 487 120 555 700 1175 746 1709 1285 1503 59 875 990 569 2024 605 501 1062 572 

2012-07-01 831 150 502 62 668 31 441 349 108 506 703 1179 747 1696 1094 1507 64 898 1009 582 2033 600 502 1083 439 
2012-07-02 822 155 503 75 622 31 440 273 52 464 698 1180 750 1665 1075 1423 58 870 943 568 1931 588 510 965 395 

2012-07-03 832 167 504 76 655 31 450 369 63 496 703 1183 758 1659 1226 1472 59 858 986 588 1989 582 517 1044 495 

2012-07-04 830 171 510 77 662 31 461 409 70 515 703 1186 753 1656 1182 1494 62 864 1000 599 2014 591 516 1080 528 
2012-07-05 832 175 510 77 667 31 470 420 72 487 706 1189 780 1798 1275 1505 57 881 1000 609 2036 580 530 1101 548 

2012-07-06 786 167 512 76 618 31 471 418 58 330 703 1188 782 1105 1060 1322 62 889 994 605 1932 571 539 990 467 

2012-07-07 769 174 514 78 655 32 478 428 75 398 710 1192 788 1092 1241 1418 59 911 1018 615 1985 622 547 1058 516 
2012-07-08 744 181 513 78 654 32 486 445 71 519 710 1203 792 1075 1321 1453 55 921 1023 621 2012 602 549 1100 539 

2012-07-09 723 175 516 74 633 31 443 452 62 403 708 1204 756 1895 1242 1421 57 859 1029 604 1756 604 594 850 541 
2012-07-10 726 179 516 76 650 30 463 464 83 425 650 1184 764 1078 1316 1434 56 676 938 613 1883 598 573 982 545 

2012-07-11 733 177 516 74 661 30 475 473 61 451 705 1207 735 1620 1266 1459 55 864 990 616 1925 952 555 990 564 

2012-07-12 731 178 517 75 666 29 468 484 67 428 656 1198 774 842 1281 1471 55 802 873 614 1899 954 585 937 563 
2012-07-13 721 163 503 72 541 28 438 480 75 374 639 1182 705 1557 1065 1326 50 754 806 582 1717 832 599 802 542 

2012-07-14 733 163 527 76 641 30 432 493 68 406 714 1201 732 617 1130 1384 59 777 802 587 1811 897 629 837 451 

2012-07-15 315 155 530 76 630 28 410 215 34 409 678 1178 734 1760 1139 1398 52 782 622 526 1215 906 628 482 386 
2012-07-16 345 152 527 77 642 27 402 273 50 440 721 1178 507 1770 1193 1431 51 745 621 532 1510 914 475 498 458 

2012-07-17 415 162 525 78 639 29 405 314 58 459 749 1209 646 664 1241 1453 58 774 646 513 1461 920 598 560 457 

2012-07-18 477 170 524 78 673 29 420 338 74 464 584 715 682 1714 1266 1468 53 723 718 544 1627 924 668 598 495 
2012-07-19 537 156 529 77 559 28 297 322 56 453 501 970 703 1773 834 1019 53 385 742 350 1712 919  627 502 

2012-07-20 576 144 528 78 543 29 273 319 60 424 598 984 707 1577 683 1007 52 555 746 354 1700 851  571 461 

2012-07-21 605 152 531 81 543 30 306 324 67 432 653 1117 724 1550 602 931 52 406 781 389 1471 861  490 383 
2012-07-22 626 160 528 82 610 30 333 340 71 436 666 1149 721 1593 803 1196 60 396 785 424 1620 883  492 445 

2012-07-23 641 167 525 88 636 30 358 355 75 453 659 1146 716 1607 925 1310 62 687 810 456 1692 892  456 479 

2012-07-24 660 170 464 87 377 29 378 334 90 150 654 1140 727 1508 598 1011 61 753 829 485 1770 835  497 458 
2012-07-25 580 108 528 68 491 19 262 109 54 115 562 874 597 1627 666 1009 56 448 277 331 730 848  284 169 

2012-07-26 421 127 526 78 557 20 269 150 65 155 578 1079 669 1656 798 1190 63 661 423 358 1338 871  358 280 

2012-07-27 428 139 522 82 568 21 309 188 89 187 460 1112 690 939 869 1266 63 682 490 402 1516 496  428 345 
2012-07-28 482 145 527 82 581 22 335 217 79 193 732 1118 705 1156 923 1295 78 728 505 427 1610 648  469 297 

2012-07-29 550 152 522 84 626 23 360 246 92 203 730 1118 716 1238 985 1338 82 751 569 459 1696 729  486 347 

2012-07-30 589 156 523 84 644 24 380 267 106 211 735 1122 726 1336 1037 1378 85 764  483 1744 774  500 393 
2012-07-31 614 159 526 85 644 26 398 286 66 220 732 1122 735 1382 1076 1396 113 781  506 1781 800  517 265 

2012-08-01 592 150 491 80 584 22 410 303 64 209 625 1102 744 1350 799 1249 91 711 493 519 1555 824  501 322 

2012-08-02 540 158 510 83 619 22 422 307 72 220 756 1085 751 1332 925 1324 118 699  532 1187 808 570 390 373 
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2012-08-03 507 168 508 84 650 23 432 325 80 228 808 1114 760 1361 1000 1377 126 728  544 1412 787 532 425 418 

2012-08-04 481 164 511 84 656 23 419 321 79 229 764 1061 762 1385 1064 1410 135 649  541 1492 781 498 466 420 
2012-08-05 518 173 498 85 667 24 433 333 84 234 789 1064 769 1245 1093 1404 183 686  551 1584 832 519 481 463 

2012-08-06 528 154 425 78 301 20 370 261 66 125 491 1015 590 1234 272 363 96 582 481 437 1412 828  506 204 

2012-08-07 430 162 511 81 561 21 388 221 71 259 770 1085 738 1270 499 950 51 612 551 458 980 849  338 204 
2012-08-08 423 167 507 84 612 21 377 240 69 309 811 1116 746 1788 636 1169 64 656 606 443 1234 899  401 266 

2012-08-09 431 174 505 86 635 22 395 238 75 359 831 1132 754  702 1345 77 692 590 465 1396 908  448 322 

2012-08-10 441 155 475 84 447 22 362 251 61 318 698 1052 719 1804 610 1196 88 601 537 386 1295 904  431 229 
2012-08-11 446 160 512 86 431 21 366 262 63 357 648 842 720 1831 568 1059 58  502 402 1382 905  438 252 

2012-08-12 461 169 505 87 534 20 379 250 68 385 731 869 722 1836 568 1219 58  485 422 1488 907  464 296 

2012-08-13 474 175 504 87 595 22 395 257 75 406 775 961 728 1853 719 1327 57  485 444 1605 911  495 341 
2012-08-14 516 181 502 88 617 22 409 292 80 423 772 954 740 1886 808 1390 64  493 466 1655 922  544 385 

2012-08-15 524 179 498 78 562 23 399 254 55 326 744 947 744 1903 805 1371 64  439 454 1656 916  561 407 

2012-08-16 543 181 508 87 577 24 424 242 36 392 740 985 760 1908 782 1378 58  490 489 1692 922  577 421 
2012-08-17 576 187 507 89 619 25 435 262 34 411 729 990 767 1914 852 1431 64  497 505 1735 927  596 460 

2012-08-18 563 190 510 90 632 25 444 299 36 422 718 1006 776 1913 927 1454 57  496 517 1770 925  611 473 

2012-08-19 576 193 510 90 624 26 450 331 53 433 716 1018 774 1917 975 1484 58  500 527 1801 922  625 495 
2012-08-20 588 195 511 90 648 26 453 340 55 443 707 1022 782 1898 991 1466 62  484 530 1382 934  546 512 

2012-08-21 600 196 510 89 658 25 457 340 64 453 709 1120 792 1918 1021 1512 60  497 539 1600 929  562 526 

2012-08-22 621 199 508 89 658 26 463 357 74 465 709 1222 804 1929 1062 1527 64  500 546 1686 930  601 541 
2012-08-23 629 202 509 90 670 27 469 353 86 471 712 1230 806 1936 1126 1537 64  516 553 1744 930  636 552 

2012-08-24 633 205 509 90 667 28 477 364 94 477 804 1238 808 1938 1127 1548 69  518 560 1780 930  651 562 

2012-08-25 629 206 510 90 675 28 481 371 105 483 804 1247 809 1937 1145 1543 71  520 565 1784 907  642 555 
2012-08-26 619 208 510 90 678 29 487 376 118 489 813 1256 817 1926  1554 72  555 571 1821 919  648 566 

2012-08-27 620 209 508 89 684 29 492 377 130 499 838 1264 826 1917  1572 75  585 576 1847 930  668 572 
2012-08-28 618 211 520 90 684 30 496 380 128 504 830 1270 829 1928  1579 64  589 582 1871 936  647 576 

2012-08-29 628 212 515 90 677 29 506 391 116 507 803 1275 835 1913  1583 75  627 588 1885 941  650 582 

2012-08-30 651 212 515 89 688 30 507 384 109 511 789 1283 839 1892 1281 1591 70  618 589 1897 947  660 583 
2012-08-31 678 213 515 90 696 29 514 392 105 515 834 1190 843 1889 1323 1598 74  611 594 1912 970  706 588 

2012-09-01 659 215 516 90 685 30 518 400 104 523 815 1210 847 1879 1334 1564 70 555 644 599 1918 971  735 591 

2012-09-02 672 214 518 87 632 30 518 387 109 520 782 1203 852  1072 1562 69 511 748 600 1928 967  739 593 
2012-09-03 681 214 517 88 664 30 516 415 90 524 761 1220 846  1067 1578 69 748 710 601 1907 972  727 594 

2012-09-04 679 216 530 88 679 30 518 400 103 529 849 1231 854  721 1142 71 822 731 603 1923 927  716 595 

2012-09-05 651 211 527 80 678 30 489 220 47 448 859 1232 846  922 1380 58 731 869 579 1546 927  718 375 
2012-09-06 653 215 530 84 668 30 511 312 45 396 857 1238 852  987 1414 58 815 835 593 1565 669 584 676 478 

2012-09-07 664 217 526 87 674 30 514 335 53 449 866 1244 860  1046 1451 60 645 833 595 1727 747 583 705 520 

2012-09-08 654 217 519 86 605 30 511 348 52 409 814 1234 858  1020 1423 65 774 759 592 1664 727 584 709 543 
2012-09-09 638 213 530 76 630 27 476 317 49 410 838 1246 842 1644 874 1332 54  746 559 1553 702 593 651 469 

2012-09-10 645 215 526 80 662 28 486 325 49 439 865 1254 864 1647 988 1415 56  761 566 1705 761 618 681 518 

2012-09-11 643 215 524 83 667 28 492 328 54 454 873 1257 865 1704 1163 1515 56  776 567 1769 794 622 760 546 
2012-09-12 651 216 523 85 670 28 499 335 88 467 880 1261 870 1746 1210 1536 57 472 768 569 1808 794 612 816 565 

2012-09-13 671 218 521 84 673 29 504 338 95 466 886 1264 872 1787 1252 1554 58 880  570 1831  612 838 578 

2012-09-14 674 218 520 85 676 29 509 342 101 474 888 1268 874  1292 1572 59 876  572 1851   865 590 
2012-09-15 674 220 521 86 678 30 514 348 108 464 892 1271 878  1313 1575 61 894  575 1875   878 598 

2012-09-16 685 220 518 86 680 30 519 348 113 481 896 1276 879  1338 1583 61 896 789 575 1892   887 602 

2012-09-17 691 221 521 87 682 31 526 352 116 484 896 1277 888  1358 1590 62 892 890 578 1888   911 606 
2012-09-18 531 91 456 52 382 20 250 138 50 163 382 722 454 1419 508 664 52   232 681 738 443 330 135 

2012-09-19 403 122 488 60 517 20 331 170 57  660 1072 705 1398 609 1062 44   324 1199 784 499 409 216 

2012-09-20 462 142 493 66 605 21 368 209 60  751 1160 749 1591 750 1274 53  670 364 1418 801 519 491 299 



104 

 

Date/Stream BIR COP CRA CRO DAV EAS FRY GRA HCN HUR KEL  KUT  LAB  LLC  LLE LLW  MCB MIL  POW RFF RIC ROC ROL RUT SPC 

2012-09-21 484 155 496 71 636 23 395 238 64  825 1181 767 1661 855 1393 54  746 392 1550 807 519 531 357 

2012-09-22 500 166 500 74 650 24 415 258 68  822 1177 781 1703 932 1473 55  781 413 1627 844 518 563 404 
2012-09-23 533 174 500 76 661 24 428 271 74  873 1173 798 1734 1003 1530   827 426 1691 860 519 580 440 

2012-09-24 568 181 502 76 670 24 440 280 81  897 1167 810 1774 1071 1559   842 434 1740 871 521 597 477 

2012-09-25 595 185 495 76 671 25 450 290 84  862 1171 825 1818 1119 1585 55  841 441 1770 882 525 618 506 
2012-09-26 608 184 506 77 568 26 459 295 71  845 1175 832 1772 926 1348 53  822 448 1772 846 528 645 500 

2012-09-27 615 188 508 79 620 27 466 301 78  856 1183 848 1834 1010 1458 55  838 460 1798 863 532 695 527 

2012-09-28 613 178 490 79 338 26 440 283 72  865 1147 699 1339 574  59  790 413 1725 775 466 800 481 
2012-09-29 604 165 515 80 394 26 443 288 72  848 1194 789 1188 482 918 61  767 438 1652 754 540 729 447 

2012-09-30 631 174 509 80 503 24 451 296 75  864 1217 829 1355 580 1204 61  780 451 1709 778 556 675 484 

2012-10-01 625 171 504 80 552 25 446 300 82  910 1212 791 1479 675 1245 54  771 444 1733 806 541 717 494 
2012-10-02 610 122 509 76 288 23 360 281 60  726 1172 642 1280 452    711 371 1674 681 582 670 399 

2012-10-03 638 140 505 80 398 24 370 262 72  843 1218 734 1310 484    687 369 1700  593 654 392 

2012-10-04 592 152 502 81 484 24 387 272 77  876 1228 755 1419 565    683 383 1764  580 675 427 
2012-10-05 652 161 501 81 537 24 402 278 81  881 1231 770 1510 642    680 392 1806  573 714 454 

2012-10-06 606 166 501 82 541 24 414 290 83  895 1254 786 1572 694    677 400 1824  576 747 470 

2012-10-07 610 166 504 81 582 24 419 295 84  921 1257 787 1646 770 1560   672 403 1831  572 742 482 
2012-10-08 550 158 493 74 540 24 391 285 77  874 1192 744 1638 791 1503 57  679 353 1679  546 723 458 

2012-10-09 632 154 510 78 546 23 395 265 68  925 1260 788 1673 772 1493 58  670 381 1640  628 637 393 

2012-10-10 621 161 511 78 566 23 403 258 68  909 1265 803 1704 806 1529 55  692 381 1725  629 650 414 
2012-10-11 616 166 511 78 585 22 408 260 67  857 1267 813 1735 845 1574 55  692 382 1766  618 663 429 

2012-10-12 639 170 509 78 606 23 415 266 71  858 1271 819 1763 880 1609 55  972 384 1820  612 686 449 

2012-10-13 651 175 509 78 622 23 421 275 73  853 1276  1781 921 1624 56  982 388 1874  610 708 467 
2012-10-14 665 178 508 80 630 24 429 282 74  855 1277  1803 948 1615 57  993 392 1911  603 733 482 

2012-10-15 628 178 512 79 588 24 425 287 75  651 1158  1806 870 1416 58  904 392 1543  569 592 477 
2012-10-16 628 179 513 82 616 23 423 290 79  819 1252  1862 936 1496 58  945 397 1708 921 636 579 478 

2012-10-17 573 184 514 81 626 23 430 298 85  840 1265   914 1522 58  959 403 1727 930 636 594 498 

2012-10-18 626 188 515 81 630 24 438 308 88 418 843 1271   932 1530 58  974 409 1746 935 630 618 510 
2012-10-19 628 191 516 82 610 24 442 318 86 415 846 1272   1006 1493 58  981 414 1750 925 628 642 518 

2012-10-20 648 193 517 82 626 24 446 327 89 422 849 1274   1006 1490 59  996 418 1752 931 628 667 527 

2012-10-21 654 196 517 82 641 24 449 330 104 426 849 1273   1010 1503 58  1000 421 1754 936 622 710 536 
2012-10-22 650 200 517 83 648 24 454 338 96 429 850 1272   1063 1486 59  1010 424 1756 940 619 734 547 

2012-10-23 686 201 518 82 650 25 459 340 98 433 848 1274   1041 1464 61 820 1018 431 1764 940 625 752 553 

2012-10-24 703 201 516 84 654 25 465 347 100 436 845 1274   1040 1445 63 827 1025 436 1765 944 734 765 560 
2012-10-25 718 202 519 86 657 25 468 349 101 438 843 1276   1080 1401 63 832 1031 439 1770 952 727 774 564 

2012-10-26 714 204 519 86 658 26 472 356 102 440 842 1277   1055 1386 61 837 1037 443 1775 953 716 785 570 

2012-10-27 700 205 519 86 661 26 475 361 103 441 841 1279   1052 1379 62 840 1041 447 1779 954 709 791 572 
2012-10-28 690 203 522 88 642 26 464 365 98 434 822 1261   1031 1355 64 834 973 432 1779 938 688 789 570 

2012-10-29 644 157 519 81 400 25 419 290 71 353 799 1248  1563 907 1220 64 772 818 394 1794 716 768 668 416 

2012-10-30 565 124 491 64 202 23 338 189 56 288 650 1149  987 533 1051 44 662 747 292 1805  766 495 263 
2012-10-31 530 116 468 60 166 23 348 161 52 224 645 1159  753 358 792 44 559 762 269 1718  779 415 221 

2012-11-01 549 104 420 58 152 23 324 137 44 233 714 1171  766 286 531 43 433 740 240 1555  753 403 171 

2012-11-02 513 102 420 59 169 22 290 128 37 254 772 1190  764 296 617 44 432 645 233 1468  735 422 156 
2012-11-03 487 102 414 61 197 21 256 129 53 283 802 1195  778 296 630 47 457 611 235 1432  725 447 162 

2012-11-04 489 97 407 62 210 19 252 128 54 300 818 1165  761 299 597 47 475 552 239 1420  707 476 170 

2012-11-05 507 102 409 63 241 18 254 130 56 317 824 1149  818 318 745 48 486 610 241 1419  691 505 186 
2012-11-06 511 106 408 63 294 19 269 144 57 299 823 1148  940 358 917 48 747 644 248 1422  673 523 222 

2012-11-07 511 111 407 64 334 19 285 149 58 342 815 1146  1058 228 1031 43 743 652 256 1421  671 541 257 

2012-11-08 530 117 403 66 371 18 300 134 60 347 808 1159  1162 436 1045 44 756 645 266 1424  678 541 307 
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2012-11-09 541 122 406 67 397 18 315 126 62 349 816 1170  1244 462 1108 45 765 658 274 1428  675 556 360 

2012-11-10 549 126 400 67 421 19 327 150 63 380 819 1177  1317 497 1186 46 738 670 281 1424  672 565 388 
2012-11-11 554 129 362 68 442 19 337 136 64 387 818 1186  1378 511 1189 46 725 681 287 1443  673 574 416 

2012-11-12 564 132 339 70 459 19 347 151 65 394 817 1195  1409 535 1222 48 727 696 294 1446  671 589 440 

2012-11-13 542 114 342 68 422 19 326 140 61 342 774 1194  1367 538 1221 47 707 657 257 1529  723 566 303 
2012-11-14 546 116 355 68 443 18 322 139 62 345 802 1205  1393 551 1276 47 724 674 243 1526 775 704 542 299 

2012-11-15 528 118 370 67 450 19 316 133 62 345 809 1214  1414 565 1300 47 725 689 244 1523 783 688 540 301 

2012-11-16 528 121 383 68 460 19 318 135 62 347 813 1219  1435 587 1333 48 729 710 250 1522 797 679 548 321 
2012-11-17 534 125 395 68 474 20 323 136 64 354 816 1224  1459 615 1362 48 733 734 256 1521 810 679 556 349 

2012-11-18 544 126 405 68 484 20 330 150 64 359 817 1230  1477 638 1378 48 735 752 261 1519 816 681 568 374 

2012-11-19 551 127 413 68 488 20 336 144 65 362 818 1233  1490 657 1386 48 731 766 266 1518 821 682 578 393 
2012-11-20 557 129 419 68 492 21 340 159 64 365 817 1237  1502 671 1389 50 731 780 270 1536 823 685 590 403 

2012-11-21 565 132 423 69 503 21 346 153 64 368 817 1241  1516 692 1404 49 734 794 278 1558 833 690 603 421 

2012-11-22 573 135 429 70 514 21 352 137 67 374 816 1246  1541 719 1421 50 740 805 282 1564  691 615 441 
2012-11-23 582 136 432 70 516 22 358 171 68 376 816 1247  1565 732 1419 50 740 814 285 1568 841 690 625 453 

2012-11-24 587 138 437 71 526 21 364 159 69 380 816 1253  1600 753 1429 50 745 818 289 1575 850 694 642 464 

2012-11-25 596 141 440 71 537 21 367 146 71 384 818 1256  1619 778 1446 49 752 846 294 1590 858 688 651 484 
2012-11-26 599 142 443 71 542 21 372 150 72 385 818 1257  1643 794 1448 50 754 857 296 1594 864 692 665 489 

2012-11-27 598 142 447 72 507 22 375 156 72 381 812 1258  1555 769 1406 51 748 861 301 1600 822 704 683 503 

2012-11-28 649 145 450 73 534 22 377 157 73 383 815 1264  1565 808 1435 51 758 878 305 1610 848 712 691 505 
2012-11-29 687 148 453 74 555 21 385 160 76 389 822 1270  1573 838 1458 50 771 893 310 1619 859 705 696 528 

2012-11-30 675 149 456 74 560 22 388 163 76 390 817 1271  1568 850 1457 50 771 902 311 1616 859 706 701 533 

2012-12-01 665 150 458 75 560 22 392 169 77 406 814 1270  1560 857 1454 51 776 911 314 1614 860 708 686 543 
2012-12-02 656 152 461 75 566 22 393 170 78 407 813 1272  1553 871 1458 51 773 919 317 1610 862 705 678 546 

2012-12-03 648 147 464 76 563 23 394 176 76 408 811 1272  1534 874 1445 53 774 925 318 1609 856 708 723 546 
2012-12-04 645 150 465 77 566 23 401 179 77 406 807 1275  1538 885 1451 54 776 932 324 1609 861 708 727 546 

2012-12-05 641 147 467 77 535 23 400 180 76 399 799 1277  1441 836 1390 53 763 935 326 1613 813 704 731 554 

2012-12-06 642 151 471 78 562 23 404 184 78 400 803 1279  1397 869 1422 54 781 958 329 1620 824 704 713 542 
2012-12-07 643 150 474 78 555 23 403 186 76 400 802 1280  1350 865 1407 53 780 960 330 1620 814 704 723 544 

2012-12-08 640 153 475 79 562 24 408 192 78 402 800 1281  1322 868 1404 54 782 962 337 1623 814 707 723 540 

2012-12-09 636 147 483 79 406 24 400 183 74 399 792 1280  535 677 1192 54 769 959 329 1625 461 671 729 543 
2012-12-10 558 99 470 64 295 24 319 178 66 324 572 1063  520 493 1020 48 490 805 269 1626 435 793 600 454 

2012-12-11 469 86 456 59 162 20 184 109 56 279 618 1146  446 282 618 46 599 686 182 1049 359 611 404 202 

2012-12-12 448 92 417 60 223 20 203 109 56 284 746 1210  536 333 826 46 623 730 199 1110 421 588 419 198 
2012-12-13 462 100 414 61 274 20 226 116 56 295 780 1228  633 380 954 46 576 751 215 1185 483 582 443 228 

2012-12-14 483 105 417 62 314 20 242 118 56 308 803 1233  719 421 1048 47 534 634 225 1254 533 585 474 260 

2012-12-15 501 110 424 63 341 21 254 125 52 313 810 1224  798 458 1104 48 540 674 233 1334 576 583 490 286 
2012-12-16 512 109 426 65 365 22 263 129 51 315 787 1183  861 489 1135 48 526 690 243 1369 606 612 500 289 

2012-12-17 521 114 434 67 385 22 275 136 55 319 793 1197  923 518 1166 50 549 729 252 1421 637 608 506 316 

2012-12-18 525 102 423 68 178 22 264 136 55 310 760 1177  929 343 833 49 536 649 253 1452 528 647 523 289 
2012-12-19 535 104 384 69 206 22 249 136 56 305 775 1185  887 340 844 49 545 673 257 1487 442 635 537 290 

2012-12-20 526 104 374 69 226 22 239 137 55 294 752 1115  878 351 884 49 524 686 250 1534 474 614 532 288 

2012-12-21 505 96 364 67 196 20 194 133 53 303 639 1030  789 258 673 48 406  208 1443 493 625 501 257 
2012-12-22 471 97 347 67 218 20 196 133 53 308 721 1096  774 284 809 48 428 533 205 1329 518 594 492 280 

2012-12-23 484 99 358 67 247 20 212 135 53 307 769 1092  799 307 924 48 446 554 212 1348 554 599 498 280 

2012-12-24 514 99 364 65 254 20 220 136 51 269 758 1032  806 313 957 44 424 561 213 1366 573 576 491 255 
2012-12-25 496 103 349 66 219 20 236 120 50 267 781   802 300 796 46 460 534 222 1334 590 602 466 196 

2012-12-26 455 95 335 57 174 20 238 115 49 232 694   807 264 755 44 384 491 198 896 510 640 348 183 

2012-12-27 362 87 335 52 168 19 172 107 49 242 710   578 255 764 43 343 438 162 817 384 563  165 
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2012-12-28 393 92 345 54 202 19 184 108 49 263 754   556 274 849 44 362 512 141 1004 446 523  185 

2012-12-29 418 97 351 55 205 20 203 112 49 268 769   603 284 883 44 386 530 155 1118 469 558 270 203 
2012-12-30 444 104 362 58 210 20 230 120 51 287 781   608 281 894 45 414 564 163 1146 491 542 336 231 

2012-12-31 457 109 371 59 229 21 243 119 51 298 784   649 299 931 46 425 577 170 1169 518 550 394 240 

2013-01-01 466 111 376 59 236 21 249 121 50 293 786   683 309 938 47 419 563 178 1216 531 547 396 243 
2013-01-02 484 112 386 60 245 20 268 123 51 292 798   695 303 931 48 426 550 182 1253 537 557 417 253 

2013-01-03 489 113 390 60 254 20 266 122 50 298 813   719 314 952 49 430 565 183 1270 549 555 369 262 

2013-01-04 494 115 396 61 276 20 263 122 50 315 835 1108  754 336 998 49 437 585 184 1301 570 558 289 279 
2013-01-05 506 116 400 61 299 20 265 124 50 331 840 1116  799 360 1048 49 443 593 190 1334 596 565 213 292 

2013-01-06 506 117 406 61 314 21 268 126 51 342 843 1123  830 383 1070 50 449 609 200 1352 610 553 209 306 

2013-01-07 505 118 412 63 342 21 275 130 51 358 850 1129  889 412 1117 50 458 621 210 1371 634 559 218 329 
2013-01-08 513 120 418 64 365 21 285 132 46 369 854 1133  945 436 1142 50 461 636 224 1406 646 537 285 356 

2013-01-09 522 122 422 64 383 21 293 140 46 378 856 1136  994 457 1153 51 470 647 239 1429 647 552 297 374 

2013-01-10 570 125 436 65 399 20 301 143 47 383 858 1142  1044 476 1153 52 479 657 252 1455 650 544 277 390 
2013-01-11 580 124 406 66 407 20 307 148 45 384 850 1139  1059 481 1146 53 488 674 274 1469 632 571 362 401 

2013-01-12 568 126 393 67 415 20 312 154 45 390 848 1148  1079 488 1147 54 484 695 289 1480 562 595 488 405 

2013-01-13 592 129 395 68 426 21 320 152 46 394 849 1153  1087 494 1152 54 489 693 306 1494 514 594 530 416 
2013-01-14 555 119 409 64 332 21 301 145 51 354 690 1082  1078 438 1002 53 366 574 287 1243 478 594 502 304 

2013-01-15 354 71 393 50 165 17 163 105 47 242 655 1073  882 292 692 43 403  140 694 514 549 306 126 

2013-01-16 239 36 271  79 15 94 84 40 161 529 820 162 274 126 348 38   98 449 212 311 225 103 
2013-01-17 296 51 298  166 15 136 91 41 140 603 826 295 394 177 720 39   122 778 360 341 275 154 

2013-01-18 322 51 330  230 17 167 101 43 174 647 851 332 514 221 911 41   137 859 485 388 301 173 

2013-01-19 526 55 352  266 17 198 108 44 199 704 853 376 615 254 991 42   162 1000 528 414  199 
2013-01-20 545 58 369  293 17 216 106 44 212 743 924 408 708 286 1053 43   174 989 538 458  202 

2013-01-21 548 59 382  321 18 222 110 45 227 767 985 421 800 318 1108 44   184 1005 575 471  216 
2013-01-22 532 62 393  361 18 241 116 41 244 788 1022 454 892 348 1176 44   210 1146 616 513  259 

2013-01-23 563 65 402  389 19 259 124 44 266 802 1021 494 957 378 1213 44   244 1268 629 520  302 

2013-01-24 585 67 412  404 20 274 132 47 282 811 1019 521 1023 411 1231 44   283 1339 639 535  326 
2013-01-25 647 69 415  425 20 290 138 48 303 817 1009 536 1070 437 1244 44   328 1405 640 545  353 

2013-01-26 642 116 424  433 20 305 147 49 315 844 1019 560 1123 458 1257 45   356 1434 618 560  366 

2013-01-27 658 120 430  462 20 322 157 51 335 854 1026 580 1174 493 1282 45   389 1474 599 570  399 
2013-01-28 651 119 438  405 20 326 160 50 342 859 1031 578 1139 442 1185 46   409 1429 532 585  370 

2013-01-29 591 89 447  354 20 206 127 46 312 844 1036 458 1036 396 1066 46   242 1150 502 588  198 

2013-01-30 543 89 423  251 18 224 114 44 293 747 927 430 966 252 866 41   259 1104 451 573  194 
2013-01-31 413 64 258   16 164 79 38 188 566 855 257 367 126 496 38   141 767 299 322 353 128 

2013-02-01 608 82 314   6 240 97 40 254 643 885 348 484 190 843 40  616 195 1064 426 391 457 196 

2013-02-02 663 93 347    279 111 42 296 703 922 428 615 228 975 41  338 249 1233 529 409  235 
2013-02-03 630 100 366    307 121 43 330 735 970 474 709 258 1026 42   319 1311 559 463  274 

2013-02-04 605 107 381    337 133 45 351 757 1006 510 807 294 1092 43   377 1407 602 484  315 

2013-02-05 613 112 392    355 141 46 353 774 1016 532 860 310 1094 43   420 1437 594 526  326 
2013-02-06 622 115 405    365 137 46 353 781 1012 553 752 257 960 44   443 1464 507 538  298 

2013-02-07 594 118 403    371 133 46 362 794 1010 571 715 262 907 44   467 1490 523 561  281 

2013-02-08 611 118 401    370 135 46 363 798 1002 581 741 270 920 44 546  483 1470 540 618  267 
2013-02-09 582 121 400   19 378 143 47 384 811 1012 585 817 294 992 44 583  498 1518 582 615 407 288 

2013-02-10 584 122 398 55  20 379 151 48 395 812 1017 584 886 310 1032  584  508 1521 610 630 397 300 

2013-02-11 641 121  56 341 20 371 156 47 395 786 1016 602 926 323 1045  544  497 1482 579 696 379 288 
2013-02-12 623 123  57 374 20 380 162 48 408 738 1025 622 964 348 1113  570  504 1521 595 686 369 307 

2013-02-13  122  56 374 20 363  49 401 700 1020 619 1008 355 1108  511  501 1504 547 663 365 304 

2013-02-14 593 120  57 390 20 354  50 411  1033 617 973 364 1110  520  464 1482 618 678 355 298 
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2013-02-15  120  57 407 20 329  50 416  1038 617 1011 375 1118  520  450 1500 635 684 360 303 

2013-02-16  118  56 411 20 325  50 414  1042 611 1034 382 1111  459  436 1498 645 681 358 296 
2013-02-17 644 119  57 433 20 328  50 422  1047 613 1046 395 1133  467  436 1524 653 712 361 305 

2013-02-18  121  57 450 20 338  51 428  1050 620 1078 414 1163  470  451 1554 649 713 486 334 

2013-02-19  118  56 421 20 328 177 50 417  1036 597 1070 408 1109  397  448 1476 585 675 422 316 
2013-02-20  121  57 453 21 343 201 51 427  1052 616 1072 425 1150  432  453 1511 597 707 407 332 

2013-02-21 632 122  58 475 22 344  51 433  1057 621 1116 438 1172  431  463 1538 618 643 435 354 

2013-02-22  117  56 442 21 330  50 403  1051 598 1109 425 1111  411  453 1393 616 708 406 308 
2013-02-23 653 118  57 454 21 330  51 405  1054 602 1104 429 1114  410  446 1415 624 653 381 328 

2013-02-24  117  56 463 20 318 189 51 408  1059 604 1119 432 1120  405  438 1416 625 647 366 332 

2013-02-25  118  56 472 20 318  51 411  1060 603 1142 440 1126  398  441 1438 633 680 359 338 
2013-02-26  117  54 450 20 311  50 399  1052 582 1137 429 1041  364  440 1402 612 677 485 328 

2013-02-27 610 118  56 455 21 322  51 405  1057 594 1189 439 1030  384  443 1346 609 723 472 322 

2013-02-28 599 119  56 443 20 327 181 51 404  1058 596 1142 434 1026  387  449 1343 609 718 482 327 
2013-03-01  121  56 427 20 336 194 52 404  1059 599 1104 435 1034  389  458 1360 603 726 486 338 

2013-03-02 596 120  56 419 20 334 196 52 405  1062 598 1081 430 1039  385  456 1335 600 738 480 345 

2013-03-03  122  56 422 21 342  52 406  1065 606 1078 438 1052  390  463 1362 606 734 487 354 
2013-03-04 619 124  57 438 21 344 193 52 410  1067 614 1092 450 1072  394  472 1385 616 738 492 359 

2013-03-05  121  56 425 20 340 193 52 406  1033 610 1091 415 1030  358  474 1359 611 711 493 358 

2013-03-06  77  48 152 18 181 99 41 270 671 926 376 958 181  38  470 198 734 561 593 329 115 
2013-03-07  86  49 230 19 218 108 45 283 711 937 408 896 224  39  608 244 1025 502 526 362 151 

2013-03-08 509 95  51 283 19 256 120 46 308 755 940 443 850 257  40  372 293 1135 500 543 370 183 

2013-03-09 543 101  52 314 20 283 128 46 322 777 938 470 1027 280  41  596 334 1216 514 568 386 201 
2013-03-10 629 106  53 338 20 301 134 47 334 801 958 491 1097 305  42  508 365 1264 525 591 410 211 

2013-03-11 583 109  54 357 19 318 140 47 345 823 986 510 1119 326  42  480 396 1310 542 612 434 223 
2013-03-12  103  54 338  324 142 47 341 809 997 496 1124 324  42   341 1258 545 659 435 217 

2013-03-13  101  54 336  272 137 48 345 834 1016 500 999 331  42 566 663 306 1310 552 630 458 222 

