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INTRODUCTION  
 
The following report has been prepared as part of Pima County’s wetland health assessment 
project. Pima County has been tasked with evaluating the effects of effluent water quality 
upgrades on aquatic macroinvertebrates in the Lower Santa Cruz River (LSCR).  The Pima 
County Regional Flood Control District (RFCD), Pima County Regional Wastewater Reclamation 
Department, and Pima County Office of Sustainability and Conservation are participants in this 
project.  
 
The objective of the study is to annually monitor biological assemblages in the Santa Cruz in the 
LSCR and report on ecological integrity using metrics for wade-able streams as established by 
Arizona Department of Environmental Quality (ADEQ) and US Environmental protection Agency 
(USEPA) protocols. As part of this monitoring program, habitat conditions will be identified and 
evaluated to provide a basis for understanding change in the river. The project area includes a 
24-km reach of the LSCR from just downstream of the Roger Road outfall near Christopher 
Columbus Park in Tucson, AZ to just upstream of Sanders Road in Marana, AZ (Figure 1). 
 
Harris Environmental Group, Inc. (Harris Environmental) and Walker Ecological Services were 
contracted to provide collection of macroinvertebrate and habitat conditions in the river as well 
as identification and analysis of macroinvertebrates and periphyton present within the river.  
Procedures followed ADEQ guidance Standard Operating Procedures for Surface Water 
Sampling (ADEQ 2012) and Biocriteria Quality Assurance Program Plan (ADEQ 2006).  
 
PROCEDURES 
 
Site Selection 
 
Four monitoring sites were selected within the study area by the agency participants in the 
project. The sites, presented in order moving downstream from the Roger Road outfall, are 
identified below with GPS coordinates of the upper and lower extent of the study reach. Sites 1-
3 (MI-01, MI-02, and MI-03) are approximately the same reaches (i.e., within 200 ft of the start 
and end points of the 2013 survey) while Site 4 (MI-04x) was moved ~1 mi upstream from the 
original study reach sampled in 2013, which was dry at the time of the 2014 survey. This 
sampling site was chosen within a perennial reach of the river where macroinvertebrates and 
periphyton would not likely be impacted by periods of dryness. Excluding, Site 4, it is highly 
likely that the same riffles were sampled in 2013 and 2014 as no large runoff events impacted 
channel morphology between surveys.  
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Figure 1. Project Location Map, Santa Cruz River, Macroinvertebrate Analysis, 2014. 
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Table 1. Sampling sites, location descriptions, and coordinates.  
 

Site Description Upstream Downstream 

MI-01 
Immediately 
downstream of Roger 
outfall 

N 32.28898 W  -111.03367 N 32.29098 W -111.03660 

MI-02  
SW Ina Rd WRF;  
~ 4 miles down-
stream Roger outfall 

N 32.32781 W -111.07310 N 32.32950 W -111.07758 

MI-03 
NW Cortaro Rd 
bridge; ~ 7 mi down-
stream Roger outfall 

N 32.35650 W -111.10275 N 32.35885 W -111.10500 

MI-04x 
SW of Heritage Park; 
~ 15 mi down-stream 
Roger outfall 

N 32.41955 W -111.19848 N 32.42084 W -111.19997 

 
Stream Assessment and Habitat Characterization 
 
Field data, including stream habitat assessments and geomorphological characterizations, were 
collected by Harris Environmental following the referenced guidance documents. A 24-hr 
measurement of temperature and dissolved oxygen was performed at sites MI-02 and MI-03 
using a HydroLab provided by Walker Ecological Services. Two field technicians sampled the 
two sites every hour for a 24-hr period. While standard protocols were not used to survey or 
identify fish, Harris Environmental documented all fish observed during the stream assessment 
as well as the riparian vegetation assessment conducted two weeks following 
macroinvertebrate sampling. Qualitative notes and pictures were taken when new fish were 
observed in the field. 
 
A habitat characterization was conducted at each site using ADEQ standards (ADEQ 2012). A 
habitat index score is computed using a suite of parameters: 1) Habitat Quality, 2) Extent of 
Riffle Habitat, 3) Embeddedness of Rocks and Subtrate within Riffles, 4) Reach Sediment 
Deposition, and 5) Bank Stability. Scores (i.e., 1-4) for each parameter are given for poor, 
marginal, sub-optimal, and optimal conditions. All scores are summed to give each study reach 
a habitat index score from 5-20 where low scores represent poor conditions and high scores 
represent good conditions (Table 1). 
 

Table 2.  Habitat Assessment Index categories for perennial, wadeable 
streams in Arizona. 

 
Habitat Assessment 
Category 

 

Very Impaired 
 

Impaired 
 

        Good 

Habitat Assessment 
Index Scores 

 

          5-7 
 

8 - 14 
 

15-20 
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The Pfankuch Channel Stability Evaluation is a standardized scoring system that segregates a 
stream into three categories: 1) upper banks; 2) lower banks; 3) and channel bottom. A set of 
criteria are used specific to each category to evaluate conditions based on observations and 
analyses collected in the field. A lower score represents ideal conditions for each category. All 
scores are combined and multiplied by 1.226 to obtain a final Pfankuch Score (ADEQ 2012). All 
reaches within the study were characterized by a Rosgen Type C5 stream type and the following 
table was used to convert stability ratings to reach condition (Rosgen 1996). 
 

Table 3.  Conversion Table for Converting Pfankuch Stability Scores to Reach Condition 
for Rosgen C5 Stream Types. 

 

Reach Condition 
 

Poor 
 

          Fair 
 

            Good 

Pfankuch Score 
 

 >111 
 

91 - 110 
 

70 - 90 

 
A Proper Functioning Condition analysis also was performed using ADEQ standards (ADEQ 
2012). A series of standardized questions are answered that give insight to how the stream 
reach is functioning at the time of the survey. Some questions include qualitative and 
quantitative information on riparian vegetation presence, recruitment, and trends; hydrological 
attributes and trends; and geomorphological and channel characteristics and trends. This 
information is then used to select a final functional rating to classify the stream reach 
qualitatively as properly functioning, at risk, or non-functional.   
 
Macroinvertebrate Analysis and Evaluation 
 
Macroinvertebrate samples consisted of a composite of three, one-minute kick-net samples 
collected from three riffle habitats within the study reach, providing a sampling area of 
approximately one square meter per one-minute sample (Jones, J.D. [ed]), 2012. Standard 
Operating Procedures for Surface Water Quality Sampling, ADEQ). When possible, samples 
included the range of substrate types found within the three riffle habitats. In other words, 
kick-net samples were taken from areas characteristic of sand, pebbles, and rocks to capture 
the natural variability in macroinvertebrates. The samples were processed in the field using a 
500-m sieve to separate organics from sand and pebbles. It was not necessary to field-split the 
samples as each fit into their respective sampling bottles. Sorted samples were preserved in 
99% isopropyl alcohol and delivered to the Walker Environmental Services laboratory for 
identification and analysis. 
 
Because both pollution tolerant and pollution sensitive organisms can be present in an impaired 
versus non-impaired stream, it is the absence of the latter which may indicate water quality 
concerns. The biotic index (BI) is based on placing macroinvertebrates into categories based on 
their response to organic pollution.  One of the most comprehensive of these indices, the 
Hilsenhoff Biotic Index (HBI), was used in the analysis and is represented by the equation:  
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BI =  Σ (ni ai) 
         N 

Where ni is the number of specimens in each taxonomic group, ai is the pollution tolerance 
value for that taxonomic group, and N is the total number of organisms in the sample. High HBI 
scores represent poor conditions because the presence of pollution tolerant groups in high 
numbers depict high organic pollution in the sample or stream reach. 
 
Table 4.  Biotic index values have frequently been evaluated according to the table below 
(from Hilsenhoff 1988). 
 

 
 
The HBI is also used as a metric for computing the overall Index of Biological Integrity (IBI), 
which includes other taxonomic group metrics to give insight on overall ecosystem structure 
and function. Assessments and final (IBI) scores presented in the report are based on the 
following for comparison (ADEQ 2006 Biocriteria Program Quality Assurance Program Plan, TB 
06-01, Rev. E). It should be noted that ADEQ currently has no metrics or IBI scores calculated for 
effluent-dependent streams. 
 
Table 5. ADEQ 2006 Biocriteria Program Quality Assurance Program values.  
 

Macroinvertebrate bioassessment result Index of Biological Integrity 
Score (warmwater) 

Assessment 

Greater than the 25th percentile of reference 
condition 

≥ 50 Attaining 

Between the 10th and 25th percentile of 
reference condition 

43-49 Inconclusive 

Less than the 10th percentile of reference 
condition 

≤ 42 Impaired 

 
The following reference values were used for calculating the Arizona Warmwater Index of 
Biological Integrity (Lawson, 2005. Macroinvertebrate Sampling and Analysis Procedures, 
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Section 3, Part A in A Manual of Procedures for the Sampling of Surface Waters, ADEQ TM05-
01).   
 
Table 6. Reference values for computing the Arizona Warmwater Index of Biological Integrity. 
 

Metric Metric 
threshold 

value 

Total taxa 37 

Trichoptera taxa 9.0 

Ephemeroptera taxa 9.0 

Diptera taxa 10.0 

Scraper taxa 7.0 

% Scraper 23.7 

% Ephemeroptera 70.0 

% Dominant taxon 19.1 

Hilsenhoff Biotic Index 4.89 

 
Periphyton Analysis 
 
Periphyton was collected by Harris Environmental. Some study reaches did not have an obvious 
biofilm on rocks within the chosen riffles. When possible, however, three relatively flat cobbles 
with an obvious biofilm were selected from each riffle area. Following ADEQ standards, a 9-cm 
square area was scraped using an Exacto knife to remove periphyton and transfer to a 
collection bottle. Samples were preserved in formaldehyde and delivered to Walker 
Environmental Services. In the laboratory, samples were examined using an Olympus BH2 
phase-contrast microscope and Sedgewick-Rafter (S-R) counting chamber. The S-R counting 
chamber, commonly used to count algal cells, is gridded on the bottom and holds exactly 1 mL 
of sample water. The number of algal cells in a sub-sample of 1 mL is then multiplied by the 
entire area of the S-R cell. The sample volume (solid + liquid) was taken prior to transferring the 
sample to a one-liter glass beaker.  The sample was stirred for one minute prior to aliquoting a 
1-mL sample with a magnetic stir bar. Both strip or field counts were performed and units/cm2 
calculated.  Identifications were made using standard taxonomic keys. 
 

 
RESULTS  
 
Results are documented below within each site and combine the stream assessment; 
conducted, analyzed, and written by Harris Environmental with the macroinvertebrates and 
periphyton sampling; conducted by Harris Environmental and analyzed and written by Walker 
Ecological Services.  
 
Site photographs are provided in Appendix A, diurnal temperature and oxygen figures are 
presented in Appendix B, detailed results and tables for the stream assessment and habitat 



Macroinvertebrates Analysis and Stream Assessment 2014, Final Report 

Harris Environmental Group, Inc. 2014 Page 7 

characterization are given in Appendix C, and an explanation on statistical challenges is 
provided in Appendix D. Raw field datasheets are included as Appendix E.   
 
Qualitative notes and photo-documentation were taken for fish species observations during the 
macroinvertebrate sampling and subsequent vegetation assessment (Appendix A). The most 
common fish observed were Gambusia spp. which were abundant at all survey sites (Photo 1). 
Dead Gambusia spp. were also documented within dry pools after the water receded between 
the Ina outfall and the MI-04 site (Photo 2). A dead catfish was observed on a point bar within 
MI-03 Cortaro reach site (Photo 3). At the same site, hundreds of small fish were observed 
within cattails (Photo 4). These were presumed to be catfish fry, which was supported by 
Walker Ecological Services after sharing photographs; however, without capturing these fish it 
was not possible to positively confirm the species. Whether the Santa Cruz River is capable of 
supporting a reproductive population of fish, native or introduced, is currently unknown. 
Confirmation could only come from long-term formal surveys (e.g., electrofishing) of fish 
population structure and function. During the vegetation assessment, May 19, 2014, two large 
fish (i.e., >12” in length) were observed at the Avra Valley site (Photo 5). These fish were 
confirmed by Walker Ecological Services to be carp, however, the species cannot be confirmed 
without capture and analysis. While no formal surveys were conducted for other aquatic 
wildlife, two water turtles, one identified as a Sonora mud turtle, and tadpoles were 
encountered during the surveys (Photo 6).    
 
Stream Assessment and Habitat Characterization  
 
The results indicate that stream water quality was suitable for aquatic organisms’ survival.  
Debris and obstructions were observed minimally and a high degree of embeddedness caused 
by sand-dominated substrates reduces available habitat for macroinvertebrates. 
Embeddedness ranged from 70.0 to 79.6 across the four study reaches (Table 7). Black, anoxic, 
hydrogen sulfide-containing sediment was absent, but occasional dead organic deposits 
overlaid the sediment along the edges and within side channels. Little algae and macrophyte 
cover was available, and overall, plant diversity was poor. Detailed tables and results of the 
stream assessment and habitat characterization can be found in Appendix C.  
 
Using Pfankuch Rating for a Rosgen C5 stream, the channel stability for all four study reaches 
was characterized as “good.” In 2014, the Pfankuch Ratings ranged from 67.4 to 82.1 compared 
to 72.0 to 85.8 in 2013 (Table 7). However, the Habitat Assessment Ratings depict “impaired” 
conditions across all sites in 2014, which did not differ from 2013. The Habitat Assessment 
Rating in 2014 ranged from 11.5 to 13.5 compared to 11.0 to 12.5 in 2013 (Table 7). While the 
channel was characterized as “at risk, no apparent trend” at MI-01, all other sites were 
“functional at risk,” which is the same findings as 2013 (Table 7). 
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Table 7. Health and Stability Ratings for the Santa Cruz River Stream Assessment, 2013-2014. 

                        

 
2013 2014 

 
2013 2014 

 
2013 2014 

 
2013 2014 

 
MI-01 

 
MI-02 

 
MI-03 

 
MI-04 

Pfankuch Channel 
Stability Rating 

72.0 68.0 
 

83.0 82.1 
 

80.9 76.0 
 

85.8 67.4 

Habitat Assessment 
Rating 

12.0 12.0 
 

11.0 11.5 
 

11.5 13.5 
 

12.5 12.0 

Embeddedness 74.9 71.8 
 

79.6 78.4 
 

70.0 72.5 
 

75.8 77.9 

Functioning Category 
Marginally 

Proper 
Functioning 

At Risk No 
Apparent 

Trend 
  

Functional 
at Risk 

Functional 
at Risk 

  
Functional 

at Risk 
Functional 

at Risk 
  

Functional 
at Risk 

Functional 
at Risk 

 
  
 
Macroinvertebrate and Periphyton Evaluation 
 
Visually, there appeared to be a relatively high density of small larvae on rock surfaces and a 
relatively moderate density in channel sediment. Total # of taxa and % dominant taxa, both 
measures of species richness, increased during 2014 compared to 2013. Detailed tables and 
results of the macroinvertebrate and periphyton evaluation can be found in Appendix C.   
 
The HBI values decreased across all sites from 2013 to 2014 indicating a slight improvement 
from 2013 to 2014 (Table 8). However, the extremely high HBI values depict a system with very 
high organic pollution. The IBI value was similar at MI-01 and MI-02, however, a significant 
increase was observed at MI-03 and MI-04 (*MI-04 was moved ~1 mi upstream) (Table 8). 
Increases in IBIs also show relative improvement from 2013. The units of periphyton per square 
centimeter was highly variable from 2013 and 2014 (Table 8).  
 
 
Table 8. Health indices and periphyton results for the Santa Cruz River, 2013-2014. 

                        

 
2013 2014 

 
2013 2014 

 
2013 2014 

 
2013 2014 

 
MI-01 

 
MI-02 

 
MI-03 

 
MI-04 

Hilsenhoff Index 58.71 35.42 
 

48.92 28.37 
 

54.79 53.23 
 

54.79 51.66 

Index of Biological 
Integrity 

18.54 18.42 
 

12.97 13.61 
 

17.93 35.31 
 

9.88 27.43 

Periphyton (units/cm2) 10,186 14,140   28,975 22,600   48,009 18,100   19,152 14,740 
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DISCUSSION 
 
Stream ecosystems in the southwestern US are extraordinarily dynamic exhibiting sudden 
changes in temporal and spatial variability. This high variability affects these ecosystems 
physically, chemically, and biologically often for long periods post-event.  
 
Assemblages of aquatic macroinvertebrates exist along a successional continuum with spates 
and flooding re-setting the biotic assemblage clock. Early, post-spate assemblages usually 
consist of species that are capable of leaving the stream by flight (e.g., notonectids, corixids, 
etc.) and landing in or near the affected stream channel. Biodiversity is relatively low post-spate 
increasing once habitat and resources also become diversified and available. Besides floods and 
disturbance, biological variability in wholly aquatic assemblages also changes seasonally due to 
water temperature, dissolved oxygen dynamics, etc. Capturing aquatic assemblage diversity in 
environmental field studies, and trying to determine what is “representative” for any stream 
reach, is difficult and often requires years of data before trends emerge and predictions can be 
made or modeled. This time frame can be shortened by increased annual monitoring that 
captures biotic assemblage succession through a variety of circumstances, however, even then 
disturbance can quickly alter habitat and biotic assemblage composition given 5, 10, 50 or 100 
year events. Capturing aquatic assemblage diversity in hydrologically flashy systems, such as 
those found in the arid southwest, is challenging.  
 
Given that this project samples annually, and also given that we only have two years’ worth of 
data, assumptions comparing those two years in terms of ecosystem “integrity” based upon 
aquatic biota is difficult (see Appendix D). The following comparisons and explanation could 
very well be equally part chance as much as it has any biological or ecological relevance.  
 
Questions have been raised whether the relatively low IBI scoring within the Santa Cruz as 
compared to non-Effluent Dominated Water (EDW) streams is the result of poor substrate 
quality. This project is not designed to address these kinds of questions and could only be fully 
answered through a controlled and replicated experiment. It would be expected, however, 
that, in naturally-occurring streams with similar substrate type, a similar low diversity may be 
found but without the relatively high pollution-tolerance values found in organically-impaired 
waters. The results from the Santa Cruz suggest that stressors exist from both a physical and 
chemical/physicochemical standpoint but the exact contribution of either cannot be 
ascertained given the current study design.  
 
Periphyton is among the most environmentally patchy of aquatic assemblages and as such, 
trends regarding changes in annual structure and function are difficult to determine. Also, 
pollution-tolerance values for many species/genera of algae have not been quantified to the 
degree that they have for aquatic macroinvertebrates. It will likely take longer to ascertain 
trends in periphyton assemblages than it will aquatic macroinvertebrates.  
 
Generally, within the Santa Cruz study reach, periphyton assemblages appear to be dominated 
by common species of diatoms closer to the outfall with filamentous forms of chlorophytes 
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dominating at increasing distances from the outfall. This could be due to substrate type as the 
latter are not often found in shifting sand substrates whereas diatoms can exist in between 
sand grains (epi-psammon). Also, filamentous forms of chlorophytes can provide substrate for 
other species of algae with diatoms and cyanobacteria often found growing on them. 
Cyanobacteria did not dominate at any site.  
 
Benthic index of biotic integrity (B-IBI) values increased from 2013 (mean for all sites = 14.83) to 
2014 (mean for all sites = 23.69) (Figure 2). Mean number of individuals calculated was greater 
in 2013 than 2014 by almost 1,125 (Figure 3). The cause of this is currently unknown but one of 
the sites (MI-04X) is approximately one mile upstream of where it was last year due to drying. 
In essence, this site is different from last year but is a more representative long-term site than 
in 2013 as it is more likely to have flow from year to year. One metric likely adding to an 
increased IBI score in 2014 compared to 2013 is the presence of the scraper functional feeding 
group (FFG) in the latter and absent in the former. Scrapers were only found at site MI-03 and 
were comprised of the Family Ceratopogonidae in the Genus Dasyhelea (biting midges). Percent 
scrapers is an important metric as this group relies more heavily on periphyton biomass than 
other FFG’s. Increased disturbance generally decreases periphytic biomass and, subsequently, 
the biomass of scraper FFG. This supports the importance of documenting antecedent flow 
conditions, whenever possible, to assist in making determinations about current assemblages 
found within any reach.  
 