2013-03-14 610 103  54 347  280 138 48 352 845 1019 503 986 333  42 579 671 330 1349 568 641  228 
2013-03-15 592 105  54 354  295 141 48 355 848 1014 507 1001 338  42 585 569 368 1363 574 644  234 

2013-03-16 592 108  54 364  310 146 48 362 849 1012 515 1008 345  43 590 492 399 1368 572 663  239 

2013-03-17 602 111  55 385  326 157 48 369 854 1015 527 1025 360  43 602 436 418 1401 585 651  251 
2013-03-18 604 114  56 395  343 162 50 377 849 1006 543 1000 368  43 607 420 451 1416 574 661  265 

2013-03-19 436 80  49 287  188 105 46 248 765 993 393 919 310  38 469 561 199 915 535 563 313 123 

2013-03-20 490 88  50 286 23 226 113 45 284 768 1005 400 855 296  39 480  252 1048 491 538 340 156 
2013-03-21 526 96  51 308  265 122 46 313 797 991 431 833 300  39 517  311 1154 496 547 368 184 

2013-03-22 551 104 405 52 341  302 128 46 335 813 988 461 863 314 995 40 547  365 1253 517 552 396 216 

2013-03-23 569 109 410 53 365  327 127 46 351 828 994 486 905 334 1036 40 564  409 1306 540 549 416 241 
2013-03-24 573 108 416 51 377  324 137 46 354 791 974 473 933 349 1059 40 516  432 1270 551 602 411 247 

2013-03-25 462 91 416 51 199  265 115 46 300 788 994 446 858 263 787 38 465  307 914 537 614 304 194 

2013-03-26 464 91 413 50 215  255 105 45 302 779 1000 441 814 255 793 38 466  299 1034 511 568 330 175 
2013-03-27 508 98 416 50 256  280 108 45 317 790 990 454 758 260 846 39 495  333 1128 508 566 362 186 

2013-03-28 534 102 421 51 274  298 112 45 327 800 988 470 756 262 880 38 518  365 1200 505 566 389 199 

2013-03-29 540 103 410 51 278  313 114 45 334 808 991 486 778 225 756 39 536  393 1262 511 571 405 198 
2013-03-30 556 105 395 52 291  322 115 46 351 812 996 498 815 260 798 39 549  413 1305 514 592 420 196 

2013-03-31 586 105 371 52 283  326 121 46 338 776 991 497 848 265 807 40 523  420 1232 515 604 415 192 

2013-04-01 574 108 344 54 289 22 330 128 46 347 795 1004 511 856 272 846 40 528  430 1298 548 579 431 193 
2013-04-02 575 110 362 54 305  330 124 46 362 807 1005 519 927 279 914 39 528  437 1332 537 588 442 199 

2013-04-03 581 112 380 55 329  335 128 43 373 812 1002 526 939 292 976 39 542  448 1363 550 595 453 215 

2013-04-04 591 115 393 56 351  344 146 46 335 816 1000 533 978 311 1019 39 558  464 1384 568 594 465 233 
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2013-04-05 533 90 402 52 306 22 255 120 44 337 788 996 473 1010 304 950 39 533  354 1196 555 585 421 162 

2013-04-06 554 94 404 52 304  256 115 42  800 1008 464 1033 306 970 39 510  340 1238 559 566 419 161 
2013-04-07 561 100 402 52 321  277 126 44 356 806 1005 471 1066 314 980 39 520  363 1265 568 574 428 185 

2013-04-08 572 106 397 54 344  301 137 46 367 806 1001 486 1084 324 989 40 540 763 393 1281 575 558 462 212 

2013-04-09 583 110 410 55 370 21 323 148 47 380 810 1003 503 1121 343 942 41 560 667 420 1304 585 568 479 237 
2013-04-10 591 114 412 57 392 21 339 160 39 391 812 1006 520 1156 362 953 42 576 798 446 1313 596 578 479 260 

2013-04-11 604 117 411 58 406 22 350 168 49 398 816 1010 532 1192 380 960 42 588 815 465 1322 600 601 499 275 

2013-04-12 588 101 377 56 314 22 330 148 47 330 771 992 511 1076 335 855 41 515 582 387 1079 549 606 431 211 
2013-04-13 540 97 398 55 306 20 316 127 44 333 773 1012 526 1039 339 755 42 491 737 355 1129 529 611  194 

2013-04-14 548 103 380 56 326 20 314 131 42 340 792 1011 525 1015 345 719 41 508 754 374 1167 535 600  205 

2013-04-15 561 108 353 57 340 21 320 137 41 344 799 1001 524 1001 348 735 42 532 758 394 1194 551 615  221 
2013-04-16 575 114 439 58 364 22 334 147 39 358 804 1000 534 1006 360 635 43 562 776 420 1233 560 628  246 

2013-04-17 504 84 404 47 139 21 289 138 34 237 736 894 327 1030 266 802 35 466 452 323 639 554 654  137 

2013-04-18 396 63 423 50 189 19 204 100 42 244 752 995 330 1043 252 367 37 415 539 218 821 565 451  135 
2013-04-19 454 68 406 47 240 19 252 112 43 277 526 757 365 1064  532  556 485 280 920 570 469  166 

2013-04-20 408 58 392 51 232 19 226 102 42 264 653 863 364 1050  668 36 370  222 821 552 475  150 

2013-04-21 495 65 385 54 272 19 268 111 43 311 676 874 401 1069  699  431  283 1033 550 476  176 
2013-04-22 537 71 391 57 307 20 303 122 44 342 704 890 437 1074  477  467  346 1157 555 479  209 

2013-04-23 562 75 396 57 335 21 327 134 45 368 727 910 463 1078  825  492  400 1247 564 490  238 

2013-04-24 579 78 405 61 360 22 346 144 47 384 743 935 484 1081  531  512 726 440 1289 575 493  262 
2013-04-25 596 81 406 58 385 22 361 152 47 394 754 956 502 1093  988  528 680 466 1316 589 493  288 

2013-04-26 594 84 417 63 408 22 374 166 49 406 766 983 521 1118  1057  546 741 494 1359 605 508  314 

2013-04-27 602 87 423 60 427 23 387 169 51 413 773 989 536 1157  976 43 559 737 514 1375 620 517  331 
2013-04-28 590 84 423 58 380 22 372 165 51 405 717 974 521 1156  887 42 495 677 508 1244 603 573  305 

2013-04-29 576 86 428 54 424 21 379 172 52 414 758 994 540 1168  792 42 537 690 508 1302 620 555  331 
2013-04-30 565 88 419 46 440 22 386 184 53 425 769 1011 549 1188  814 44 552 692 520 1314 636 556  346 

2013-05-01 571 89 436 48 458 22 391 199 55 420 774 1012 556 1207  976 45 560 697 527 1330 648 560  367 

2013-05-02 585 93 451 64 477 22 395 197 56 433 775 1016 562 1238  1077 45 565 771 534 1483 662 609  384 
2013-05-03 591 91 453 64 512 23 397 205 52 433 779 1020 568 1317  974 46 578 760 539 1499 674 615  394 

2013-05-04 594 92 456 65 529 23 400 212 50 434 781 1024 574 1362  1064 46 587 704 543 1524 684 635  402 

2013-05-05 603 92 459 66 545 24 397 226 58 437 756 1010 579 1389  1071 46 526 692 534 1500 692 622  408 
2013-05-06 572 87 462 63 541 23 377 201 58 418 676 1007 575 1416  1124 42 501 583 510 1161 697 619  384 

2013-05-07 495 90 468 67 507 21 396 214 60 430 739 1027 589 1409  711 45 499 570 523 1116 694 613  390 

2013-05-08 495 90 368 66 265 22 368 226 57 428 756 1029 585 770  510 45 520 576 457 1185 485 634  398 
2013-05-09 506 88 320 64 308 23 351 237 61 429 757 1032 586 591 227 636 43 536 542 434 1233  658  385 

2013-05-10 530 90 354 64 358 23 341 249 61 440 763 1036 590 674 267 839 50 554 530 440 1319  665  413 

2013-05-11 538 113 352 65 230 23 339 249 48 378 762 1035 585 873 214 654 44 550 502 441 1338  663  405 
2013-05-12 554 103 334 65 237 23 304 224 39 360 771 1038 564 939 224 731 44 584 494 380 1359  690  298 

2013-05-13 557 100 350 66 296 23 282 234 53 380 778 1040 575 1044 253 853 44 602 506 381 1434  704  314 

2013-05-14 576 104 367 67 341 23 296 249 55 394 782 1043 576 991 289 944 44 612 549 403 1490  706  331 
2013-05-15 589 111 379 69 381 24 319 272 52 409 788 1047 581 1053 330 1018 46 622 550 430 1518  707  351 

2013-05-16 595 116 390 70 416 25 344 277 56 424 790 1052 588 1124 374 1086 47 638 544 458 1551  714  376 

2013-05-17 606 120 396 72 452 26 365 290 68 436 783 1054 596 1156 408 1124 48 646 554 486 1611  713  402 
2013-05-18 621 112 405 69 476 26 315 241 58 424 793 1058 589 1204 444 1164 46 658 650 235 1602  714  400 

2013-05-19 632 95 412 69 499 26 335 256 59 436 766 1050 563 1257 462 1189 46 644 628 283 1599  735  424 

2013-05-20 588 55 416 51 358 26 181 108 47 196 690 1017 318 1299 483 1161 36 641 596 96 1439  527  231 
2013-05-21 602 73 416 58 392 26 229 114 56 264 752 1045 368 1349 510 1205 40 646 824 158 1583  460  229 

2013-05-22 601 97 426 62 327 27 299 137 56 314 750 1054 412 1383 531 1230  637 832 223 1624  468  254 

2013-05-23 597 107 433 65 287 27 329 125 51 336 752 1056 434 1386 540 1224  644 857 261 1616  474   
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2013-05-24 560 112 430 65 287 25 334 103 24 302 744 1051 456 1378 529 1175  603 721 268 1454  513  149 

2013-05-25 593 119 430 66 323 25 339 110 21 338 752 1056 487 1370 566 1223  641 789 292 1578  500  164 
2013-05-26 596 125 431 68 374 25 353 129 30 360 749 1060 504 1398 590 1257  658 816 326 1621  501  206 

2013-05-27 594 128 433 69 415 26 371 147 54 383 740 1061 522 1429 623 1279 46 661 829 363 1654  511  247 

2013-05-28 602 132 437 71 451 26 389 168 64 404 736 1066 540 1508 654 1295 46 670 852 396 1691  540  287 
2013-05-29 617 137 440 72 482 27 405 192 68 426 771 1066 556 1524 684 1308 48 698 832 423 1718  547  327 

2013-05-30 634 140 444 74 512 27 416 214 71 444 757 1068 569 1579 717 1315 49 705 846 446 1744  558  364 

2013-05-31 648 144 448 75 547 28 429 234 74 456 753 1071 580 1615 746 1326 49 712 874 466 1765  562  398 
2013-06-01 670 147 453 76 566 28 437 257 76 468 754 1079 592 1637 768 1341 50 716 894 482 1778  527  426 

2013-06-02 685 138 453 77 443 27 426 265 74 459 711 950 559 1389 794 1248 52 648 866 471 1762  533  438 

2013-06-03 669 138 458 76 552 26 387 253 37 438 754 1075 586 1241 785 1332 46 671 849 441 1674  609  361 
2013-06-04 689 144 462 77 571 27 413 276 62 459 761 1081 610 1348 801 1351 49 713 882 490 1743  607  403 

2013-06-05 694 149 462 78 584 27 420 300 71 470 763 1086 620 1437 829 1367 50 725 894 496 1774  614  441 

2013-06-06 675 149 466 76 554 27 340 281 66 357 751 1084 610 1437 753 1291 39 681 795 373 1356  655  397 
2013-06-07 660 138 467 68 468 20 232 182 18 281 746 1092 563 859 513 960  699 745 185 1212  656  264 

2013-06-08 652 142 471 68 531 21 247 201 50 319 730 1094 602 1069 594 1150  700 776 238 1357  634  316 

2013-06-09 629 146 472 72 565 22 287 232 63 353 714 1098 616 1212 647 1239  718 809 302 1499  645  368 
2013-06-10 530 136 448 70 392 21 290 231 56 303 641 1018 477 1119 467 1005  548 630 326 1160  665  363 

2013-06-11 514 130 473 64 371 21 223 200 53 314 651 1048 418 1172 450 864 46 616 604 300 1050  616  259 

2013-06-12 479 137 455 67 446 21 249 214 55 344 688 1076 458 1262 505 1048 47 640 681 322 1276  576  297 
2013-06-13 480 144 266 70 176 22 320 239 59 375 701 1077 493 1138 191 270 48 660 741 366 1436  571  335 

2013-06-14 381 144 358 66 281 23 308 171 59 361 703 1081 510 681 291 744  654 588 390 1101  570  215 

2013-06-15 426 149 369 68 380 24 332 188 61 390 716 1085 540 859 372 991  670 670 423 1323  553  246 
2013-06-16 462 154 387 70 446 25 350 218 65 409 715 1085 561 1014 449 1124  683 719 452 1446  542  292 

2013-06-17 494 150 398 69 444 26 362 231 57 332 724 1042 575 1104 477 1134  688 391 468 1502  534  303 
2013-06-18 486 106 383 51 262 23 265 137 51 228 503 768 427 990 295 848   423 281 722  627  142 

2013-06-19 387 126 396 56 277 22 271 127 52 282 636 976 492 730 308 817 44  446 277 968  578  148 

2013-06-20 431 135 391 61 354 22 298 154 54 331 649 1036 503 824 370 979 41  621 342 1226  565  207 
2013-06-21 475 141 397 64 416 23 320 183 57 362 675 1055 524 948 439 1104 47  604 393 1365  548  250 

2013-06-22 507 146 403 65 460 24 338 208 58 384 690 1048 545 1033 502 1181 48  481 431 1463  542  288 

2013-06-23 531 150 410 67 490 25 355 230 63 412 700 1047 563 1136 563 1226 49  648 466 1538  531  331 
2013-06-24 552 152 418 69 512 26 368 266 66 430 708 1052 578 1218 618 1235 50 609 639 494 1591  592  371 

2013-06-25 576 150 422 70 542 26 367 204 69 440 719 1070 586 1295 664 1220 50 620  532 1545  602  391 

2013-06-26 557 137 428 71 566 28 370 226 71 452 667 1066 598 1347 706 1349 36 617  490 1082  603  420 
2013-06-27 445 97 426 58 340 27 320 148 65 449 523 808 534 1344 475 1083 48 487  472 666  715  387 

2013-06-28 406 111 442 61 488 28 344 152 70 460  955 583 1376 658 1240 50 488  503 1047  625  368 

2013-06-29 447 122 443 64 535 29 354 170 74 474  1016 601 1402 716 1304 50 506  516 1225  643  404 
2013-06-30 478 130 447 66 563 30 365 200 76 484  1017 613 1432 759 1345 52 534  422 1362  638  432 

2013-07-01 510 89 455 59 284 30 182 136 52 409  992 334 1291 438 992 50 528  264 1310  448  181 

2013-07-02 533 106 454 55 168 30 204 142 58 292  1006 409 454 455 1047 44 550  189 1443  457  213 
2013-07-03 546 120 452 56 284 31 240 156 59 328  1019 439 736 514 1135 41 567  282 1499  469  253 

2013-07-04 552 94 458 56 335 31 217 164 58 334  1021 423 731 544 1122 44 565  289 1455  467  222 

2013-07-05 564 107 458 57 417 29 226 178 60 366  1030 432 617 496 1071 46 568  304 1486  470  244 
2013-07-06 572 98 455 59 458 29 249 189 64 382  1046 452 722 543 1128 47 586  342 1543  479  280 

2013-07-07 504 107 453 58 474 27 262 203 62 322  826 407 761 548 1086 41 362  362 1248  433  318 

2013-07-08 407 112 459 60 486 25 277 204 65 358  1002 488 1122 583 1127 43 491  375 1149  477  332 
2013-07-09 458 119 459 62 512 25 290 219 69 383  1040 508 1008 633 1186 45 514  412 1324  488  371 

2013-07-10 480 128 460 59 532 26 289 235 72 406  895 520 1122 651 1194 47 534  423 1412  503  396 

2013-07-11 497 118 350 64 188 27 312 221 71 406  865 540 1024 223 621 48 442  467 1442  515  399 
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2013-07-12 523 119 358 64 287 27 322 214 72 419  909 555 1089 304 944 48 464  491 1504  522  412 

2013-07-13 532 125 377 66 366 28 249 229 76 436  922 570 1178 370 1095 50 495  470 1548  555  438 
2013-07-14 561 132 386 68 426 29 272 251 80 450  937 583 1247 440 1205 51 515  507 1597  552  466 

2013-07-15 536 137 399 68 470 30 294 277 84 459  961 596 1315 503 1282 52 538  538 1641  556  485 

2013-07-16 525 142 407 67 500 31 313 304 89 470  980 607 1368 540 1334 54 556  563 1682  574  501 
2013-07-17 602 147 414 68 523 32 330 327 94 474 790 998 617 1406 606 1373 55 569  587 1708  586  514 

2013-07-18 540 149 422 69 306 24 313 301 50 411 792 1025 624 1410 467 1085 55 587  547 1111  592  301 

2013-07-19 561 146 426 69 389 24 328 317 59 436 647 860 631 1428 524 1220 56 571  574 1346  600 460 369 
2013-07-20 616 126 431 66 435 24 391 293 58 450 523 913 635 1453 565 1269 54 428  586 1408  619 476 410 

2013-07-21 581 134 373 66 450 24 404 309 63 438 603 949 476 1204 412 1060 55 353  594 1376  538 481 447 

2013-07-22 603 134 427 67 475 24 400 324 61 376 691 944 631 1248 465 1079 55 408  587 1420  624  442 
2013-07-23 581 134 388 62 140 24 386 310 73 362 709 952 576 1144 266 691 55 417  569 1458  638  464 

2013-07-24 573 140 365 63 132 25 401 236 57 376 730 970 625 1288 255 668 54 437  587 1550  638  455 

2013-07-25 577 142 364 64 215 24 412 282 62 402 743 987 638 1363 294 852 55 432  596 1609  642  457 
2013-07-26 633 146 372 66 299 24 425 306 74 422 758 997 646 1437 357 1052 54 434  611 1658  624  486 

2013-07-27 627 149 383 68 363 26 437 326 145 435 774 999 653 1482 428 1178 56 454  627 1691  654  507 

2013-07-28 627 148 392 67 387 25 397 281 83 446 779 998 613 1465 447 1168 55 449  560 1700  677  392 
2013-07-29 626 150 398 68 434 24 418 308  457 786 998 634 1419 506 1258 54 471  581 1737  640  427 

2013-07-30 646 154 404 68 469 24 433 329  468 793 1001 647 1451 555 1310 54 488   1759  638  465 

2013-07-31 630 150 410 69 494 25 422 342  471 792 1004 642 1507 551 1336 55 445   1732  616  485 
2013-08-01 673 141 416 70 491 25 380 338 122 470 797 1007 612 1516 595 1326 56 444  554 1606  684  488 

2013-08-02 696 147 424 70 516 25 389 354 95 477 807 1019 641 1575 616 1338 56 450  552 1699  663  500 

2013-08-03 698 151 428 71 536 26 406 390 92 485 813 1028 652 1585 631 1364 56 469  557 1739  661  515 
2013-08-04 631 138 432 68 550 26 393 300 85 460 816 1036 655 1594 729 1381 55 498  576 1510  656  395 

2013-08-05 707 147 434 70 562 25 417 351 93 482 806 1043 664 1673 775 1393 55 509  586 1693  648  466 
2013-08-06 709 151 436 71 575 26 432 364 104 492 806 1048 668 1697 809 1406 56 502  612 1735  561  494 

2013-08-07 715 156 441 72 588 27 442 367 116 498 799 1028 675 1540 800 1432 57 471   1846  520  513 

2013-08-08 675 157 445 73 574 26 449 362 111 494 781 990 680 1545 811 1418 57 454   1820  569  499 
2013-08-09 610 150 454 62 579 25 412 358 123 483 740 1050 685 1521 701 1330 56 390  569 1644  588  501 

2013-08-10 677 95 444 54 362 24 336 129 75 362 751 1075 643 1119 384 800 47 410  498 1656  561  196 

2013-08-11 673 118 424 65 294 21 355 137 78 347 579 1036 506 1126 316 797 51 290  451 1525  775  274 
2013-08-12 688 123 416 65 381 19 323 142 81 358 780 1084 496 1400 361 947 53 357  207 1362  628  184 

2013-08-13 610 86 409  201 19 260 100 71 297 764 1084 440 1325 254 679 44 366  278 1308  575  158 

2013-08-14 610 97 369  280 19 276 110 134 289 784 1104 467 1318 282 813 46 329   1316  575  180 
2013-08-15 614 109 373  381 19 304 134 58 335 737 1115 496 1380 362 1023 48 395   1496  578  231 

2013-08-16 655 119 383  448 19 335 163 142 367 785 1122 524 1422 424 1152 50 380   1593  584  284 

2013-08-17 652 128 394  492 21 360 191 148 395 817 1129 550 1458 471 1237 51 380   1661  580  337 
2013-08-18 630 134 397  503 26 367 208 58 392 818 1129 565 1442  1249 52 645   1695  592  274 

2013-08-19 625 137 405  441 27 389 208 109 354 818 1133 584 1476 560 1163 55 643 919  1710  610 690 314 

2013-08-20 637 140 416 65 481 28 389 194 123 348 818 1135 600 1523  1249 57 562 927 489 1654  630 624 281 
2013-08-21 635 144 420 67 513 29 397 212 57 373 820 1139 605 1558 591 1300 57 548 927 503 1703  633 645 315 

2013-08-22 633 146 427 67 488 29 408 220 52 335 823 1142 618 1565 636 1299 55 577 926 516 1717  632 663 316 

2013-08-23 641 141 428 67 351 30 418 234 65 324 657 1114 628 1511  1244 57 517 909 504 1753  610 697 325 
2013-08-24 652 146 435 70 430 29 412 239 48 362 808 1142 635 1588 704 1304 57 581 918 524 1765  669 713 349 

2013-08-25 671 151 435 71 482 29 427 262 83 386 817 1147 645 1715 770 1346 64 520 938 540 1802  658 736 392 

2013-08-26 669 154 436 71 515 30 438 278 124 408 819 1147 652 1656 811 1372 66 606 945 556 1825  659 759 424 
2013-08-27 677 156 439 73 506 31 447 292 141 424 821 1151 662 1592 835 1392 76 560 964 566 1857  664 769 447 

2013-08-28 671 158 441 75  32 458 300 155 433 822 1151 666 1598 844 1354 68 499 970 572 1866  672 779 460 

2013-08-29 670 159 445 76  31 463 311 149 443 820 1154 675 1615 870 1390 70 629 979 579 1874  673 781 474 
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2013-08-30 666 161 448 75  31 470 323 121 454 819 1162 680 1646 900 1406 70 616 983 585 1893  681 793 489 

2013-08-31 664 163 450 76  32 382 337 125 461 819 1165 376 1670 925 1420 68 589 989 513 1903  560 803 506 
2013-09-01 658 147 451 76  32 263 310 70 408 802 1159 570 1712 943 1422 79 554 970 503 1884  519 803 378 

2013-09-02 651 152 455 76  31 304 327 50 424 813 1169 604 1678 952 1426 64 632 936 502 1728  534 695 418 

2013-09-03 543 145 457 81  31 325 315 54 438 795 1169 434 1658 958 1410 64 457 893 495 1313  541 541 415 
2013-09-04 641 149 457 80  31 340 340 87 450 808 1176 494 1681 989 1428 72 614 906 511 1636  529 594 443 

2013-09-05 514 153 458 80  31 356 359 135 459 810 1180 522 1672 1028 1442 72 678 919 531 1744  549 624 468 

2013-09-06 580 157 461 80  31 372 376 145 467 812 1183 548 1676 1011 1452 72 677 930 548 1798  551 665 488 
2013-09-07 634 160 459 80  32 386 387 143 476 812 1186 571 1687 1061 1461 74 704 937 563 1849  527 736 505 

2013-09-08 644 162 462 80  32 400 400 153 482 816 1190 590 1708 901 1467 72 703 966 575 1864  535 765 519 

2013-09-09 621 164 463 81  33 412 409 154 488 815 1192 606 1695 1095 1471 69 707 971 580 1881  573 787 528 
2013-09-10 654 166 465 82  33 423 417 153 495 816 1195 621 1666 1121 1499 70 727 981 588 1888  576 797 537 

2013-09-11 633 169 466 81  33 435 414 156 503 817 1199 632 1692 1118 1482 73 732 914 596 1918  576 810 549 

2013-09-12 618 169 474 82  33 383 381 59 498 818 1200 612 1667 1151 1505 67 733 861 585 1918  582 810 556 
2013-09-13 601 168 478 80  32 400 411 59 467 797 1198 629 1615 1109 1475 68 622 877 588 1827  594 732 491 

2013-09-14 605 169 479 79  32 419 469 63 490 804 1203 638 1674 1150 1496 34 659 898 596 1913  603 794 522 

2013-09-15 640 170 478 78  31 431 511 60 502 812 1207 646 1715 1188 1510 38 501 903 603 1950  621 813 541 
2013-09-16 664 172 479 79  31 442 548 65 504 816 1208 653 1745 1209 1511 60 741 924 610 1961  626 817 552 

2013-09-17 659 172 482 79  32 448 570 92 508 817 1210 660 1711 1226 1513 14 748 934 611 1962  631 830 559 

2013-09-18 635 174 481 79  32 456 592 108 515 819 1187 664 1739 1241 1522 7 742 885 616 1959  622 829 564 
2013-09-19 642 145 485 69  32 332 388 128 238 810 1211 498 1757 1230 1510 49 701 896 448 1799  602 750 535 

2013-09-20 510 163 487 87  32 401 268 93 388 820 1215 642 1745 1194 1479 65 711 925 558 1876  661 748 528 

2013-09-21 524 135 450 78  32 363 276 85 317 664 986 466 1394 1038 1211 53  744 493 1648  506 750 474 
2013-09-22 578 149 494 81  30 331 231 59 377 772 1163 581 1484 1041 1363 62  839 464 1636  659 627 400 

2013-09-23 626 157 492 80  33 356 260 86 406 789 1178 604 1625 1118 1421 67  872 505 1786  634 654 459 
2013-09-24 640 161 491 81  34 377 286 79 423 803 1183 621 1643 1177 1451 70  884 532 1836  636 707 492 

2013-09-25 634 165 493 82  34 391 305 84 416 804 1177 632 1670 1206 1467 72  890 549 1852  630 749 509 

2013-09-26 623 164 494 80  33 393 296 75 430 786 1180 644 1680 1174 1454 71  859 549 1826  650 728 346 
2013-09-27 615 167 495 81  34 407 312 111 441 802 1189 650 1714 1211 1469 74  884 560 1844  629 761 424 

2013-09-28 606 170 494 81  36 418 329 98 449 810 1195 654 1731 1239 1481 41  897 572 1882  637 778 460 

2013-09-29 589 172 492 82  35 429 342 71 452 812 1200 659 1732 1245 1486   915 581 1899  648 786 483 
2013-09-30 590 173 494 82  36 436 352 74 456 813 1207 664 1744 1303 1491   916 586 1911  667 800 501 

2013-10-01 593 174 494 83  36 443 364 76 459 813 1211 668 1755 1315 1495   932 590 1917  664 807 514 

2013-10-02 594 176 495 83  37 449 370 78 464 813 1217 674 1766 1323 1498   937 594 1927  683 815 528 
2013-10-03 597 179 495 84  38 455 379 82 467 813 1222 680 1774 1310 1504   940 598 1938  690 824 538 

2013-10-04 574 180 496 85  37 461 389 83 473 819 1233 686 1782 1364 1507   952 604 1946  689 840 546 

2013-10-05 562 183 497 85  38 467 395 85 470 821 1240 691 1791 1374 1509   954 607 1950  704 846 553 
2013-10-06 542 185 497 86  40 473 402 86 474 820 1246 703 1801 1367 1512  808 964 612 1972  704 857 559 

2013-10-07 472 178 497 86  40 458 402 82 451 770 1243 689 1700 1282 1458 71 771 932 589 1899  679 810 550 

2013-10-08  182 498 85  38 464 415 83 468 813 1258 702 1782 1318 1486 52  969 607 1947  737 831 550 
2013-10-09  184 494 84  37 470 411 114 475 814 1264 707 1800 1356 1498 59  978 609 1980  724 852 560 

2013-10-10  185 498 83  38 474 414 115 479 816 1268 711 1815 1360 1507 63 730 982 610 1994  718 865 567 

2013-10-11  187 496 83  39 481 419 116 481 818 1272 717 1825 1383 1511 79 821 988 615 2004 961 716 880 572 
2013-10-12  188 498 84 634 38 487 425 118 478 820 1278 723 1830 1392 1513 67 819 995 623 2013 975 713 890 578 

2013-10-13  188 496 84 634 40 490 430 98 482 820 1282 727 1835 1394 1516 66 825 1001 622 2012 983 695 905 579 

2013-10-14  188 507 85 628 42 482 433 99 472 819 1282 730 1830 1069 1313 66 824 988 611 1996 955 709 890 580 
2013-10-15  189 506 85 639 42 480 438 101 477 818 1284 735 1826 1180 1393 66 838 982 615 1997 968 708 896 578 

2013-10-16  189 505 85 642 40 484 439 103 478 819 1286 738 1828 1244 1429 67 838 979 617 1998 970 710 900 579 

2013-10-17  192 490 87 615 42 485 441 102 451 810 1281 739 1824 1227 1395 73 825 960 612 1983 966 704 908 579 
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2013-10-18  188 513 85 610 40 491 454 123 461 814 1292 746 1819 1053 1301 64 832 972 614 1994 954 721 892 580 

2013-10-19  189 511 84 632 39 490 449 113 468 816 1293 747 1828 1152 1354 64 853 973 614 1999 962 714 921 581 
2013-10-20  190 510 84 637 39 492 444 104 470 817 1297 753 1819 1184 1374 64 857 981 612 2007 967 711 929 581 

2013-10-21  191 510 82 645 38 493 442 105 474 818 1298 755 1827 1234 1410 63 863 983 612 2021 971 709 939 583 

2013-10-22  193 508 83 638 38 493 441 109 475 810 1287 754 1782 1266 1417 66 850 984 609 2007 945 705 921 584 
2013-10-23  192 503 83 570 39 497 451 159 462 812 1295 756 1710 1211 1350 65 854 985 612 2010 953 709 918 582 

2013-10-24  191 526 82 576 38 498 491 118 458 816 1299 764 1726 1086 1290 61 864 986 610 2011 938 718 925 582 

2013-10-25  186 520 81 564 36 494 511 152 456 811 1299 761 1761 1116 1317 60 867 1014 599 1967 941 717 881 573 
2013-10-26  188 520 80 607 36 495 521 141 459 817 1302 771 1769 1168 1348 59 873 1025 600 1991 955 724 911 577 

2013-10-27  188 520 81 624 35 497 523 155 466 818 1300 778 1772 1199 1372 60 876 1031 604 1999 955 722 918 578 

2013-10-28  192 518 83 634 38 496 513 151 422 803 1282 771 1779 1220 1396 66 838 1002 601 1983 958 721 910 569 
2013-10-29  191 519 87 598 37 500 552 156 435 813 1299 774 1784 1154 1368 64 869 1031 602 1987 956 715 914 578 

2013-10-30  162 483 83 288 41 454 501 73 348 770 1288 714 1634 594 649 64 802 943 507 1841 790 702 821 542 

2013-10-31  176 514 85 481 37 456 465 81 402 806 1300 765 1703 803 1035 64 853 1003 510 1876 899 789 804 525 
2013-11-01  134 426 85 188 40 407 407 65 357 667 1261 692 1417 372 519 66 682 851 519 1703 782 776 734 455 

2013-11-02  159 458 85 321 34 402 363 70 368 788 1301 748 1458 528 924 65 769 934 518 1749 823 806 725 456 

2013-11-03  169 465 85 403 34 419 384 107 385 800 1307 755 1547 637 1138 64 792 965 519 1858 839 793 765 489 
2013-11-04  176 471 86 446 33 430 400 156 397 806 1312 763 1613 722 1228 62 802 975 521 1903 855 777 818 510 

2013-11-05  179 473 86 468 34 440 415 84 406 809 1313 769 1670 785 1289 63 807 979 522 1920 860 764 834 528 

2013-11-06  181 479 84 488 33 448 427 84 409 811 1312 775 1701 834 1316 63 811 993 522 1926 868 752 849 536 
2013-11-07  177 471 84 425 36 448 429 96 399 788 1290 759 1510 769 1246 65 789 946 520 1882 738 719 859 527 

2013-11-08  176 487 84 468 31 453 431 77 398 806 1314 777 1570 830 1264 62 801 985  1903 827 744 834 540 

2013-11-09  181 487 84 489 31 455 424 96 404 810 1316 780 1634 869 1300 60 813 996  1916 840 742 861 544 
2013-11-10  182 488  557 32 461 430 124 410 812 1316 783 1619 892 1313 61 813 1003  1928 837 735 871 549 

2013-11-11  185 489  566 31 463 434 157 413 813 1317 787 1637 920 1313 60 824 1008  1930 841 730 880 553 
2013-11-12  185 488  556 30 466 439 90 414 814 1317 787 1610 934 1311 59 833 1004  1926 807 723 872 554 

2013-11-13  184 490 82 580 30 467 448 88 418 816 1320 794 1659 966 1346 57 842 1014 514 1939 840 722 894 558 

2013-11-14  187 492 82 592 30 470 450 96 420 818 1323 811 1676 997 1363 57 857 1018 511 1947 850 736 902 562 
2013-11-15  187 494 83 591 29 472 458 99 424 818 1322 812 1678 1004 1369 57 857 1024 511 1948 853 725 904 564 

2013-11-16  182 498 84 569 29 474 463 88 421 815 1291 811 1655 976 1349 58 887 1025 511 1929 838 721 891 564 

2013-11-17  185 498 86 580 29 475 472 88 424 818 1290 814 1665 995 1356 59 889 1040 511 1910 860 736 899 559 
2013-11-18  148 507 83 498 26 447 365 71 366 700 1240 745 1523 835 1241 59 758 916 473 1617 815 796 746 476 

2013-11-19  167 503 84 527 25 432 365 74 390 770 1277 782 1546 865 1248 58 806 981 471 1683 819 824 751 481 

2013-11-20  174 499 84 541 25 438 373 88 399 788 1285 788 1597 881 1271 58 831 1012 469 1770 826 810 835 500 
2013-11-21  179 497 84 546 25 444 378 76 406 798 1289 793 1627 893 1283 58 850 1032 460 1808 827 799 882 508 

2013-11-22  183 496 88 550 26 451 390 78 411 806 1290 796 1600 899 1302 60 864 1053 456 1796 816 787 913 518 

2013-11-23  163 497 86 390 24 451 362 71 368 803 1289 781 1293 701 1071 58 862 986 451 1755 706 764 875 504 
2013-11-24  172 482 85 396 24 449 352 72 376 811 1296 800 1338 690 1063 57 882 1005 187 1767 724 774 912 487 

2013-11-25  177 471 84 424 23 449 354 73 379 818 1295 801 1416 702 1099 56 893 1027 221 1810 739 763 951 495 

2013-11-26  148 447 78 304 23 404 316 65 309 707 962 663 1361 545 1002 49 651 894 246 1652 663 624 880 451 
2013-11-27  93 265 58  20 214 130 48 222 601 1042 482 734 217 576 44 613 640 260 1013 396 622 558 147 