 
Figure 2. Mean Individual IBI Metric Score by Year. 
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Figure 3. Mean Number of Individuals Calculated for all Sites by Year. 
 
 
Interestingly, total # of taxa and % dominant taxa, both measures of species richness, increased 
during 2014 compared to 2013. It is expected that total # of taxa will decrease with increasing 
disturbance and % dominant taxa will increase with increasing disturbance. Although the % 
dominant taxa is considered “worse” in 2014 compared to 2013, overall IBI scoring was higher 
indicating other metrics combined weighed more heavily in overall scoring than did this metric.  
 
Although the Hilsenhoff Biotic Index (HBI) for both years is still considered relatively high 
compared to non-EDW streams, it did decrease from 2013 (mean = 54.3) to 2014 (mean = 42.2). 
There was a general decrease in highly pollution-tolerant organisms for both years with 
increased distance from the outfall, however, it appears as if species diversity of less pollution-
tolerant organisms increased at a greater rate with distance in 2014 compared to 2013. Caution 
should be exercised in the interpretation of these results as the site with greatest distance from 
the outfall was approximately one mile closer in 2014 than 2013. It has been noted that in 
other non-EDW streams in the arid southwest, that maximum diversity of aquatic 
macroinvertebrates occurs under conditions of very low flow and at lower reaches of perennial 
stretches (author personal observation). This is likely due to local diversity in such reaches 
comprising not only the assemblage inherent to the site, but also those macroinvertebrates 
that have drifted from upstream areas becoming condensed and pooled toward the end of 
perennial reaches. Given that the lowest site sampled in 2013 was dry in 2014 and the site had 
to be re-established approximately one mile upstream, the increased diversity toward the new 
end of this perennial reach could have captured this phenomenon. For future sampling efforts, 
it may be important to sample toward the end of wherever the last perennial reach lies with 
this site being flow-dependent. It can be noted that rains, flooding, or other events did not 
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occur within 60 days of the 2014 macroinvertebrate sampling. Also, the 2013 and 2014 
sampling events were conducted prior to hot summer temperatures, before monsoon season, 
and within a close anniversary timeframe (4/18-4/19 in 2013 compared to 5/1-5/5 in 2014).   
 
To summarize, IBI scores, while still considered “impaired” compared to non-EDW streams, 
were higher in 2014 than 2013. It is not possible to determine, given only two temporal data 
points, why this occurred nor is it possible to make predictions about whether IBI scores will 
continue to increase. However, continued data collection and information-gathering should 
help determine if IBI conditions are improving in the long-term.  
 
RECOMMENDATIONS FOR FUTURE SAMPLING AND ANALYSES 
 

 Antecedent flow conditions are an extremely important variable in determining current 
biotic assemblage structure and function. Average flow conditions 10, 30, and 60 days 
preceding any field collection should be calculated and reported. 
 

 The current fish assemblage within the studied reaches is unknown. It is believed that 
most of the fish species are non-native but this is based upon anecdotal and field 
sightings and not collected as part of an official survey. Such a survey should be 
conducted, using electrofishing, and repeated as necessary in the future to:  
 

o determine if any native fish exist in the sections of the Santa Cruz River 
extending from each outfall to dryness and, if so, better understand their 
potential survivability and population dynamics;  
 

o determine population structure of all fish, native and non-native, and their 
potential for survival;  
 

o examine fish tissue samples for potential contamination of selected compounds 
and metals; and 
 

o analyze, if a viable population of fish are found, plasma hormone levels to 
determine how organic compounds in the effluent may affect the long-term 
structure and function of this population.  
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APPENDIX A – PHOTO-DOCUMENTATION 
 

 
Photo 1 – Gambusia spp. 

 

 
Photo 3 – Dead catfish, Cortaro reach 

 
 

 
Photo 5 – Carp species, Avra Valley reach 

 
Photo 2 – Dead Gambusia spp. in dry pond 

 

 
Photo 4 – Potential catfish fry, Cortaro 

reach 
 

 
Photo 6 – Sonora mud turtle and tadpole 
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Photo 7 – Columbus Wet, Roger site (MI-
01). 
 

 
Photo 9 – Point bar with new vegetation 
growth upstream from Sanders. 
 

 
Photo 11 – Just upstream of Sanders site, 
water seeping into streambed. 

 
Photo 8 – Riffle at Cortaro Site (MI-03). 
 
 

 
Photo 10 – Perennial site ~1 mi upstream 
from original Sanders site (MI-04x). 
 

 
Photo 12 – Dry streambed at Sanders 
showing dried watercress (MI-04 2013 site). 
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Photo 13 – Float method for measuring 
velocity. 
 

 
Photo 15 – Dip net, macroinvertebrate 
sampling. 
 

 
Photo 17 – HydroLab dissolved oxygen 
sampling  

 
Photo 14 – Stream measurements for 
discharge. 
 

 
Photo 16 – Sieve, macroinvertebrate 
sampling. 
 

 
Photo 18 – Pebble count 
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APPENDIX B – DISSOLVED OXYGEN AND SENSOR READINGS 
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APPENDIX C – ANCILLARY RESULTS 
 

Site: MI-01 – Roger Rd (near Christopher Columbus Park) 
Date: 05/04/14 @ 0730 

 
GPS Coordinates 

Upstream Downstream 
N 32.28898 W  -111.03367 N 32.29098 W -111.03660 

 
 
PART  1 – Stream Assessment and Habitat Characterization 
 
Few debris and obstructions and a high degree of embeddedness (72%) caused by a sand-
dominated substrate, may have reduced available habitat for macroinvertebrates in localized 
areas.  Black, anoxic, hydrogen sulfide-containing sediment was absent. Occasionally, dead 
organic deposits overlaid the sediment along the edges and within side channels. Little algae 
and macrophyte cover was available, and overall, plant diversity was poor. However, periphyton 
growth was common along this reach.   
 
Using Pfankuch Rating for a Rosgen C5 stream, the channel stability for this reach was 
characterized as “good” (Pfankuch Score = 68). The Final Habitat Rating was 12.0 indicating 
“impaired” conditions and the channel was characterized as functional at risk, no apparent trend 
at 56.3% of ideal condition. 
  
There appeared to be a relatively high density of small larvae on rock surfaces and a relatively 
moderate density in channel sediment.  
Field Data 
      
Sensor Data 2013 2014 
Air temperature, C 21.5 27.2 
Water temperature, C 25.0 29.3 
Dissolved oxygen 8.6 6.01 
Dissolved oxygen % -- 78.1 
Oxidation reduction potential (ORP)  -- 133 
Specific conductance, uS/cm@25C 1377 1101 
pH 7.6 7.5 

 
Site Observations/Measurements 
 
General channel appearance-refuse Large volume refuse common 
General bank appearance-refuse Large volume refuse common 
Water clarity Clear  
Water odor None 
Water’s edge appearance White crusty deposits are rare 
Fish presence Common 
Crayfish presence None observed 
Sunfish presence None observed 
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Bull frog presence None observed 
Leopard frog presence None observed 
Floating leaves or other organic matter other than algae Rare 
Leaves or other organic matter on stream bed Rare 
% Algae cover in wetted width 5 – 15 % 
% Macrophyte cover in wetted width 15 – 25% 
Flow condition Baseflow 
Precipitation None  
Weather Clear; no precipitation in last 48 hr 
Flow (ft3/s) estimated 9.2 

 
Stream Type Identification 
 
Slope 0.1 
Watershed area (sq mi) 3500 
Predicted cross-sectional area (ft2) 1000 
Sinuosity 1.09 
Regional curve M Gila, Salt (lower), Santa Cruz, Verde, San 

Pedro 
Flow regime Perennial stream channel. Surface water 

persists all year long. 
Flow regime category Regulated stream. Effluent dominated. 
Organic debris/channel blockage Infrequent debris; small floatable organics  
Bankfull width (ft) 67 
Bankfull max depth, (ft) 16 
Bankfull mean depth (ft) 10.7 
Cross-sectional area (ft2) 718 
Floodprone width (ft) 234 
Entrenchment ratio 3.5 
Width/depth ratio 6.3 
Stream type C5 meandering, alluvial, sand/silt dominated 
Organic debris/channel blockage Infrequent debris, small floatable organics; log 

 
Reach Characteristics 
 
Length (ft) 733 
Riffle (ft) 100 
Run (ft) 633 
Riffle/Pool Ratio 0.16 

 
 
Reach Habitat Quality  
 
Characteristic Condition 
Cobble present Common 
Undercut banks Rare 
Leaf packs Rare 
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Root masses Rare 
Submerged logs/snares Rare 
Sand dominated substrate Common 
Depositional Features Point bars 
Riparian features Sonoran Riparian Deciduous Forest 
Canopy density (%) 34.8 
Riffle geometry (mean L/W ratio) 5.3 
Mean riffle width (ft) 18.8 
Embeddedness-visual (%) 51-75% 

 
Substrate 
                 
  2013 2014 
Particle type Size (mm) Percent (%) Percent (%) 
Silt/clay <0.062 1 3 
Sand 0.063-2.0 40 29 
Very fine gravel 3-4 3 7 
Fine gravel 5-8 14 15 
Medium gravel 9-16 17 20 
Coarse gravel 17-32 10 9 
Very coarse gravel 33-64 8 7 
Small cobble 65-90 4 3 
Medium cobble 91-128 3 6 
Large cobble 129-180 0 0 
Very large cobble 181-256 0 1 
Small boulder 257-512 0 0 
Medium boulder 513-1024 0 0 
Large boulder 1025-2048 0 0 
Very large boulder 2049-4096 0 0 
Bedrock >4097 0 0 
Mean embeddedness  74.9 71.8 
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Biological Observations- Plant Diversity (Reach) 
 