2013-11-28  106 311 62  20 254 150 51 258 714 1190 550 882 316 923 46 643 766 268 1251 463 622 611 220 

2013-11-29  115 338 65  20 279 166 56 297 782 1213 574 1059 372 1043 48 673 827 274 1405 535 625 651 259 
2013-11-30  120 356 67  21 298 177 55 322 814 1237 590 1214 418 1116 49 704 857 272 1494 573 622 694 286 

2013-12-01  122 366 68 322 20 308 186 128 341 826 1249 597 1315 457 1158 50 721 875 273 1529 601 625 735 295 

2013-12-02  120 376 71 328 20 308 190 135 356 827 1240 588 1363 486 1178 51 721 870 274 1534 630 615 749 290 
2013-12-03  122 385 72 339 20 301 192 135 365 823 1228 572 1528  1203 52 742 884 278 1554 639 610 773 292 

2013-12-04  125 390 73 355 20 299 197 146 376 822 1221 579 1618  1235 52 738 905 160 1589 654 622 788 305 

2013-12-05  130 394 75 370 20 305 205 132 384 822 1220 582 1536  1253 53 745 929 146 1615 667 647 828 325 
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2013-12-06  98 375 56 144 20 316 140 45 162 298 698 426  249 580  705 527 110 1155 362 627 656 176 

2013-12-07  79 246 47  19 160 88 42 203 527 819 326  160 554  494 338  728 295 488 442 104 
2013-12-08  84 285 48  18 196 103 44 265 586 787 330  221 873  427 585  993 422 472 529 148 

2013-12-09  74 262 44  17 144 79 39 185 517 815 265  155 510  342 458  760 324 376 281 91 

2013-12-10 387 78 270 47  19 180 94 42 272 636 881 305  190 786  382 557 136 967 406 381 309 152 
2013-12-11 406 87 301 49  19 192 110 42 339 701 880 342  239 1012   644 149 1066 530 401 349 180 

2013-12-12 431 99 323 52  20 226 122 35 369 738 884 383  265 1117   705 167 1159 596 422 389 214 

2013-12-13 459 108 337 53  20 254 132 34 393 772 889 420  304 1193   753 181 1246 651 438 425 257 
2013-12-14 471 110 345 55  19 267 143 34 390 776 868 423  334 1195   754 188 1280 675 425 447 292 

2013-12-15 490 103 359 55  19 241 142 33 322 798 965 447  252 858   758 168 1260 618 482 455 254 

2013-12-16 504 106 351 56  19 238 138 30 337 815 1017 457  262 959   780 171 1319 608 507 472 250 
2013-12-17 524 109 351 57  19 252 143 30 357 820 1049 468  282 1058   795 185 1351 651 524 481 263 

2013-12-18 534 114 361 56  21 270 152 31 377 829 1062 479  250 989   809 198 1374 521 526 488 283 

2013-12-19 541 118 363 57  20 288 161 31 397 836 1069 492  269 1036   826 213 1414 556 524 498 304 
2013-12-20 546 123 370 59  21 301 169 32 410 838 1074 507  295 1109   843 230 1435 596 523 508 316 

2013-12-21 550 128 374 60  21 312 178 32 420 839 1080 513  326 1166   853 253 1452 622 539 511 327 

2013-12-22 500 104 350 51  19 294 167 31 249 350 774 349  186 690   479 209 727 385 496 186 224 
2013-12-23 389 66 290 49  18 189 91 42 259 633 992 349  176 676   536 148 825 401 459 331 136 

2013-12-24 416 86 297 50 162 19 202 94 41 286 712 986 354  198 819   621 163 1009 452 468 370 143 

2013-12-25 436 96 324 51 218 20 231 99 37 322 747 982 391  231 997   673 187 1134 520 473 407 180 
2013-12-26 457 104 347 52 256 20 259 109 37 348 775 983 423  267 1101   720 219 1209 562 499 434 216 

2013-12-27 477 111 363 54 296 21 285 118 37 370 799 996 450  303 1196   766 253 1286 618 507 456 260 

2013-12-28 492 117 376 55 326 21 305 129 42 387 813 1013 476  336 1249   797 287 1342 649 519 477 296 
2013-12-29 416 62 319 38  18 146 94 36 171 438 846 279  130 400   473 119 528 472 424 251 75 

2013-12-30 337 78 293 45  19 195 76 36 265 673 972 325  174 780   544 113 843 428 380 304 143 
2013-12-31 382 90 324 48  20 247 92 42 323 719 954 379  212 956   631 153 1038 474 417 330 180 

2014-01-01 431 100 348 49  21 285 107 43 369 746 952 420  249 1024   692 182 1155 515 427 371 217 

2014-01-02 469 106 365 51 230 20 308 157 44 381 763 962 451  278 1063   729 213 1218 541 461 404 249 
2014-01-03 501 111 375 52 261 22 332 169 45 394 784 983 478  307 1127   768 219 1281 568 479 428 278 

2014-01-04 534 116 386 53 270 22 350 192 47 402 796 998 502  334 1163   797 316 1362 598 496 455 315 

2014-01-05 542 118 395 53 274 21 358 204 47 405 798 1004 517  347 1167   811 341 1379 599 506 472 312 
2014-01-06 531 111 393 52 200 21 350 180 45 351 750 998 510  301 967   695 307 1131 529 533 445 239 

2014-01-07 537 113 380 56 200 21 336 185 47 364 790 1014 534  251 997   715 306 1297 528 541 459 257 

2014-01-08 545 113 376 54 207 21 323 183 46 370 802 1018 538   1006   764 306 1318 553 559 460 246 
2014-01-09 537 116 381 53 195 21 328 191 46 381 802 1016 541  332 1013   778 329 1330 638 570 471 262 

2014-01-10 530 116 390 53  20 329 195 46 381 795 1015 539  338 974   774 339 1334 608 574 479 252 

2014-01-11 512 95 372 42  19 304 179 41 252 342 825 348  215 600   436 333 757 482 532 324 189 
2014-01-12 363 82 314 46  20 205 108 42 271 636 934 371  188 729   509 207 858 411 463 322 135 

2014-01-13 401 92 331 49  19 248 120 43 308 694 931 407  217 826   592 263 1052 485 497 338 174 

2014-01-14 467 98 346 50  20 281 134 44 312 672 918 427  210 781   665 297 1094 491 492 364 192 
2014-01-15 502 104 344 51  20 306 143 45 328 723 932 458  217 762   709 330 1162 503 506 393 222 

2014-01-16 519 109 352 51 287 21 327 151 46 343 749 948 480  232 815   737 362 1226 535 534 422 243 

2014-01-17 524 111 365 52 316 21 339 161 42 357 768 957 497  255 865   761 391 1268 565 567 439 255 
2014-01-18 534 113 377 52 354 21 351 167 49 372 778 966 514  281 917   790 416 1325 618 570 457 273 

2014-01-19 541 114 387 53 372 21 358 176 49 383 784 971 527  307 936   810 443 1359 641 577 472 288 

2014-01-20 546 116 397 53 395 22 368 184 50 396 792  528  333 967   831 468 1396 671 574 489 304 
2014-01-21 541 118 403 54 409 21 374 191 51 405 796  536  353 977  556 848 483 1424 692 573 502 314 

2014-01-22 554 120 409 57 449 21 389 199 53 419 802  551  388 1020  589 861 496 1477 725 581 536 345 

2014-01-23 562 121 414 56 460 21 393 210 53 430 805  558  406 1026  588 880 508 1496 726 594 537 354 
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2014-01-24 582 129 421 63 509 22 435 244 58 447 816  574   1064  644 901 535 1629 784 598 570 415 

2014-01-25 595 125 425 59 482 21 403 233 56 439 812  571   1026  608 896 540 1544 756 594 569 388 
2014-01-26 606 125 430 56 492 21 401 223 55 440 814  580  454 1037  612 912 534 1533 797 606 575 368 

2014-01-27 599 126 432 55 477 21 400 220 54 429 811  584  454 1020  605 910 535 1492 769 610 575 362 

2014-01-28 614 131 439 59 533 22 429 236 56 447 815  593  478 1073  650 932 548 1613 804 608 587 402 
2014-01-29 628 135 451 59 561 22 436 250 58 461 821  603   1093  673 937 566 1646 834 612 601 421 

2014-01-30 637 136 449 61 565 22 446 260 60 466 823  607  550 1089  686 932 580 1697 846 604 611 449 

2014-01-31 638 132 451 60 533 22 424 248 57 449 819  606  498 1057  655 946 569 1603 827 598 611 418 
2014-02-01 625 131 453 58 527 22 421 243 56 447 816  611   1044  649 944 572 1576 826 601 611 412 

2014-02-02 617 131 460 57 468 22 404 221 55 435 812  611  450 957  638 927 561 1515 781 611 597 363 

2014-02-03 321 41 378 38 69 17 164 70 38 165 392  260  158 413  326 329 124 454 365 417 262 68 
2014-02-04 360 72 339 44 204 18 209 88 41 240 594  347  192 742  321 538 196 888 405 421 296 130 

2014-02-05 416 86 344 48 204 19 260 104 43 280 585  374  195 741  334 564 248 999 413 438 316 159 

2014-02-06 462 93 322 49 220 20 270 116 44 312 673  403  210 806  333 614 269 1094 421 455 349 194 
2014-02-07 487 98 342 51 269 20 290 127 45 332 707  425 768 229 862  355 661 300 1157 481 483 380 220 

2014-02-08 495 104 362 51 312 20 316 135 46 347 733  444 904 256 929  380 707 330 1211 510 502 407 240 

2014-02-09 508 104 377 51 340 20 338 144 46 353 756  465 974 284 982 41 396 749 363 1254 528 515 431 258 
2014-02-10 517 108 388 51 364 21 351 152 47 363 756 933 484 988 307 1032 42 415 784 377 1302 539 517 451 276 

2014-02-11 533 113 397 53 394 21 369 162 48 378 766 944 503 1044 334 1089 42 535 807 410 1367 563 515 476 308 

2014-02-12 544 115 406 53 405 21 378 170 49 392 773 941 520 1086 352 1110 42 549 826 442 1403 576 508 491 324 
2014-02-13 547 110 405 50 392 21 363 162 47 374 764 951 519 1076 355 1069 41 539 808 440 1350 558 527 461 294 

2014-02-14 548 116 419 54 415 21 380 168 49 390 774 933 535 1086 379 1116 43 558 849 465 1398 558 526 512 308 

2014-02-15 559 105 417 50 206 22 379 146 45 291 726 948 536 921 183 643 42 504 808 412 1010 423 554 438 230 
2014-02-16 553 109 416 51 272 22 402 139 45 309 753 953 550 892 224 797 42 496 838 427 1111 438 548 444 237 

2014-02-17 555 112 421 52 319 22 402 143 46 324 761 958 557 1020 256 891 42 504 842 438 1132 467 551 454 254 
2014-02-18 554 96 424 49 284 21 376 124 45 288 729 942 542 949 217 858 42 498 734 375 974 425 602 419 190 

2014-02-19 470 74 416 47 179 19 298 99 44 263 600 947 441 615 192 596 39 444 484 267 846 399 616 338 124 

2014-02-20 412 73 347 47 122 19 208 90 46 258 716 868 398 544 195 593 39 432 534 215 923 388 522 335 123 
2014-02-21 437 76 297 47 135 18 266 105 45 262 502 904 364 522 193 645 40 423 494 227 716 470 542 295 140 

2014-02-22 417 79 303 47 146 19 240 99 46 284 690 890 376 539 201 753 40 396 562 237 899 467 505 330 143 

2014-02-23 463 88 333 48 168 19 276 107 46 310 718 888 403 686 223 854 41 432 634 279 1033 506 509 357 171 
2014-02-24 507 97 356 50 189 20 312 117 47 329 737 899 431 717 249 935 42 465 690 318 1133 543 507 392 204 

2014-02-25 539 102 372 50 203 20 337 128 47 346 744 914 455 765 278 991 42 504 734 360 1211 570 518 431 234 

2014-02-26 553 106 383 51 218 20 351 136 48 355 753 928 474 809 304 1023 43 528 769 392 1266 588 517 455 254 
2014-02-27 567 111 395 52 214 21 366 143 49 367 762 936 494 849 326 1070 43 550 801 427 1328 628 527 485 279 

2014-02-28 571 116 403 53 214 23 382 152 50 382 767 940 510 888 355 1115 44 570 824 454 1387 656 530 503 312 

2014-03-01 574 118 414 52 218 21 390 162 50 389 770 945 521 917 379 1122 44 572 839 471 1404 647 576 514 314 
2014-03-02 578 122 421 53 212 21 396 168 51 393 773 913 532 929 396 1126 44 582 849 489 1423 650 581 520 325 

2014-03-03 565 99 354 48  21 374 132 43 260 574 943 481 872 176 539 40 474 717 374 1000 481 629 424 222 

2014-03-04 519 96 342 49  20 341 126 44 280 719 947 512 916 202 734 41 442 767 379 1140 511 602 429 246 
2014-03-05 531 94 355 50  20 337 120 45 294 741 944 503 896 202 826 42 459 763 356 1162 515 597 434 203 

2014-03-06 542 95 353 47 246 20 321 102 44 272 753 945 492 817 165 750 42 475 727 339 1092 479 601 431 148 

2014-03-07 532 115 360 48 259 20 301 102 45 279 755 946 484 668 201 765 42 492 723 325 1098 493 594 418 160 
2014-03-08 529  372 49 253 21 291 97 45 281 759 948 486 678 240 750 41 511 739 321 1120  592 407 165 

2014-03-09 538  382 50 253 21 297 102 45 298 763 951 493 706 253 775 42 530 762 330 1164 526 574 417 178 

2014-03-10 546  386 50 287 21 312 110 45 314 766 955 498 750 255 836 42 541 781 355 1214 566 572 437 198 
2014-03-11 543  393 53 323 22 328 121 46 348 770 947 507 813 271 908 43 553 796 384 1252 600 560 455 218 

2014-03-12 585  398 52 320 22 341 132 47 358 742 974 510 880 285 931 44 545 793 401 1277 611 548 475 236 

2014-03-13 579  403 52 331 21 363 135 48 370 770 980 526 902 299 989 44 579 815 412 1329 636 551 488 250 
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2014-03-14 606  407 53 338 21 385 145 49 378 775 984 532 919 313 1013 44 590 824 441 1363 671 552 508 272 

2014-03-15 602  412 55 341 22 383 147 49 386 779 986 541 935 326 1011 45 590 832 448 1368 675 539 512 277 
2014-03-16 597  418 54 364 22 386 151 50 395 774 970 537 987 338 1024 45 580 833 459 1388 690 524 521 288 

2014-03-17 592  418 53 281 20 356 144 49 365 705 987 522 993 262 792 45 515 722 346 1127 660 526 461 234 

2014-03-18 554  414 53 265 19 295 124 48 365 743 995 525 947 241 752 44 494 725 299 1116 636 533 435 211 
2014-03-19 525  410 53 294 20 297 122 48 367 758 987 518 772 251 809 45 497 731 319 1161 522 561 436 210 

2014-03-20 537  407 54 326 20 312 127 48 369 765 982 518 837 266 869 46 520 746 341 1206 538 539 448 223 

2014-03-21 548  401 54 349 20 328 135 49 372 774 984 524 862 283 923 46 540 767 370 1254 566 652 467 240 
2014-03-22 550  403 54 369 21 341 143 48 376 774 989 529 936 302 961 46 556 782 390 1288 585 646 481 252 

2014-03-23 556  409 54 387 21 355 150 48 383 778 992 536 975 324 999 47 572 801 408 1328 613 644 500 274 

2014-03-24 559  417 55 415 21 368 158 49 390 782 992 546 944 348 1032 47 592 824 427 1377 640 639 516 290 
2014-03-25 570  422 54 416 21 371 164 49 388 783 998 551 984 366 1031 47 597 835 439 1391 640 750 526 294 

2014-03-26 575  428 54 439 20 382 166 49 392 786 1003 559 1004 381 1047 47 620 853 451 1423 660 487 539 301 

2014-03-27 581  431 55 444 21 390 175 50 394 788 1005 566 1010 383 1052 47 623 864 468 1447 666 557 555 318 
2014-03-28 591  433 55 422 21 394 181 50 397 782 1003 572 1013 366 970 48 621 869 476 1441 634 613 557 322 

2014-03-29 591  426 56 381 21 391 182 49 377 778 994 569 1027 356 954 46 615 855 472 1418 646 597 584 328 

2014-03-30 594  341 54 194 20 404 152 45 298 742 998 562 622 183 533 45 610 760 446 1184 384 665 467 268 
2014-03-31 571  344 52 198 19 391 130 45 288 747 1006 567 525 188 649 43 588 709 438 1126 401 629 435 256 

2014-04-01 530  347 52 198 19 369 124 45 296 760 1009 573 549 215 739 44 574 684 432 1147 451 592 432 235 

2014-04-02 536  356 52 216 20 358 127 45 311 768 1008 575 611 240 801 45 580 693 427 1198 502 632 447 236 
2014-04-03 542  371 54 325 20 354 134 46 322 772 958 571 670 230 818 46 585 714 429 1240 545 624 466 241 

2014-04-04 559  298 52 110 20 335 128 42 239 715 1003 504 630 120 389 42 518 669 392 1203 394 576 477 220 

2014-04-05 569  302 52 173 21 328 97 43 242 771 1007 555 574 147 589 42 591 725 377 1240 419 605 476 160 
2014-04-06 590  328 51 233 21 314 102 43 267 778 990 555 621 178 752 44 596 744 370 1270 490 635 486 166 

2014-04-07 576  352 50 266 20 320 113 43 277 733 1000 477 658 205 818 45 554 723 334 1138 541 698 468 171 
2014-04-08 573  372 51 298 20 261 110 44 304 762 1004 482 698 195 892 46 576 740 295 1178 598 627 460 175 

2014-04-09 570  384 50 313 20 270 116 44 327 772 1007 474 817 260 938 46 566 732 303 1206 640 606 463 184 

2014-04-10 570  396 51 336 20 292 123 45 340 782 1006 482 887 283 967 47 582 757 331 1252 668 594 478 209 
2014-04-11 572  403 53 350 21 310 132 46 352 788 1008 492 921 305 987 46 584 767 354 1285 714 582 487 228 

2014-04-12 577  412 56 365 21 328 141 46 363 792 1008 506 941 324 1008 47 593 785 373 1324 735 566 503 247 

2014-04-13 574  417 56 380 22 342 148 48 373 793  518 973 343 1025 46 613 798 396 1324 753 567 515 261 
2014-04-14 590  422 58 396 22 353 156 50 380 796 1004 527 986 359 1035 45 623 807 413 1344 745 563 526 275 

2014-04-15 576  427 55 390 22 353 156 48 376 784 996 517 997 361 1018 45 598 782 406 1331 760 553 542 272 

2014-04-16 609  432 56 420 22 373 160 48 384 800 1004 542 1039 388 1053 47 641 827 426 1373 768 546 542 286 
2014-04-17 616  436 56 429 22 379 168 49 396 801 1004 550 1556 409 1060 48 655 842 443 1404 785 535 555 306 

2014-04-18 610  441 58 442 22 386 175 50 401 802 1005 557 1298 425 1059 48 669 853 457 1418 772 544 559 318 

2014-04-19 617  445 59 442 23 389 178 50 405 800 1007 564 1279 437 1057 48 670 861 462 1421 797 546 564 321 
2014-04-20 638  448 60 449 23 394 182 51 410 800 1010 573 1283 452 1070 48 672 870 472 1437 786 530 569 329 

2014-04-21 646  433 61 496 23 397 188 52 416 801 1010 579 1282 465 1072 48 676 880 483 1448 791 595 576 336 

2014-04-22 641  436 61 498 24 397 192 53 416 798 1016 580 1272 470  48 683 875 483 1447 790 588 585 339 
2014-04-23 711  438 61 501 23 400 191 52 420 797 1032 581 1237 483  48 698 895 484 1461 791 586 592 337 

2014-04-24 680  443 61 507 23 405 199 53 424 797 1032 588 1327 502  48 706 902 492 1489 795 592 603 352 

2014-04-25 665  427 61 459 24 386 199 53 406 756 1023 566 1242 497  45 595 838 464 1397 764 564 647 352 
2014-04-26 741  451 63 499 24 403 201 56 421 791 1034 595 1221 505  48 698 888 491 1446 787 579 599 325 

2014-04-27 682 125 452 64 508 25 406 212 56 425 793 1038 599 1248 518  49 716 885 499 1479 789 530 608 345 

2014-04-28 668 126 446 66 500 25 406 219 57 424 792 1055 598 1206 528  49 708 888 504 1486 657 572 615 353 
2014-04-29 715 112 456 56 390 24 368 172 54 302 707 1013 558 1175 413  47 618 621 463 1124 749 738 469 234 

2014-04-30 698 112 452 57 393 25 348 158 53 319 733 1034 572 1209 403  46 644 627 453 1061 760 650 419 219 

2014-05-01 660 110 447 58 392 24 333 168 53 327 762 1044 552 1215 390  47 663 667 436 1116 738 627 440 216 
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2014-05-02 651 109 445 57 407 23 324 158 53 334 773 1056 541 1176 393  47 662 704 435 1178 753 626 465 225 

2014-05-03 629 110 445 58 419 23 322 164 53 341 782 1059 538 1209 406  48 672 736 435 1221 762 610 487 237 
2014-05-04 610 114 446 60 432 24 328 170 54 354 787 1061 538 1230 421  49 695 765 443 1277 779 611 507 252 

2014-05-05 623 119 447 62 447 24 338 181 55 365 789 1061 544 1250 440  49 710 785 451 1325 781 618 524 270 

2014-05-06 617 122 450 63 459 24 348 161 57 374 792 1062 550 1264 459  50 718 802 452 1367 789 764 536 288 
2014-05-07 609 125 451 65 474 25 361 192 58 383 792 1061 557 1295 484  51 732 818 472 1409 798 634 556 311 

2014-05-08 598 131 454 67 486 26 374 227 60 395 792 1062 559 1184 514  52 749 829 486 1450 811 633 573 336 

2014-05-09 612 132 455 68 495 26 386 242 62 404 792 1063 572 1139 542  53 759 837 501 1335 819 630 588 360 
2014-05-10 604 117 456 62 502 26 372 246 63 385 789 1061 532 1117 565  53 770 855 478 1513 828 564 595 336 

2014-05-11 670 133 432 65 350 26 379 244 63 378 781 1063 576 958 358  53 756 738 486 1353 514 645 551 329 

2014-05-12 675 50 427 68 384 26 399 264 66 391 787 1067 584 949 385  54 782 767 502 1448 564 631 578 367 
2014-05-13 656 90 428 69 417 27 407 279 68 390 790 1067 595 953 419  55 803 795 497 1503 622 627 601 389 

2014-05-14 635 93 423 71 417 27 418 298 66 352 791 1071 602 955 415  56 808 820 515 1542 640 639 624 374 

2014-05-15 673 94 416 68 384 25 364 312 62 340 681 1000 577 942 323  54 672 747 461 1224 640 727 545 268 
2014-05-16 689 77 316 68 307 21 369 266 60 352 766 1066 582 851 230  54 778 777 418 1360 593 666 561 231 

2014-05-17 681 94 323 67 318 21 360 285 61 363 780 1075 590 845 214  53 787 797 423 1410 572 649 573 203 

2014-05-18 680 95 339 68 351 21 364 295 63 375 785 1079 596 859 247  54 797 821 439 1458 603 642 588 221 
2014-05-19 679 92 358 68 382 22 372 305 65 384 788 1084 602 880 287  54 809 843 457 1502 675 629 608 256 

2014-05-20 664 75 371 70 410 23 384 327 66 395 789 1085 608 903 330  54 825 861 475 1539 722 635 633 289 

2014-05-21 658 74 383 71 435 23 396 335 69 404 792 1088 608 934 371  55 838 872 484 1566 748 644 652 318 
2014-05-22 634 82 390 67 407 23 339 326 69 398 720 1073 564 926 330  54 694 772 372 1424 716 691 619 320 

2014-05-23 695 96 398 70 438 24 362 348 72 414 775 1088 591 954 364  55 804 826 396 1538 743 661 642 361 

2014-05-24 690 116 402 70 467 24 376 328 74 421 786 1092 610 992 406  55 825 848 423 1592 786 640 665 393 
2014-05-25 676 122 409 69 480 24 390 326 76 428 792 1104 612 1035 447  55 840 863 448 1623 824 645 686 420 

2014-05-26 673 107 414 70 524 25 406 331 78 436 794 1106 621 1068 489  56 844 881 471 1649 854 632 699 441 
2014-05-27 679 81 419 71 521 25 416 174 69 384 790 1108 524 1094 528  51 838 895 488 1643 878 627 675 372 

2014-05-28 681 89 428 71 474 26 424 182 67 343 793 1092 588 1128 505  53 780 900 499 1552 876 612 598 359 

2014-05-29 676  430 72 514 26 432 204 71 378 787 1109 612 1154 541  53 748 894 507 1532 904 623 611 400 
2014-05-30 702  433 71 520 27 429 229 73 387 738 1046 619 1179 577  54 739 869 514 1162 917 615 356 428 

2014-05-31 631  433 72 528 25 442 248 76 404 773 1080 625 1210 615  55 743 888 525 1335 936 621 438 450 

2014-06-01 654  437 72 542 25 451 264 78 417 793 1098 632 1233 653  55 766 908 533 1441 942 642 488 467 
2014-06-02 676  438 73 553 26 459 278 80 427 802 1107 636 1244 690  56 785 925 542 1518 946 647 520 484 

2014-06-03 718  436 73 541 27 462 288 81 409 797 1102 627 1224 712  52 786 914 541 1533 880 644 564 488 

2014-06-04 696  449 73 450 27 467 293 80 433 809 1102 634 1282 472  54 818 943 557 1573 898 653 561 497 
2014-06-05 699  426 60 266 27 372 275  272 768 1087 632 948 369  53 772 896 461 1513 875 790 572 293 

2014-06-06 748  424 70 361 27 426 288  319 799 1103 643 1025 445  53 825 948 522 1564 890 690 601 388 

2014-06-07 742  429 71 424 28 448 302  355 802 1113 652 1092 507  54 836 963 538 1617 901 650 640 434 
2014-06-08 786  431 73 455 29 463 314  379 800 1114 659 1125 559  55 844 969 550 1651 920 649 660 463 

2014-06-09 758  436 74 480 30 472 321  397 801 1117 667 1148 610  55 859 974 555 1673 920 639 677 480 

2014-06-10 709  438 72 528 29 453 330  410 798 1120 666 1181 650  55 866 970 526 1425 941 671 556 497 
2014-06-11 727  437 65 410 30 415 148  400 779 1103 664 1195 508  45 857 939 474 1494 908 683 580 306 

2014-06-12 720  412 61 302 27 375 128  311 714 1105 592 986 297  53 823 936 398 1277 880 744 529 208 

2014-06-13 698  354 60 305 25 365 149  339 752 1114 578 950 338  52 837 924 407 940 902 728 359 264 
2014-06-14 707  318 63 370 23 386 178  365 760 1122 607 998 398  54 826 952 438 1220 913 709 450 317 

2014-06-15 717  336 66 438 23 410 202  385 777 1134 626 1049 460  53 829 967 466 1390 927 619 508 366 

2014-06-16 718  358 69 480 24 433 223  400 789 1140 638 1087 518  55 846 977 490 1489 946 619 554 403 
2014-06-17 799  370 71 507 25 448 241  413 793 1140 650 1115 575  56 856 982 506 1549 946 659 588 436 

2014-06-18 752  380 71 533 26 461 257  427 798 1145 643 1140 624  56 859 990 521 1601 949 619 642 464 

2014-06-19 756  390 72 541 26 471 268  400 799 1147 660 1078 664  56 871 1003 531 1638 972 626 670 483 
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2014-06-20 749  396 61 488 25 325 266  426 795 1139 636 1185 690  53 876 1008 399 1189 883 470 357 450 

2014-06-21 698  368 49 473 26 420 275  401 693  654 1089 643  54 672 880 467 1304 795 752 315 443 
2014-06-22 687  378 55 514 25 445 280 68 425 739  659 1100 702  54 636 980 487 1580 789 681 385 469 

2014-06-23 663 137 383 60 543 25 457 291 71 437 764  664 1139 744  55 664 993 502 1352 810 650 445 500 

2014-06-24 685 140 387 63 556 26 469 270 67 384 789 1165 672 1170 784  61 668 968 513 1393 849 620 474 322 
2014-06-25 706 136 391 64 566 26 476 284 72 394 784 1135 660 1154 819  59  882 519 1287 852 626 502 383 

2014-06-26 708 142 399 67 576 27 484 294 68 418 800 1145 687 1207 835  72 686 953 529 1106 856 628 522 415 

2014-06-27 757 146 403 69 582 28 495 303 74 433 808 1150 692 1230 862  58 706 961 540 1035 874 513 542 449 
2014-06-28 805 148 406 71 596 29 505 312 78 424 811 1158 696 1245 889  60 691 967 549 1026 879 626 559 474 

2014-06-29 757 150 411 72 588 29 508 319 80 423 805 1160 698 1250 923  57 690 956 549 1059 901 629 566 488 

2014-06-30 754 151 413 73 583 30 512 321 73 415 808 1169 712 1278 849  63 720 903 555 1095  691 587 476 
2014-07-01 760 152 390 71 588 30 516 321 76 425 814 1179 721 1212 820  58 687 931 570 1126 829 602 608 498 

2014-07-02 762 154 415 75 605 31 523 325 80 440 817 1186 724 1275 885  56  948 581 1219  561 631 511 

2014-07-03 802 155 414 76 611 32 528 326 85 452 818 1190 732 1323 923  56  949 586 1272  559 655 516 
2014-07-04 806 157 416 74 602 31 530 323 87 459 816 1195 724 1309 958  56 766 951 585 1298  602 665 520 

2014-07-05 812 160 421 74 608 32 533 325 92 470 817 1199 732 1312 986  56 776 962 590 1275  655 682 531 

2014-07-06 820 163 426 75 616 33 538 330 97 478 820 1203 743 1316 1028  56 776 968 599 1349  651 699 541 
2014-07-07 820 164 427 75 616 34 544 336 100 487 822 1206 747 1330 1049  56 776 974 606 1320 962 648 714 548 

2014-07-08 828 142 429 76 620 34 549 341 104 494 822 1209 752 1344 1061  58 791 985 612 1340  596 724 554 

2014-07-09 781 152 428 54 520 31 525 316 76 383 785 1191 698 1342 752  46 585 809 591 1367 896 463 702 475 
2014-07-10 796 157 436 75 601 34 498 354 80 440 810 1210 736 1355 892  54 749 950 584 1412  755 616 496 

2014-07-11 818 161 437 76 607 34 468 349 89 460 811 1190 745 1375 962  55 766 960 509 1490  726 686 525 

2014-07-12 900 164 439 77 619 36 495 352 97 469 816 1177 753 1408 1011  56 633 971 545 1606  684 709 542 
2014-07-13 908 122 440 79 631 36 510 356 103 476 822 1200 762 1452 1048  57 782 987 564 1564  580 726 552 

2014-07-14 816 135 441 58 631 37 522 316 102 480 806 1170 743 1474 1073  51 776 876 578 1577  470 710 485 
2014-07-15 755 144 433 66 536 30 378 212 68 352 616  670 1271 937  51  624 321 1479  571 545 229 

2014-07-16 801 151 445 65 607 31 422 232 71 400 770  708 1432 950  58  718 375 1491  653 578 307 

2014-07-17 776  445 69 621 31 450 264 79 431 797  721 1459 1018  82  772 421 1621  693 638 382 
2014-07-18 794  446 72 620 32 464 287 86 445 778  669 1481 1077  85  793 447 1552  625 696 430 

2014-07-19 671  443 66 470 26 394 280 72 300 331  569 1423 773  47  496 376 1389 893 499 523 427 

2014-07-20 723  454 70 576 27 398 263 78 362 624  645 1537 892  52  599 361 1396  696 513 417 
2014-07-21 720  457 72 624 26 424 264 84 390 716  670 1566 963  54  684 399 1481 893 681 547 451 

2014-07-22 743 152 455 75 637 28 448 280 86 412 764  677 1588 1011  55 605 744 432 1585 932 650 578 441 

2014-07-23 672 157 455 70 643 29 513 295 91 422 796  707 1607 915  56 629 772 453 1630 952 408 627 462 
2014-07-24 698 156 455 70 633 30 526 305 95 421 806 1216 710 1222 1005   632 804 466 1538  454 599 475 

2014-07-25 741 111 455 69 628 29 388 311 95 428 805 1212 624 1457 1024  52 660 819 303 1571  655 552 482 

2014-07-26 756 127 456 71 640 29 440 317 102 435 812 1218 664 1531 1070  53 680 841 350 1661  649 589 493 
2014-07-27 748 133 399 72 439 29 464 326 63 387 816 1223 676 1429 597  55 687 854 386 1691 717 641 621 498 

2014-07-28 713 134 454 67 593 30 408 277 67 361 803 1221 626 1386 805  50 680 806 343 1281 775 654 467 437 

2014-07-29 674 151 453 69 609 30 443 298 73 398 816 1234 648 1378 898  52 698 842 364 1486 816 623 518 463 
2014-07-30 725 152 452 70 627 30 460 308 80 416 822 1245 682 1423 962  52 709 861 384 1584 759 620 554 483 

2014-07-31 768 157 453 72 637 31 478 316 86 428 827 1254 694 1453 1022  53 715 882 404 1651 817 609 592 500 

2014-08-01 775 159 451 74 632 31 495 192 83 440 831 1256 705 1452 1064  54 724 898 423 1699 874 604 666 414 
2014-08-02 787 160 452 74 642 32 509 230 94 448 831 1261 714 1455 1100  55 731 902 435 1483 892 608 703 469 

2014-08-03 713 162 453 71 636 32 518 250 101 452 826 1261 724 1456 909  54 735 906 442 1142 851 601 558 488 

2014-08-04 626 151 453 73 646 33 525 267 106 459 827 1268 731 1797 992  55 739 915 454 1131 870 617 600 501 
2014-08-05 594 141 454 75 651 33 535 280 110 465 830 1271 738 1738 1045  56 747 924 467 1274  599 636 513 

2014-08-06 624 153 455 76 651 34 542 291 117 472 828 1278 750 1735 1088  56 755 930 478 1321 920 619 663 522 

2014-08-07 652 158 456 77 652 34 549 301 117 474 823 1281 758 1751 1085  57 744 914 485 1393 747 603 700 528 
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2014-08-08 602 122 455 76 654 34 526 306 120 246 742 1103 744 1728 1122  58 648 881 465 1389 627 578 741 532 

2014-08-09 665 142 399 71 197 33 537 302 54 406 804 1276 694 1602 344  49 713 876 474 1298  630 670 483 
2014-08-10 616 150 445 69 481 33 500 277 68 424 811 1283 732 1820 616  54 738 841 446 812 893 655 453 475 

2014-08-11 612 143 434 73 557 33 518 285 75 302 809 1288 753 1899 725  55 726 833 461 1303 873 642 509 497 

2014-08-12 576 146 443 65 525 34 448 227 69 415 737 1255 711 1723 788  41 701 681 376 1026 934 683 498 418 
2014-08-13 615 119 449 67 569 33 444 238 77 429 814 1283 720 1614 841  50 730 774 349 1282 904 659 518 361 

2014-08-14 616 134 448 69 591 34 469 254 82 438 824 1288 729 1643 896  52 744 804 371 1427 920 658 556 423 