Filamentous algae, % streambed covered 1-25 
Macrophytes, % streambed covered 1-25 
Floating algae, %  1-25 
Algal slime on rocks and debris Rare thin coating 

 
Other indicators of Excess Nutrients 
 
Parameter Condition 
Sulfide or ammonia odor None detected 
Lethargy, erratic swimming, discoloration of fish None detected 
Point/non-point discharges as agricultural, industrial, or sewage 
treatment 

Observed 

Alluvium to bedrock transition or open basin to canyon None observed 
Natural springs or seeps present None observed 
Tributaries or perched channels entering floodplain  None observed 
Downwelling None observed 

 
 
 
Biological Observations- Plant Diversity (Riffle) 
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Plant types-algae and macrophytes Achnanthes, Speedwell, 
Watercress, Monkey Flower, 

Rush, Sedge, Cattail 

Diversity Fair 
Filamentous algae, % streambed covered  1-25% 
Macrophytes, % streambed covered 1-25% 
Floating algae, %  1-25% 
Biofilm on rocks and debris Rare-thin Coating 

 
Depositional Area Characteristics (Page 13) 
 
Characteristic Dead, black 

organic matter 
overlying bottom 

sediment 

Anoxic, black 
sediment and 

sulfur odor 

Bloodworms 
present 
(midge 
larvae) 

Comments 

Depositional Area #1     
A No Yes Yes 1 bloodworm 
B No No No  
C No Yes No  

Depositional Area #2     
A No Yes (slight) No  
B No No No  
C No Yes (slight) No  

Depositional Area #3     
A No No No  
B No No No  
C No No No  

 
Riparian Plants  
 
Species Monkey Flower, 

Speedwell, Watercress, 
Bulrush, Cattail, Horsetail, 

Sedge, Seep Willow, 
Fremont Cottonwood, 

Goodding’s Willow, 
Saltceder 

Regeneration potential Abundant in 3 age 
classes 

Riparian vegetative cover (%): (visually estimated) 
Canopy of riparian trees>15 ft high  40% 
Understory of woody shrubs, saplings, herbs, grasses, and forbs 60% 
Ground cover of woody shrubs, saplings, herbs, grasses, and 
forbs 

60% 

Bare dirt 20% 
 
Channel Stability Evaluation 
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Characteristic Rating Basis 
Landform slope Fair Side slopes to 60% common on one or 

both banks 
Mass wasting Excellent No evidence of mass wasting 
Debris jam Good Some debris present 
Vegetative Bank 
Protection 

Good Plants cover 70 to 90 % of ground 

Stream balance Fair to Good (~2.5) Channel is both slightly and very disturbed 

Surface protection Good to Excellent (~3.0) Greater than 50% of bank surface area 
protected by dense root mats 

Obstruction to Flow Good Obstructions to flow and sediment traps 
present causing minor banks and bottom 
erosion 

Cutting Excellent Very little cutting evident 
Bottom deposits Good to Excellent (~9.0) Reach with less than or equal to 50% 

experiencing deposition 

Bar development and 
deposition 

Good Some new increase in bar formation; 
stable, not completely vegetated 

Reachwide 
embeddedness 

Fair Gravel and cobble 50-75% embedded in 
fine sediment 

Pfankuch Channel 
Stability Rating 

Good Value=68.0; Rosgen C5 

Sediment supply 
condition 

High Bottom moderately affected by 
sedimentation  

 
Stream stability 

Stable No excess bar features or sediment in 
pools 

Width/depth ratio Very high Substrate nearly all runs 
 
Proper Function Evaluation 
 
Floodplain inundated relatively frequently  No 
Active/stable beaver dams No 
Sinuosity, width/depth, and gradient are in balance with 
landscape setting  

No 

Riparian zone is widening or at potential Intermediate 
Upland watershed not contributing to riparian degradation Intermediate 
Diverse age structure of vegetation Yes 
Diverse  composition of vegetation Yes 
Species indicate maintenance of soil moisture characteristics Yes 
Bank vegetation root masses capable of withstanding high Yes 
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stream flows 
Riparian plants with high vigor Yes 
Adequate vegetation cover (>80%) Intermediate 
Riparian plants adequate source of woody debris No 
Channel characteristics adequate to dissipate energy No 
Point bars re-vegetating Yes 
Lateral stream movement associated with natural sinuosity No 
System is vertically stable Intermediate 
Stream in balance with water and sediment supplied by 
watershed 

Yes 

Functioning Category At Risk No Apparent Trend 
 
Habitat Assessment 
 
Characteristic Rating Basis 
Habitat Quality Marginal Minimal particle variety 
Extent of riffle habitat Marginal Reduced riffle area 
Embeddedness of riffles Marginal 51-75% gravel, cobble 

and boulders 
surrounded by fine 
sediment 

Sediment deposition Sub-optimal Branched or braided 
channel with numerous 
mid-channel bars 

Bank stability Sub-optimal  Moderately stable with 
small areas of erosion 

Final Rating 8-14 (12.0) Impaired 
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PART 2 – Macroinvertebrate and Periphyton Evaluation 
 

Site ID: MI-01 Roger Rd (near Christopher Columbus Park) 
Date Collected: 5/4/14 @ 0730 

 
The macroinvertebrate community was dominated by larval midges (order Diptera) and mostly 
by chironomids (family Chironomidae). Mayflies (order Ephemeroptera, family Baetidae) and 
black flies (order Diptera, family Simulium) were common, and sludge worms (order 
Haplotaxida, family Tubificidae) and drain flies (order Diptera, family Psychodidae) were present 
in low numbers. The Hilsenhoff Biotic Index was extremely high (indicator of severe organic 
pollution) and the Final Index of Biological Integrity was 18.42 indicating an impaired condition 
compared to naturally-occurring, warmwater streams.  
 
Diversity in the periphyton community was low, with six genera of algae found. Achnanthes, a 
diatom (division Chrysophyta) was dominant and the two sub-dominants were Fragilaria 
(division Chrysophyta, class Bacillariophyceae) and cyanobacteria, which made up 22.3 percent 
of the periphyton assemblage. Four diatom genera (division Chrysophyta) species and two 
cyanobacteria genera were noted.  
 
Macroinvertebrates 
 
FFG=Functional Feeding Group; HBI-TV = Hilsenhoff Biotic Index Tolerance Value; 
IBI=Index of Biological Integrity; CF=collector-filterer; CG=collector-gatherer; SH=shredder; 
OM=omnivore 
 

Class Order Family Genus 
Number 

in 1/2 
sample 

Calculated 
for whole 
sample 

FFG HBI-
TV 

Insecta Diptera Chironomidae Chironomus 305 710 CG 10 
Insecta Ephemeroptera Baetidae Callibaetis 62 124 CG 7 
Insecta Diptera Simuliidae Simulium 60 120 CF 6 
Oligachaeta Haplotaxida Tubificidae - - 18 36 -- 8 
Insecta Diptera Psychodidae Pericoma 9 18 CG 10 

 
Total = 504 counted, 1,008 calculated 
Sorting efficiency: 99% 
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IBI Scoring 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Periphyton 
 

  2013 2013 2014 2014 
Division Genus Units/cm2 % of Total Units/cm2 % of Total 
Chrysophyta Achnanthes 1,339 13 5,860 41.4 

Chrysophyta Fragilaria 715 7 3,480 24.6 
Cyanobacteria Oscillatoria 332 3 3,160 22.3 
Chrysophyta Cymbella - - - - 840 5.9 
Cyanobacteria Anabaena - - - - 520 3.7 
Chrysophyta Nitzchia - - - - 140 1 
Chlorophyta Stigeoclonium 7,166 71 - - - - 
Chrysophyta Navicula 634 6 - - - - 
Totals  10,186 100 14,140 100 

 
  

 2013 2014 
Total taxa 16.21 18.35 
Trichoptera taxa 11.11 0.00 
Ephemeroptera taxa 11.11 2.22 
Diptera taxa 20.00 6.00 
Scraper taxa 0.00 0.00 
Percent scraper 0.00 0.00 
Percent Ephemeroptera 4.00 17.57 
Percent dominant taxon 45.73 86.21 
Hilsenhoff Biotic Index 58.71 35.42 
Index Score 18.54 18.42 
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Site: MI-02 – Silverbell Rd (south of Ina) 
Date: 04/30/14 @ 0730 

 
GPS Coordinates 

Upstream Downstream 
N 32.32781 W -111.07310 N 32.32950 W -111.07758 

 
 
PART  1 – Stream Assessment and Habitat Characterization 
 
Few debris and obstructions and a high degree of embeddedness (78%) caused by a sand-
dominated substrate, may have been a factor in reducing habitatable area for 
macroinvertebrates. Black, anoxic, hydrogen sulfide-containing sediment was rare, but 
occasional dead organic deposits overlaid the sediment along the edges and in side-channels. 
Little algae and macrophyte cover was available, and overall, plant diversity was moderate. 
Periphyton growth was evident on some rock surfaces.   
 
Using Pfankuch Rating for a Rosgen C5 stream, the channel stability for this reach was 
characterized as “good” (Pfankuch Score = 82.1). The Final Habitat Rating was 11.5 indicating 
“impaired” conditions and the channel was characterized as functional at risk at 40.6% of ideal 
condition. 
  
Field surveys indicated a moderate density of small larvae on rock surfaces and a relatively high 
density in channel sediment. The macroinvertebrate analysis confirmed that the site was 
dominated by chironomid (midge) larvae (see Part 2).  
 