2014-08-15 615 139 449 70 585 36 479 268 87 446 830 1290 735 1625 926  52 753 827 384 1497 934 642 588 455 
2014-08-16 616 123 448 72 604 36 494 279 91 456 832 1294 752 1621 969  54 761 843 392 1608 935 647 614 472 

2014-08-17 620 130 450 76 624 36 508 291 96 457 836 1297 758 1690 1012  59 769 868 407 1671 938 635 646 493 

2014-08-18 632 135 374 72 315 33 488 264 42 286 714 1266 720 1645 528  59 658 804 378 1562  652 651 417 
2014-08-19 620 145 377 69  34 497 204 59 249 821 1289 751 1609 258  53 742 849 369 1630  674 689 283 

2014-08-20 546 150 377 68  33 441 193 63 325 660 1221 676 1706 404  51 598 719 296 1617  715 718 202 

2014-08-21 567 153 383 71  31 462 198 68  748 1239 724 1864 502  52 668 800 349 1544 902 690 675 281 
2014-08-22 632 156 323 68  32 454 161 67 268 800 1267 682 1442 580  53 704 811 345 1468 495 679 635 257 

2014-08-23 523 146 295 54  27 301 96 60 247 668 1214 510 1212 424  48 644 555 209 812 429 670 349 215 

2014-08-24 382 158 311 61  26 361 111 64 301 798 1266 615 1247 457  52 689 681 252 1149 389 637 475 257 
2014-08-25 474 161 329 64  27 399 126 67 352 814 1285 645 1409 523  51 705 732 278 1352 404 619 560 310 

2014-08-26 541 134 342 67  28 426 138 72 382 822 1295 663 1535 597  51 717 780 295 1493 408 621 598 360 

2014-08-27 574 155 351 69  28 448 220 76 398 829 1298 681 1580 668  55 731 811 306 1579 402 611 630 402 
2014-08-28 601 112 361 72  29 464 236 80 408 832 1298 700 1805 719  56 742 835 317 1638 391 573 668 436 

2014-08-29 609 126 368 73  28 475 251 83 425 833 1298 715 1808 771  55 752 854 328 1678 463 568 705 461 

2014-08-30 630 131 374 75  29 475 267 80 434 831 1301 724 1826 808  54 757 866 338 1642 694 579 760 486 
2014-08-31 653 136 381 75  28 478 276 78 432 810 1296 726 1826 788  57 722 858 342 1550 577 621 721 506 

2014-09-01 661 144 385 77  29 484 285 84 436 822 1302 726 1787 837  55 753 877 351 1670 597 589 775 513 
2014-09-02 654 148 389 78  30 484 293 90 447 823 1303 750 1858 908  56 765 889 357 1727 607 662 807 536 

2014-09-03 603 117 392 76 278 29 371 241 55 298 795 1288 662 1297 441  53 743 852 296 1463 576 645 700 372 

2014-09-04 620 123 391 79 368 30 406 266 60 332 810 1302 696 1573 516  53 762 870 317 1634 597 619 776 449 
2014-09-05 483 132 393 59 424 30 424 277 65 334 801 1186 717 1013 569  54 768 889 325 1693 677 614 789 466 

2014-09-06 340 144 395 65 469 30 398 287 68 372 808 1308 729 1247 619  55 775 765 334 1474 771 614 755 486 

2014-09-07 426 150 397 69 222 28 361 294 63 381 706 1243 736 1058 536 1087 55 717 815 335 1429 634 620 618 505 
2014-09-08 484 153 401 71 299 29 384 301 65 390 777 1284 751 1206 550 1147 56 738 837 337 1522 681 616 613 522 

2014-09-09 514 155 403 74 376 29 406 307 67 404 754 1314 766 1393 602 1230 58 726 815 342 1546 737 619 630 531 

2014-09-10 517 156 406 77 432  423 311 70 413 796 1327 778 1435 658 1280 58 735 837 356 1613 773 610 601 539 
2014-09-11 531 158 404 79 417 30 438 310 70 362 812 1327 790 1547 659 1271 68 743 844 365 1630 799 604 622 520 

2014-09-12 471 156 413 69 463 28 302 229 67 336 749 1296 730 1582 696 1308 64 696 676 247 1248 794 628 480 403 

2014-09-13 458 159 413 71 453 27 285 245 70 350 791 1310 585 1522 719 1323 59 716 715 202 1341 712 627 488 394 
2014-09-14 477 162 416 72 500 26 292 256 72 363 805 1316 659 1462 770 1352 55 725 747 225 1418 738 579 509 406 

2014-09-15 502 164 419 74 516 27 324 267 73 375 810 1318 682 1520 798 1370 54 734 775 252 1495 749 587 537 437 

2014-09-16 523 149 420 77 505 28 350 274 74 379 808 1321 697 1573 789 1349 54 742 794 272 1540 774 586 560 450 
2014-09-17 542 160 422 78 538 27 373 280 76 387 812 1322 710 1651 834 1375 54 748 811 292 1573 793 582 586 461 

2014-09-18 560 162 423 79 554 27 391 286 77 395 818 1318 722 1616 864 1394 54 757 829 305 1623 817 591 612 479 

2014-09-19 583 125 422 80 571 27 410 296 80 402 818 1328 741 1610 898 1412 55 761 847 325 1644 832 593 631 493 
2014-09-20 595 106 425 82 581 28 427 301 82 410 796 1327 754 1655 933 1430 57 766 856 335 1672 855 595 640 505 

2014-09-21 602 108 426 85 588 29 442 308 84 418 816 1323 766 1726 958 1455 58 769 869 339 1680 857 602 637 514 

2014-09-22 617 116 426 83 596 28 442 275 80 420 814 1323 773 1865 975 1448 57 726 871 338 1697 846 610 652 486 
2014-09-23 664 88 426 85 607 28 456 290 86 424 792 1325 783 1808 1007 1471 58 778 876 340 1718 873 604  502 

2014-09-24 664 87 429 86 619 28 468 298 90 430 793 1338 794 1784 1029 1473 58 682 889 347 1771 891 604  515 

2014-09-25 658 95 430 89 625 29 479 306 93 438 785 1340 806 1723 1054 1477 60 611 893 363 1785 892 607  525 
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2014-09-26 651 101 432 91 630 30 487 313 95 444 823 1341 817 1693 1073 1482 64 809 901 380 1793 905 611 712 532 

2014-09-27 657 95 432 92 633 30 493 318 96 445 818 1341 829 1678 1095 1493 64 814 900 382 1801 913 614 729 536 
2014-09-28 658 78 433 92 634 30 499 321 98 447 824 1343 839 1678 1107 1493 60 827 906 388 1776 917 615 714 539 

2014-09-29 649 98 434 93 635 31 484 325 98 452 803 1346 847 1701 1107 1483 66 820 788 366 1752 916 622 727 543 

2014-09-30 653 108 435 95 636 31 502 329 97 453 803 1348 860 1812 1118 1474 60 828 897 394 1748 918 632 682 542 
2014-10-01 656  436 96 642 31 506 331 100 461 805 1349 867 1941 1130 1469 60 837 907 394 1790 912 628 710 543 

2014-10-02 659  436 96 644 31 512 333 102 465 792 1350 876 1908 1142 1496 65 841 900 394 1805 924 625 724 545 

2014-10-03 668  436 98 634 32 543 337 104 469 795 1317 886 1851 1153 1471 68 809 880 387 1826 924 624 731 547 
2014-10-04 672  439 96 598 30 530 338 81 465 811 1349 886 1812 1098 1446 65 828 910 374 1834 927 656 740 547 

2014-10-05 675  437 96 635 29 522 336 91 473 808 1351 894 1831 1142 1476 64 841 916 367 1842 949 637 756 544 

2014-10-06 664  438 96 644 29 524 338 99 481 805 1315 902 1842 1169 1483 60 844 930 364 1858 942 623 772 546 
2014-10-07 545  417 86 244 26 353 197 56 280 558 1022 792 1587 416 670 59  842 238 1092 788 683 461 274 

2014-10-08 476  409 73 197 22 272 135 51 230 552 971 668 1390 274 669 57  772 182 1070 787 459 407 171 

2014-10-09 519  398 80 319 22 366 168 51 267 701 1168 745 1395 393 1038 56  856 223 1354 825 443 448 256 
2014-10-10 479  393 74 350 24 260 156 52 262 279  474 1406 399 1042 56  479 140 649 747 580 458 167 

2014-10-11 400  408 70 311 22 224 129 49 226 581  618 1304 370 926 52  564 146  491 487 405 149 

2014-10-12 426  388 75 304 22 234 133 49 262 615  603 1253 364 916 55  581 181  611 517 400 152 
2014-10-13 447  382 76 339 23 247 148 51 268 744  605 1288 401 1007 54  623 190  666 526 412 180 

2014-10-14 462  382 79 384 23 273 161  298 767  600 1363 456 1097 56  679 194  712 524 411 202 

2014-10-15 341  305 47 136 22 179 110  218 653  355 787 202  52  527 158  463 432 373 123 
2014-10-16 406  298 53 224 25 240 125  279 728  416 919 291  58  607 184  570 458 422 165 

2014-10-17 461  310 56 258 24 290 142  320 786  456 1057 346  56  660 194  662 478 452 252 

2014-10-18 501 112 314 60 296 25 321 155 53 349 804  490 1145 401  58  710 207  694 486 468 299 
2014-10-19 521 115 323 61 326 30 341 166 54 365 813  511 1235 448  49 559 721 211 1402 744 488 456 340 

2014-10-20 540 119 330 62 355 32 363 175 56 383 821 1097 534 1294 489  50 578 742 215 1449 775 496 466 377 
2014-10-21 552 122 334 64 378 32 376 183 57 395 831 1129 552 1304 522  51 591 752 220 1448 770 508 480 393 

2014-10-22 560 125  65 399 31 389 191 58 404 842 1153 567 1258 554  51 606 772 225 1472 722 504 494 408 

2014-10-23 569 126  66 428 33 401 198 60 414 846 1167 580 1205 577 1334 52 614 786 228 1497 634 507 510 420 
2014-10-24 578 128  66 445 34 410 205 61 420 851 1177 591 1378 603 1349 52 626 804 230 1510 612 512 524 430 

2014-10-25 588 130  67 460 34 427 209 62 425 856 1184 602 1415 627 1357 52 633 817 234 1515 763 516 539 438 

2014-10-26 593 132  68 466 36 438 214 63 430 858 1191 615 1425 647 1357 52 641 837 240 1517 759 518 551 445 
2014-10-27 602 134  69 483 36 448 219 64 434 857 1200 624 1435 675 1374 53 644 849 245 1530 764 518 568 453 

2014-10-28 607 137  69 494 37 455 226 65 440 856 1207 633 1441 697 1375 54 653 868 249 1533 775 512 579 463 

2014-10-29 592 129  66 250 37 428 206 57 339 813 1208 618 1014 478 962 52 597 816 250 1370 662 548 551 414 
2014-10-30 587 133  67 244 26 432 176 57 363 840 1222 634 944 439 990 51 647 849 250 1434 635 675 530 370 

2014-10-31 587 133  66 284 26 433 112 57 369 839 1227 636 1077 446 1047 50 656 855 249 1512 674 679 539 389 

2014-11-01 565 117  61 238 26 382 117 55 298 820 1212 608 1078 409 994 48 643 813 246 1446 634 543 533 303 
2014-11-02 588 98  56 172 26 334 127 51 284 820 1221 597 994 335 762 45 649 828 214 1254 633 624 466 163 

2014-11-03 585 98  57 221 26 311 139 50 290 826 1227 595 1010 345 857 47 656 806 218 1291 639 673 452 187 

2014-11-04 582 103  58 265 25 306 147 51 310 827 1230 592 1048 373 954 48 659 748 224 1327 668 699 457 220 
2014-11-05 583 108  60 304 24 311 143 53 330 829 1207 596 1096 410 1038 46 662 729 236 1356 694 595 466 252 

2014-11-06 523 108  61 290 24 305 138 54 323 656 1163 553 1544 409 1026 47 507 544 243 1041 671 640 404 232 

2014-11-07 462 106  60 246 21 287 140 54 334 751 1204 533 1086 362 923 48 542 561 238 1075 632 554 380 224 
2014-11-08 468 104  59 223 22 278 144 54 342 788 1216 531 957 343 889 50  610 241 1157 625 512 397 213 

2014-11-09 483 107  59 248 22 284 149 54 350 810 1200 520 978 355 936 47 511 649 247 1227 639 492 419 243 

2014-11-10 496 110  59 282 23 295 156 55 355 823 1186 523 1031 380 1005 46 530 684 255 1284 680 482 437 250 
2014-11-11 516 115  60 312 23 310 162 56 363 827 1182 532 1081 409 1060 49 548 714 269 1324 694 480 449 276 

2014-11-12 537 119  61 340 24 326 165 56 371 831 1184 542 1124 440 1109 48 566 740 278 1350 711 483 462 298 

2014-11-13 544 121  62 367 23 340 171 57 378 830 1188 552 1449 472 1154 46 576 758 289 1381 738 486 483 325 
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2014-11-14 546 123  62 386 23 351 175 57 384 828 1193 563 1347 500 1184 46 588 779 296 1403 748 498 494 339 

2014-11-15 563 126  62 416 23 363 128 58 391 833 1199 576 1320 534 1224 51 600 797 322 1442 790 511 508 366 
2014-11-16 574 126  63 422 23 368 127 58 392 828 1200 583 1312 550 1221 45 604 807 323 1435 776 514 522 375 

2014-11-17 533 108  59 260 23 337 132 54 305 663 1108 509 1058 385 853 47  672 310 1244 675 487 505 288 

2014-11-18 485 101  59 218 22 267 139 52 317 766 1184 536 900 320 784 44  709 288 1178 630 564 446 201 
2014-11-19 501 102  58 253 22 262 144 51 323 802 1198 541 928 334 879 43  730 334 1239 644 581 448 206 

2014-11-20 501 106  58 281 22 272  52 328 813 1198 529 1062 357 940 44  737 317 1248 665 542 457 222 

2014-11-21 509 112  59 322 22 286  51 340 825 1191 536 1216 392 1032 45 614 756 281 1287 680 538 468 253 
2014-11-22 528 116  60 351 22 302  52 352 830 1184 542 1360 419 1086 46 635 773 294 1329 716 556 483 286 

2014-11-23 531 119  60 361 23 312 110 52 357 830 1181 548 1274 440 1102 45 639 781 290 1333 719 537 487 296 

2014-11-24 511 119  60 360 23 306 111 53 352 800 1183 537 1361 437 1069 45 621 770 296 1156 704 495 457 272 
2014-11-25 498 122  61 392 22 316 116 54 365 809 1190 552 1710 465 1126 46 601 782 295 1228 730 519 454 300 

2014-11-26 506 118  59 342 22 314 117 52 351 806 1194 546 1693 440 1060 45 601 783 294 1240 677 517 461 303 

2014-11-27 518 116  59 354 22 312 116 54 356 807 1197 549 1706 396 983 45 604 777 302 1245 671 498 460 272 
2014-11-28 530 115  59 363 22 312 115 53 364 814 1199 560 1407 394 999 47 618 800 291 1284 657 524 471 268 

2014-11-29 536 114  58 367 22 306 112 53 366 811 1200 563 1806 397 1011 45 620 799 287 1301 648 533 477 262 

2014-11-30 531 116  59 378 23 305 113 53 367 809 1202 562 1634 412 1031 46 622 796 296 1306 635 525 483 265 
2014-12-01 545 118  60 395 24 310 115 54 372 811 1202 565 1658 433 1067 46 626 798 302 1326 642 550 493 275 

2014-12-02 548 115  60 381 25 307 117 54 337 767 1173 551 1538 428 1045 46 569 805 304 1241 631 547 492 269 

2014-12-03 470 96  58 178 21 235 100 53 298 519 1008 410 1186 285 696 49 352 698 273 828 554 423 354 184 
2014-12-04 424 93  56 184 22 205 87 52 298 675 1092 397 1078 262 708 48 385 684 242 887 486 412 344 164 

2014-12-05 394 87  54 206 23 209 87 49 250 723 1073 397 956 248 752 43 433 634 215 826 465 434 329 168 

2014-12-06 402 93  54 182 23 216 87 50 256 703 1032 399 676 213 639 43 433 600 222 894 421 437 332 167 
2014-12-07 423 95  53 136 23 227 86 50 254 740 1034 402 545 169 586 42  532 229 961 351 450 349 165 

2014-12-08 430 97  53 202 22 229 85 50 269 768 1038 402 704 207 816 42  562 234 1021 400 451 363 170 
2014-12-09 454 101  54 246 23 250 90 51 286 787 1037 415 748 242 932 42  607 248 1085 429 458 367 186 

2014-12-10 480 106  55 273 23 270 97 52 300 798 1042 432 952 272 990 42 511 642 261 1112 477 471 381 200 

2014-12-11 502 110  55 304 23 300 101 53 318 806 1061 455 971 298 1051 42 540 688 274 1178 496 486 396 217 
2014-12-12 518 115  56 330 23 323 104 54 338 811 1079 474 1012 328 1096 42 574 719 287 1237 514 504 412 232 

2014-12-13 531 118  56 348 22 340 107 55 349 813 1093 490 1036 352 1118 42 584 736 301 1267 532 514 425 240 

2014-12-14 537 119  57 363 22 352 110 56 358 815 1103 504 1047 376 1138 43 591 746 317 1286 544 512 432 247 
2014-12-15 544 121  58 378 22 361 114 56 365 817 1110 515 1074 393 1156 44 596 758 333 1302 556 526 437 254 

2014-12-16 544 121  58 357 22 360 116 56 352 808 1112 518 1118 382 1091 44 559 765 350 1273 560 540 440 255 

2014-12-17 558 125  60 380 22 372 121 57 366 815 1119 532 1134 388 1115 44 600 790 360 1309 564 522 444 266 
2014-12-18 558 127  60 398 22 379 125 58 375 816 1122 542 1133 389 1128 44 611 808 372 1338 572 531 452 275 

2014-12-19 561 128  60 405 22 381 126 58 379 816 1126 550 1148 394 1129 43 612 818 384 1348 574 536 458 282 

2014-12-20 565 129  60 417 22 384 130 59 382 818 1128 556 1151 400 1138 44 619 822 394 1363 576 540 462 286 
2014-12-21 572 131  61 428 22 388 132 59 385 820 1131 565 1161 413 1153 44 620 827 404 1373 581 540 467 290 

2014-12-22 572 131  61 433 22 389 135 59 386 816 1132 573 1348 421 1158 44 623 826 413 1380 582 543 473 294 

2014-12-23 571 128  61 423 22 361 135 59 380 810 1130 567 1440 420 1137 46 605 788 417 1304 593 560 477 278 
2014-12-24 562 106  59 336 22 260 124 56 344 703 1072 453 1480 343 942 45  685 320 1108 569 444 459 244 

2014-12-25 521 103  58 290 21 227 111 54 304 738 1112 449 1245 274 811 45  663 276 1075 556 434 394 226 

2014-12-26 507 105  58 290 21 248 102 53 302 768 1126 446 1191 271 842 44  666 280 1110 551 454 394 218 
2014-12-27 491 108  58 313 21 268 105 53 308 785 1120 456 1156 286 904 45  676 297 1143 545 473 403 219 

2014-12-28 481 109  57 303 22 281 106 51 264 765 1046 461 1092 284 908 43  658 307 1145 538 474 406 226 

2014-12-29 467 101  53 284 22 267 89 48 246 725 1078 459 1075 273 852 44  624 295 922 514 479 352 182 
2014-12-30 451 95  52 276 21 244 88 47 252 760 1088 451 1168 271 850 44  617 263 910 506 462 333 169 

2014-12-31 443 96  51 293 21 249 90 47 274 778 1084 448 1071 279 892 43  636 265 983 495 454 334 176 

2015-01-01 462 100  52 317 21 269 97 48 293 790 1071 452 1026 292 946 43  655 282 1051 494 463 354 191 
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2015-01-02 481 106  54 342 21 294 105 49 312 793 1067 466 1001 314 996 45  686 301 1111 497 478 369 207 

2015-01-03 493 110  54 358 22 316 112 50 325 798 1068 479 983 337 1031 47  714 323 1156 507 491 388 235 
2015-01-04 495 106  54 330 22 299 116 48 319 688 1046 454 927 312 937 47  628 318 1000 503 481 383 243 

2015-01-05 471 106  54 340 21 276 102 47 320 772 1071 471 893 311 950 44  628 295 1042 481 474 364 228 

2015-01-06 471 104  53 342 21 278 99 47 324 785 1078 463 890 311 947 44  632 298 1070 468 467 363 221 
2015-01-07 480 107  54 355 21 296 103 48 329 794 1073 468 890 318 974 44  647 314 1115 460 480 374 230 

2015-01-08 518 112  56 394 21 329 110 49 345 805 1074 488 926 338 1048 45  679 336 1225 470 504 387 259 

2015-01-09 536 113  54 387 21 336 118 49 353 801 1073 495 924 351 1048 44  697 359 1219 476 510 398 258 
2015-01-10 551 118  58 428 21 363 124 52 371 809 1078 516 943 379 1120 46  742 379 1305 489 518 415 261 

2015-01-11 558 120  57 440 21 374 135 52 381 808 1083 525 1014 399 1135 46  770 401 1333 505 529 427 274 

2015-01-12 558 120  55 382 21 370 139 51 354 782 1065 524 977 388 1068 45  729 403 1296 509 526 442 272 
2015-01-13 536 121  57 375 21 375 139 51 348 789 1076 537 962 367 1009 45  748 396 1204 496 528 435 277 

2015-01-14 523 123  57 372 22 386 144 52 354 796 1082 546 947 365 1018 45  766 412 1258 490 548 439 268 

2015-01-15 538 124  58 378 22 393 148 52 357 800 1089 556 943 368 1028 45  779 427 1275 497 546 445 270 
2015-01-16 554 125  58 385 22 395 150 52 360 776 1105 564 945 376 1042 45  791 426 1278 499 545 447 273 

2015-01-17 567 126  58 402 20 404 155 52 365 772 1106 572 956 390 1068 45 599 780 446 1303 518 552 453 275 

2015-01-18 578 126  58 402 20 398 158 52 365 760 1105 575 943 396 1069 45 590 776 450 1379 524 552 454 295 
2015-01-19 584 128  59 421 20 398 160 53 372 759 1107 582 957 410 1095 45 606 792 459 1402 527 557 453 303 

2015-01-20 586 128  60 432 21 384 165 54 376 755 1109 588 965 422 1107 45 610 795 472 1412 528 560 454 307 

2015-01-21 588 129  60 444 21 382 166 54 382 759 1111 591 989 439 1120 46 615 798 469 1421 536 556 458 312 
2015-01-22 590 131  61 462 22 385 170 55 390 756 1112 598 1013 463 1142 46 627 803 475 1446  557 462 327 

2015-01-23 588 131  61 471 22 387 181 56 389 753 1114 595 1041 474 1151 46 626 802 503 1450  550 469 341 

2015-01-24 568 86  51 366 21 223 104 48 289 684 1089 416 963 375 951 45 499 704 336 1002  393 358 127 
2015-01-25 518 89  51 358 20 225 98 48 296 707 1098 415 909 357 962 46 412 722 322 1038  405 343 133 

2015-01-26 502 95  52 339 20 250 105 49 296 708 1102 442 883 348 942 47 410 706 322 1086  433 350 156 
2015-01-27 505 102  54 349 20 277 109 50 310 725 1102 458 881 352 966 47 425 725 344 1160  450 366 181 

2015-01-28 517 107  55 363 20 302 117 51 326 735 1099 480 870 363 992 46 448 746 361 1231  474 380 206 

2015-01-29 534 109  55 367 21 316 127 52 332 736 1079 492 850 364 998 46 444 745 370 1258  490 395 224 
2015-01-30 539 111  56 370 20 325 129 52 337 740 1093 501 851 375 993 46 454 746 371 1265  494 404 227 

2015-01-31 549 116  57 400 21 351 141 54 356 745 1096 519 875 390 1047 45 478 769 384 1327  508 419 270 

2015-02-01 558 117  57 398 21 355 147 54 362 741 1096 526 878 397 1037 44 469 772 396 1328  505 428 262 
2015-02-02 508 94  54 113 20 290 122 49 284 538 988 448 710 178 454 44 465 461 330 850  447 344 164 

2015-02-03 463 93  53 181 19 242 105 48 293 687 1044 462 545 199 654 43 422 520 305 921  440 331 137 

2015-02-04 462 97  53 235 19 263 108 49 296 729 1024 459 559 220 793 43 451 572 307 1007  443 337 158 
2015-02-05 484 102  54 276 19 288 113 50 310 747 1004 469 611 247 878 44 481 620 319 1072  459 347 178 

2015-02-06 505 107  55 315 20 315 123 51 326 758 999 487 669 271 948 43 533 663 334 1151  476 363 216 

2015-02-07 512 110  55 333 20 330 130 52 335 757 1005 500 706 298 980 45 534 693 344 1175  473 385 220 
2015-02-08 519 114  55 347 21 340 136 53 344 763 1017 511 724 320 1004 47 542 716 358 1177  473 398 232 

2015-02-09 533 116  56 333 22 348 144 54 351 766 1029 517 761 334 989 48 550 719 374 1208  477 409 239 

2015-02-10 549 120  57 362 22 364 148 55 365 772 1043 530 816 351 1018 46 568 743 380 1246  482 409 260 
2015-02-11 572 122  57 375 22 377 158 56 375 771 1054 539 832 364 1037 46 578 764 400 1282  483 424 279 

2015-02-12 562 124  58 382 22 381 164 56 381 772 1064 546 873 374 1039 46 587 778 416 1296  491 430 286 

2015-02-13 591 126  60 416 22 402 165 59 393 770 1073 562 895 394 1091 46 615 796 432 1349  496 438 321 
2015-02-14 602 125  58 410 22 398 180 57 396 767 1080 565 926 397 1080 46 606 802 443 1345  503 444 311 

2015-02-15 610 129  63 444 23 421 174 60 402 772 1089 576 952 428 1127 47 660 817 453 1382  511 448 332 

2015-02-16 613 127  62 442 22 411 191 61 405 759 1076 569 990 429 1117 44 637 825 456 1402  524 465 340 
2015-02-17 629 124  58 432 22 386 177 57 384 767 1094 576 1014 431 1110 42 637 768 464 1270  523 460 306 

2015-02-18 587 126  58 444 21 399 188 58 393 760 1094 581 1022 443 1127 42 633 805 472 1310  517 464 326 

2015-02-19 605 129  59 465 22 410 188 59 401 771 1103 591 1027 461 1158 42 643 824 485 1331  526 471 332 
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2015-02-20 614 132  61 494 22 431 201 62 408 777 1104 591 1060 487 1196 44 666 847 498 1383  525 484 367 

2015-02-21 623 124  59 430 21 406 213 58 280 705 1069 560 811 468 1089 42 630 815 479 1320  517 486 332 
2015-02-22 367    113 19 174 84 42 170 611 1026 481 418 158 461 35 382 598 208   411 296 84 

2015-02-23 408   46 186 20 205 89 51 229 626 1057 513 583 187 641 38 396 664 166 976  432 314 109 

2015-02-24 457   48 234 20 280 96 59 271 663 1051 520 598 211 776 37 429 696 237 1026  441 336 137 
2015-02-25 502   50 278 21 314 105 62 302 687 1028 532 632 241 864 39 368 731 265 1128  447 372 162 

2015-02-26 570   51 302 22 341 113 61 320 690 1010 538 683 261 909 38 396 742 289 1270  461 397 180 

2015-02-27 569   52 338 22 368 122 53 341 698 1009 556 739 288 971 39 417 770 304 1333  463  207 
2015-02-28 588   54 356 22 390 135 54 356 702 1014 565 783 310 1007 40 455 787 328 1375  474 443 236 

2015-03-01 593   53 352 22 398 136 54 354 704 1013 564 799 304 987 43 389 769 339 1317  485 457 221 

2015-03-02 607   46 171 18 288 81 50 192 609 986 416 705 167 606 36 337 556 222 895  363 363 110 
2015-03-03 463   45 171 19 259 70 52 221 627 1002 391 546 152 598 35 370 520 205 964  396 369 132 

2015-03-04 310   38 46 14 96 62 35  392  175 337 60 250 32 254 502 91 971  224  89 

2015-03-05 398 57  37 84 14 137 64 32  393 657 225 376 73 623 32 196 510 82 975  329 246 126 
2015-03-06 680 80  42 128 16 185 84 36  521 827 368 559 111 854 36 241 620 105 1093  546 300 193 

2015-03-07 762 89  44 158 17 249 99 38  622 878 453 625 123 910 38 260 646 121 1122  652 330 205 

2015-03-08 720 91  44 181 18 233 103 38  687 984  592 125 865 39 270 680 136 1245  663 393 214 
2015-03-09 691 91  45 194 18 227 105 38  663 1049  581 141 792 39 257 664 148 1240  619 492 220 

2015-03-10 608 87  46 192 18 215 117 38  618 1045  581 126 653 38 227 639 159 1317  556 484 221 

2015-03-11 469 71  40 146 15 203 92 36   976  595 90 447 36 194 553 135 1224  377 422 156 
2015-03-12 524 76  43 158 16 184 88 37   994  612 108 731 38 227 591 126 1197  469 429 168 

2015-03-13 591 88  45 181 17 197 109 39   1028  705 128 863 39 248 637 150 1230  553 448 204 

2015-03-14 606 91  46 200 18 210 119 39   1051  761 137 892 40 249 648 171 1319  554 461 224 
2015-03-15  88  46 200 19 207 107 40   1062  698 138 847 40 253 631 184 1224  564 474 180 

2015-03-16  91  47 217 19 203 116 40   1064  717 145 911 41 260 646 195 1369  563 481 204 
2015-03-17  97  48 240 20 209 135 42   1061  862 157 988 42 269 673 207 1149  569 490 236 

2015-03-18  102  49 254 20 219 152 43 378  1059  878 173 1066 42 278 692 220 1377  574 520 272 

2015-03-19  105  49 265 21 227 170 44 395  1052  849 188 1107 43 278 707 231 1391  627 533 294 
2015-03-20  108  51 260 21 234 176 44 371  1052  950 180 1004 43 285 707 240 1470  618 541 298 

2015-03-21  111  51 253 21 232 184 45 370  1052  882 176 997 44 288 712 245 1485  607 542 304 

2015-03-22  112  52 256 22 240 194 46 371  1051  864 177 1013 44 291 719 255 1386  597 651 291 
2015-03-23  114  52 274 22 241 198 46 378 756   885 184 1051 44 295 722 253 1296  590 615 285 

2015-03-24  116  53 281 22 236 205 47 386 756   931 194 1083 44 300 717 256 1364  627 610 299 

2015-03-25  118  54 281 21 238 215 48 386 754   894 207 1109 45 306 724 261 1308  640 601 306 
2015-03-26  119  54 282 21 237 225 49 380 748   929 219 1126 45 310 726 262 1401  660 602 288 

2015-03-27  75  48 204 19 163 124 44 308 638   937 198 1015 40 279 626 159 1241  471 492 103 

2015-03-28  84  48 204 18 165 113 44 329    924 199 1037 41 268 645 169 1286  488 496 152 
2015-03-29  93  49 248 18 180 130 45 347    997 203 1052 42 274 666 186 1250  528 513 184 

2015-03-30  99  50 251 18 190 143 46 354 751   887 210 1040 43 284 679 202 1304  543 520 206 

2015-03-31  104  51 257 19 200 159 47 348 745   877 216 1067 43 294 692 219 1391  534 537 234 
2015-04-01  110  52 264 19 207 168 48 355 741   915 228 1094 44 300 706 229 1407  596 550 252 

2015-04-02  113  52 272 20 213 185 49 332 700   937 239 1110 44 308 718 245 1418  615 562 271 

2015-04-03  113   211 20 220 191 41 265 710   876 120 447 42 301 723 251 1447  600 569 221 
2015-04-04  105  48 208 18 213 89 39 251 662   381 102 488 40 261 641 224 1331  563 519 162 

2015-04-05  105  47 209 18 210 96 41 260 726   578 126 731 42 256 648 222 1344  548 518 175 

2015-04-06  108   229 18 210 119 43 300    633 147 856 43 269 660 225 1361  540 521 192 
2015-04-07  90   242 18 194 136 44 319    684 163 911 43 209 650 196 1372  433 454 198 

2015-04-08  88   252 18 152 143 44 315 732   882 166 897 44 233 606 162 1398  434 436 212 

2015-04-09  95   244 18 169 147 44 324 751   772 113 534 44 247 620 167 1399  470 437 228 
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2015-04-10  100   189 19 178 164 43 288 701   616 124 670 42 234 629 181 1429  496 445 216 

2015-04-11  107   200 20 190 117 44 243 743   610 139 799 43 262 608 189 1425  520 463 228 
2015-04-12  112   217 20 199 122 44 276 752 967  629 154 876 44 263 622 199 1321  568 476 234 

2015-04-13  115   248 20 208 138 45 276 757 966  662 169 932 45 274 645 213 1464  589 495 241 

2015-04-14  106   227 20 213 167 38 285 739 954  568 102 344 43 260 650 214 1415  590 489 209 
2015-04-15  109   129 20 204 85 39 216 726 967  453 95 567 42 261 582 209 1360  568 372 110 

2015-04-16  108   154 19 198 98 41 224 744 973  522 113 698 42 260 592 207 1352  595 382 138 

2015-04-17  110  56 182 19 196 112 42 247 749 967  576 127 785 43 262 613 208 1359  589 409 161 
2015-04-18  112   205 20 194 128 44 280 754 959  633 142 859 45 268 634 213 1369  587 437 187 

2015-04-19  103   231 20 198 143 46 302 755 956  680 158 932 45 275 654 219 1350  591 459 212 

2015-04-20  107   243 19 188 153 46 287 730 958  734 164 942 45 269 626 202 1348  582 471 210 
2015-04-21  106  51 248 19 176 157 47 296 747 969  771 164 954 43 277 620 193 1374  585 488 218 

2015-04-22  108  47 257 19 183 161 48 303 753 974  1076 168 969 44 276 630 195 1469  578 504 220 

2015-04-23  111  50 274 19 188 167 48 303 754 975  1222 178 997 44 281 643 199 1454  593 519 234 
2015-04-24  114  51 300 20 195 177 48 307 756 977  1283 189 1027 44 287 662 205 1432  609 535 252 

2015-04-25  116  52 307 20 204 189 48 308 758 980  1298 196 1015 45 298 676 216 1450  619 463 261 

2015-04-26  100  51 304 19 145 178 48 316 712 941  1102 197 1008 45 299 632 158 1427  409 476 248 
2015-04-27  100  50 317 19 143 188 48 300 742 963  1002 202 1036 45 278 628 158 1450  445 491 272 

2015-04-28  105  51 330 20 162 196 47 284 751 960  1062 210 1045 45 281 647 170 1439  491 526 284 

2015-04-29  109  52 339 20 177 204 48 289 754 955  1029 219 1046 45 280 663 184 1433  511  278 
2015-04-30  112  53 350 21 189 207 49 292 754 958  1078 231 1056 46 290 674 200 1447  523  283 

2015-05-01  116  53 353 21 194 214 49 290 753 962  1160 239 1052 46 291 628 202 1442  558  282 

2015-05-02    54 354 21 202 226 49 294    1228 249 1073 46   232 1436  592  305 
2015-07-08  111  67  21 357    704 1056 672     431 800 362 1118   555 380 

2015-07-09  116  68  23 342  54 305 717 1073 672  251 879 50 452 805 364 1130   568 327 
2015-07-10  122  70  23 359  52 300 720 1063 686  209 686 48 471 850 380 1134   578 327 

2015-07-11  125  71  23 386  53 302 725 1075 696  242 762 49 488 870 393 1178   594 329 

2015-07-12  130  72  24 411  55 298 733 1067 708  285 887 51 494 771 408 1201   619 351 
2015-07-13  126  73  24 404  56 337 740 1083 715  329 984 50 505 539 405 1194   652 340 

2015-07-14  76  46  22 194  42 203 428 1005 440  132 357 31 411 532 258 659   630 118 

2015-07-15  76  50  19 182  43 232 470 797 420  167 695 32 335 562 220 748   486 145 
2015-07-16  93  57  20 264  47 296 625 936 505  212 854 33 394 662 258 1139   550 192 

2015-07-17  105  60  22 326  51 343 671 965 557  272 1023 35 412 703 296 1319   603 242 

2015-07-18  114  64  22 371  55 371 668 964 586  340 1152 36 416 727 326 1450   631 290 
2015-07-19  122  66  23 404  59 395 703 991 610  405 1226 41 435 602 351 1558   663 335 

2015-07-20  127  68  24 432  57 350 708 1011 627  219 782 44 430 659 374 1569   647 323 

2015-07-21  127  65  22 366  59 351 595 958 631  246 932 42 403  400 1250   562 346 
2015-07-22  132 240 68  21 407  62 380 677 1021 644  232 806 42 414  400 1505   554 375 

2015-07-23 613 137 288 70  22 431  65 376 775 1028 657  270 988 42 435 679 418 1538  707 569 418 

2015-07-24 601 139 318 70  23 448 238 63 421 788 1026 667  328 1129 44 453 713 428 1546  762 590 444 
2015-07-25 610 142 358 71  29 463 250 66 438 792 1030 674 1419 392 1215 44 466 785 440 1562 866 785 614 468 

2015-07-26 611 144 372 72  26 476 261 69 450 797 1037 677 1360 453 1263 43 476 697 452 1581 925 735 643 488 

2015-07-27 621 134 382 71  28 443 263 65 439 803 1044 680 1350 508 1291 45 487 790 435 1606 946 750 680 474 
2015-07-28 634 143 397 72  29 485 277 72 461 809 1050 680 1379 264 678 39 498 694 462 1632 948 729 698 483 

2015-07-29 633 148 398 73  33 456 240 71 463 815 1054 667 1502 317 990 49 511 674 454 1638 1001 664 708 502 

2015-07-30 622 151 403 75  36 476 264 75 472 826 1059 689 1560 374 908 48 522 865 470 1648 962 758 715 515 
2015-07-31 622 149 405 74  37 488 277 77 475 823 1063 691 1521 430 788 51 531 717 476 1660 964 680 730 522 

2015-08-01 619 151 409 74  38 498 288 80 482 823 1069 698 1469 484 1157 50 548 593 485 1686 968 846 744 530 

2015-08-02 621 153 412 74  36 506 296 82 485 826 1073 706 1435 533 1270 51 568 820 493 1708 970 832 741 537 
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2015-08-03 626 155 414 75  35 513 306 84 492 824 1077 717 1420 575 1294 54 609 826 501 1708 962 848 765 543 

2015-08-04 632 158 418 75  35 520 318 81 476 822 1082 724 1413 600 1294 51 642 759 515 1744 961 870 778 547 
2015-08-05 634 158 423 76  34 525 302 82 475 817 1085 730 1407 650 1316 50 650 747 518 1748 962 874 790 544 

2015-08-06 692 140 411 75  36 455 304 75 325 804 1086 708 1406 595 1166 50 606 763 522 1515 917 792 638 495 

2015-08-07 677 132 439 48  33 337 164 64 411 799 1086 667 1451 640 1266 48 636 706 510 1532 948 623 662 305 
2015-08-08 672 142 442 68  31 399 196 68 438 797 1087 712 1378 652 1275 49 655 772 499 1579 920 732 688 351 

2015-08-09 668 147 440 71  35 432 224 72 449 792 1091 721 1414 699 1306 50 659 811 504 1690 931 767 727 417 

2015-08-10 674 151 441 73  40 456 246 75 464 788 1091 724 1441 736 1324 51 677 791 510 1742 939 726 748 452 
2015-08-11 687 153 429 77  40 458 220 73 353 780 1087 617 1056 756 1315 50 598 851 510 1743 860 824 769 355 

2015-08-12 702 154 456 75  34 473 142 75 443 774 1083 561 1117 777 1322 48 624 823 514 1724 890 805 768 376 

2015-08-13 696 156 456 75  34 487 170 80 461 774 1085 666 1229 806 1337 51 657 849 519 1783 888 837 790 414 
2015-08-14 694 157 453 75  37 498 196 84 471 774 1089 524 1280 843 1354 49 675 813 522 1820 902 856 809 448 

2015-08-15 694 160 454 76  35 509 220 100 476 773 1091 470 1316 872 1364 47 687 880 535 1826 914 835 820 471 

2015-08-16 694 150 455 77  31 464 238 107 484 770 1095 660 1346 899 1372 50 694 792 525 1841 919 813 828 489 
2015-08-17 698 155 456 77  33 489 254 106 490 756 1092  1371 922 1377 52 677 571 532 1814 915 807 837 503 

2015-08-18 690 141 470 75  35 471 152 71 359 747 1069  1156 703 1205 50 680 755 529 1448 839 780 669 395 

2015-08-19 672 143 477 76  26 473 161 75 398 657 1053  1148 642 1101 46 560 862 528 1303 870 843 655 452 
2015-08-20 657 135 463 75  25 423 173 76 402 678 1046  1179 735 1179 70 554 886 520 1397 872 694 602 436 

2015-08-21 724 137 466 77  29 449 190 78 417 752 1079  1213 779 1240 75 554 636 521 1583 889 779 644 456 

2015-08-22 718 143 467 76  33 465 206 84 434 769 1091  1245 833 1287 86 576 749 528 1650 897 802 703 480 
2015-08-23 695 149 464 78  37 402 223 87 446 777 1096  1282 876 1312 60 587 821 523 1728 902 812 756 501 

2015-08-24 672 143 467 77  26 432 236 89 447 783 1098  1295 909 1328 54 600 864 501 1436 908 768 670 514 

2015-08-25 670 146 468 77  28 454 245 95 428 793 1099  1323 938 1340 48 614 881 496 1617 908 804 728 521 
2015-08-26 676 150 467 77  29 472 255 111 470 790 1101  1339 966 1353 52 678 886 502 1691 906 825 761 528 

2015-08-27 671 152 469 77  33 486 263 107 475 789 1103  1363 994 1358 64 696 903 505 1740 920 840 789 536 
2015-08-28 668 156 470 78  29 498 274 104 479 792 1108 793 1381 1011 1364 68 709 906 511 1762 919 843 803 542 

2015-08-29 665 158 471 78  26 508 282 108 486 793 1115 560 1398 1032 1368 80 720 870 514 1784 926 841 814 547 

2015-08-30 660 161 472 79  33 518 291 111 491 795 1119 446 1408 1050 1372 90 727 906 518 1810 928 832 825 552 
2015-08-31 662 162 473 80  29 524 299 112 491 793 1122 803 1420 1064 1370 83 734 906 522 1819 930 848 839 555 

2015-09-01 679 165 475 81  29 532 304 115 498 792 1123 807 1444 1074 1372 65 737 871 525 1831 934 838 863 557 

2015-09-02 679 167 476 82  30 537 311 116 502 794 1126 801 1454 1090 1376 68 737 868 526 1849 936 835 873 560 
2015-09-03 678 169 476 82  27 544 316 121 510 791 1132 814 1467 1104 1377 70 748 884 530 1849 940 823 893 562 

2015-09-04 676 171 478 82  32 539 323 123 516 793 1137 813 1479 1119 1383 61 754 824 533 1856 940 784 907 565 

2015-09-05 748 173 481 82  30 546 316 104 505 789 1139 820 1487 1129 1386 124 761 814 531 1883 932 748 906 567 
2015-09-06 724 174 482 82  26 550 319 114 512 781 1138 822 1494 1145 1390 139 735 847 531 1844 935 852 880 566 

2015-09-07  176 481 82  29 554 322 120 522 785 1136 825 1506 1161 1395 110 753 628 532 1847 942 821 889 566 

2015-09-08  178 482 83  27 562 327 124 530 784 1142 827 1515 1177 1398 91  745 535 1870 950 762 897 568 
2015-09-09  179 482 84  28 563 333 125 536 781 1145 830 1524 1192 1401 89 768 662 538 1902 960 718 901 571 

2015-09-10 654 158 496 85  38 533 329 127 540 595 993 760 1042 1179 1374 87 493 643 505 1669 854 791 826 447 

2015-09-11 717 165 494 84  24 474 361 120 535 746 1137 804 1331 1068 1319 100 612 754 536 1743 850 892 816 474 
2015-09-12 664 133 481 83  29 427 350 121 528 709 1123 656 1156 945 1220 76 583 762 511 1644 745 692 717 496 

2015-09-13 690 142 488 75  33 457 334 101 457 748 1142 728 1152 968 1234 62 637 785 514 1577 742 753 682 471 

2015-09-14 696 152 490 76  38 479 326 102 476 767 1148 772 1229 1029 1286 74 699 791 512 1677 811 807 717 449 
2015-09-15 679 158 492 77  38 496 330 114 491 770 1150 788 1244 1089 1321 81 726 552 504 1756 839 790 786 482 

2015-09-16 700 163 495 77  42 509 338 121 495 770 1151 800 1571 1126 1340 84 740 733 505 1801 856 778 817 504 

2015-09-17 706 166 501 78  41 521 344 125 509 767 1154 758 1612 1157 1353 82 756 800 510 1834 866 768 845 517 
2015-09-18 697 168 501 78  29 530 350 128 523 775 1151 802 1565 1183 1363 82 760 804 513 1854 873 760 866 526 

2015-09-19 687 170 505 79  30 540 354 131 450 777 1158 804 1472 1202 1370 79 768 789 519 1864 878 758 881 533 

2015-09-20 674 173 507 82  30 548 360 131 480 772 1159 821 1392 1189 1362 102 763 712 520 1777 873 756 794 540 
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2015-09-21 675 173 508 80  30 554 363 132 506 773 1163 832 1392 1203 1371 102 776 789 516 1814 883 741 842 544 

2015-09-22 676 175 510 81  29 556 366 133 551 775 1165 834 1395 1224 1376 114 784 804 515 1828 890 750 866 546 
2015-09-23 679 176 511 81  33 559 370 134 553 763 1168 836 1392 1240 1380 116 792 424 512 1835 892 762 876 547 

2015-09-24 683 178 512 81  29 557 370 135 557 774 1168 840 1397 1252 1385 117 782 673 509 1843 898  888 549 

2015-09-25 682 180 509 83  28 563 369 134 562 633 883 819 1391 1268 1391 119  461 495 1780 904  840 543 
2015-09-26 675 178 515 82  35 563 372 123 571 740 1160 837 1370 1225 1370 114  538 504 1704 897 766 804 552 

2015-09-27 680 182 513 82  37 566 375 128 565 728 1160 847 1408 1246 1380 109 649 479 505 1745 899 763 832 554 

2015-09-28 684 184 520 83  37 570 378 130 562 739 1167 847 1377 1171 1352 104 680 501 506 1769 898  851 558 
2015-09-29 686 166 519 84  38 500 332 131 484 738 1149 803 1416 1206 1365 109 720 526 492 1760 907  836 551 

2015-09-30 666 156 520 79  38 490 363 91 435 744 1164 798 1276 1030 1284 72 730 672 518 1682 775 843 746 545 

2015-10-01 653 148 512 74  43 435 340 83 386 646 1083 800 1326 1102 1312 73 640 698 498 1546 812 815 678 531 
2015-10-02 617 143 496 74  38 414 333 98 423 621 1044 664 1291 1054 1245 74 559 762 483 1228 798 549 572 503 

2015-10-03 599 126 507 73  12 399 295 81 347 646 1022 634 1272 959 1219 72 579 697 434 1150 809 457 543 462 

2015-10-04 560 134 513 77  12 433 279 87 362 691 1134 734 1260 975 1226 69 622  446 1188 810 766 519 437 
2015-10-05 553 143 507 79  13 459 300 94 415 740 1158 699 1294 1057 1274 70 656  459 1377 833 795 557 468 

2015-10-06 537 148 504 80  15 479 314 103 429 758 1170 765 1314 1118 1307 76 669 778 461 1495 849 793 584 488 

2015-10-07 538 153 502 81  14 495 325 109 433 774 1174 774 1332 1161 1329 78 670 779 464 1573 860 784 615 502 
2015-10-08 540 156 501 81  16 505 333 113 437 778 1174 784 1348 1192 1344 83 723 809 465 1637 868 774 645 511 

2015-10-09 557 160 501 82  18 492 339 117 436 772 1172 781 1364 1164 1327 87 744 781 468 1668 869 764 703 519 

2015-10-10 565 142 491 79  19 488 253 80  765 1171 740 1294 801 1005 77  808 456 1462 750 771 669 430 
2015-10-11 569 151 486 80  16 495 268 89  768 1176 781 1324 925 1070 72  827 459 1572 783 778 711 444 

2015-10-12 579 154 483 80  17 467 286 98  763 1178 786 1336 1004 1239 74  790 462 1618 811 775 728 463 

2015-10-13 583 137 487 78  21 457 296 94  746 1174 718 1275 909 1196 73  780 471 1326 815 704 631 461 
2015-10-14 589 143 484 80  23 468 297 98  762 1181 764 1299 984 1243 68 734  456 1474 832 805 653 458 
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Table A - 5. Alternative specific conductance predictors. 
(SC units mS/cm)      Mean SC of Period   

   Stream Snapshot  (days) Prior to Snapshot  Mean Monthly SC of 12 Months Prior to Snapshot 

Year Season Snapshot Date Stream Type SC  30d 90d 180d 360d  Jan Feb Mar  Apr  May Jun Jul Aug Sep Oct Nov Dec 

2012 Spring 2012-03-22 BIR Test 648  625 562 562 574  575 562 554       649 553 534 

2012 Spring 2012-04-19 COP Ref 118  109 141 128 128  160 170 120       126 98 112 

2012 Spring 2012-04-18 CRA Test 450  417 386 408 415  385 393 369       494 454 387 

2012 Spring 2012-04-19 CRO Ref 59  55 59 68 68  72 65 51       100 79 61 

2012 Spring 2012-04-18 DAV Test 467   293 380 397  319         440 426 328 

2012 Spring 2012-04-19 EAS Ref 25  19 19 19 19  18 20 16       20 21 20 

2012 Spring 2012-03-22 FRY Test 385  352 326 334 347  364 317 331       445 315 314 

2012 Spring 2012-05-01 GRA Test 168  134 112 160 181  144 101 102       354 253 149 

2012 Spring 2012-03-23 HCN Ref 49  56 50 49 51  48 48 50       67 41 48 

2012 Spring 2012-03-22 HUR Test 419  356 382 373 377  373 408 382       401 365 345 

2012 Spring 2012-05-01 KEL Test 819  713 726 765 780  821 839 715       864 780 768 

2012 Spring 2012-05-01 KUT Test 1058  924 956 1031 1059  1055 1043 872       1311 1095 1040 

2012 Spring 2012-04-19 LAB Test 630  526 528 570 596  574 522 564       816 603 513 

2012 Spring 2012-04-17 LLC Test 1395  1133 950 1077 1116  1166 816 942       1514 1238 951 

2012 Spring 2012-04-18 LLE Test 559  489 393 410 413  340 396 384       429 520 360 

2012 Spring 2012-04-18 LLW Test 1185  1098 1023 1063 1067  1058 1056 956       1104 1170 1075 

2012 Spring 2012-03-23 MCB Ref 48  47 43 45 45  42 39 46       52 47 44 

2012 Spring 2012-03-22 MIL  Test 576  592 605 672 704  632 614 591       866 825 549 

2012 Spring 2012-04-20 POW Test 898  725 689 700 722  718 676 704       875 657 696 

2012 Spring 2012-04-19 RFF Test 550  413 380 315 311  359 393 384       251 161 287 

2012 Spring 2012-05-01 RIC Test 1300  1310 1229 1258 1294  1290 1204 1440       1532 1194 1237 

2012 Spring 2012-04-17 ROC Test 921  758 659 720 737  706 656 596       894 777 708 

2012 Spring 2012-04-19 ROL Test 619  573 582 641 657  661 574 605       850 751 598 

2012 Spring 2012-03-22 RUT Test 586  424 443 462 480  507 464 429       618 462 434 

2012 Spring 2012-05-01 SPC Test 242  260 241 279 296  251 241 241       460 336 253 

2012 Fall 2012-10-22 BIR Test 658  596 585 623 593  575 562 554 576 628 721 628 551 610 649 553 534 

2012 Fall 2012-10-16 CRA Test 512  505 510 483 444  385 393 369 424 409 490 516 507 510 494 454 387 

2012 Fall 2012-10-13 CRO Ref 78  78 82 73 70  72 65 51 56 61 64 78 87 79 100 79 61 

2012 Fall 2012-10-16 DAV Test 616  558 598 587 526  319   519 485 619 604 617 610 440 426 328 

2012 Fall 2012-10-12 EAS Ref 23  24 25 24 22  18 20 16 22 19 22 28 24 27 20 21 20 

2012 Fall 2012-11-06 FRY Test 271  418 428 421 378  364 317 331 353 432 412 391 434 467 445 315 314 

2012 Fall 2012-10-14 GRA Test 282  275 296 321 239  144 101 102 160 295 429 337 308 309 354 253 149 

2012 Fall 2012-10-17 HCN Ref 85  74 76 75 62  48 48 50 65 56 102 69 77 76 67 41 48 

2012 Fall 2012-10-17 HUR Test 418  416 386 401 386  373 408 382 353 387 449 371 386 457 401 365 345 

2012 Fall 2012-10-12 KEL Test 855  846 782 746 752  821 839 715 739 749 693 649 741 827 864 780 768 

2012 Fall 2012-10-12 KUT Test 1270  1214 1157 1124 1068  1055 1043 872 974 1027 1055 1121 1086 1200 1311 1095 1040 

2012 Fall 2012-10-13 LAB Test 791  783 779 714 642  574 522 564 532 612 680 717 770 818 816 603 513 
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(SC units mS/cm)      Mean SC of Period   

   Stream Snapshot  (days) Prior to Snapshot  Mean Monthly SC of 12 Months Prior to Snapshot 

Year Season Snapshot Date Stream Type SC  30d 90d 180d 360d  Jan Feb Mar  Apr  May Jun Jul Aug Sep Oct Nov Dec 

2012 Fall 2012-10-15 LLC Test 1828  1612 1640 1480 1264  1166 816 942 1175 1086 1683 1425 1748 1616 1514 1238 951 

2012 Fall 2012-10-16 LLE Test 941  788 886 819 615  340 396 384 490 420 862 1023 890 968 429 520 360 

2012 Fall 2012-10-16 LLW Test 1505  1430 1382 1340 1206  1058 1056 956 1183 1149 1371 1307 1386 1386 1104 1170 1075 

2012 Fall 2012-11-06 MCB Ref 48  56 67 61 53  42 39 46 49 54 57 61 77 59 52 47 44 

2012 Fall 2012-10-22 MIL  Test 810   685 713 688  632 614 591 594 633 765 722 636 758 866 825 549 

2012 Fall 2012-10-12 POW Test 972  792 677 736 718  718 676 704 744 812 756 775 528 780 875 657 696 

2012 Fall 2012-10-13 RFF Test 399  404 475 490 408  359 393 384 428 476 537 506 511 506 251 161 287 

2012 Fall 2012-10-12 RIC Test 1795  1708 1647 1650 1466  1290 1204 1440 1250 1545 1825 1692 1575 1692 1532 1194 1237 

2012 Fall 2012-10-15 ROC Test 901  831 849 728 723  706 656 596 740 649 547 758 900 811 894 777 708 

2012 Fall 2012-11-06 ROL Test 677  570 571 594 613  661 574 605 517 606 642 562 528 556 850 751 598 

2012 Fall 2012-10-22 RUT Test 743  642 604 642 549  507 464 429 387 519 829 701 541 685 618 462 434 

2012 Fall 2012-10-14 SPC Test 483  444 444 436 357  251 241 241 274 371 496 438 431 490 460 336 253 

2013 Spring 2013-04-07 BIR Test 566  552 559 558 591  512 617 546 576 628 721 628 551 610 639 557 526 

2013 Spring 2013-04-06 COP Ref 96  103 102 116 136  93 116 104 105 120 141 158 184 193 173 124 115 

2013 Spring 2013-04-05 CRA Test 402  398 388 413 452  390 380 408 424 409 490 516 507 510 509 410 411 

2013 Spring 2013-04-06 CRO Ref 53  53 54 63 68  63 56 53 56 61 64 78 87 79 80 68 67 

2013 Spring 2013-04-05 DAV Test 309  319 348 376 480  324 427 325 519 485 619 604 617 610 554 425 328 

2013 Spring 2013-04-08 EAS Ref 21  22 20 21 22  19 20 20 22 19 22 28 24 27 24 20 21 

2013 Spring 2013-04-07 FRY Test 278  304 298 311 366  251 338 294 353 432 412 391 434 467 423 329 281 

2013 Spring 2013-04-06 GRA Test 114  131 135 154 241  126 148 135 160 295 429 337 308 309 295 147 142 

2013 Spring 2013-04-05 HCN Ref 45  46 47 56 65  47 48 47 65 56 102 69 77 76 81 63 61 

2013 Spring 2013-04-06 HUR Test 352  341 339 344 370  291 388 338 353 387 449 371 386 457 398 352 325 

2013 Spring 2013-04-08 KEL Test 811  800 774 786 765  777 758 793 739 749 693 649 741 827 837 809 762 

2013 Spring 2013-04-08 KUT Test 1004  998 998 1094 1106  1020 1024 995 974 1027 1055 1121 1086 1200 1246 1212 1194 

2013 Spring 2013-04-07 LAB Test 472  486 507 507 644  424 576 490 532 612 680 717 770 818 776   

2013 Spring 2013-04-11 LLC Test 1188  949 940 1002 1239  857 949 954 1175 1086 1683 1425 1748 1616 1529 1323 908 

2013 Spring 2013-04-05 LLE Test 305  309 330 452 628  358 355 316 490 420 862 1023 890 968 838 571 486 

2013 Spring 2013-04-05 LLW Test 958  901 988 1075 1203  1018 1061 927 1183 1149 1371 1307 1386 1386 1427 1192 1034 

2013 Spring 2013-04-06 MCB Ref 40  40 42 47 54  46 43 41 49 54 57 61 77 59 58 48 49 

2013 Spring 2013-04-08 MIL  Test 540  529 496 567 629  452 467 502 594 633 765 722 636 758 766 696 569 

2013 Spring 2013-04-07 POW Test 748  628 576 712 726  611 525 514 744 812 756 775 528 780 860 732 716 

2013 Spring 2013-04-07 RFF Test 363  381 366 322 406  227 435 363 428 476 537 506 511 506 398 271 245 

2013 Spring 2013-04-07 RIC Test 1270  1222 1259 1370 1508  1194 1435 1213 1250 1545 1825 1692 1575 1692 1760 1513 1366 

2013 Spring 2013-04-05 ROC Test 557  543 554 619 673  545 587 543 740 649 547 758 900 811 905 829 587 

2013 Spring 2013-04-07 ROL Test 576  587 591 620 609  519 629 616 517 606 642 562 528 556 638 693 629 

2013 Spring 2013-04-07 RUT Test 433  411 402 485 569  331 404 400 387 519 829 701 541 685 679 573 546 

2013 Spring 2013-04-06 SPC Test 161  208 249 312 373  279 303 226 274 371 496 438 431 490 471 368 343 

2013 Fall 2013-11-16 BIR Test 717  597 625 587 569  512 617 546 552 582 534 557 652 617 639 557 526 
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(SC units mS/cm)      Mean SC of Period   

   Stream Snapshot  (days) Prior to Snapshot  Mean Monthly SC of 12 Months Prior to Snapshot 

Year Season Snapshot Date Stream Type SC  30d 90d 180d 360d  Jan Feb Mar  Apr  May Jun Jul Aug Sep Oct Nov Dec 

2013 Fall 2013-11-12 COP Ref 180  176 157 137 124  93 116 104 93 106 139 128 140 162 173 124 115 

2013 Fall 2013-11-10 CRA Test 490  496 452 437 424  390 380 408 402 413 430 413 423 476 509 410 411 

2013 Fall 2013-11-12 CRO Ref 82  84 77 71 66  63 56 53 55 66 68 64 70 81 80 68 67 

2013 Fall 2013-11-10 DAV Test 559  628 466 438 395  324 427 325 334 413 468 372 470  554 425 328 

2013 Fall 2013-11-17 FRY Test 469  440 409 369 337  251 338 294 319 349 332 325 392 388 423 329 281 

2013 Fall 2013-11-11 GRA Test 427  370 332 269 210  126 148 135 140 203 210 255 253 374 295 147 142 

2013 Fall 2013-11-11 HCN Ref 90  91 94 76 65  47 48 47 45 54 61 70 100 92 81 63 61 

2013 Fall 2013-11-11 HUR Test 415  450 434 414 377  291 388 338 353 395 388 405 402 452 398 352 325 

2013 Fall 2013-11-15 KEL Test 808  806 794 764 773  777 758 793 768 761 692 705 795 801 837 809 762 

2013 Fall 2013-11-15 KUT Test 1298  1230 1147 1081 1081  1020 1024 995 975 1042 1043 968 1100 1187 1246 1212 1194 

2013 Fall 2013-11-13 LAB Test 798  677 629 583 554  424 576 490 484 541 553 557 609 603 776   

2013 Fall 2013-11-09 LLC Test 1612  1750 1611 1387 1198  857 949 954 1061 1236 1169 1173 1517 1681 1529 1323 908 

2013 Fall 2013-11-11 LLE Test 894  1238 906 727 570  358 355 316 320 461 574 458 637 1112 838 571 486 

2013 Fall 2013-11-10 LLW Test 1314  1454 1336 1202 1124  1018 1061 927 821 1054 1136 1082 1245 1463 1427 1192 1034 

2013 Fall 2013-11-15 MIL  Test 921  797 575 582 571  452 467 502 512 611 633 494 486 661 766 696 569 

2013 Fall 2013-11-16 POW Test 1008  933 929 807 751  611 525 514 687 683 680  944 899 860 732 716 

2013 Fall 2013-11-13 RFF Test 511  582 560 484 398  227 435 363 401 400 411 477 517 555 398 271 245 

2013 Fall 2013-11-16 RIC Test 1894  1908 1775 1589 1464  1194 1435 1213 1196 1498 1329 1486 1682 1816 1760 1513 1366 

2013 Fall 2013-11-09 ROC Test 845  957 957 726 619  545 587 543 568 660     905 829 587 

2013 Fall 2013-11-16 RUT Test 867  807 763 752 562  331 404 400 452   470 718 734 679 573 546 

2013 Fall 2013-11-11 SPC Test 545  523 457 395 347  279 303 226 230 337 330 386 369 487 471 368 343 

2014 Spring 2014-04-23 BIR Test 656  567 548 527 561  536 509 563 552 582 534 557 652 617 572  461 

2014 Spring 2014-04-12 COP Ref 114   108 127 132  115 100 104 93 106 139 128 140 162 186 166 103 

2014 Spring 2014-04-21 CRA Test 453  390 390 401 418  390 381 397 402 413 430 413 423 476 505 460 338 

2014 Spring 2014-04-12 CRO Ref 55  54 53 60 65  54 50 53 55 66 68 64 70 81 84 81 55 

2014 Spring 2014-04-21 DAV Test 500  319 323 371 400  370 272 321 334 413 468 372 470  602 478 293 

2014 Spring 2014-04-12 EAS Ref 22  21 21 23 26  21 20 21 21 25 25 27 26 33 39 28 20 

2014 Spring 2014-04-12 FRY Test 330  345 347 351 359  351 327 354 319 349 332 325 392 388 480 421 248 

2014 Spring 2014-04-11 GRA Test 135  140 149 212 239  186 136 140 140 203 210 255 253 374 444 371 134 

2014 Spring 2014-04-11 HCN Ref 46  47 48 62 69  49 47 48 45 54 61 70 100 92 109 87 54 

2014 Spring 2014-04-22 HUR Test 416  344 349 359 385  387 328 348 353 395 388 405 402 452 462 378 327 

2014 Spring 2014-04-13 KEL Test 795  770 756 759 761  772 719 759 768 761 692 705 795 801 813 781 730 

2014 Spring 2014-04-13 KUT Test 1009  998 966 1061 1069  969 928 973 975 1042 1043 968 1100 1187 1275 1269 994 

2014 Spring 2014-04-22 LAB Test 586  537 513 555 567  518 467 527 484 541 553 557 609 603 731 744 433 

2014 Spring 2014-04-11 LLC Test 925  831 840 1152 1290   849 872 1061 1236 1169 1173 1517 1681 1788 1481 1454 

2014 Spring 2014-04-21 LLE Test 466  274 284 434 572  325 267 281 320 461 574 458 637 1112 1217 745 263 

2014 Spring 2014-04-21 LLW Test 1146  868 893 994 1094  975 881 878 821 1054 1136 1082 1245 1463 1396 1167 976 

2014 Spring 2014-04-22 MCB Ref 48  46 44 51 52   42 45 41 45 47 51 57 63 64 58 51 
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(SC units mS/cm)      Mean SC of Period   

   Stream Snapshot  (days) Prior to Snapshot  Mean Monthly SC of 12 Months Prior to Snapshot 

Year Season Snapshot Date Stream Type SC  30d 90d 180d 360d  Jan Feb Mar  Apr  May Jun Jul Aug Sep Oct Nov Dec 

2014 Spring 2014-04-13 MIL  Test 620  578 537 632 603  615 467 549 512 611 633 494 486 661 841 799 601 

2014 Spring 2014-04-12 POW Test 795  768 770 804 803  789 711 785 687 683 680  944 899 980 958 706 

2014 Spring 2014-04-12 RFF Test 374  395 401 377 428  394 359 401 401 400 411 477 517 555 602 428 191 

2014 Spring 2014-04-13 RIC Test 1348  1266 1260 1387 1482  1337 1150 1258 1196 1498 1329 1486 1682 1816 1974 1761 1193 

2014 Spring 2014-04-11 ROC Test 688  587 586 634 641  634 517 580 568 660     947 767 537 

2014 Spring 2014-04-22 ROL Test 614  601 569 594 599  551 522 587 554 604 601 564 633 606 712 738 500 

2014 Spring 2014-04-23 RUT Test 584  486 469 561 609  477 422 476 452   470 718 734 877 819 478 

2014 Spring 2014-04-11 SPC Test 242  248 257 314 352  293 231 252 230 337 330 386 369 487 567 477 228 

2015 Fall 2015-10-20 BIR Test 685  620 651 651 578  533 541 573    619 671 688 546 528 504 

2015 Fall 2015-10-21 COP Ref 158  158 154 145 124  114 117 95 106 116  125 149 168 128 113 111 

2015 Fall 2015-10-27 CRA Test 520  501 465 477 477      483 513 379 451 495 380   

2015 Fall 2015-10-21 CRO Ref 83  80 77 74 63  56 55 47 52 54  67 75 81 73 60 57 

2015 Fall 2015-10-19 EAS Ref 24  25 29 28 25  21 21 19 20 25 29 25 33 32 29 23 22 

2015 Fall 2015-10-20 FRY Test 519  500 488 442 352  335 343 217 192 197  391 471 531 388 313 298 

2015 Fall 2015-10-22 GRA Test 332  331 289 279 185  130 144 133 151 220  260 233 346 202 136 108 

2015 Fall 2015-10-20 HCN Ref 128  110 99 89 65  51 55 43 46 50  60 87 122 65 54 54 

2015 Fall 2015-10-22 HUR Test 460  473 467 417 369  342 338 342 289 324  365 451 517 361 347 321 

2015 Fall 2015-10-19 KEL Test 807  741 762 738 746  764 723 643 737 753 708 689 776 760 757 803 768 

2015 Fall 2015-10-19 KUT Test 1221  1158 1114 1088 1087  1088 1046 992 962 963 1150 1011 1086 1145 1192 1194 1093 

2015 Fall 2015-10-21 LAB Test 824  781 738 720 599  509 532 370    637 663 807 637 554 478 

2015 Fall 2015-10-27 LLC Test 1457  1344 1356 1331 1083  940 786 752 806 1221  1434 1322 1395 1366 1253 1109 

2015 Fall 2015-10-27 LLE Test 1158  1097 903 766 485  369 325 161 164 247  302 794 1141 588 407 322 

2015 Fall 2015-10-27 LLW Test 1315  1292 1273 1207 1055  1027 944 886 869 1071  939 1302 1352 1192 1012 962 

2015 Fall 2015-10-21 MCB Ref 56  85 71 65 52  45 43 40 44 47  44 58 93 56 47 44 

2015 Fall 2015-10-19 MIL  Test 819  711 652 586 511  521 523 277 274 294  451 637 727 682 597 550 

2015 Fall 2015-10-20 POW Test 942  701 761 742 721  733 724 654 644 634  708 814 715 769 741 704 

2015 Fall 2015-10-20 RFF Test 450  479 495 449 351  379 365 192 202 277  385 513 518 244 279 306 

2015 Fall 2015-10-20 RIC Test 1814  1599 1658 1581 1382  1228 1212 1257 1402 1442  1359 1665 1789 1514 1278 1148 

2015 Fall 2015-10-27 ROC Test 860  848 886 886 735  498      936 915 879 736 682 529 

2015 Fall 2015-10-21 ROL Test 765  763 774 747 596  503 479 536 548 566  750 785 777 537 534 488 

2015 Fall 2015-10-20 RUT Test 807  726 743 708 545  408 404 481 482   612 741 836 523 463 409 

2015 Fall 2015-10-22 SPC Test 549  506 494 448 323  246 239 214 222 303  366 475 534 356 270 227 

2016 Spring 2016-04-15 BIR Test 657  628 620 564 600  538  606    619 671 688 599 613 445 

2016 Spring 2016-04-16 COP Ref 138  124 110 117 129  114 97 120 106 116  125 149 168 147 128 102 

2016 Spring 2016-04-19 CRA Test 471  231 229 383 445    234  483 513 379 451 495 497 489 385 

2016 Spring 2016-04-16 CRO Ref 66   36 52 72   36  52 54  67 75 81 79   

2016 Spring 2016-04-15 EAS Ref 24  22 20 20 25  19 18 21 20 25 29 25 33 32 19   

2016 Spring 2016-04-16 FRY Test 403  405 343 370 402  368 315  192 197  391 471 531 481 413 305 
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(SC units mS/cm)      Mean SC of Period   

   Stream Snapshot  (days) Prior to Snapshot  Mean Monthly SC of 12 Months Prior to Snapshot 

Year Season Snapshot Date Stream Type SC  30d 90d 180d 360d  Jan Feb Mar  Apr  May Jun Jul Aug Sep Oct Nov Dec 