Field Data 
           
Sensor Data 2013 2014 
Air temperature, C 13.0 N/A 
Water temperature, C 20.3 16.8 
Dissolved oxygen 6.7 7.2 
Dissolved oxygen % -- 75.1 
Oxidation reduction potential (ORP)  -- 252 
Specific conductance, uS/cm@25C 1415 1177 
pH 7.4 7.7 

 
Site Observations/Measurements 
 
General channel appearance-refuse Small refuse visible 
General bank appearance-refuse Small refuse visible 
Water clarity Clear 
Water odor None 
Water’s edge appearance No salt crusts 
Fish presence Rare 
Crayfish presence None observed 
Sunfish presence None observed 
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Bull frog presence None observed 
Leopard frog presence None observed 
Floating leaves or other organic matter other than algae Rare 
Leaves or other organic matter on stream bed Common 
% Algae cover in wetted width <5% 
% Macrophyte cover in wetted width 45-50% 
Flow condition Baseflow 
Precipitation None  
Weather Clear; no precipitation in last 48 hr 
Flow (ft3/s estimated) 15.3 

 
Stream Type Identification 
 
Slope 0.01 
Watershed area (sq mi) 3500 
Predicted cross-sectional area (ft2) 1000 
Sinuosity 1.24 
Regional curve M Gila, Salt (lower), Santa Cruz, Verde, 

San Pedro 
Flow regime Perennial stream channel. Surface water 

persists all year long. 
Flow regime category Regulated stream. Effluent dominated. 
Organic debris/channel blockage Infrequent debris; small floatable organics  
Bankfull width (ft) 153 
Bankfull max depth (ft) 12 
Bankfull mean depth (ft) 8.0 
Cross-sectional area (ft2) 1224 
Floodprone width (ft)  725 (estimated) 
Entrenchment ratio 4.7 
Width/depth ratio 19.1 
Stream type C5 meandering, alluvial, sand dominated 
Organic debris/channel blockage Infrequent debris; small floatable organics 

 
Reach Characteristics 
 
Length (ft) 772 
Riffle (ft) 90 
Run (ft) 682 
Riffle/Pool Ratio 0.13 

 
Reach Habitat Quality  
 
Characteristic Condition 
Cobble present Rare 
Undercut banks Absent 
Leaf packs Rare 
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Root masses Rare 
Submerged logs/snares Rare 
Sand dominated substrate Abundant 
Depositional Features Point bars with few mid-channel bars 
Riparian association Sonoran Riparian Deciduous Forest 
Canopy density, % 15.5 
Riffle geometry (mean L/W ratio) 3.4 
Mean riffle width (ft) 9.2 
Embeddedness-visual (%) 76-100 

 
Substrate-Reach Wide 
                 
  2013 2014 
Particle type Size (mm) Percent Percent 
Silt/clay <0.062 15 8 
Sand 0.063-2.0 56 58 
Very fine gravel 3-4 4 16 
Fine gravel 5-8 8 8 
Medium gravel 9-16 9 3 
Coarse gravel 17-32 5 6 
Very coarse gravel 33-64 2 1 
Small cobble 65-90 1 0 
Medium cobble 91-128 0 0 
Large cobble 129-180 0 0 
Very large cobble 181-256 0 0 
Small boulder 257-512 0 0 
Medium boulder 513-1024 0 0 
Large boulder 1025-2048 0 0 
Very large boulder 2049-4096 0 0 
Bedrock >4097 0 0 
Mean embeddedness  79.6 78.4 
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Biological Observations- Plant Diversity (Reach) 
 
Filamentous algae, % streambed covered 1-25 
Macrophytes, % streambed covered 26-50% 
Floating algae, %  <1% 
Biofilm on rocks and debris Rare thin coating 

 
Other indicators of Excess Nutrients 
 
Parameter Condition 
Sulfide or ammonia odor Mild odor detected 
Lethargy, erratic swimming, discoloration of fish n/a  
Point/non-point discharges as agricultural, industrial, or sewage 
treatment 

Observed 

Alluvium to bedrock transition or open basin to canyon None observed 
Natural springs or seeps present None observed 
Tributaries or perched channels entering floodplain  None observed 
Downwelling None observed 

 
Biological Observations- Plant Diversity (Riffle) 
 
Plant types-algae and macrophytes Achnanthes, Cladophora, 

Speedwell, Watercress, Monkey 
Flower, Sedge 
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Diversity Fair 
Filamentous algae, % streambed covered 1-25% 
Macrophytes, % streambed covered 26-50% 
Floating algae, %  <1% 
Algal slime on rocks and debris Rare-thin coating 

 
Depositional Area Characteristics (Page 13) 
 
Characteristic Dead, black 

organic matter 
overlying bottom 

sediment 

Anoxic, black 
sediment and 

sulfur odor 

Bloodworms 
present 
(midge 
larvae) 

Comments 

Depositional Area #1     
A Yes Yes (slight) No  
B No Yes (slight) No  
C No No No  

Depositional Area #2     
A Yes Yes (slight) No  
B No Yes (slight) No  
C No No No  

Depositional Area #3     
A No Yes (slight) No  
B No No No  
C No No No  

 
Other Indicators of Excess Nutrients 
 
Parameter Condition 
General Odor Not Observed 
Health of fish n/a 
Point/non-point discharges Effluent dominated 

 
Riparian Plants 
 
Species Monkey Flower, 

Speedwell, Watercress, 
Cattail, Reed Giant, 

Desert Broom, Willow 
Gooding, Willow Seep, 

salt cedar, Hemlock 
 

Regeneration potential Abundant in 3 age 
classes 

Riparian vegetative cover: (visually estimated) 
Canopy of riparian trees>15 ft high 15% 
Understory of woody shrubs, saplings, herbs, grasses, and forbs 35% 
Ground cover of woody shrubs, saplings, herbs, grasses, and forbs 20% 
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Bare dirt 60% 
 
 
 
 
Channel Stability Evaluation 
 
Characteristic Rating Basis 
Landform slope Good Side slopes up to 40% one 

one or both banks 
Mass wasting Good Evidence of infrequent and/or 

very small slumps 
Debris jam Excellent Small debris present, but less 

than 10% 
Vegetative Bank Protection Good Plants cover 70 to 90 percent 

of the ground 
Stream balance Fair Channel iis very disturbed, 

with eroding banks, incision or 
widening and becoming 
shallower and sediment laden 

Surface protection Excellent Greater than 75% of bank 
surface area protected by 
dense root mats or cobble 

Obstruction to Flow Good to Excellent 
(3.0) 

Logs, rocks, and other 
obstructions to flow firmly 
embedded with minor erosion 
of banks, bottom, or sediment 
deposition 

Cutting Excellent Very little intermittent cutting 
along channel 

Bottom deposits Fair  Deposition noticeable in over 
50% of channel 

Bar development and deposition Fair Moderate deposition on new 
gravel; sand and fine 
sediment on bars; sparse 
vegetation on bars 

Reachwide embeddedness Poor Gravel and cobble particles 
are greater than 75% 
surrounded by fine sediment 

Pfankuch Channel Stability Rating Good Value=82.1;  Rosgen C5 
Sediment Supply Condition Very high Loss of pool and riffle habitat 

due to sedimentation 
Stream stability Aggrading Excess bottom deposits 

indicating increased 
sedimentation 

Width/depth ration Very high Substrate nearly all runs  
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Proper Function Evaluation 
 
Floodplain inundated relatively frequently  No 
Active/stable beaver dams No 
Sinuosity, width/depth, and gradient are in balance with landscape 
setting  

No 

Riparian zone is widening or at potential Yes 
Upland watershed not contributing to riparian degradation No 
Diverse age structure of vegetation Yes 
Diverse composition of vegetation Yes 
Species indicate maintenance of soil moisture characteristics Yes 
Bank vegetation root masses capable of withstanding high stream flows Intermittent   
Riparian plants with high vigor Yes 
Adequate vegetation cover (>80%) No 
Riparian plants adequate source of woody debris No 
Channel characteristics adequate to dissipate energy No 
Point bars re-vegetating Intermittent   
Lateral stream movement associated with natural sinuosity No 
System is vertically stable No 
Stream in balance with water and sediment supplied by watershed Intermittent   
Functioning Category Functional at Risk 

 
Habitat Assessment 
 
Characteristic Rating Basis 
Habitat Quality Marginal Minimal particle variety 
Extent of riffle habitat Marginal Reduced riffle area 
Embeddedness of riffles Poor 51-75% gravel, cobble 

and boulders 
surrounded by fine 
sediment 

Sediment deposition Sub-optimal Branched or braided 
channel with numerous 
mid-channel bars 

Bank stability Sub-optimal  Moderately stable with 
small areas of erosion 

Final Rating 8-14  (11.5) Impaired 
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PART 2 – Macroinvertebrate and Periphyton Evaluation 
 

Site ID: MI-02 Silverbell Rd (south of Ina) 
Date Collected: 4/30/14 @ 0730 

 
The macroinvertebrate community was dominated by larval midges (order Diptera, family 
Chironomidae). Amphipod crustaceans (order Amphipoda, family Gammaridae) were sub-
dominant. Mayflies (order Ephemeroptera) were present, but in lower numbers and the genus 
was of a relatively pollution tolerant form. The Hilsenhoff Biotic Index was extremely high 
(indicator of severe organic pollution) and the Final Index of Biological Integrity was 13.61 
indicating impaired conditions. The IBI score did not indicate downstream improvement in water 
quality or macroinvertebrate community structure, including significant increases in pollution-
sensitive biota. 
 
Diversity in the periphyton community was low, with only six genera of algae found. Diatoms 
(division Chrysophyta) were dominant, and represented five of the genera. Blue-green algae 
(division Cyanobacteria) were the only other genera and comprised 14.9 percent of the 
periphyton assemblage.  
 