2016 Spring 2016-04-17 GRA Test 243  226 177 184 233  168 133 208 151 220  260 233 346 309   

2016 Spring 2016-04-17 HCN Ref 59   45 56 78  56 41  46 50  60 87 122 103   

2016 Spring 2016-04-17 HUR Test 377  399 348 352 387  338 305 384 289 324  365 451 517 402   

2016 Spring 2016-04-15 KEL Test 757  739 725 737 737  760 689 736 737 753 708 689 776 760 758 756 718 

2016 Spring 2016-04-15 KUT Test 996  909 942 1037 1059  1025 900 918 962 963 1150 1011 1086 1145 1189 1223 985 

2016 Spring 2016-04-16 LAB Test 620  602 597 622 663  554  582    637 663 807 765 733 504 

2016 Spring 2016-04-19 LLC Test 1065  926 981 1178 1242  1229  838 806 1221  1434 1322 1395 1362 1447 1029 

2016 Spring 2016-04-20 LLE Test 491   299 624 688  492 199  164 247  302 794 1141 1081 964 434 

2016 Spring 2016-04-20 LLW Test 1092  877 863 1040 1119  960  867 869 1071  939 1302 1352 1279 1225 943 

2016 Spring 2016-04-17 MCB Ref 49  48 38 43 52  30 29 48 44 47  44 58 93 64 63 38 

2016 Spring 2016-04-15 MIL  Test 669  604 594 581 582  463  600 274 294  451 637 727 725 686 455 

2016 Spring 2016-04-20 POW Test 900  622 631 728 734  757  608 644 634  708 814 715 826 841 646 

2016 Spring 2016-04-16 RFF Test 587  513 501 416 431  374  465 202 277  385 513 518 454 403 343 

2016 Spring 2016-04-16 RIC Test 1544  1511 1289 1299 1457  1187 1059 1436 1402 1442  1359 1665 1789 1494   

2016 Spring 2016-04-19 ROC Test 684  779 759 723 789  650  754    936 915 879 845 801 579 

2016 Spring 2016-04-16 ROL Test 740  834 817 728 735  696  828 548 566  750 785 777 752 770 597 

2016 Spring 2016-04-16 RUT Test 600   412 497 594  498 356  482   612 741 836 703 658 313 

2016 Spring 2016-04-17 SPC Test 341  283 277 351 397  350  303 222 303  366 475 534 486 441 280 
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Table A - 6. Benthic macroinvertebrate taxa counts by stream ï Fall 2011. 
Taxon/Stream BIR COP CRA CRO DAV EAS FRY GRA HCN HUR KEL  KUT  LAB  LLC  LLE  LLW  MCB MIL  POW RFF RIC ROC ROL RUT SPC 

Acentrella 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Acerpenna 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Acroneuria 0 2 9 4 0 6 3 9 0 8 1 0 1 0 5 0 2 0 0 2 1 4 3 1 2 

Agapetus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Allocapnia 27 7 0 2 0 4 16 47 33 1 15 23 21 11 3 0 26 63 82 24 17 5 89 18 79 
Ameletus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 

Amphinemura 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Antocha 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 
Apatania 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Asellus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Atherix 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Atrichopogon 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 2 0 0 

Attenella 0 11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 

Baetis 0 3 9 3 33 2 1 0 0 0 0 12 1 0 0 0 1 0 8 4 0 2 0 0 0 
Bezzia 0 5 5 1 0 1 0 0 2 0 0 0 0 0 1 0 3 0 0 0 0 0 0 0 0 

Boyeria 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 

Brachycentrus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Calopteryx 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Ceratopsyche 1 0 33 0 1 3 37 0 0 4 0 1 4 8 4 13 0 2 0 20 22 17 1 2 4 

Chelifera 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cheumatopsyche 26 0 24 0 0 0 36 9 25 0 11 0 6 28 0 10 0 59 0 3 94 32 1 10 11 

Chimarra 89 0 0 0 1 0 0 0 4 0 0 0 0 11 0 0 0 8 0 0 8 4 0 0 3 

Chironomidae 34 19 12 18 7 29 9 20 56 17 17 17 28 15 5 23 27 15 7 21 19 4 20 14 16 
Chrysops 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Cinygmula 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Clinocera 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 1 0 0 

Cordulegaster 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Cyrnellus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Dasyhelea 0 0 0 0 0 0 1 0 7 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 

Dibusa 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Dicranota 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 
Diphetor 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Diplectrona 3 46 37 47 70 34 32 60 1 123 60 101 77 34 83 115 12 24 67 43 13 44 44 86 45 

Diploperla 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Dixa 0 1 0 1 0 0 0 0 0 0 1 1 5 0 0 1 0 0 0 1 0 0 0 0 0 

Dolophilodes 0 4 14 14 3 2 8 7 5 2 0 0 6 14 0 0 8 0 0 18 6 14 2 8 0 

Drunella 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Eccoptura 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 

Ectopria 1 5 0 2 12 5 1 0 1 0 3 3 2 1 0 2 5 0 5 1 0 2 2 5 1 

Epeorus 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Ephemera 0 1 0 1 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Ephemerella 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Eurylophella 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 
Forcipomyia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Glossosoma 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 

Glutops 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Goera 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Haploperla 0 3 0 1 0 1 0 3 0 3 0 0 1 0 0 0 0 0 0 7 0 0 0 0 0 
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Taxon/Stream BIR COP CRA CRO DAV EAS FRY GRA HCN HUR KEL  KUT  LAB  LLC  LLE  LLW  MCB MIL  POW RFF RIC ROC ROL RUT SPC 

Helichus 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Hemerodromia 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 2 0 2 0 0 0 
Heptagenia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Hexatoma 0 9 1 1 0 6 0 0 1 6 0 0 1 0 0 0 9 0 1 0 0 0 0 3 0 

Hydropsyche 2 8 0 3 0 10 0 7 0 0 0 0 0 5 0 0 0 10 0 11 4 4 0 1 2 
Hydroptila 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Isonychia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Isoperla 0 0 3 0 0 0 1 0 0 1 0 0 0 1 3 0 7 0 0 0 0 0 4 0 0 
Lanthus 0 3 0 0 1 1 1 2 0 3 11 0 0 0 0 0 1 5 0 0 6 0 0 6 1 

Lepidostoma 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Leuctra 0 8 7 4 0 15 1 5 0 20 50 6 19 1 49 0 17 1 7 2 2 0 2 4 5 
Limnophila 0 2 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 

Limonia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Lype 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Maccaffertium 0 5 0 1 0 9 16 6 9 2 0 0 1 0 0 0 6 0 0 1 0 0 0 0 4 

Macronychus 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Malirekus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Mayatrichia 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 

Megaselia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Micrasema 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Molophilus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 

Nemoura 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Neophylax 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 9 0 0 
Neoplasta 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Neotrichia 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 
Nigronia 0 0 0 1 0 0 7 0 0 3 0 0 0 0 0 0 1 0 0 7 0 0 2 0 2 

Ochrotrichia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Oemopteryx 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Oligochaeta 0 0 0 0 5 0 0 3 0 1 0 0 0 2 0 1 0 1 0 0 0 0 0 2 0 

Optioservus 0 0 2 0 0 0 8 0 1 0 0 0 3 10 0 0 0 2 0 1 0 35 0 0 0 

Ormosia 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
Ostrocerca 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Oulimnius 0 2 0 7 8 3 9 0 10 1 0 0 0 8 0 4 9 0 7 2 0 0 1 10 1 

Paracapnia 0 5 9 30 0 5 2 14 0 1 0 6 0 0 0 1 4 0 0 4 0 0 0 0 5 
Paraleptophlebia 0 1 0 16 0 12 0 0 0 0 0 0 0 0 0 0 34 0 0 0 0 0 0 0 0 

Pedicia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Peltoperla 0 8 3 0 3 0 0 1 0 0 0 0 0 0 7 4 1 0 0 0 0 0 0 0 0 
Perlesta 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Pilaria 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 

Plauditus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Polycentropus 0 0 0 1 0 2 0 3 1 1 1 0 0 0 1 0 3 0 0 0 0 1 0 2 0 

Prosimulium 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Prostoia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Psephenus 0 0 0 10 39 0 15 3 1 1 0 0 1 0 2 0 0 1 0 1 0 4 0 0 6 

Pteronarcys 0 1 0 0 1 4 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 

Pycnopsyche 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
Remenus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Rhamphomyia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Rhyacophila 3 4 0 0 0 15 11 1 2 2 6 6 3 0 1 2 2 6 0 3 1 1 5 3 4 
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Taxon/Stream BIR COP CRA CRO DAV EAS FRY GRA HCN HUR KEL  KUT  LAB  LLC  LLE  LLW  MCB MIL  POW RFF RIC ROC ROL RUT SPC 

Roederiodes 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Sialis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Simulium 1 2 4 0 0 0 0 0 0 0 4 0 0 6 0 2 0 4 3 0 6 4 0 3 0 

Soyedina 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 1 0 0 

Stactobiella 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Stenacron 0 1 0 0 0 4 0 0 0 0 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0 

Stenelmis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Stenonema 0 0 0 0 0 1 0 0 3 0 0 0 0 0 0 0 3 0 0 1 0 0 0 0 0 
Stilobezzia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Stylogomphus 0 0 0 7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Suwallia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sweltsa 0 1 3 1 1 3 1 0 0 3 0 0 0 0 2 0 3 0 0 0 0 0 0 0 0 

Tabanus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Taeniopteryx 0 0 1 0 0 0 0 0 20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 
Tallaperla 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Tipula 6 17 8 3 5 0 2 6 3 6 2 4 6 23 12 12 2 3 3 6 2 0 1 3 0 

Wormaldia 0 3 0 3 0 0 0 0 1 9 2 0 3 0 2 0 7 0 0 0 2 0 4 3 0 
Yugus 0 7 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
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Table A - 7. Benthic macroinvertebrate taxa counts by stream ï Spring 2012. 
Taxon/Stream BIR COP CRA CRO DAV EAS FRY GRA HCN HUR KEL  KUT  LAB  LLC  LLE  LLW  MCB MIL  POW RFF RIC ROC ROL RUT SPC 

Acentrella 0 18 91 0 5 0 4 17 22 2 0 0 23 1 1 4 0 0 0 58 0 0 13 1 6 

Acerpenna 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Acroneuria 0 3 0 3 0 2 2 2 0 1 0 0 0 0 1 0 3 0 0 0 1 1 0 0 1 

Agapetus 0 2 0 3 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Allocapnia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Ameletus 0 0 0 1 0 0 1 1 0 0 0 0 0 0 3 0 4 0 0 0 0 0 0 3 0 

Amphinemura 54 3 50 3 12 5 68 5 26 66 6 7 23 34 58 55 12 113 37 9 12 21 36 116 11 

Antocha 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 
Apatania 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Asellus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Atherix 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Atrichopogon 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Attenella 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 

Baetis 38 16 3 57 29 9 12 4 0 1 5 43 35 0 2 0 0 5 41 39 41 22 29 6 35 
Bezzia 0 0 1 0 0 0 0 0 1 2 0 0 0 0 5 0 1 0 0 0 0 2 0 0 0 

Boyeria 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Brachycentrus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Calopteryx 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Ceratopsyche 0 0 0 1 0 0 2 0 0 2 0 0 0 5 0 6 0 0 0 2 6 0 0 0 0 

Chelifera 7 2 0 5 1 0 1 1 2 1 2 0 2 16 2 7 9 3 1 2 2 6 5 1 0 
Cheumatopsyche 15 0 1 0 1 0 2 0 0 0 1 0 0 8 0 1 0 13 0 0 7 1 0 1 1 

Chimarra 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 

Chironomidae 28 56 20 21 5 24 15 11 23 7 11 25 17 50 16 82 27 23 12 11 17 62 0 9 23 
Chrysops 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Cinygmula 0 0 0 0 0 6 0 0 2 0 0 0 0 0 0 0 6 0 0 0 0 0 0 0 0 

Clinocera 2 0 1 0 0 1 1 0 1 0 0 0 1 0 1 1 0 0 0 0 0 0 0 0 0 

Cordulegaster 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Cyrnellus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Dasyhelea 0 0 0 0 0 0 1 0 1 0 0 0 0 0 2 0 1 0 0 0 0 0 0 0 0 

Dibusa 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Dicranota 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Diphetor 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 0 0 0 0 0 0 0 0 

Diplectrona 4 13 12 13 18 5 9 19 1 19 10 2 6 14 13 27 5 7 7 5 7 7 8 7 9 

Diploperla 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Dixa 0 2 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Dolophilodes 0 13 0 17 6 20 1 10 0 0 0 0 13 19 0 0 0 0 0 29 9 35 10 0 4 

Drunella 0 3 2 6 3 1 27 21 7 4 0 0 0 6 0 0 3 0 0 3 0 1 0 0 2 
Eccoptura 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 

Ectopria 1 2 0 1 0 1 1 3 1 2 0 0 0 0 0 2 5 1 1 1 0 0 3 2 2 

Epeorus 0 10 0 8 5 40 1 3 1 4 0 0 0 0 0 0 22 0 0 2 0 0 0 0 0 

Ephemera 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Ephemerella 0 24 2 8 14 20 0 4 46 32 0 0 0 0 2 0 38 0 0 8 0 0 0 0 6 

Eurylophella 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Forcipomyia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Glossosoma 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 4 0 4 0 0 0 

Glutops 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Goera 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 

Haploperla 0 2 3 0 0 3 1 0 0 13 0 0 11 4 3 0 0 0 0 0 0 0 2 0 0 
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Taxon/Stream BIR COP CRA CRO DAV EAS FRY GRA HCN HUR KEL  KUT  LAB  LLC  LLE  LLW  MCB MIL  POW RFF RIC ROC ROL RUT SPC 

Helichus 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Hemerodromia 0 2 0 0 0 0 0 0 0 1 1 1 0 7 0 0 0 2 0 0 3 3 0 0 1 
Heptagenia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Hexatoma 0 0 0 9 0 3 0 0 4 1 0 0 0 0 0 0 13 0 0 0 2 0 0 0 0 

Hydropsyche 0 0 6 0 0 0 0 0 1 0 0 0 0 2 0 1 0 1 0 0 2 2 1 2 0 
Hydroptila 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Isonychia 0 0 0 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Isoperla 0 0 3 0 0 0 0 0 2 31 0 0 1 0 1 0 0 0 0 0 0 0 1 0 1 
Lanthus 1 3 0 2 0 0 1 0 0 4 2 1 0 1 0 0 2 2 1 0 1 1 0 1 0 

Lepidostoma 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 1 0 1 0 0 0 0 0 0 

Leuctra 42 14 6 7 48 23 15 97 8 13 154 113 66 1 55 4 14 28 92 11 81 6 67 12 102 
Limnophila 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 

Limonia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Lype 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Maccaffertium 0 2 0 0 0 0 3 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 

Macronychus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Malirekus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Mayatrichia 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Megaselia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Micrasema 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Molophilus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Nemoura 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Neophylax 0 0 0 0 0 1 0 0 2 2 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 
Neoplasta 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Neotrichia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Nigronia 0 0 0 0 0 0 1 0 0 0 0 0 2 0 0 0 0 0 0 2 0 0 0 0 0 

Ochrotrichia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 

Oemopteryx 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Oligochaeta 0 1 0 0 0 0 0 7 0 0 0 0 2 0 1 3 1 5 1 0 0 3 0 1 2 

Optioservus 0 0 1 0 0 0 3 0 0 0 0 0 0 0 0 0 0 1 0 0 1 17 0 0 0 

Ormosia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Ostrocerca 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Oulimnius 0 10 0 11 17 16 16 1 12 3 0 0 1 18 4 22 10 0 20 5 2 0 0 18 1 

Paracapnia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Paraleptophlebia 0 1 0 14 0 4 0 2 3 0 0 0 0 0 0 0 8 0 0 0 0 0 0 0 0 

Pedicia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Peltoperla 0 4 1 0 2 4 0 0 0 0 0 0 0 0 4 2 0 1 0 0 2 0 0 0 0 
Perlesta 0 0 0 0 2 0 0 0 0 0 0 0 4 0 9 0 0 0 0 0 0 1 8 0 4 

Pilaria 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Plauditus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Polycentropus 0 0 0 0 0 0 0 1 0 1 0 0 1 1 0 0 0 0 0 0 0 0 0 1 0 

Prosimulium 0 0 0 0 0 0 1 0 50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Prostoia 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Psephenus 0 0 0 5 24 0 3 1 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 1 

Pteronarcys 0 3 0 0 3 1 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 

Pycnopsyche 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Remenus 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Rhamphomyia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Rhyacophila 5 1 0 0 4 3 0 4 1 1 0 2 1 2 2 0 2 4 0 0 3 2 0 0 3 
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Taxon/Stream BIR COP CRA CRO DAV EAS FRY GRA HCN HUR KEL  KUT  LAB  LLC  LLE  LLW  MCB MIL  POW RFF RIC ROC ROL RUT SPC 

Roederiodes 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Sialis 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Simulium 22 1 0 0 0 0 0 0 0 0 0 2 0 3 0 3 0 8 1 0 0 0 0 8 0 

Soyedina 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Stactobiella 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Stenacron 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 

Stenelmis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 0 0 0 0 0 0 0 0 

Stenonema 0 1 0 2 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Stilobezzia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Stylogomphus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Suwallia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sweltsa 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Tabanus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Taeniopteryx 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Tallaperla 0 0 0 0 0 0 0 0 1 0 0 0 0 0 3 0 0 0 2 0 0 0 0 0 0 

Tipula 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 1 1 0 1 0 0 0 2 0 

Wormaldia 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 3 0 0 0 0 0 0 2 0 
Yugus 0 2 1 1 0 5 1 1 0 0 0 0 0 0 1 0 4 0 2 1 1 0 0 0 0 
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Table A - 8. Benthic macroinvertebrate taxa counts by stream ï Fall 2012. 
Taxon/Stream BIR CRA CRO DAV EAS FRY GRA HCN HUR KEL  KUT  LAB  LLC  LLE  LLW  MCB MIL  POW RFF RIC ROC ROL RUT SPC 

Acentrella 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Acerpenna 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Acroneuria 0 2 2 0 2 0 2 0 1 0 0 0 0 1 0 3 0 1 3 1 0 0 0 0 

Agapetus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Allocapnia 157 6 29 5 1 79 60 70 45 26 11 23 77 70 10 10 79 114 58 61 50 108 74 151 
Ameletus 0 0 0 0 0 0 0 0 4 0 0 0 0 0 0 3 1 0 0 0 0 11 0 0 

Amphinemura 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Antocha 0 0 0 1 0 2 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
Apatania 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Asellus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Atherix 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Atrichopogon 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 

Attenella 0 0 0 5 0 0 0 1 0 0 0 0 0 0 1 37 1 0 0 0 0 0 0 0 

Baetis 0 8 6 14 1 0 1 0 0 0 0 3 0 0 0 0 0 0 0 0 1 0 0 0 
Bezzia 0 8 0 0 6 0 0 1 0 0 0 0 2 6 0 2 1 0 0 0 2 0 0 0 

Boyeria 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 

Brachycentrus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Calopteryx 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Ceratopsyche 1 12 0 4 0 3 0 0 0 0 0 0 6 1 14 0 5 0 19 10 6 1 2 0 

Chelifera 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
Cheumatopsyche 4 12 0 0 0 9 3 7 0 26 0 9 11 0 3 1 13 0 5 36 11 0 1 5 

Chimarra 4 0 0 0 0 0 2 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 

Chironomidae 6 31 28 4 48 3 11 45 38 34 69 25 14 10 15 29 21 17 4 12 5 15 6 6 
Chrysops 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Cinygmula 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Clinocera 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Cordulegaster 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 

Cyrnellus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Dasyhelea 0 0 2 1 3 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 1 0 0 

Dibusa 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Dicranota 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 
Diphetor 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Diplectrona 10 31 34 75 28 53 66 0 46 37 77 90 33 47 70 13 32 45 46 22 49 29 50 17 

Diploperla 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Dixa 0 0 3 0 0 0 0 0 2 2 0 0 0 1 1 0 0 0 0 0 0 0 1 0 

Dolophilodes 0 20 1 7 0 0 17 0 1 0 0 5 1 1 0 1 0 3 6 2 0 0 1 1 

Drunella 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Eccoptura 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Ectopria 2 2 6 14 3 1 2 3 0 3 1 3 2 0 11 4 0 1 1 3 2 1 4 0 

Epeorus 0 0 1 0 20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 

Ephemera 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Ephemerella 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Eurylophella 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 
Forcipomyia 0 0 0 0 0 0 0 0 2 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 

Glossosoma 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Glutops 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Goera 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Haploperla 0 0 2 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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Taxon/Stream BIR CRA CRO DAV EAS FRY GRA HCN HUR KEL  KUT  LAB  LLC  LLE  LLW  MCB MIL  POW RFF RIC ROC ROL RUT SPC 

Helichus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 

Hemerodromia 0 0 0 0 0 1 0 0 1 1 0 0 1 0 0 0 1 1 1 2 1 0 0 0 
Heptagenia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Hexatoma 0 0 1 0 3 0 0 4 2 0 0 0 1 2 0 6 0 0 0 1 0 0 1 0 

Hydropsyche 0 4 3 0 1 11 3 0 0 0 0 3 0 0 0 0 1 0 21 12 6 0 0 0 
Hydroptila 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Isonychia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Isoperla 0 3 0 0 0 0 0 0 28 0 0 0 0 2 0 2 0 0 0 0 0 0 0 0 
Lanthus 2 0 0 0 1 1 1 1 1 1 1 0 1 0 0 5 5 2 4 1 2 0 3 0 

Lepidostoma 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 

Leuctra 0 6 0 2 6 0 1 0 1 13 2 0 3 10 0 7 2 8 1 4 0 0 0 1 
Limnophila 0 0 3 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Limonia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Lype 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 
Maccaffertium 0 0 0 2 2 6 1 7 0 0 0 0 0 0 0 2 0 0 2 0 0 0 0 6 

Macronychus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 

Malirekus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Mayatrichia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Megaselia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Micrasema 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Molophilus 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 

Nemoura 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Neophylax 1 0 0 0 0 0 3 1 0 0 0 0 0 0 0 9 0 0 0 0 0 3 0 0 
Neoplasta 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Neotrichia 0 0 0 0 0 0 0 0 0 2 2 3 1 0 2 0 0 3 0 5 1 0 0 0 
Nigronia 1 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 2 0 0 0 1 1 

Ochrotrichia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Oemopteryx 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Oligochaeta 0 0 0 1 1 1 3 0 2 13 0 0 0 0 3 1 0 0 1 0 4 1 0 0 

Optioservus 0 4 0 0 0 7 0 0 0 0 0 0 11 1 6 0 1 0 2 4 29 0 0 0 

Ormosia 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Ostrocerca 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Oulimnius 0 0 7 25 15 18 1 9 0 0 0 2 28 9 35 15 0 6 13 16 1 0 37 2 

Paracapnia 0 18 31 0 5 5 12 0 0 0 0 0 0 0 0 7 0 0 8 11 0 2 0 6 
Paraleptophlebia 0 0 34 0 6 0 0 4 0 0 0 0 0 0 0 33 0 0 0 2 0 0 0 0 

Pedicia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Peltoperla 0 0 0 2 2 0 0 0 1 1 0 0 0 1 1 0 0 0 0 0 2 0 0 0 
Perlesta 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Pilaria 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Plauditus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Polycentropus 0 0 0 0 4 1 2 0 0 0 0 0 2 2 0 2 0 1 0 1 0 2 1 1 

Prosimulium 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Prostoia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Psephenus 0 0 2 50 0 3 1 0 0 0 0 0 0 1 0 0 1 0 5 1 3 0 0 3 

Pteronarcys 0 0 1 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 

Pycnopsyche 0 1 1 0 1 3 0 0 0 0 0 5 0 0 0 0 0 0 0 1 0 0 0 0 
Remenus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Rhamphomyia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Rhyacophila 2 1 3 5 10 2 0 5 5 1 5 3 3 12 2 3 8 2 7 3 0 1 4 2 
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Taxon/Stream BIR CRA CRO DAV EAS FRY GRA HCN HUR KEL  KUT  LAB  LLC  LLE  LLW  MCB MIL  POW RFF RIC ROC ROL RUT SPC 

Roederiodes 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Sialis 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 1 0 
Simulium 3 1 0 0 0 0 2 0 1 23 7 0 0 0 2 0 6 2 0 1 0 0 0 1 

Soyedina 0 0 0 0 0 0 0 0 2 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 

Stactobiella 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Stenacron 0 0 5 0 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Stenelmis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 

Stenonema 0 0 0 1 0 3 4 8 0 0 0 0 0 0 0 10 0 0 0 0 0 0 0 0 
Stilobezzia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Stylogomphus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Suwallia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sweltsa 0 3 0 0 1 0 1 0 1 0 0 0 0 1 0 0 0 0 4 0 0 0 0 0 

Tabanus 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 

Taeniopteryx 1 17 0 0 0 0 1 14 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0 11 
Tallaperla 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Tipula 1 3 2 2 0 1 1 0 9 15 7 6 2 1 4 0 3 3 2 1 2 1 0 0 

Wormaldia 0 0 9 0 4 1 0 2 2 0 0 0 0 0 0 3 0 0 0 0 1 5 0 0 
Yugus 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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Table A - 9. Benthic macroinvertebrate taxa counts by stream ï Spring 2013. 
Taxon/Stream BIR COP CRA CRO DAV EAS FRY GRA HCN HUR KEL  KUT  LAB  LLC  LLE  LLW  MCB MIL  POW RFF RIC ROC ROL RUT SPC 

Acentrella 0 0 0 0 0 0 8 1 0 1 0 0 4 0 0 0 0 0 0 72 0 0 0 0 0 

Acerpenna 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Acroneuria 0 1 0 1 0 2 0 3 0 1 0 0 0 0 0 0 5 0 0 0 1 1 0 0 0 

Agapetus 0 0 0 5 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 

Allocapnia 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 1 0 0 0 0 
Ameletus 0 5 0 2 0 0 1 0 0 1 0 0 0 0 3 1 0 0 0 3 0 0 2 2 0 

Amphinemura 77 8 104 16 52 10 68 39 52 29 35 19 64 50 80 77 15 61 60 42 46 127 143 77 63 

Antocha 0 0 0 0 0 1 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Apatania 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Asellus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Atherix 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Atrichopogon 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Attenella 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 

Baetis 5 2 8 0 21 4 2 0 0 0 1 7 17 2 3 0 1 3 3 2 5 2 0 9 7 
Bezzia 0 4 2 2 0 0 0 0 2 0 0 0 0 1 3 0 1 0 0 0 0 1 0 0 0 

Boyeria 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Brachycentrus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Calopteryx 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Ceratopsyche 0 1 14 0 1 2 2 0 0 1 0 0 2 9 0 0 0 0 0 2 6 1 0 0 1 

Chelifera 1 3 0 2 0 0 0 0 3 2 1 9 5 13 0 3 12 6 1 0 0 0 3 2 7 
Cheumatopsyche 5 0 5 0 0 0 3 1 2 0 3 0 1 3 0 0 0 6 0 2 17 2 0 0 0 

Chimarra 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Chironomidae 13 7 8 14 32 27 28 18 39 23 17 24 37 48 24 55 19 20 16 16 23 49 11 7 19 
Chrysops 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Cinygmula 0 0 0 6 0 14 1 0 0 0 0 0 0 0 0 0 3 0 0 0 0 2 0 0 1 

Clinocera 1 0 0 0 0 0 1 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 

Cordulegaster 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Cyrnellus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Dasyhelea 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Dibusa 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Dicranota 0 1 2 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Diphetor 0 0 1 4 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Diplectrona 3 11 26 11 22 8 8 12 1 18 3 8 21 7 10 17 2 3 18 6 8 7 6 19 3 

Diploperla 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Dixa 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Dolophilodes 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 

Drunella 0 5 1 14 7 5 8 15 8 2 0 0 0 2 2 0 2 0 0 14 0 4 0 0 8 
Eccoptura 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Ectopria 0 6 2 3 3 0 1 1 1 1 0 0 1 3 0 1 10 1 1 0 1 1 0 1 1 

Epeorus 0 13 0 16 0 22 5 6 4 4 0 0 0 0 0 1 11 0 0 3 0 0 0 0 6 

Ephemera 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Ephemerella 0 106 3 48 9 10 4 13 49 35 0 0 0 0 4 0 42 2 0 10 0 0 0 0 40 

Eurylophella 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 
Forcipomyia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Glossosoma 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 

Glutops 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Goera 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Haploperla 0 5 7 1 0 2 0 2 0 24 0 0 5 0 1 0 0 0 0 0 0 0 0 0 0 
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Taxon/Stream BIR COP CRA CRO DAV EAS FRY GRA HCN HUR KEL  KUT  LAB  LLC  LLE  LLW  MCB MIL  POW RFF RIC ROC ROL RUT SPC 

Helichus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Hemerodromia 0 0 0 0 0 0 1 3 1 0 0 0 0 4 0 0 3 1 0 0 0 0 0 1 0 
Heptagenia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Hexatoma 0 4 5 3 0 0 0 0 0 2 0 0 1 0 2 0 10 0 0 0 0 0 0 0 0 

Hydropsyche 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 
Hydroptila 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Isonychia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Isoperla 0 2 13 2 1 0 1 0 3 13 0 0 10 2 4 0 1 0 0 3 2 0 1 0 0 
Lanthus 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 5 3 0 0 1 1 0 1 0 

Lepidostoma 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 

Leuctra 39 4 4 2 10 22 13 57 10 30 101 130 36 2 31 3 7 48 75 18 44 5 51 28 46 
Limnophila 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Limonia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Lype 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Maccaffertium 0 0 0 0 0 2 0 0 2 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 2 

Macronychus 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 

Malirekus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Mayatrichia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Megaselia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Micrasema 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Molophilus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Nemoura 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Neophylax 0 0 0 3 0 3 0 1 3 1 0 0 1 1 0 0 1 0 0 0 0 0 0 0 0 
Neoplasta 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Neotrichia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Nigronia 0 0 0 0 0 0 1 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 

Ochrotrichia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Oemopteryx 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Oligochaeta 0 0 1 0 1 0 0 1 0 0 3 0 2 1 0 1 0 0 0 1 1 1 0 0 1 

Optioservus 0 0 1 0 0 0 4 0 0 0 0 0 1 3 0 0 0 2 0 0 1 1 0 0 1 

Ormosia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Ostrocerca 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 

Oulimnius 1 12 0 22 22 23 13 0 5 0 0 0 2 18 4 12 15 0 25 11 9 2 0 31 0 

Paracapnia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Paraleptophlebia 0 1 0 6 0 4 0 2 1 0 0 0 0 0 0 0 16 0 0 0 0 0 0 0 0 

Pedicia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Peltoperla 0 0 1 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
Perlesta 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 

Pilaria 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Plauditus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Polycentropus 0 0 2 0 0 2 0 1 0 0 0 0 1 1 0 0 1 0 0 0 1 0 0 0 0 

Prosimulium 0 0 0 6 0 0 0 1 2 0 0 0 0 0 1 0 1 0 0 1 0 0 0 3 0 

Prostoia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Psephenus 0 0 0 2 7 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Pteronarcys 0 7 0 3 6 3 4 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 

Pycnopsyche 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Remenus 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0 

Rhamphomyia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Rhyacophila 0 3 2 3 1 3 4 2 1 2 0 1 3 5 1 0 1 0 3 0 1 2 1 5 2 
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Taxon/Stream BIR COP CRA CRO DAV EAS FRY GRA HCN HUR KEL  KUT  LAB  LLC  LLE  LLW  MCB MIL  POW RFF RIC ROC ROL RUT SPC 

Roederiodes 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Sialis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Simulium 54 0 0 0 10 0 0 0 0 0 18 0 1 9 0 18 0 24 8 1 12 0 0 9 0 

Soyedina 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Stactobiella 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Stenacron 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Stenelmis 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Stenonema 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Stilobezzia 1 0 0 2 0 0 2 0 3 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 

Stylogomphus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Suwallia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sweltsa 0 0 4 1 0 1 0 2 0 0 0 0 0 0 3 0 0 0 0 2 0 0 0 0 0 

Tabanus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Taeniopteryx 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Tallaperla 0 4 1 1 0 4 0 2 0 0 0 0 0 0 11 0 0 0 3 0 0 0 0 1 0 

Tipula 0 0 3 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 

Wormaldia 0 0 0 0 0 1 0 1 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 
Yugus 0 1 0 2 0 2 0 3 1 1 0 0 0 0 4 0 2 0 4 1 0 0 0 0 0 
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Table A - 10. Benthic macroinvertebrate taxa counts by stream ï Fall 2013. 
Taxon/Stream BIR COP CRA CRO DAV FRY GRA HCN HUR KEL  KUT  LAB  LLC  LLE  LLW  MIL  POW RFF RIC ROC RUT SPC 

Acentrella 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Acerpenna 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Acroneuria 0 3 6 2 0 0 2 0 4 0 0 0 2 3 0 0 0 1 2 0 0 1 

Agapetus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Allocapnia 134 6 0 8 2 79 21 35 36 47 18 75 51 58 29 119 142 84 98 77 138 57 
Ameletus 0 7 0 3 0 0 2 0 2 0 0 0 0 0 1 0 0 0 0 0 0 1 

Amphinemura 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Antocha 0 0 0 0 0 1 0 3 5 1 0 0 0 0 0 0 0 1 0 0 0 0 
Apatania 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Asellus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Atherix 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 

Atrichopogon 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Attenella 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Baetis 0 0 7 0 41 3 2 0 1 1 6 16 0 0 0 1 3 14 0 0 0 0 
Bezzia 0 1 1 1 0 1 0 1 3 0 0 0 2 3 0 1 0 0 0 2 0 0 

Boyeria 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Brachycentrus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Calopteryx 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Ceratopsyche 0 4 47 6 14 25 18 0 3 0 1 2 41 0 24 0 0 37 10 31 0 5 

Chelifera 0 0 1 0 0 0 0 7 0 0 1 0 0 0 0 0 0 0 0 1 0 1 
Cheumatopsyche 23 0 23 0 0 5 3 1 1 22 4 6 16 0 1 14 0 4 37 26 0 6 

Chimarra 2 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 

Chironomidae 9 21 19 15 3 7 14 105 8 13 30 33 30 12 12 7 18 10 4 11 5 4 
Chrysops 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Cinygmula 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Clinocera 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Cordulegaster 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Cyrnellus 0 2 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Dasyhelea 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Dibusa 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Dicranota 0 2 2 1 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
Diphetor 0 0 2 9 0 0 0 0 19 2 0 0 0 0 0 0 0 0 0 0 0 0 

Diplectrona 0 32 19 16 31 24 45 2 47 44 97 44 27 50 59 32 27 21 23 40 24 55 

Diploperla 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Dixa 0 0 0 1 0 0 0 0 0 0 0 1 0 3 0 0 0 0 0 0 0 0 

Dolophilodes 0 2 5 12 2 1 2 1 2 1 0 2 7 0 0 0 2 1 0 1 0 6 

Drunella 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Eccoptura 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 

Ectopria 0 3 1 0 8 0 0 0 0 3 4 2 0 1 7 0 1 0 0 0 0 0 

Epeorus 0 5 0 7 0 0 1 0 9 0 0 0 0 0 0 0 0 1 0 0 0 0 

Ephemera 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Ephemerella 0 30 1 8 3 0 7 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 

Eurylophella 0 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 2 
Forcipomyia 0 0 0 0 0 0 0 0 0 3 0 0 0 0 1 0 0 1 0 0 0 0 

Glossosoma 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Glutops 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Goera 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Haploperla 0 1 1 4 0 0 1 0 11 0 0 1 0 2 0 0 0 0 0 0 0 0 
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Taxon/Stream BIR COP CRA CRO DAV FRY GRA HCN HUR KEL  KUT  LAB  LLC  LLE  LLW  MIL  POW RFF RIC ROC RUT SPC 

Helichus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Hemerodromia 0 0 0 0 0 0 1 3 1 1 2 0 1 0 1 0 0 0 0 1 0 0 
Heptagenia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Hexatoma 0 2 0 0 0 0 0 1 3 0 0 0 1 1 0 0 0 0 0 0 2 1 