Macroinvertebrates 
 
FFG=Functional Feeding Group; HBI-TV = Hilsenhoff Biotic Index Tolerance Value; IBI=Index of 
Biological Integrity; CF=collector-filterer; CG=collector-gatherer; SH=shredder; OM=omnivore 
 

Class Order Family Genus 
Number 

in 1/2 
sample 

Calculated 
for whole 
sample 

FFG HBI-
TV 

Insecta Diptera Chironomidae Chironomus 608 1216 CG 10 
Mallacostraca Amphipoda Gammaridae Hyalella 157 314 -- 8 
Insecta Ephemeroptera Baetidae Callibaetis 88 176 CG 7 
Insecta Diptera Simuliidae Simulium 71 142 CF 6 
Oligochaeta Haplotaxida Tubificidae - - 50 100 -- 8 
Insecta Diptera Chironomidae Paramerina 23 46 Unk 10 
Insecta Collembola Hypogastruridae Odontella 21 42 CG 10 
Insecta Diptera Psychodidae Pericoma 13 26 CG 10 
Insecta Diptera Ceratopogonidae Sphaeromias 7 14 PR 8 

 
Total = 1,038 counted, 2,076 calculated.  
Sorting Efficiency: 98% 
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IBI Scoring 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Periphyton 
 

  2013 2013 2014 2014 
Division Genus Units/cm2 % of Total Units/cm2 % of Total 
Chrysophyta Achnanthes 17,311 60 6,340 28.0 
Chrysophyta Cladophora - - - - 5,720 25.3 
Chrysophyta Gomphonema - - - - 3,660 16.2 

Chrysophyta Nitzchia - - - - 2,860 12.6 
Cyanobacteria Oscillatoria 3,211 11 3,380 14.9 
Chrysophyta Cocconeis - - - - 640 2.8 
Chlorophyta Stigeoclonium 2,818 10 - - - - 
Chrysophyta Fragilaria 2,012 7 - - - - 
Euglenaceae Colacium 1,610 6 - - - - 
Chrysophyta Amphipleura 1,208 5 - - - - 
Chrysophyta Gomphoneis 805 3 - - - - 

Totals  28,975 100 22,600 100 
 
  

 2013 2014 
Total taxa 8.10 24.32 
Trichoptera taxa 0.00 0.00 
Ephemeroptera taxa 11.11 1.23 
Diptera taxa 11.11 5.55 
Scraper taxa 0.00 0.00 
Percent scraper 0.00 0.00 
Percent Ephemeroptera 7.26 12.11 
Percent dominant taxon 30.26 50.68 
Hilsenhoff Biotic Index 48.92 28.37 
Index Score 12.97 13.61 
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Site: MI-03 – Cortaro Rd (north of bridge) 
Date: 05/01/14 @ 0730 

 
GPS Coordinates 

Upstream Downstream 
N 32.35650 W -111.10275 N 32.35885 W -111.10500 

 
 
PART  1 – Stream Assessment and Habitat Characterization 
 
Few debris and obstructions and a high degree of embeddedness (73%) caused by a sand-
dominated substrate, may have reduced potential habitat for macroinvertebrates.  Black, anoxic, 
hydrogen sulfide-containing sediment was rare, but occasional dead organic deposits overlaid 
the sediment along the edges and in side-channels.  Little algae and macrophytes cover was 
available, and overall, plant diversity was poor. Some periphyton growth was evident on rock 
surfaces.   
 
Using Pfankuch Rating for a Rosgen C5 stream, the channel stability for this reach was 
characterized as “good” (Pfankuch Score = 76). The Final Habitat Rating was 13.5 indicating 
“impaired” conditions and the channel was characterized as functional at risk at 50.0% of ideal 
condition. 

The field survey of midge larvae indicated a relatively moderate density on rock surfaces and in 
channel sediment. The macroinvertebrate analysis showed dominant genera to be mayflies 
(family Baetidae) followed by larval midges (family Chironomidae and Simuliidae) (see Part 2).  
 
Field Data 
           
Sensor Data 2013 2014 
Air temperature, C 22.9 23.8 
Water temperature, C 23.6 27.24 
Dissolved oxygen 11.6 6.5 
Dissolved oxygen % -- 81.9 
Oxidation reduction potential (ORP)  -- 220 
Specific conductance, uS/cm@25C 1216 1136 
pH 7.8 7.6 

 
Site Observations/Measurements 
 
General channel appearance-refuse Small refuse visible 
General bank appearance-refuse Small refuse visible 
Water clarity Clear 
Water odor None 
Water’s edge appearance No salt crusts 
Fish presence Common 
Crayfish presence None observed 
Sunfish presence None observed 
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Bull frog presence None observed 
Leopard frog presence None observed 
Floating leaves or other organic matter other than algae Absent 
Leaves or other organic matter on stream bed Rare 
% Algae cover in wetted width <1% 
% Macrophyte cover in wetted width 25-50% 
Flow condition Baseflow 
Precipitation None  
Weather Clear; no precipitation in last 48 hr 
Flow (ft3/s estimated) 56.7 

 
Stream Type Identification 
 
Slope 0.01 
Watershed area (sq mi) 3500 
Predicted cross-sectional area (ft2) 1000 
Sinuosity 1.05 
Regional curve M Gila (lower), Santa Cruz, Verde, San 

Pedro 
Flow regime Perennial stream channel. Surface water 

persists all year long. 
Flow regime category Regulated stream. Effluent dominated. 
Organic debris/channel blockage Infrequent debris; small floatable organics  
Bankfull width (ft) 162-171 
Bankfull max depth (ft) 9.5-10 
Bankfull mean depth (ft) 7.1-7.5 
Cross-sectional area (ft2) 1212 
Floodprone width (ft)  666  
Entrenchment ratio 4.0 
Width/depth ratio 22.7 
Stream type C5 meandering, alluvial, sand dominated 
Organic debris/channel blockage Infrequent debris; small floatable organics 

 
Reach Characteristics 
 
Length (ft) 1133 
Riffle (ft) 105 
Run (ft) 1028 
Riffle/Pool Ratio 0.10 
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Reach Habitat Quality  
 
Characteristic Condition 
Cobble present Common 
Undercut banks Rare 
Leaf packs Absent 
Root masses Rare 
Submerged logs/snares Rare 
Sand dominated substrate Common 
Depositional Features Point bars  
Riparian association Sonoran Riparian Deciduous Forest 
Canopy density, % 12.1% 
Riffle geometry (mean L/W ratio) 1.41 
Mean riffle width (ft) 9.9 
Embeddedness-visual (%) 76-100 

 
Substrate-Reach Wide 
                 
  2013 2014 
Particle type Size (mm) Percent (%) Percent (%) 
Silt/clay <0.062 2 9 
Sand 0.063-2.0 68 19 
Very fine gravel 3-4 1 7 
Fine gravel 5-8 2 7 
Medium gravel 9-16 5 19 
Coarse gravel 17-32 5 13 
Very coarse gravel 33-64 6 16 
Small cobble 65-90 5 4 
Medium cobble 91-128 1 3 
Large cobble 129-180 4 3 
Very large cobble 181-256 1 0 
Small boulder 257-512 0 0 
Medium boulder 513-1024 0 0 
Large boulder 1025-2048 0 0 
Very large boulder 2049-4096 0 0 
Bedrock >4097 0 0 
Mean embeddedness  70.0 72.5 
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Biological Observations- Plant Diversity (Reach) 
 
Filamentous algae, % streambed covered <1% 
Macrophytes, % streambed covered 26-50% 
Floating algae, %  <1% 
Biofilm on rocks and debris Rare-thin Coating 

 
Other indicators of Excess Nutrients 
 
Parameter Condition 
Sulfide or ammonia odor None detected 
Lethargy, erratic swimming, discoloration of fish None 
Point/non-point discharges as agricultural, industrial, or sewage 
treatment 

Sewage effluent 

Alluvium to bedrock transition or open basin to canyon None observed 
Natural springs or seeps present None observed 
Tributaries or perched channels entering floodplain  None observed 
Downwelling None observed 
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Biological Observations- Plant Diversity (Riffle) 
 
Plant types-algae and macrophytes Cladophora, Achnanthes, 

Speedwell, Watercress, 
Monkey Flower, Sedge, 

Cattail 
Diversity Fair 
Filamentous algae, % streambed covered <1% 
Macrophytes, % streambed covered 26-50% 
Floating algae, %  <1% 
Algal slime on rocks and debris Rare-thin Coating 

 
Depositional Area Characteristics (Page 13) 
 
Characteristic Dead, black 

organic matter 
overlying bottom 

sediment 

Anoxic, black 
sediment and 

sulfur odor 

Bloodworms 
present (midge 

larvae) 

Comments 

Depositional Area #1     
A No No No  
B No No No  
C No No No  

Depositional Area #2     
A No Yes No  
B Yes Yes No  
C Yes Yes No  

Depositional Area #3     
A No No No  
B No Yes (slight) No  
C No Yes (slight) No  

 
Other Indicators of Excess Nutrients 
 
Parameter Condition 
General Odor None Observed 
Health of fish n/a 
Point/non-point discharges Effluent dominated 

 
Riparian Plants 
 
Species Monkey Flower, 

Speedwell, Watercress, 
Cattail, Sedge, Desert 

Broom, Goodding’s 
Willow, Seep Willow, 
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Tree Tabacco, 
Saltcedar, Hemlock 

Regeneration potential Abundant in 2 age 
classes 

Riparian vegetative cover :  
Canopy of riparian trees>15 ft high (%) <1% 
Understory of woody shrubs, saplings, herbs, grasses, and forbs 30% 
Ground cover of woody shrubs, saplings, herbs, grasses, and forbs 50% 
Bare dirt 50% 

 
Channel Stability Evaluation 
 
Characteristic Rating Basis 
Landform slope Good Side slopes up to 40% one one 

or both banks 
Mass wasting Good Evidence of infrequent and/or 

very small slumps 
Debris jam Excellent Small debris present, but less 

than 10% 
Vegetative Bank Protection Fair Plant cover ranges from 50 to 70 

% 
Stream balance Good Channel is slightly disturbed by 

natural causes 
Surface protection Fair 25-50% of bank surface is 

protected by cobble or root 
masses 

Obstruction to Flow Good Logs, rocks, and other 
obstructions to flow are present 

Cutting Fair to Good  Some intermittent to severe 
cutting along channel 

Bottom deposits Good to Excellent 
(10.0) 

Deposition noticeable in less 
than 50% of channel 

Bar development and deposition Excellent Little or no enlargement of point 
bars 

Reachwide embeddedness Fair Gravel and cobble particles 50-
75% surrounded by fine 
sediment 

Pfankuch Channel Stability Rating Good Value=76.0;  Rosgen C5 
Sediment Supply Condition Low Bottom is not affected by 

sedimentation and therefore no 
excess bar features 

Stream stability Stable No Excess bar features 
Width/depth ration Normal Riffle & pool habitat is 

maintained for that channel type 
 
Proper Function Evaluation 
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Floodplain inundated relatively frequently  Yes 
Active/stable beaver dams No 
Sinuosity, width/depth, and gradient are in balance with landscape 
setting  

No 

Riparian zone is widening or at potential Intermittent  
Upland watershed not contributing to riparian degradation Yes 
Diverse age structure of vegetation No 
Diverse   composition of vegetation Yes 
Species indicate maintenance of soil moisture characteristics Intermittent  
Bank vegetation root masses capable of withstanding high stream flows No 
Riparian plants with high vigor Yes 
Adequate vegetation cover (>80%) No 
Riparian plants adequate source of woody debris No 
Channel characteristics adequate to dissipate energy Intermittent  
Point bars re-vegetating Yes 
Lateral stream movement associated with natural sinuosity No 
System is vertically stable Intermittent  
Stream in balance with water and sediment supplied by watershed Yes 
Functioning category Functional at Risk 

 
Habitat Assessment 
 
Characteristic Rating Basis 
Habitat Quality Marginal Minimal particle variety 
Extent of riffle habitat Marginal Reduced riffle area 
Embeddedness of riffles Marginal 51-75% gravel, cobble 

and boulders 
surrounded by fine 
sediment 

Sediment deposition Optimal Point bars in C type 
channel maintained, no 
mid-channel or side 
bars 

Bank stability Optimal Banks stable no 
evidence of erosion or 
bank failure 

Final Rating 8-14  (13.5) Impaired 
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PART 2 – Macroinvertebrate and Periphyton Evaluation 
 

Site ID: MI-03 – Cortaro Rd (north of bridge) 
Date Collected: 5/1/14 @ 0730 

 
The macroinvertebrate community was dominated by mayflies (order Ephemeroptera, family 
Baetidae) and larval dipterans (family Chironomidae and Simuliidae). Amphipod crustaceans 
(order Amphipoda) and sludge worms (order Haplotaxida) were present in lower numbers. The 
Hilsenhoff Biotic Index was extremely high (indicator of severe organic pollution) and the Final 
Index of Biological Integrity was 35.31 indicating slightly impaired conditions as compared to 
naturally-occuring, warmwater, wadeable streams in Arizona. The IBI score at this site was 
higher than when sampled in 2013.  
 
Diversity in the periphyton community was low, with only seven genera of algae found. 
Filamentous green algae (division Chlorophyta) had the highest numbers present and made up 
just over 30 percent of the assemblage. Diatoms (division Chrysophyta) were co-dominant, and 
were represented by four genera. Cyanobacteria (genus Oscillatoria) made up 9.5 percent of 
the periphyton assemblage.  
 
Macroinvertebrates 
 
FFG=Functional Feeding Group; HBI-TV = Hilsenhoff Biotic Index Tolerance Value 
IBI=Index of Biological Integrity 
CF=collector-filterer  CG=collector-gatherer  SH=shredder  OM=omnivore 
 

Class Order Family Genus 
Number 

in 1/2 
sample 

Calculated 
for whole 
sample 

FFG HBI-
TV 

Insecta Ephemeroptera Baetidae Callibaetis 105 210 CG 7 
Insecta Diptera Chironomidae Chironomous 71 116 CG 10 
Insecta Diptera Simuliidae Simulium 60 120 CF 6 
Insecta Ephemeroptera Baetidae Fallceon 47 94 CG 6 
Insecta Diptera Ceratopogonidae Dasyhelea 41 82 SC 6 
Mallacostraca Amphipoda Gammaridae Hyalella 35 70 - - 8 
Oligochaeta Haplotaxida Tubificidae - - 18 36 - - 8 
Arthropoda Ostracoda Candoniidae Candona 5 10 - - Unk 

 
Total = 369 counted, 738 calculated.  
Sorting Efficiency: 100%  
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IBI Scoring 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Periphyton 
 

  2013 2013 2014 2014 
Division Genus Units/cm2 % of Total Units/cm2 % of Total 
Chlorophyta Cladophora - - - - 5,340 29.5 
Chrysophyta Achnanthes 20,935 44 4,140 22.9 
Chrysophyta Fragilaria 503 1 3,460 19.1 
Chrysophyta Gomphonema 805 2 2,880 15.9 
Cyanobacteria Oscillatoria 11,273 23 1,720 9.5 
Chlorophyta Microspora - - - - 440 2.4 
Chrysophyta Diatoma - - - - 120 0.7 
Chlorophyta Stigeoclonium 8,857 18 - - - - 

Chrysophyta Navicula 3,221 7 - - - - 
Chrysophyta Amphipleura 2,415 5 - - - - 
Totals  48,009 100 18,100 100 

 
  

 2013 2014 
Total taxa 13.51 21.62 
Trichoptera taxa 0.00 0.00 
Ephemeroptera taxa 2.22 22.22 
Diptera taxa 2.22 30.00 
Scraper taxa 0.00 14.28 
Percent scraper 0.00 46.88 
Percent Ephemeroptera 7.93 41.19 
Percent dominant taxon 80.75 88.38 
Hilsenhoff Biotic Index 54.79 53.23 
Index Score 17.93 35.31 
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Site: MI-04x – Sanders Rd (near Heritage River Park) 
Date: 05/05/14 @ 0730 

 
GPS Coordinates 

Upstream Downstream 
N 32.41955 W -111.19848 N 32.42084 W -111.19997 

 
 
PART  1 – Stream Assessment and Habitat Characterization 
 
Few debris and obstructions and a high degree of embeddedness (77%) caused by a sand-
dominated substrate, may have reduced available habitat for macroinvertebrates. Black, anoxic, 
hydrogen sulfide-containing sediment was absent, but occasional dead organic deposits 
overlaid the sediment along the edges and in side-channels. Little algae and macrophyte cover 
was available, and overall plant diversity was moderate. Periphyton growth was evident on 
some rock surfaces.   
 
Using Pfankuch Rating for a Rosgen C5 stream, the channel stability for this reach was 
characterized as “good” (Pfankuch Score = 67.4). The Final Habitat Rating was 12.0 indicating 
“impaired” conditions and the channel was characterized as functional at risk at 37.5% of ideal 
condition. 
  
The field survey of midge larvae (order Diptera, family Chironomidae) indicated a relatively high 
density on rock surfaces and a relatively moderate density in channel sediment. The 
macroinvertebrate analysis confirmed that the site was actually co-dominated by mayflies (order 
Ephemeroptera, family Baetidae) and larval midges (order Diptera, family Simuliidae and 
Chironomidae) (see Part 2).  
  
Field Data 
           
Sensor Data 2013 2014 
Air temperature, C 26.9 27.2 
Water temperature, C 28.3 24.1 
Dissolved oxygen 7.7 6.8 
Dissolved oxygen % -- 81.3 
Oxidation reduction potential (ORP)  -- 188 
Specific conductance, uS/cm@25C 1270 1147 
pH 8.0 7.9 

 
Site Observations/Measurements 
 
General channel appearance-refuse Small volume refuse visible 
General bank appearance-refuse No refuse visible 
Water clarity Clear  
Water odor None 
Water’s edge appearance No salt crusts 
Fish presence Common 
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Crayfish presence None observed 
Sunfish presence None observed 
Bull frog presence Observed 
Leopard frog presence None observed 
Floating leaves or other organic matter other than algae Rare 
Leaves or other organic matter on stream bed Rare 
% Algae cover in wetted width <1% 
% Macrophyte cover in wetted width 40-50% 
Flow condition Baseflow 
Precipitation None  
Weather Clear; no precipitation in last 48 hr 
Flow (ft3/s) estimated 18.6 

 
Stream Type Identification 
 
Slope 0.01 
Watershed area (sq mi) 3500 
Predicted cross-sectional area (ft2) 1000 
Sinuosity 1.08 
Regional curve M Gila (lower), Santa Cruz, Verde, San Pedro 
Flow regime Perennial stream channel. Surface water 

persists all year long. 
Flow regime category Regulated stream. Effluent dominated. 
Organic debris/channel blockage Infrequent debris; small floatable organics  
Bankfull width (ft) 171 
Bankfull max depth, (ft) 9 
Bankfull mean depth (ft) 6.0 
Cross-sectional area (ft2) 1026 
Floodprone width (ft) ~1300 
Entrenchment ratio 7.6 
Width/depth ratio 28.5 
Stream type C5 meandering, alluvial, sand/silt dominated 
Organic debris/channel blockage Infrequent debris, small floatable organics; log 

 
Reach Characteristics 
 
Length (ft) 1183 
Riffle (ft) 75 
Run (ft) 1108 
Riffle/Pool Ratio 0.07 

 
 
Reach Habitat Quality  
 
Characteristic Condition 
Cobble present Common 
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Undercut banks Rare 
Leaf packs Rare 
Root masses Rare 
Submerged logs/snares Rare 
Sand dominated substrate Abundant  
Depositional Features Point barswith few mid-channel bars 
Riparian features Sonoran Riparian Deciduous Forest 
Canopy density (%) 12.3 
Riffle geometry (mean L/W ratio) 2.1 
Mean riffle width (ft) 12.1 
Embeddedness-visual (%) 76-100 

 
Substrate 
                 
  2013 2014 
Particle type Size (mm) Percent (%) Percent (%) 
Silt/clay <0.062 1 10 
Sand 0.063-2.0 66 28 
Very fine gravel 3-4 3 8 
Fine gravel 5-8 7 8 
Medium gravel 9-16 3 9 
Coarse gravel 17-32 7 15 
Very coarse gravel 33-64 7 16 
Small cobble 65-90 2 2 
Medium cobble 91-128 2 4 
Large cobble 129-180 2 0 
Very large cobble 181-256 0 0 
Small boulder 257-512 0 0 
Medium boulder 513-1024 0 0 
Large boulder 1025-2048 0 0 
Very large boulder 2049-4096 0 0 
Bedrock >4097 0 0 
Mean embeddedness  75.8 77.9 
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Biological Observations- Plant Diversity (Reach) 
 
Filamentous algae, % streambed covered <1% 
Macrophytes, % streambed covered 1-25% 
Floating algae, %  <1% 
Biofilm on rocks and debris Common-thin Coating 

 
Other indicators of Excess Nutrients 
 
Parameter Condition 
Sulfide or ammonia odor None detected 
Lethargy, erratic swimming, discoloration of fish Not observed 
Point/non-point discharges as agricultural, industrial, or sewage 
treatment 