Hydropsyche 7 0 5 0 5 0 0 0 2 2 1 0 2 2 2 1 1 0 1 1 1 0 
Hydroptila 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Isonychia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Isoperla 0 7 0 0 2 0 0 0 6 0 0 0 3 3 0 0 1 0 0 0 0 0 
Lanthus 0 0 0 0 1 1 2 1 1 3 0 0 0 0 0 3 1 0 0 0 1 1 

Lepidostoma 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Leuctra 0 9 2 2 2 0 0 1 5 28 8 2 0 7 0 0 6 0 1 3 9 3 
Limnophila 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Limonia 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 

Lype 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 2 0 
Maccaffertium 0 1 0 0 4 0 1 14 0 0 0 5 0 0 0 0 0 0 0 0 0 1 

Macronychus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Malirekus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Mayatrichia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Megaselia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Micrasema 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Molophilus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Nemoura 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Neophylax 0 2 0 5 3 0 3 2 0 0 1 0 0 3 0 0 0 0 0 0 1 0 
Neoplasta 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Neotrichia 0 0 0 0 0 1 0 0 0 0 0 1 1 0 2 0 0 1 0 0 1 0 
Nigronia 0 1 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 2 

Ochrotrichia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Oemopteryx 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Oligochaeta 0 0 0 2 2 0 0 0 0 0 0 0 0 0 2 0 0 0 0 3 1 0 

Optioservus 0 0 4 0 1 0 0 1 0 0 0 2 2 0 7 0 0 2 2 9 0 0 

Ormosia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Ostrocerca 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Oulimnius 0 13 0 2 28 10 2 2 3 2 0 0 10 4 34 0 2 5 5 0 20 4 

Paracapnia 0 5 34 43 0 1 48 0 0 0 0 0 0 1 0 0 0 2 0 0 0 11 
Paraleptophlebia 0 6 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Pedicia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Peltoperla 0 14 0 0 2 0 1 0 2 1 0 0 1 7 1 0 0 0 0 0 2 0 
Perlesta 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Pilaria 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Plauditus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Polycentropus 0 0 1 0 0 0 0 2 0 0 0 0 0 4 0 1 0 0 0 0 0 2 

Prosimulium 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Prostoia 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 
Psephenus 0 0 0 0 26 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 

Pteronarcys 0 0 0 3 3 1 0 0 0 0 0 0 1 0 0 0 1 1 0 0 0 0 

Pycnopsyche 0 0 0 0 0 1 3 4 1 1 0 4 0 0 0 1 0 2 0 0 0 0 
Remenus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Rhamphomyia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Rhyacophila 2 2 1 4 7 12 4 5 4 3 19 9 2 10 2 5 5 5 2 1 6 10 
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Taxon/Stream BIR COP CRA CRO DAV FRY GRA HCN HUR KEL  KUT  LAB  LLC  LLE  LLW  MIL  POW RFF RIC ROC RUT SPC 

Roederiodes 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Sialis 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
Simulium 0 0 0 0 0 1 0 1 0 3 0 0 0 0 1 0 0 0 0 0 0 0 

Soyedina 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Stactobiella 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Stenacron 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Stenelmis 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Stenonema 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Stilobezzia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Stylogomphus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Suwallia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sweltsa 0 1 0 0 1 0 2 0 1 0 0 0 0 1 0 0 0 3 0 0 0 0 

Tabanus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Taeniopteryx 1 0 4 0 0 3 0 6 0 4 0 1 3 0 9 1 0 0 4 2 0 16 
Tallaperla 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 

Tipula 8 1 0 2 1 1 0 2 0 2 5 2 0 0 1 4 0 3 0 1 0 0 

Wormaldia 0 3 0 5 0 0 2 0 4 1 0 4 0 2 0 0 0 0 0 0 1 3 
Yugus 0 0 0 3 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
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Table A - 11. Benthic macroinvertebrate taxa counts by stream ï Spring 2014. 
Taxon/Stream BIR COP CRA CRO DAV EAS FRY GRA HCN HUR KEL  KUT  LAB  LLC  LLE  LLW  MCB MIL  POW RFF RIC ROC ROL RUT SPC 

Acentrella 1 0 47 2 34 0 17 35 4 8 0 0 22 0 0 4 0 0 0 31 1 3 0 2 23 

Acerpenna 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Acroneuria 6 4 3 1 0 5 0 2 0 5 0 0 0 4 0 0 3 0 0 2 2 0 0 2 0 

Agapetus 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 

Allocapnia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Ameletus 0 4 0 7 0 0 2 0 0 0 0 0 0 0 8 0 0 0 1 0 0 0 2 3 0 

Amphinemura 110 18 40 11 27 15 89 44 22 26 123 42 32 92 94 127 32 133 87 67 59 124 52 72 65 

Antocha 0 0 0 0 0 0 3 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
Apatania 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Asellus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Atherix 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Atrichopogon 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Attenella 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Baetis 3 9 18 1 4 0 6 0 0 0 15 1 16 0 3 0 3 0 2 7 0 5 0 2 2 
Bezzia 0 2 2 1 0 1 0 0 0 0 0 0 1 1 0 0 0 0 0 1 0 0 0 0 0 

Boyeria 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Brachycentrus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Calopteryx 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Ceratopsyche 0 2 24 2 1 5 4 1 0 1 0 0 1 21 0 2 1 0 0 12 7 3 3 0 0 

Chelifera 0 0 1 0 0 1 0 0 9 5 0 6 4 1 6 2 8 6 6 3 3 0 0 0 1 
Cheumatopsyche 0 0 2 0 0 0 2 1 0 0 2 0 0 10 0 0 0 0 0 8 28 1 0 1 1 

Chimarra 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Chironomidae 2 29 19 16 18 21 10 24 9 20 0 46 17 34 7 18 19 10 6 13 49 18 13 2 36 
Chrysops 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Cinygmula 0 1 0 2 0 7 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 

Clinocera 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 

Cordulegaster 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Cyrnellus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 
Dasyhelea 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Dibusa 0 0 0 0 0 0 0 0 2 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 

Dicranota 0 0 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Diphetor 0 0 0 3 0 0 0 0 0 3 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 

Diplectrona 1 12 18 16 14 21 15 21 0 30 12 23 15 15 8 7 21 5 23 18 10 12 12 17 10 

Diploperla 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Dixa 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 1 1 0 0 0 0 0 0 0 

Dolophilodes 0 0 0 0 0 0 1 0 0 2 0 0 5 1 0 0 1 0 0 0 0 0 3 0 0 

Drunella 0 3 2 10 2 6 9 7 9 0 0 0 0 0 0 0 2 0 0 5 0 3 0 0 2 
Eccoptura 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 

Ectopria 0 9 0 6 9 3 1 2 7 1 2 0 1 1 2 5 3 5 1 2 1 1 0 1 2 

Epeorus 0 17 1 18 9 34 4 10 1 1 0 0 0 0 3 0 8 0 0 2 0 1 0 0 5 

Ephemera 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Ephemerella 0 54 1 50 10 25 7 27 32 46 0 0 1 1 5 1 33 0 0 3 0 1 1 0 20 

Eurylophella 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Forcipomyia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Glossosoma 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Glutops 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Goera 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Haploperla 0 6 4 3 0 0 0 4 0 25 0 0 19 0 5 0 1 0 0 0 0 0 2 0 0 
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Taxon/Stream BIR COP CRA CRO DAV EAS FRY GRA HCN HUR KEL  KUT  LAB  LLC  LLE  LLW  MCB MIL  POW RFF RIC ROC ROL RUT SPC 

Helichus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Hemerodromia 0 0 0 0 0 0 0 0 4 1 0 0 0 2 0 5 1 2 2 0 1 0 1 0 0 
Heptagenia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Hexatoma 0 1 1 1 0 2 0 0 0 1 0 0 0 1 0 0 8 0 1 0 2 0 0 0 0 

Hydropsyche 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 1 0 0 0 
Hydroptila 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Isonychia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Isoperla 0 1 0 4 2 0 3 0 0 7 1 0 6 1 0 2 5 0 0 5 0 0 0 2 2 
Lanthus 3 2 1 0 0 0 1 1 0 0 9 0 0 0 0 0 6 2 1 0 0 0 1 1 1 

Lepidostoma 0 0 0 1 0 1 0 0 0 0 0 0 1 0 0 0 2 0 0 0 0 0 0 0 0 

Leuctra 76 13 6 2 13 13 17 8 1 32 28 92 65 4 29 8 6 7 35 8 9 0 120 45 31 
Limnophila 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Limonia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Lype 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
Maccaffertium 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 1 

Macronychus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Malirekus 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Mayatrichia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Megaselia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Micrasema 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Molophilus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Nemoura 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Neophylax 0 0 0 0 0 1 0 1 1 1 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 
Neoplasta 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Neotrichia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Nigronia 2 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 1 1 0 0 0 3 

Ochrotrichia 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 

Oemopteryx 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Oligochaeta 1 0 1 1 1 0 0 0 1 0 0 1 0 0 0 0 0 2 1 0 1 0 0 0 0 

Optioservus 0 0 4 0 0 0 0 1 2 0 0 0 0 1 0 0 0 0 0 4 4 5 0 0 0 

Ormosia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Ostrocerca 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Oulimnius 0 22 2 15 13 18 5 2 13 3 0 0 3 1 6 24 5 0 26 8 5 0 0 22 2 

Paracapnia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Paraleptophlebia 0 0 0 4 0 3 0 0 0 0 0 0 0 0 0 0 13 0 0 0 0 0 0 0 0 

Pedicia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Peltoperla 0 2 0 0 2 0 0 0 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0 1 0 
Perlesta 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Pilaria 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Plauditus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Polycentropus 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 3 0 1 0 0 0 1 0 2 

Prosimulium 0 0 0 2 0 5 0 2 71 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 

Prostoia 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 2 0 0 0 
Psephenus 0 0 0 0 28 0 2 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 1 

Pteronarcys 0 0 0 6 2 5 4 0 3 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 

Pycnopsyche 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Remenus 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 

Rhamphomyia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Rhyacophila 1 1 1 5 1 1 3 2 4 0 0 6 2 1 0 2 2 2 3 3 3 0 2 1 2 
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Taxon/Stream BIR COP CRA CRO DAV EAS FRY GRA HCN HUR KEL  KUT  LAB  LLC  LLE  LLW  MCB MIL  POW RFF RIC ROC ROL RUT SPC 

Roederiodes 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Sialis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 
Simulium 0 1 2 2 2 0 1 4 0 0 22 1 2 10 3 7 0 28 4 1 20 28 0 16 5 

Soyedina 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Stactobiella 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Stenacron 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Stenelmis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 

Stenonema 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
Stilobezzia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Stylogomphus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Suwallia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sweltsa 0 2 1 0 1 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 

Tabanus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Taeniopteryx 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Tallaperla 0 2 0 0 1 7 0 1 0 2 0 0 0 0 3 0 1 0 2 0 0 0 0 0 1 

Tipula 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 1 0 0 1 0 0 0 

Wormaldia 0 0 0 0 0 0 0 0 0 0 0 0 2 0 1 0 1 0 1 0 0 0 0 0 0 
Yugus 0 3 0 1 0 0 0 0 0 0 0 0 0 0 2 0 0 0 3 0 0 0 0 0 0 
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Table A - 12. Benthic macroinvertebrate taxa counts by stream ï Fall 2015. 
Taxon/Stream BIR COP CRA CRO EAS FRY GRA HCN HUR KEL  KUT  LAB  LLC  LLE  LLW  MCB MIL  POW RFF RIC ROC ROL RUT SPC 

Acentrella 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Acerpenna 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Acroneuria 0 0 1 2 3 1 9 0 1 0 0 1 1 2 0 0 0 0 0 0 1 0 2 1 

Agapetus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Allocapnia 144 16 2 15 16 76 50 85 80 4 17 28 118 58 43 4 53 155 51 63 59 66 81 61 
Ameletus 1 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Amphinemura 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Antocha 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Apatania 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Asellus 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 

Atherix 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Atrichopogon 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Attenella 0 67 0 0 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Baetis 0 1 16 4 0 1 0 0 12 0 0 2 0 0 0 1 1 0 2 0 6 4 0 0 
Bezzia 0 0 1 0 2 0 0 6 3 0 0 1 0 3 0 3 0 0 0 0 0 17 0 0 

Boyeria 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Brachycentrus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Calopteryx 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 

Ceratopsyche 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 0 15 0 1 0 

Chelifera 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cheumatopsyche 13 7 11 2 0 10 9 6 0 21 20 10 20 1 10 0 5 0 13 38 33 0 10 14 

Chimarra 7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 

Chironomidae 5 11 17 14 43 6 8 29 17 17 8 11 21 10 12 65 76 5 4 8 25 24 5 8 
Chrysops 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 

Cinygmula 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Clinocera 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 

Cordulegaster 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 

Cyrnellus 0 0 0 2 3 2 0 1 0 4 0 0 6 0 0 0 0 0 2 2 1 0 0 0 
Dasyhelea 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Dibusa 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Dicranota 1 0 0 0 2 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 3 0 0 
Diphetor 0 1 3 0 0 0 0 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Diplectrona 9 16 33 7 21 44 52 2 16 56 112 90 16 19 52 4 40 23 35 13 30 3 44 52 

Diploperla 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
Dixa 0 2 0 0 0 0 0 0 5 1 1 1 0 2 1 1 2 0 0 0 0 1 0 0 

Dolophilodes 0 3 12 0 1 1 6 0 2 0 0 5 10 0 0 0 4 0 1 0 12 0 0 2 

Drunella 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Eccoptura 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 3 0 1 

Ectopria 0 5 0 7 4 1 4 6 1 1 2 3 0 2 9 8 0 4 0 1 1 3 7 0 

Epeorus 0 5 0 0 28 0 0 0 3 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 

Ephemera 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 

Ephemerella 0 4 0 0 10 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 

Eurylophella 0 0 0 7 3 2 1 2 1 0 0 0 0 0 0 28 0 0 0 0 0 0 0 0 
Forcipomyia 2 0 0 0 0 0 0 0 1 0 0 1 0 1 0 0 0 0 0 0 0 1 0 0 

Glossosoma 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 

Glutops 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Goera 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Haploperla 0 1 0 1 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 
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Taxon/Stream BIR COP CRA CRO EAS FRY GRA HCN HUR KEL  KUT  LAB  LLC  LLE  LLW  MCB MIL  POW RFF RIC ROC ROL RUT SPC 

Helichus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Hemerodromia 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 7 0 0 0 
Heptagenia 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Hexatoma 0 2 1 2 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 

Hydropsyche 2 7 28 3 2 26 8 3 0 0 0 4 13 2 10 0 1 0 41 21 0 5 7 5 
Hydroptila 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 

Isonychia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 

Isoperla 0 2 1 2 0 0 1 2 3 0 0 1 0 7 0 4 0 0 0 2 0 0 0 0 
Lanthus 1 1 0 1 0 0 6 0 2 4 0 2 0 0 0 0 0 2 0 0 0 1 2 0 

Lepidostoma 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Leuctra 0 0 3 0 7 1 14 1 6 48 2 2 1 6 0 5 0 0 0 0 0 10 0 0 
Limnophila 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Limonia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Lype 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Maccaffertium 0 3 0 7 0 1 14 6 1 0 0 2 0 0 0 11 0 0 5 0 0 0 0 6 

Macronychus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 

Malirekus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Mayatrichia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Megaselia 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 2 0 0 0 0 0 0 

Micrasema 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 
Molophilus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 

Nemoura 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Neophylax 0 0 0 0 0 0 2 0 2 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
Neoplasta 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 

Neotrichia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Nigronia 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 2 0 0 0 0 0 

Ochrotrichia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Oemopteryx 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Oligochaeta 1 0 0 1 9 0 0 4 0 18 4 0 0 0 1 0 0 0 0 0 0 3 0 0 

Optioservus 1 13 0 11 9 14 8 0 1 0 0 2 3 7 22 0 0 5 16 12 0 1 14 3 

Ormosia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Ostrocerca 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Oulimnius 0 0 0 0 0 0 0 11 0 0 0 0 0 0 0 3 0 0 0 0 5 0 0 0 

Paracapnia 0 28 32 41 7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 
Paraleptophlebia 0 4 0 28 15 0 1 4 0 0 0 2 0 0 0 18 0 0 0 0 0 1 0 0 

Pedicia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Peltoperla 0 0 2 0 2 0 0 0 0 0 0 0 0 16 8 0 0 0 0 0 0 0 0 0 
Perlesta 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Pilaria 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Plauditus 0 0 11 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
Polycentropus 0 0 0 0 0 0 0 4 0 0 0 1 0 0 1 1 0 0 0 0 0 0 0 1 

Prosimulium 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Prostoia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Psephenus 0 0 0 2 0 3 6 0 1 0 0 2 1 0 0 0 0 0 1 0 0 0 0 1 

Pteronarcys 0 0 0 1 2 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 

Pycnopsyche 0 0 1 13 1 0 0 0 0 2 0 3 0 0 0 14 0 0 0 0 0 14 0 0 
Remenus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Rhamphomyia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 

Rhyacophila 4 8 3 2 12 0 1 0 1 18 13 5 3 7 5 0 10 1 5 2 1 0 9 6 
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Taxon/Stream BIR COP CRA CRO EAS FRY GRA HCN HUR KEL  KUT  LAB  LLC  LLE  LLW  MCB MIL  POW RFF RIC ROC ROL RUT SPC 

Roederiodes 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 2 0 0 0 0 0 0 0 

Sialis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 
Simulium 0 0 0 0 0 0 0 0 0 3 2 0 0 0 0 0 2 0 0 0 0 0 0 0 

Soyedina 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Stactobiella 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Stenacron 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 

Stenelmis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Stenonema 0 0 0 9 0 0 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Stilobezzia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Stylogomphus 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 6 0 0 

Suwallia 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sweltsa 0 0 4 0 1 0 0 1 3 0 0 0 0 10 0 0 0 0 2 0 0 0 0 0 

Tabanus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Taeniopteryx 0 0 7 0 1 1 0 17 9 0 0 0 0 2 9 0 0 0 3 37 0 0 0 25 
Tallaperla 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Tipula 0 3 2 0 0 3 0 3 5 1 0 3 1 6 6 0 4 1 0 2 1 0 5 2 

Wormaldia 0 0 6 1 3 0 3 0 1 0 0 3 0 8 1 0 0 0 0 0 0 0 4 0 
Yugus 0 5 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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Table A - 13. Benthic macroinvertebrate taxa counts by stream ï Spring 2016. 
Taxon/Stream BIR COP CRA CRO EAS FRY GRA HCN HUR KEL  KUT  LAB  LLC  LLE  LLW  MCB MIL  POW RFF RIC ROC ROL RUT SPC 

Acentrella 0 0 35 2 0 25 30 19 0 1 0 5 0 3 8 0 0 0 58 1 3 0 7 27 

Acerpenna 0 0 2 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
Acroneuria 0 0 0 3 0 3 5 0 0 0 0 0 1 1 0 2 0 0 1 2 0 2 2 0 

Agapetus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Allocapnia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Ameletus 0 0 0 1 2 0 0 0 0 0 0 0 0 6 0 0 0 1 0 0 0 1 0 0 

Amphinemura 117 15 37 4 8 40 17 3 39 47 10 42 25 57 21 11 41 66 31 30 14 97 52 14 

Antocha 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
Apatania 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Asellus 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Atherix 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Atrichopogon 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Attenella 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Baetis 30 8 25 16 5 10 4 0 0 1 0 3 0 3 0 15 3 21 11 0 16 0 1 6 
Bezzia 0 2 2 1 1 0 0 0 2 0 0 4 1 0 0 1 0 0 1 0 0 0 0 0 

Boyeria 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 

Brachycentrus 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Calopteryx 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Ceratopsyche 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 3 0 

Chelifera 0 0 0 2 0 0 0 0 0 0 0 2 0 0 6 0 3 4 0 1 0 2 1 2 
Cheumatopsyche 2 0 3 0 0 0 0 0 0 1 1 0 3 0 0 0 1 0 1 23 1 0 1 0 

Chimarra 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Chironomidae 16 41 40 52 26 40 20 71 21 22 66 46 83 34 66 34 57 15 23 48 108 27 29 43 
Chrysops 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Cinygmula 0 0 0 0 14 0 2 0 2 0 0 0 0 0 0 2 0 0 1 0 0 0 0 0 

Clinocera 0 1 1 0 0 0 0 5 0 0 0 0 0 0 1 0 0 0 0 0 1 0 1 0 

Cordulegaster 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Cyrnellus 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 3 0 0 0 0 0 
Dasyhelea 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Dibusa 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 

Dicranota 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Diphetor 2 3 0 3 0 0 0 0 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Diplectrona 2 8 16 8 5 2 12 0 9 2 25 15 3 2 12 7 4 13 9 0 3 3 6 3 

Diploperla 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Dixa 0 1 0 1 0 0 0 0 2 0 0 0 0 2 0 0 0 1 0 0 0 0 0 0 

Dolophilodes 2 2 0 0 0 2 7 3 13 0 0 3 10 0 0 12 2 0 7 0 12 0 0 8 

Drunella 0 4 0 1 3 5 6 1 0 0 0 0 1 0 0 2 0 0 7 0 0 0 0 1 
Eccoptura 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Ectopria 1 5 0 3 1 0 0 0 0 2 4 1 1 0 0 2 1 1 1 0 0 2 2 0 

Epeorus 0 13 0 5 65 1 1 0 1 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 

Ephemera 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Ephemerella 0 36 3 18 11 6 10 4 10 0 0 0 0 2 0 20 0 0 2 0 0 0 1 11 

Eurylophella 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 
Forcipomyia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Glossosoma 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Glutops 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
Goera 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Haploperla 0 1 9 1 0 0 1 0 12 0 0 9 0 2 0 2 0 1 1 0 1 0 0 0 
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Taxon/Stream BIR COP CRA CRO EAS FRY GRA HCN HUR KEL  KUT  LAB  LLC  LLE  LLW  MCB MIL  POW RFF RIC ROC ROL RUT SPC 

Helichus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Hemerodromia 0 1 0 1 0 0 0 0 1 1 0 0 3 0 0 3 3 0 0 1 1 0 2 0 
Heptagenia 0 0 0 1 3 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Hexatoma 0 0 0 1 2 0 0 0 3 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 

Hydropsyche 1 0 6 0 1 3 4 0 1 0 0 0 9 0 3 0 0 0 8 3 5 0 0 0 
Hydroptila 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Isonychia 0 0 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Isoperla 0 2 1 2 1 3 0 1 5 0 0 1 3 5 1 5 0 0 4 0 0 3 1 3 
Lanthus 1 0 0 0 0 0 0 0 0 1 1 1 0 0 0 2 0 2 0 3 0 0 1 0 

Lepidostoma 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Leuctra 30 9 7 12 13 20 57 17 52 93 72 36 10 44 15 9 72 48 7 72 8 77 63 52 
Limnophila 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Limonia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Lype 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Maccaffertium 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 

Macronychus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Malirekus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Mayatrichia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Megaselia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Micrasema 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Molophilus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Nemoura 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Neophylax 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Neoplasta 2 1 0 5 1 0 1 0 3 2 1 0 1 3 8 3 3 4 0 3 0 0 0 0 

Neotrichia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Nigronia 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 

Ochrotrichia 0 0 0 0 0 0 0 0 0 0 11 0 0 0 0 0 0 1 0 1 0 0 0 0 

Oemopteryx 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Oligochaeta 1 0 0 0 0 7 1 6 1 9 7 5 5 2 4 0 2 0 12 1 5 5 1 6 

Optioservus 1 16 0 14 23 12 1 5 1 0 0 11 4 16 31 18 0 22 25 3 1 1 16 0 

Ormosia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Ostrocerca 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Oulimnius 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Paracapnia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Paraleptophlebia 0 0 0 11 3 0 0 1 0 0 0 2 0 0 0 19 0 0 0 0 0 0 0 0 

Pedicia 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Peltoperla 0 0 0 0 2 0 1 0 0 0 0 0 0 2 5 1 0 0 0 0 0 0 0 0 
Perlesta 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Pilaria 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Plauditus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Polycentropus 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 

Prosimulium 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Prostoia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Psephenus 0 0 0 2 0 3 2 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 

Pteronarcys 0 3 0 1 7 2 0 2 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 

Pycnopsyche 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Remenus 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Rhamphomyia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Rhyacophila 1 1 2 0 3 1 1 0 0 1 4 1 2 1 0 0 1 0 1 0 2 0 1 1 
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Taxon/Stream BIR COP CRA CRO EAS FRY GRA HCN HUR KEL  KUT  LAB  LLC  LLE  LLW  MCB MIL  POW RFF RIC ROC ROL RUT SPC 

Roederiodes 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 

Sialis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Simulium 3 1 0 2 0 0 2 49 1 11 0 1 13 3 2 0 14 7 1 0 1 0 2 0 

Soyedina 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Stactobiella 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Stenacron 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 

Stenelmis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Stenonema 0 2 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Stilobezzia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Stylogomphus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Suwallia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sweltsa 0 0 2 1 0 0 0 0 5 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 

Tabanus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Taeniopteryx 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 5 0 0 0 1 
Tallaperla 0 0 0 0 5 0 1 0 0 0 0 0 0 16 0 0 0 1 0 0 0 0 0 0 

Tipula 0 0 0 0 1 0 1 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 

Wormaldia 3 2 0 3 5 3 7 4 11 0 0 3 9 0 0 0 0 0 5 1 13 0 1 10 
Yugus 0 1 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 
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Table A - 14. Benthic macroinvertebrate metrics by stream ï Fall 2011. 
Metric/Stream BIR COP CRA CRO DAV EAS FRY GRA HCN HUR KEL  KUT  LAB  LLC  LLE  LLW  MCB MIL  POW RFF RIC ROC ROL RUT SPC 

No. Total Taxa 13 31 22 27 15 28 24 18 24 24 15 13 20 19 15 15 30 17 11 26 17 19 21 19 18 

No. Ephemeroptera 
Taxa 

0 6 2 4 1 7 3 1 3 2 0 1 2 0 0 0 7 0 1 3 0 1 1 0 1 

No. Ephemeroptera 

Taxa less 
Baetidae 

0 5 0 3 0 6 1 1 3 1 0 0 1 0 0 0 6 0 0 2 0 0 1 0 1 

No. Ephemeroptera, 

Plecoptera, and 
Trichoptera 

(EPT) Taxa 

7 21 15 16 8 22 15 13 13 16 9 9 12 10 11 6 21 9 4 16 11 13 13 11 12 

No. Plecoptera Taxa 1 9 7 6 3 8 6 6 2 7 3 4 4 4 6 2 8 2 2 6 3 3 5 3 5 

No. Trichoptera 

Taxa 
6 6 6 6 4 7 6 6 8 7 6 4 6 6 5 4 6 7 1 7 8 9 7 8 6 

No. Coleoptera Taxa 2 2 2 3 3 2 4 1 4 2 1 1 3 3 1 2 2 2 2 4 0 3 2 2 3 
No. Diptera Taxa 4 7 5 6 2 3 3 2 7 3 4 3 5 5 3 6 5 3 5 5 5 3 5 4 1 

% Ephemeroptera 0 11.3 5.3 11.4 17.4 17 8.2 2.9 6.8 1.4 0 6.6 1.1 0 0 0 26.1 0 4.2 3.2 0 1.1 1 0 2 

% Ephemeroptera 
less Baetidae 

0 9.7 0 9.8 0 15.9 7.3 2.9 6.8 0.9 0 0 0.5 0 0 0 25.6 0 0 1.1 0 0 1 0 2 

% EPT Taxa 77.4 66.7 82.4 71.7 59.5 75.3 75.9 83.5 55.8 82.7 79.5 86.3 75.3 63.0 88.9 75.1 71.5 84.1 85.9 77.2 82.9 71.8 83.5 75.0 86.4 

% Plecoptera 13.8 21.5 18.6 22.8 2.6 21.4 10.9 38.3 27.9 16.8 35.7 19.8 22.1 7.7 38.3 2.6 29.5 30.9 46.6 21.7 9.8 5.5 49.5 12.5 49.7 
% Trichoptera 63.6 33.8 58.5 37.5 39.5 36.8 56.8 42.2 21.1 64.5 43.8 59.9 52.1 55.2 50.6 72.5 15.9 53.1 35.1 52.4 73.2 65.2 33 62.5 34.7 

% Chironomidae 17.4 9.7 6.4 9.8 3.7 15.9 4.1 9.7 29.5 7.7 9.2 9.3 14.7 8.3 2.8 11.9 13 7.2 3.7 11.1 9.3 2.2 10 7.6 8 

% 2 Dominant Taxa 63.1 33.3 37.2 41.8 57.4 34.6 33.2 51.9 46.8 65 59.5 68.1 55.3 34.3 73.3 71.5 29.5 58.9 78 35.4 56.6 43.6 66.5 56.5 62.3 
% 5 Dominant Taxa 93.3 52.3 63.8 67.9 85.3 57.7 62.3 72.8 75.8 80.5 82.7 87.4 79.5 63 86.7 89.6 56 82.6 89.5 66.7 80.5 78.5 83.5 75 79.9 

Pielou's Evenness 0.633 0.840 0.823 0.768 0.697 0.834 0.808 0.778 0.723 0.580 0.720 0.621 0.689 0.842 0.618 0.565 0.843 0.706 0.629 0.792 0.689 0.767 0.620 0.701 0.693 

Shannon Diversity 1.62 2.89 2.54 2.53 1.89 2.78 2.57 2.25 2.30 1.85 1.95 1.59 2.06 2.48 1.68 1.53 2.87 2.00 1.51 2.58 1.95 2.26 1.89 2.06 2.00 

Simpson Diversity 0.723 0.909 0.892 0.877 0.783 0.910 0.899 0.840 0.846 0.667 0.798 0.659 0.787 0.895 0.704 0.618 0.919 0.801 0.686 0.890 0.754 0.853 0.739 0.754 0.776 

No. Predator Taxa 2 9 5 9 2 9 6 5 5 9 4 1 5 4 6 2 10 3 2 5 4 4 7 5 4 
No. Scraper Taxa 1 5 2 5 3 6 6 2 6 3 2 2 4 3 1 2 6 3 2 7 0 4 3 2 4 

No. Shredder Taxa 2 6 7 4 3 5 4 5 4 5 3 5 3 3 4 4 6 3 3 5 3 2 4 3 4 

% Predators 2.1 18.5 11.2 9.8 1.1 19.8 10.9 8.7 3.7 13.6 10.3 3.3 3.7 2.2 7.2 1.6 15.5 6.3 1 11.1 4.4 4.4 10.5 8.2 4.5 
% Scrapers 0.5 7.2 1.6 11.4 31.1 13.2 22.7 4.4 13.2 1.8 2.2 2.2 3.7 10.5 1.1 3.1 14.5 1.9 6.3 4.2 0 23.2 6 8.2 6 

% Shredders 16.9 23.6 16 21.2 4.7 15.9 9.5 35.4 30 13.2 36.2 22 24.2 19.3 39.4 9.8 24.6 32.4 48.2 20.1 10.2 3.3 46.5 13.6 48.7 
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Table A - 15. Benthic macroinvertebrate metrics by stream ï Spring 2012. 
Metric/Stream BIR COP CRA CRO DAV EAS FRY GRA HCN HUR KEL  KUT  LAB  LL C LLE  LLW  MCB MIL  POW RFF RIC ROC ROL RUT SPC 

No. Total Taxa 13 30 18 24 20 25 28 26 25 28 10 9 18 19 22 15 29 18 15 21 19 20 13 19 20 

No. Ephemeroptera 
Taxa 

1 8 4 8 5 6 6 8 6 6 1 1 2 2 4 1 9 1 1 6 1 2 2 3 4 

No. Ephemeroptera 

Taxa less 
Baetidae 

0 6 2 7 3 5 4 6 5 4 0 0 0 1 2 0 8 0 0 4 0 1 0 1 2 

No. Ephemeroptera, 

Plecoptera, and 
Trichoptera 

(EPT) Taxa 

7 20 13 17 14 19 16 18 16 18 6 5 12 13 15 8 18 9 8 14 12 12 11 10 14 

No. Plecoptera Taxa 2 8 6 5 5 8 6 4 4 6 2 2 5 3 9 3 4 3 4 4 5 4 5 2 6 

No. Trichoptera 

Taxa 
4 4 3 4 4 5 4 6 6 6 3 2 5 8 2 4 5 5 3 4 6 6 4 5 4 

No. Coleoptera Taxa 1 2 2 3 2 2 4 3 2 3 0 0 1 1 1 2 3 2 2 2 2 2 1 2 3 
No. Diptera Taxa 4 6 3 3 3 4 6 4 7 6 3 3 3 4 5 4 6 5 3 4 4 4 1 5 2 

% Ephemeroptera 17.3 34.7 47.8 49.8 27.9 40 24.6 24.1 36.8 20.1 2.6 21.9 27.6 3.6 4.2 1.8 42.1 2.3 18.6 56.6 20.5 11.5 22.8 5.2 22.7 

% Ephemeroptera 
less Baetidae 

0 19 2 22 10.9 35.5 16.4 14.5 26.8 18.7 0 0 0 3.1 2.6 0 39.7 0 0 7.1 0 0.5 0 1.5 3.7 

% EPT Taxa 72.3 63.0 88.3 73.7 75.6 77.0 76.9 88.2 56.8 89.0 91.7 85.2 88.1 50.8 83.6 45.5 63.6 79.0 83.2 88.3 86.0 51.5 95.7 77.8 86.1 

% Plecoptera 43.6 14.8 31.2 7.3 33.3 22 45.1 47.7 16.8 57.1 82.9 61.2 50 20.2 71.4 27.7 15.8 64.8 60.5 11.2 48.5 14.5 62 66 55.6 
% Trichoptera 11.4 13.4 9.3 16.6 14.4 15 7.2 16.4 3.2 11.9 6.2 2 10.5 26.9 7.9 15.9 5.7 11.9 4.1 20.4 17 25.5 10.9 6.7 7.9 

% Chironomidae 12.7 25.9 9.8 10.2 2.5 12 7.7 5 10.5 3.2 5.7 12.8 8.1 25.9 8.5 37.3 12.9 10.5 5.5 5.6 8.5 31 0 4.6 10.6 

% 2 Dominant Taxa 43.6 37 68.8 38 38.3 32 48.7 53.6 43.6 44.7 85.5 79.6 48.1 43.5 59.8 62.3 31.1 64.4 60.5 49.5 61 48.5 56 69.1 63.4 
% 5 Dominant Taxa 83.6 59.3 87.3 59.5 67.7 63.5 72.3 75 75.9 73.5 96.4 96.9 78.1 71 79.9 87.7 54.5 84.5 91.8 75.5 80 78.5 84.2 84 83.3 

Pielou's Evenness 0.789 0.790 0.610 0.821 0.813 0.812 0.704 0.667 0.728 0.715 0.380 0.558 0.740 0.792 0.687 0.677 0.842 0.615 0.636 0.735 0.683 0.742 0.739 0.559 0.628 

Shannon Diversity 2.03 2.69 1.76 2.61 2.44 2.61 2.35 2.17 2.34 2.38 0.88 1.23 2.14 2.33 2.12 1.83 2.83 1.78 1.72 2.24 2.01 2.22 1.90 1.65 1.88 

Simpson Diversity 0.841 0.890 0.728 0.884 0.880 0.899 0.833 0.775 0.863 0.850 0.355 0.602 0.835 0.866 0.804 0.770 0.917 0.699 0.750 0.838 0.777 0.838 0.791 0.623 0.732 

No. Predator Taxa 3 9 6 6 4 9 7 5 6 10 2 3 7 6 8 1 7 3 2 3 6 7 3 3 7 
No. Scraper Taxa 1 6 1 6 3 6 6 7 5 5 0 0 1 2 1 2 7 2 2 5 2 3 2 2 3 

No. Shredder Taxa 2 4 4 2 5 4 3 3 4 5 3 2 2 2 4 3 4 4 4 4 3 2 2 3 2 

% Predators 3.6 8.3 5.4 10.7 5 10 17.4 13.2 7.3 26.9 1.6 2 10 10.9 12.2 0.5 13.4 3.7 1.4 3.1 5.5 5.5 6 1.5 6 
% Scrapers 0.5 12.5 0.5 14.6 22.9 32.5 13.8 5 8.2 5.5 0 0 0.5 9.8 2.1 10.9 24.4 0.9 9.5 6.6 1.5 12 2.2 10.3 1.9 

% Shredders 43.6 11.1 28.3 4.9 32.8 16.5 43.1 46.8 16.4 37.4 83.4 61.2 42.4 18.1 63.5 27.7 13.4 65.3 60 11.2 47.5 13.5 56 67 52.3 
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Table A - 16. Benthic macroinvertebrate metrics by stream ï Fall 2012. 
Metric/Stream BIR CRA CRO DAV EAS FRY GRA HCN HUR KEL  KUT  LAB  LLC  LLE  LLW  MCB MIL  POW RFF RIC ROC ROL RUT SPC 

No. Total Taxa 15 22 26 19 29 25 27 16 24 17 11 16 19 22 19 28 19 15 26 24 22 15 15 16 

No. Ephemeroptera 
Taxa 

0 1 5 4 7 3 3 4 2 0 0 1 0 0 1 5 2 0 1 1 2 1 0 2 

No. Ephemeroptera 

Taxa less 
Baetidae 

0 0 4 3 6 3 2 4 2 0 0 0 0 0 1 5 2 0 1 1 1 1 0 2 

No. Ephemeroptera, 

Plecoptera, and 
Trichoptera 

(EPT) Taxa 

8 16 17 11 20 14 18 10 14 7 5 9 10 12 9 19 9 8 13 14 10 9 7 11 

No. Plecoptera Taxa 2 7 6 3 7 3 7 2 8 3 2 1 2 7 3 5 2 3 6 4 2 2 1 4 

No. Trichoptera Taxa 6 8 6 4 6 8 8 4 4 4 3 7 8 5 5 9 5 5 6 9 6 6 6 5 

No. Coleoptera Taxa 1 2 3 3 2 4 3 2 0 1 1 2 3 3 3 3 2 2 6 4 5 1 2 2 

No. Diptera Taxa 3 4 6 4 5 4 4 3 8 7 4 3 5 7 6 3 6 4 3 5 5 4 3 2 
% Ephemeroptera 0 4.1 21.5 10 20 4.5 2.9 11 2.5 0 0 1.6 0 0 0.5 39.9 1.1 0 0.9 0.9 1.1 6 0 3.3 

% Ephemeroptera 

less Baetidae 
0 0 18.7 3.6 19.5 4.5 2.4 11 2.5 0 0 0 0 0 0.5 39.9 1.1 0 0.9 0.9 0.6 6 0 3.3 

% EPT Taxa 91.8 74.7 75.3 55.5 56.2 82.3 88.8 65.4 70.4 52.7 53.0 78.7 69.0 81.9 57.5 70.0 77.6 84.7 82.7 80.3 70.7 88.5 71.1 94.0 

% Plecoptera 80.6 28.4 30.6 4.1 10.3 40 37.9 46.2 40.7 19.9 7.1 12.6 40 47.3 8.1 13.6 44.3 58.9 34.5 36.2 28.7 60.1 39.6 78.6 

% Trichoptera 11.2 42.3 23.3 41.4 25.9 37.7 48.1 8.2 27.1 32.8 45.9 64.5 29 34.6 48.9 16.4 32.2 25.8 47.3 43.2 40.9 22.4 31.6 12.1 
% Chironomidae 3.1 16 12.8 1.8 25.9 1.4 5.3 24.7 19.1 16.9 37.7 13.7 7 5.5 8.1 13.6 11.5 8.1 1.8 5.6 2.8 8.2 3.2 2.8 

% 2 Dominant Taxa 85.2 32 31.1 56.8 41.1 60 61.2 63.2 45.7 35.3 79.8 62.8 55 64.3 56.5 32.9 60.7 76.1 47.3 45.5 54.7 74.9 66.3 78.1 

% 5 Dominant Taxa 92.3 60.3 71.2 80.9 65.4 77.3 80.6 80.2 83.4 72.6 93.4 83.6 81.5 81.9 78 59.6 83.6 90.9 71.4 69 80.1 91.8 91.4 88.8 
Pielou's Evenness 0.355 0.852 0.783 0.708 0.779 0.672 0.651 0.702 0.682 0.801 0.598 0.653 0.686 0.637 0.713 0.823 0.653 0.558 0.750 0.755 0.689 0.540 0.600 0.463 

Shannon Diversity 0.96 2.63 2.55 2.08 2.62 2.16 2.15 1.95 2.17 2.27 1.43 1.81 2.02 1.97 2.10 2.74 1.92 1.51 2.44 2.40 2.13 1.46 1.63 1.29 

Simpson Diversity 0.353 0.907 0.892 0.807 0.881 0.798 0.797 0.775 0.835 0.876 0.673 0.717 0.792 0.771 0.801 0.907 0.760 0.646 0.861 0.860 0.816 0.615 0.730 0.494 

No. Predator Taxa 4 5 6 1 7 5 6 4 9 3 2 4 6 7 1 8 5 5 7 6 4 3 6 3 

No. Scraper Taxa 2 3 6 5 5 6 7 5 2 2 2 3 4 4 5 7 2 3 6 5 6 2 2 4 
No. Shredder Taxa 3 6 5 4 6 5 5 2 5 4 3 3 3 6 4 4 3 3 6 5 3 3 1 4 

% Predators 3.1 8.8 5.9 2.3 14.6 2.7 3.9 6 21.1 1.5 3.3 3.3 5 14.3 1.1 11.3 8.7 3.3 10 4.2 3.3 2.7 5.9 1.9 

% Scrapers 1.5 3.6 10 41.8 24.9 17.3 7.3 15.4 1.5 2.5 1.6 4.4 21 6.6 29.6 20.2 1.1 4.8 10.9 13.6 20.4 2.2 21.9 5.6 
% Shredders 81.1 26.3 29.2 5 9.2 41.8 36.4 46.2 29.1 27.4 10.9 18.6 41 46.2 10.2 11.7 45.9 59.8 32.7 36.6 29.8 60.7 39.6 78.6 
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Table A - 17. Benthic macroinvertebrate metrics by stream ï Spring 2013. 
Metric/Stream BIR COP CRA CRO DAV EAS FRY GRA HCN HUR KEL  KUT  LAB  LLC  LLE  LLW  MCB MIL  POW RFF RIC ROC ROL RUT SPC 

No. Total Taxa 11 24 24 31 16 27 26 26 26 22 10 9 23 25 19 13 27 13 12 20 18 19 10 16 19 

No. Ephemeroptera 
Taxa 

1 6 4 7 3 8 8 6 6 6 1 1 3 2 4 2 6 2 1 6 1 3 1 2 8 

No. Ephemeroptera 

Taxa less 
Baetidae 

0 5 2 6 2 7 6 5 6 4 0 0 1 1 3 2 5 1 0 4 0 2 1 1 7 

No. Ephemeroptera, 

Plecoptera, and 
Trichoptera 

(EPT) Taxa 

5 17 16 20 10 23 16 19 18 17 5 5 13 15 14 7 18 6 7 15 11 11 7 7 14 

No. Plecoptera Taxa 2 8 7 9 4 9 4 7 7 6 2 2 4 6 8 3 6 2 4 5 5 3 4 3 2 
No. Trichoptera 

Taxa 
2 3 5 4 3 6 4 6 5 5 2 2 6 7 2 2 6 2 2 4 5 5 2 2 4 

No. Coleoptera Taxa 1 2 2 4 3 1 4 1 2 1 0 0 3 4 1 2 2 2 2 1 3 3 0 2 2 
No. Diptera Taxa 5 5 5 7 2 3 5 4 6 3 4 3 5 5 4 3 6 4 3 3 2 3 3 6 2 

% Ephemeroptera 2.5 61.1 5.9 46.8 18 34.1 16 20 32.8 23.9 0.5 3.5 10 2.1 6.2 1 38.7 2.8 1.4 49.3 2.8 3.8 0.9 5.6 31.9 

% Ephemeroptera 
less Baetidae 

0 60.2 1.8 44.9 7.8 31.9 10.6 19.5 32.8 21.3 0 0 0.5 1.1 4.7 1 38.1 1.1 0 14.2 0 2.8 0.9 1 28.6 

% EPT Taxa 64.5 82.9 89.1 71.7 63.4 70.3 70.7 86.3 72.1 85.3 78.1 82.1 75.8 46.6 82.3 53.1 60.8 68.3 76.5 85.8 73.3 73.0 93.2 71.6 86.4 

% Plecoptera 58 14.8 60.9 14.1 33.7 25.8 45.7 56.8 34.8 49.7 74.3 74.1 52.5 30.2 70.3 42.2 17.5 60.6 65.4 31.3 52.2 63 89.1 53.8 51.2 
% Trichoptera 4 6.9 22.3 10.7 11.7 10.4 9 9.5 4.5 11.7 3.3 4.5 13.2 14.3 5.7 9.9 4.6 5 9.7 5.2 18.3 6.2 3.2 12.2 3.3 

% Chironomidae 6.5 3.2 3.6 6.8 15.6 14.8 14.9 9.5 19.4 11.7 9.3 11.9 16.9 25.4 12.5 28.6 9.8 11.1 7.4 7.6 12.8 23.2 5 3.6 8.9 
% 2 Dominant Taxa 65.5 55.1 59.1 34.1 41 27.5 51.1 50.5 50.2 33 74.3 76.6 46.1 51.9 57.8 68.8 31.4 60.6 62.2 54 50 83.4 88.2 54.8 51.2 

% 5 Dominant Taxa 94 69.4 75 56.6 72.7 59.3 69.1 74.7 78.6 71.6 95.1 94.5 79.9 73 81.2 93.2 55.2 88.3 89.4 76.8 78.9 91 97.3 83.2 82.6 

Pielou's Evenness 0.655 0.680 0.659 0.817 0.823 0.841 0.729 0.711 0.688 0.766 0.600 0.565 0.708 0.726 0.687 0.643 0.832 0.710 0.722 0.721 0.741 0.466 0.463 0.702 0.697 
Shannon Diversity 1.57 2.16 2.10 2.81 2.28 2.77 2.38 2.32 2.24 2.37 1.38 1.24 2.22 2.34 2.02 1.65 2.74 1.82 1.79 2.16 2.14 1.37 1.07 1.95 2.05 

Simpson Diversity 0.735 0.742 0.749 0.904 0.868 0.915 0.828 0.841 0.829 0.881 0.640 0.554 0.840 0.843 0.776 0.736 0.908 0.781 0.776 0.820 0.839 0.581 0.520 0.786 0.818 

No. Predator Taxa 2 9 9 10 3 8 7 9 8 8 0 3 7 6 8 0 11 2 2 4 5 5 3 3 2 
No. Scraper Taxa 1 3 2 8 3 6 7 4 6 3 0 0 5 5 1 3 6 2 2 2 3 4 0 2 6 

No. Shredder Taxa 2 4 5 4 3 5 3 4 5 2 2 2 2 5 4 3 2 2 3 2 3 4 3 4 2 

% Predators 1 12 17.3 15.1 4.4 11 9.6 16.8 10.4 23.4 0 2 10.5 7.9 10.4 0 18 2.2 3.2 9.5 3.3 4.3 1.4 3.6 4.7 
% Scrapers 0.5 14.4 1.4 28.3 15.6 35.7 13.8 4.7 8.5 3 0 0 2.7 13.8 2.1 7.3 22.2 1.7 12 6.6 6.1 2.8 0 16.2 5.6 

% Shredders 58 10.6 51.4 10.7 33.2 22 45.2 52.1 32.8 29.9 74.3 74.1 45.7 29.1 64.1 42.2 11.3 60.6 63.6 28.4 50.6 63.5 88.6 54.3 51.2 
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Table A - 18. Benthic macroinvertebrate metrics by stream ï Fall 2013. 
Metric/Stream BIR COP CRA CRO DAV FRY GRA HCN HUR KEL  KUT  LAB  LLC  LLE  LLW  MIL  POW RFF RIC ROC RUT SPC 

No. Total Taxa 8 31 24 29 23 20 24 26 27 22 14 22 19 23 19 14 14 21 12 16 15 25 

No. Ephemeroptera 
Taxa 

0 7 3 6 3 1 5 3 5 2 1 2 0 0 1 1 1 3 0 0 0 3 

No. Ephemeroptera 

Taxa less 
Baetidae 

0 7 1 5 2 0 4 3 3 0 0 1 0 0 1 0 0 2 0 0 0 3 

No. Ephemeroptera, 

Plecoptera, and 
Trichoptera 

(EPT) Taxa 

6 23 18 21 15 12 19 14 20 13 9 15 13 15 10 10 10 15 9 9 10 17 

No. Plecoptera Taxa 2 8 7 8 6 4 6 3 7 4 2 5 6 9 3 2 5 5 4 3 3 6 

No. Trichoptera Taxa 4 8 8 7 6 7 8 8 8 7 6 8 7 6 6 7 4 7 5 6 7 8 

No. Coleoptera Taxa 0 2 2 2 4 2 1 2 1 2 1 2 2 2 3 0 2 2 2 1 1 2 

No. Diptera Taxa 2 5 4 5 2 5 2 9 5 6 4 4 4 5 5 3 1 4 1 5 2 4 
% Ephemeroptera 0 27.2 5.2 21 25 1.6 6.9 9.2 17.3 1.6 3 9.7 0 0 0.5 0.5 1.4 8 0 0 0 2 

% Ephemeroptera 

less Baetidae 
0 27.2 0.5 16 3.6 0 5.9 9.2 6.5 0 0 2.3 0 0 0.5 0 0 1 0 0 0 2 

% EPT Taxa 90.9 77.0 85.4 86.2 63.5 85.2 89.4 38.2 87.0 83.5 78.7 80.6 77.3 85.6 66.3 92.2 89.6 89.0 94.2 86.7 86.4 92.3 

% Plecoptera 72.6 24.1 27.1 37 6.2 45.9 39.9 20.3 35.1 42.6 13.2 37.5 30 46.1 19.9 62.5 71.6 45.5 55.6 39 69.6 45.4 

% Trichoptera 18.3 25.7 53.1 28.2 32.3 37.7 42.6 8.7 34.6 39.4 62.4 33.3 47.3 39.4 45.9 29.2 16.6 35.5 38.6 47.6 16.8 44.9 
% Chironomidae 4.8 11 9.9 8.3 1.6 3.8 7.4 50.7 4.3 6.9 15.2 15.3 14.8 6.7 6.1 3.6 8.5 5 2.1 5.2 2.3 2 

% 2 Dominant Taxa 84.4 32.5 42.2 32.6 37.5 56.8 49.5 67.6 44.9 48.4 64.5 55.1 45.3 60 47.4 78.6 80.1 60.5 71.4 55.7 75.7 57.1 

% 5 Dominant Taxa 97.3 57.6 74 53 72.9 82 77.7 80.7 65.9 81.9 87.3 81.9 81.3 76.1 80.6 92.2 93.8 83 91.5 88.1 92.1 76 
Pielou's Evenness 0.493 0.831 0.761 0.845 0.781 0.661 0.727 0.588 0.779 0.714 0.652 0.676 0.737 0.694 0.724 0.515 0.466 0.653 0.616 0.677 0.499 0.695 

Shannon Diversity 1.03 2.85 2.42 2.85 2.45 1.98 2.31 1.92 2.57 2.21 1.72 2.09 2.17 2.18 2.13 1.36 1.23 1.99 1.53 1.88 1.35 2.24 

Simpson Diversity 0.460 0.915 0.869 0.908 0.877 0.767 0.847 0.705 0.874 0.840 0.712 0.805 0.846 0.805 0.833 0.580 0.522 0.768 0.673 0.787 0.559 0.820 

No. Predator Taxa 1 9 6 7 4 3 7 7 9 3 2 4 6 10 2 4 3 3 2 3 3 8 

No. Scraper Taxa 0 8 3 4 6 3 4 6 2 3 2 4 3 3 5 1 2 5 2 1 4 4 
No. Shredder Taxa 3 5 5 5 5 6 4 5 4 6 3 6 4 5 4 4 4 5 3 4 3 4 

% Predators 1.1 10.5 6.2 9.4 5.7 7.7 6.9 6.8 18.4 3.7 10.7 5.6 5.4 16.1 1.5 5.2 3.3 4.5 2.1 1.9 4.2 9.7 

% Scrapers 0 15.2 3.1 8.3 36.5 8.7 3.7 11.6 6.5 4.3 2.5 4.6 6.4 4.4 26 1 1.4 5 3.7 4.3 11.2 4.1 
% Shredders 76.9 18.3 23.4 32 5.2 47 38.8 23.2 23.8 44.1 15.7 39.8 27.6 41.1 20.4 65.1 71.1 46 54.5 39.5 69.6 44.4 
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Table A - 19. Benthic macroinvertebrate metrics by stream ï Spring 2014. 
Metric/Stream BIR COP CRA CRO DAV EAS FRY GRA HCN HUR KEL  KUT  LAB  LLC  LLE  LLW  MCB MIL  POW RFF RIC ROC ROL RUT SPC 

No. Total Taxa 11 25 25 31 21 25 22 23 22 20 10 11 20 23 19 16 33 14 21 26 19 17 16 16 24 

No. Ephemeroptera 
Taxa 

2 6 5 9 5 5 6 5 5 4 1 1 3 1 4 2 9 0 2 6 1 5 2 3 7 

No. Ephemeroptera 

Taxa less 
Baetidae 

0 5 3 6 3 5 4 4 4 2 0 0 1 1 3 1 7 0 1 4 0 3 2 1 5 

No. Ephemeroptera, 

Plecoptera, and 
Trichoptera 

(EPT) Taxa 

7 18 14 22 15 18 15 15 13 14 7 7 13 14 12 8 24 5 11 17 9 11 11 11 15 

No. Plecoptera Taxa 3 9 5 7 7 8 4 5 5 6 3 2 4 6 6 3 7 3 4 5 4 2 4 5 4 

No. Trichoptera 

Taxa 
2 3 4 6 3 5 5 5 3 4 3 4 6 7 2 3 8 2 5 6 4 4 5 3 4 

No. Coleoptera Taxa 0 2 2 2 3 2 3 3 3 2 1 0 2 3 2 2 3 1 2 4 3 2 1 2 3 
No. Diptera Taxa 1 4 7 6 2 5 3 4 5 4 1 3 4 6 5 6 5 5 6 4 5 3 3 2 4 

% Ephemeroptera 1.9 40 33.8 49.2 30.4 36.8 21.8 39.6 23.8 26.4 7 0.5 18.1 0.5 9.8 2.3 31.7 0 1.4 23.1 0.5 6.2 1.4 3.7 24.5 

% Ephemeroptera 
less Baetidae 

0 35.9 2 46.2 10.8 36.8 10.7 22.3 21.8 21.4 0 0 0.5 0.5 8.3 0.5 29.6 0 0.5 5.2 0 2.4 1.4 1.6 13.2 

% EPT Taxa 96.1 70.0 82.4 77.2 63.4 75.0 88.8 81.7 41.1 85.9 84.7 75.5 86.6 74.8 85.5 70.8 73.9 72.2 76.4 83.0 58.0 74.3 91.4 77.9 76.4 

% Plecoptera 93.2 23.2 26.5 14.2 24.7 24 54.9 29.2 13.9 44.1 70.7 60.9 56.5 50 71 63.4 25.6 68.8 61.1 39.6 34.3 60 80.5 64.2 45 
% Trichoptera 1 6.8 22.1 13.7 8.2 14.2 12.1 12.9 3.5 15.5 7 14.1 12 24.3 4.7 5.1 16.6 3.4 13.9 20.3 23.2 8.1 9.5 10 6.8 

% Chironomidae 1 13.2 9.3 8.1 9.3 10.3 4.9 11.9 4.5 9.1 0 20.9 7.9 16.5 3.6 8.3 9.5 4.9 2.9 6.1 23.7 8.6 5.9 1.1 16.4 

% 2 Dominant Taxa 90.3 37.7 42.6 34.5 32 28.9 51.5 39.1 51 35.5 70.2 62.7 44.9 61.2 63.7 69.9 32.7 78.5 58.7 46.2 52.2 72.4 78.2 61.6 45.9 
% 5 Dominant Taxa 96.1 63.6 72.5 58.4 62.4 58.3 71.8 74.8 72.8 72.3 93 95 71.8 83.5 75.6 85.2 59.3 89.8 85.1 66.5 80.2 89 90.9 90.5 79.5 

Pielou's Evenness 0.468 0.799 0.741 0.804 0.828 0.839 0.715 0.759 0.732 0.784 0.623 0.652 0.757 0.617 0.672 0.579 0.811 0.515 0.636 0.765 0.722 0.542 0.535 0.659 0.709 

Shannon Diversity 1.12 2.57 2.39 2.76 2.52 2.70 2.21 2.38 2.26 2.35 1.44 1.56 2.27 1.94 1.98 1.60 2.84 1.36 1.94 2.49 2.13 1.54 1.48 1.83 2.25 

Simpson Diversity 0.577 0.888 0.868 0.897 0.898 0.912 0.785 0.873 0.826 0.877 0.635 0.732 0.851 0.752 0.730 0.630 0.912 0.554 0.766 0.856 0.828 0.621 0.639 0.771 0.843 

No. Predator Taxa 4 10 9 10 4 8 4 5 5 5 2 1 5 7 2 3 10 4 6 6 6 2 7 4 6 
No. Scraper Taxa 0 4 3 5 4 5 4 6 7 4 1 1 2 4 3 2 8 1 3 7 3 3 1 2 6 

No. Shredder Taxa 2 4 3 4 5 5 3 3 3 3 2 2 3 3 5 3 4 3 4 3 2 3 2 3 3 

% Predators 5.8 11.4 8.3 14.2 3.1 9.3 7.8 7.9 9.4 17.7 4.7 2.7 13.4 5.3 3.6 4.2 17.1 3.4 5.3 8 4.8 1.9 5.9 3.2 5.5 
% Scrapers 0 22.3 3.4 21.8 30.4 30.9 5.8 8.4 13.9 2.7 0.9 0.5 1.9 1.9 5.7 13.4 11.1 2.4 13.5 9.9 4.8 3.3 0.5 12.1 5.5 

% Shredders 90.3 15.9 23 10.2 23.2 20.1 53.4 26.2 12.9 27.3 70.2 60.9 45.4 47.1 67.9 63 20.6 68.8 60.1 36.3 32.9 60.5 78.2 62.1 44.1 
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Table A - 20. Benthic macroinvertebrate metrics by stream ï Fall 2015. 
Metric/Stream BIR COP CRA CRO EAS FRY GRA HCN HUR KEL  KUT  LAB  LLC  LLE  LLW  MCB MIL  POW RFF RIC ROC ROL RUT SPC 

No. Total Taxa 14 28 25 28 29 18 20 21 26 15 11 29 19 22 17 20 16 9 18 15 15 22 14 17 

No. Ephemeroptera 
Taxa 

1 8 4 7 6 3 4 3 6 0 0 5 0 1 0 5 2 0 2 0 1 2 0 2 

No. Ephemeroptera 

Taxa less 
Baetidae 

1 6 0 6 6 2 4 3 4 0 0 3 0 1 0 4 1 0 1 0 0 1 0 2 

No. Ephemeroptera, 

Plecoptera, and 
Trichoptera 

(EPT) Taxa 

7 20 21 21 22 13 15 13 17 7 6 18 12 14 10 12 10 3 13 9 9 8 8 13 

No. Plecoptera Taxa 1 6 10 6 9 5 4 5 6 2 3 5 4 8 4 3 2 1 3 3 2 3 2 5 
No. Trichoptera Taxa 5 6 7 8 7 5 7 5 5 5 3 8 8 5 6 4 6 2 8 6 6 3 6 6 

No. Coleoptera Taxa 1 2 0 3 2 3 3 2 3 1 1 3 2 2 3 2 0 2 2 2 2 2 2 2 

No. Diptera Taxa 3 5 4 2 4 2 1 4 5 5 3 5 4 6 3 4 6 3 2 4 4 7 3 2 
% Ephemeroptera 0.5 39.1 15.8 30.3 30.5 2.1 11.8 6.2 15.3 0 0 4.2 0 1.2 0 33.7 1 0 3.7 0 3 2.9 0 4.1 

% Ephemeroptera 

less Baetidae 
0.5 38.2 0 28.2 30.5 1.5 11.8 6.2 3.7 0 0 2.6 0 1.2 0 33.1 0.5 0 2.6 0 0 0.6 0 4.1 

% EPT Taxa 93.8 82.7 89.6 79.8 68.2 86.1 84.9 68.7 81.0 75.7 90.7 85.3 86.8 81.5 72.2 52.6 57.3 90.4 87.4 87.7 79.8 62.4 82.3 92.8 

% Plecoptera 75 24.5 27.2 33 18.2 41.2 34.9 54.4 54 25.7 11.5 17.4 55 59 31.4 7.4 26.7 78.3 29.3 50 30.3 46.5 43.2 47.7 

% Trichoptera 18.2 19.1 46.5 16.5 19.5 42.8 38.2 8.2 11.6 50 79.2 63.7 31.8 21.4 40.7 11.4 29.6 12.1 54.5 37.7 46.5 12.9 39.1 41 
% Chironomidae 2.6 5 8.4 7.4 19.5 3.1 3.8 14.9 9 8.4 4.4 5.8 9.5 5.8 6.2 37.1 36.9 2.5 2.1 3.9 12.6 14.1 2.6 4.1 

% 2 Dominant Taxa 81.8 43.2 32.2 36.7 32.3 61.9 48.1 58.5 51.3 51.5 72.1 62.1 63.2 44.5 49 53.1 62.6 89.9 48.2 49.5 46.5 52.9 65.1 57.9 
% 5 Dominant Taxa 92.7 63.6 62.4 59 55.9 87.6 65.6 75.9 71.4 79.7 92.9 75.8 85.5 65.3 71.6 77.7 89.3 97 81.7 84.3 81.8 77.1 82.3 82.1 

Pielou's Evenness 0.416 0.776 0.816 0.812 0.832 0.645 0.801 0.687 0.697 0.764 0.583 0.633 0.589 0.784 0.787 0.717 0.633 0.388 0.737 0.729 0.757 0.707 0.702 0.711 

Shannon Diversity 1.10 2.59 2.63 2.71 2.80 1.86 2.40 2.09 2.27 2.07 1.40 2.13 1.74 2.42 2.23 2.15 1.75 0.85 2.13 1.97 2.05 2.18 1.85 2.02 
Simpson Diversity 0.428 0.868 0.902 0.901 0.913 0.767 0.863 0.771 0.792 0.831 0.597 0.744 0.683 0.850 0.849 0.810 0.756 0.372 0.834 0.817 0.832 0.805 0.755 0.804 

No. Predator Taxa 3 7 7 6 6 1 4 6 6 3 2 9 5 7 2 6 4 2 4 4 3 6 4 4 

No. Scraper Taxa 2 4 0 8 5 5 7 4 8 1 1 6 4 3 2 5 0 2 3 3 2 3 2 4 
No. Shredder Taxa 1 5 8 4 8 5 2 4 4 4 2 4 3 5 5 3 2 2 3 3 3 4 2 4 

% Predators 3.1 9.1 5.9 5.3 9.5 0.5 8 7.7 6.9 12.9 8.2 7.4 3.2 17.9 3.1 6.3 7.8 1.5 5.2 2.9 4.5 18.2 7.3 4.6 

% Scrapers 1.6 11.8 0 23.9 20.9 10.8 20.8 12.8 5.8 0.5 1.1 5.8 2.7 5.8 16 29.1 0 4.5 11.5 6.9 3 2.9 10.9 6.2 
% Shredders 75 22.7 25.2 37.2 16.8 42.3 30.2 54.4 52.9 27.2 10.4 18.9 54.5 50.9 34.5 13.1 27.7 78.8 28.8 50 30.8 53.5 44.8 47.7 
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Table A - 21. Benthic macroinvertebrate metrics by stream ï Spring 2016. 
Metric/Stream BIR COP CRA CRO EAS FRY GRA HCN HUR KEL  KUT  LAB  LLC  LLE  LLW  MCB MIL  POW RFF RIC ROC ROL RUT SPC 

No. Total Taxa 18 27 20 32 28 22 24 18 22 14 13 22 21 22 17 25 15 18 23 19 17 11 22 18 

No. Ephemeroptera 
Taxa 

2 6 4 11 8 7 6 6 4 2 0 4 1 4 1 8 1 2 5 1 2 1 3 5 

No. Ephemeroptera 

Taxa less 
Baetidae 

0 4 1 8 7 5 4 5 3 0 0 1 1 2 0 7 0 1 3 0 0 1 1 3 

No. Ephemeroptera, 

Plecoptera, and 
Trichoptera 

(EPT) Taxa 

10 18 15 21 20 17 17 12 13 7 6 12 12 15 9 17 8 10 17 10 11 6 13 14 

No. Plecoptera Taxa 2 6 5 7 8 5 6 4 5 2 2 4 5 8 5 7 2 6 5 4 3 4 4 4 

No. Trichoptera 

Taxa 
6 6 6 3 4 5 5 2 4 3 4 4 6 3 3 2 5 2 7 5 6 1 6 5 

No. Coleoptera Taxa 2 2 0 3 2 2 2 1 1 1 1 3 2 1 1 2 1 2 2 1 1 2 2 1 
No. Diptera Taxa 3 7 5 8 5 2 4 4 7 4 3 4 6 5 6 5 5 5 3 5 4 2 5 2 

% Ephemeroptera 14.8 36.5 33 35.1 49.3 26 27.3 13.9 10.8 1 0 5.7 0.5 6.8 4.3 34.8 1.4 10.5 35.9 0.5 9.7 0.5 4.6 24.9 

% Ephemeroptera 
less Baetidae 

0 30.4 1.5 23.9 47 7.8 9.8 4.1 6.4 0 0 1 0.5 3.9 0 26.5 0 0.5 4.5 0 0 0.5 0.5 7.8 

% EPT Taxa 88.0 61.9 76.1 55.3 74.0 67.2 85.6 29.4 82.8 75.3 60.3 62.4 40.7 70.5 36.0 63.5 60.1 73.3 71.4 69.6 40.0 83.2 71.8 73.1 

% Plecoptera 68.1 17.1 28.4 12.8 18.1 35.4 42.3 11.9 55.4 72.2 40.2 45.4 21.2 61.8 23.1 18.2 54.3 56.2 20 53.4 11.8 81.4 60.5 36.3 
% Trichoptera 5.1 8.3 14.7 7.4 6.5 5.7 16 3.6 16.7 2.1 20.1 11.3 19 1.9 8.6 10.5 4.3 6.7 15.5 15.7 18.5 1.4 6.7 11.9 

% Chironomidae 7.4 22.7 20.3 27.7 12.1 20.8 10.3 36.6 10.3 11.3 32.4 23.7 43.9 16.4 35.5 18.8 27.4 7.1 10.5 23.5 55.4 12.3 14.9 22.3 

% 2 Dominant Taxa 68.1 42.5 39.1 37.2 42.3 41.7 44.8 61.9 44.6 72.2 67.6 45.4 57.1 48.8 52.2 29.8 62 54.3 40.5 58.8 63.6 79.1 59 49.2 
% 5 Dominant Taxa 90.7 66.9 77.7 59.6 65.6 71.4 70.1 83.5 67.2 93.8 90.2 77.3 74.6 80.7 78 58.6 90.4 81.9 67.7 87.3 83.6 95 85.6 76.2 

Pielou's Evenness 0.548 0.773 0.764 0.793 0.766 0.786 0.758 0.675 0.783 0.588 0.661 0.732 0.689 0.716 0.745 0.841 0.641 0.706 0.783 0.647 0.611 0.570 0.641 0.760 

Shannon Diversity 1.58 2.55 2.29 2.75 2.55 2.43 2.41 1.95 2.42 1.55 1.70 2.26 2.10 2.21 2.11 2.71 1.74 2.04 2.46 1.91 1.73 1.37 1.98 2.20 

Simpson Diversity 0.662 0.880 0.864 0.887 0.866 0.874 0.859 0.781 0.869 0.693 0.748 0.848 0.772 0.837 0.816 0.910 0.760 0.817 0.874 0.784 0.669 0.667 0.792 0.842 

No. Predator Taxa 4 10 9 9 8 5 5 4 7 4 4 6 7 7 3 10 4 4 6 6 4 2 6 4 
No. Scraper Taxa 2 5 0 6 5 5 4 3 3 1 1 3 2 1 1 6 1 2 3 1 1 2 3 2 

No. Shredder Taxa 2 3 3 4 6 3 5 3 2 2 2 3 4 4 5 3 2 4 2 3 2 2 2 3 

% Predators 2.3 8.3 11.2 8.5 6.5 6.8 7.2 4.1 15.2 2.6 3.4 8.8 6.3 6.8 5.4 14.4 3.8 3.8 6.8 5.4 2.6 2.3 4.1 3.1 
% Scrapers 0.9 20.4 0 14.9 49.3 9.9 3.1 3.6 2 1 2 6.7 2.6 7.7 16.7 14.9 0.5 11 12.3 1.5 0.5 1.4 9.7 2.1 

% Shredders 68.1 14.9 23.4 10.6 16.7 32.3 39.7 11.3 44.6 72.2 40.2 40.7 19.6 57.5 23.1 11.6 54.3 55.2 17.3 52.5 11.3 79.1 59 34.7 
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APPENDIX B ï SUPPORTING DATA  
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Figure B - 1. Fall model goodness-of-fit for snapshot and continuous relative prior salinity 

exposure predictors using 76% confidence intervals. Generalized additive mixed model 

(GAMM) R 2 point estimates (numbers) for snapshot (X) and continuous (circle) prior 

exposure period predictors (in days).  

 

 

 

 
Figure B - 2. Comparison of Fall model goodness-of-fit for snapshot and continuous 

monthly salinity exposure predictors using 76% confidence intervals. Generalized additive 

mixed model (GAMM) R2 point estimates (numbers) for snapshot (X) and continuous 

(circle) mean specific conductance for each of the 12 months prior to biological sampling.  
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Figure B - 3. Fall model critical conductivity precision for snapshot and continuous relative 

prior salinity exposure predictors. Span of critical conductivity (SCcrit ) 95% confidence 

interval  point estimates (numbers) derived from generalized additive mixed models 

(GAMM) for snapshot (X) and chronic (circle) relative prior exposure period predictors (in 

days), with 76% confidence intervals (lines).  

 

 

 

 
Figure B - 4. Fall model critical conductivity precision for snapshot and continuous 

monthly salinity exposure predictors. Span of critical conductivity (SCcrit ) point estimates 

(numbers) derived from generalized additive mixed models (GAMM) for snapshot (X) and 

continuous (circle) mean specific conductance for each of the 12 months prior to biological 

sampling, with 76% confidence intervals (lines). Predictors with (*) are significantly 

different from snapshot (p < 0.1). 

 