Sewage Effluent 

Alluvium to bedrock transition or open basin to canyon None observed 
Natural springs or seeps present None observed 
Tributaries or perched channels entering floodplain  None observed 
Downwelling None observed 

 
Biological Observations- Plant Diversity (Riffle) 
 
Plant types-algae and macrophytes Cladophora, Achnanthes, 

Speedwell, Watercress, 
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Monkey Flower, Sedge 

Diversity Fair 
Filamentous algae, % streambed covered  <1% 
Macrophytes, % streambed covered 1-25% 
Floating algae, %  <1% 
Algal slime on rocks and debris Common-thin Coating 

 
Depositional Area Characteristics (Page 13) 
 
Characteristic Dead, black 

organic matter 
overlying bottom 

sediment 

Anoxic, black 
sediment and 

sulfur odor 

Bloodworms 
present 
(midge 
larvae) 

Comments 

Depositional Area #1     
A No Yes No  
B No Yes (slight) No  
C No No No  

Depositional Area #2     
A No Yes No  
B Yes Yes No  
C Yes Yes No  

Depositional Area #3     
A No No No  
B No Yes (slight) No  
C No Yes (slight) No  

 
Riparian Plants  
 
Species Speedwell, Sedge, Seep 

Willow, Goodding’s 
Willow, Saltcedar, 

Hemlock 
Regeneration potential Abundant in 2 age 

classes 
Riparian vegetative cover (%): (visually estimated) 
Canopy of riparian trees>15 ft high  15% 
Understory of woody shrubs, saplings, herbs, grasses, and forbs 25% 
Ground cover of woody shrubs, saplings, herbs, grasses, and 
forbs 

50% 

Bare dirt 45% 
 
Channel Stability Evaluation 
 
Characteristic Rating Basis 
Landform slope Excellent Side slopes to channel are 

generally <30% 
Mass wasting Excellent No evidence of mass wasting 
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Debris jam Good Some debris present 
Vegetative Bank Protection Good Plants cover 70 to 90% of the 

ground 
Stream balance Good Channel is slightly disturbed, 

mostly by natural causes 
Surface protection Fair to Good ]less than 75% of stream bank 

surface area is protected by 
root mats or cobble 

Obstruction to Flow Good to Excellent (3.0) Obstructions to flow and 
sediment traps present 
causing minor banks and 
bottom erosion 

Cutting Excellent Very little cutting evident 
Bottom deposits Good Reach with 20-50% 

experiencing deposition 
Bar development and 
deposition 

Good to Excellent (6.0) Some new increase in bar 
formation; stable, not 
completely vegetated 

Reachwide embeddedness Poor Gravel and cobble >75% 
embedded in fine sediment 

Pfankuch Channel 
Stability Rating 

Good Value=67.43; Rosgen C5 

Sediment supply condition Very High Loss of pool & riffle habitat 
due to sedimentation 

Stream stability Aggrading Excess bottom deposits are 
present  

Width/depth ratio Very high Substrate nearly all runs 
 
Proper Function Evaluation 
 
Floodplain inundated relatively frequently  Intermediate 
Active/stable beaver dams Intermediate N/A 
Sinuosity, width/depth, and gradient are in balance with landscape 
setting  

No 

Riparian zone is widening or at potential No 
Upland watershed not contributing to riparian degradation No 
Diverse age structure of vegetation No 
Diverse  composition of vegetation Yes 
Species indicate maintenance of soil moisture characteristics Yes 
Bank vegetation root masses capable of withstanding high stream flows Yes 
Riparian plants with high vigor Yes 
Adequate vegetation cover (>80%) No 
Riparian plants adequate source of woody debris No 
Channel characteristics adequate to dissipate energy Intermediate 
Point bars re-vegetating Intermediate 
Lateral stream movement associated with natural sinuosity No 
System is vertically stable Intermediate 
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Stream in balance with water and sediment supplied by watershed No 
Functioning Category Functional At Risk 

 
 
 
 
 
 
Habitat Assessment 
 
Characteristic Rating Basis 
Habitat Quality Marginal Minimal particle variety 
Extent of riffle habitat Marginal Reduced riffle area 
Embeddedness of riffles Marginal 51-75% gravel, cobble 

and boulders 
surrounded by fine 
sediment 

Sediment deposition Sub-optimal Branched or braided 
channel with numerous 
mid-channel bars 

Bank stability Sub-optimal  Moderately stable with 
small areas of erosion 

Final Rating 8-14 (12.0) Impaired 
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PART 2 – Macroinvertebrate and Periphyton Evaluation 
 

Site ID: MI-04x – Sanders Rd (near Heritage River Park) 
Date Collected: 5/5/14 @ 0730 

 
The macroinvertebrate community was dominated by mayflies (order Ephemeroptera, family 
Baetidae) and dipteran larvae (family Simuliidae and Chironomidae). Damselflies (order 
Odonata, suborder Zygoptera) and amphipods (order Amphipoda) were present, but in low 
numbers. The Hilsenhoff Biotic Index was extremely high (indicator of severe organic pollution) 
and the Final Index of Biological Integrity was 33.00 indicating slightly impaired conditions as 
compared to wadeable, warmwater stream in Arizona. 
 
Diversity in the periphyton community was low, with eight genera of algae found. The co-
dominant genera of periphyton were filamentous green algae (division Cladophora) and 
common green algae (division Chlorophyta). Sub-dominants included other diatoms (Genus 
Gomphonema, Fragilaria, and Cymbella).  Cyanobacteria (blue-green algae) made up only 3.8 
percent of the periphyton assemblage and a total of five diatom genera (division Chrysophyta) 
were identified. 
 
Macroinvertebrates 
 
FFG=Functional Feeding Group; HBI-TV = Hilsenhoff Biotic Index Tolerance Value; IBI=Index of 
Biological Integrity; CF=collector-filterer; CG=collector-gatherer; SH=shredder; OM=omnivore 
 
 

Class Order Family Genus 
Number 
in 1/2 
sample 

Calculated 
for whole 
sample 

FFG HBI-
TV 

Insecta Ephemeroptera Baetidae Callibaetis 187 374 CG 7 
Insecta Diptera Simuliidae Simulium 151 302 CF 6 
Insecta Ephemeroptera Baetidae Fallceon 107 214 CG 6 
Insecta Diptera Chironomidae Dicrotendipes 104 208 CG 8 
Insecta Diptera Chironomidae Chironomus 53 106 CG 10 
Insecta Odonata Coenagrionidae Coenagrion 32 64 PR 8 
Mallacostraca Amphipoda Gammaridae Hyalella 30 60 - - 8 
Oligachaeta Haplotaxida Tubificidae - - 21 42 - - 8 
Mollusca Pelycypoda Unionidae - - 7 14 - - 7 
Insecta Diptera Ceratopogonidae Culicoides 6 12 PR 8 
Insecta Odonata Gomphidae Gomphus 3 6 PR 5 

 
Total = 701 counted, 1,402 calculated 
Sorting efficiency: 98% 
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IBI Scoring 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Periphyton 
 

  2013 2013 2014 2014 
Division Genus Units/cm2 % of Total Units/cm2 % of Total 
Chrysophyta Cladophora - - - - 4,380 29.7 
Chrysophyta Achnanthes 6,240 33 4,120 27.9 
Chrysophyta Gomphonema - - - - 2,620 17.8 
Chrysophyta Fragilaria 2,214 11 1,520 10.3 
Chrysophyta Cymbella - - - - 1,140 7.7 

Cyanobacteria Oscillatoria 704 4 560 3.8 
Chrysophyta Cocconeis - - - - 240 1.6 
Chlorophyta Ulothrix 302 2 160 1.1 
Chlorophyta Stigeoclonium 7,176 37 - - - - 
Chrysophyta Navicula 2,315 12 - - - - 
Chrysophyta Gyrosigma 201 1 - - - - 
Totals  19,152 100 14,740 100 

 
  

 2013 2014 
Total taxa 13.51 29.73 
Trichoptera taxa 0.00 0.00 
Ephemeroptera taxa 2.22 22.22 
Diptera taxa 2.22 40.00 
Scraper taxa 0.00 0.00 
Percent scraper 0.00 0.00 
Percent Ephemeroptera 3.53 12.98 
Percent dominant taxon 12.66 90.23 
Hilsenhoff Biotic Index 54.79 51.66 
Index Score 9.88 27.43 
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APPENDIX D – A NOTE ON STATISTICAL CHALLENGES 

 
Comparisons of highly variable stream ecosystem attributes given a very small sample size (n = 
2) is not advisable as there is no statistical way to determine if an observed effect is true (i.e., 
Type I error). Given inherent variability in natural systems, small sample size becomes an even 
greater problem. N will always be equal to one for the “pre” condition so statistical 
determination regardless of sample size taken post-improvement will always be difficult. 
Results from previous studies can be included to bolster the size of the precondition, however, 
this is not an ideal experimental design.  
 
Statistical (especially parametric) results of stream experiments using highly variable biotic 
assemblages with very low sample sizes generally are not accepted in peer-reviewed 
publications with good reason. Seminal work by Siegel in his 1956 book “Nonparametric 
statistics for the behavioral sciences” is still followed today. This book has been cited over 
40,000 times and is arguably the most highly cited work in the statistical literature. Siegel 
pointed out that parametric tests should not be used with extremely small samples, because 
these tests have several strong assumptions underlying their use. The t-test requires that 
observations are drawn from a normally distributed population and the two-sample t-test 
requires that the two populations have the same (or very similar) variance. Simply put, these 
assumptions cannot be tested when the sample size is small. For this reason, studies with small 
samples sizes of highly variable results attempting to use parametric statistics are rejected by 
scientific communities as committing Type I errors. Exceptions exist but they are, generally, 
quite rare (results can be represented graphically, just not statistically). Therefore, results 
between 2013 and 2014 given in this document are based on professional opinion and not 
statistical fact. It is possible to conduct controlled and replicated experiments, with statistically-
viable sample sizes, to make determinations between pre- and post-condition more defensible.  
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APPENDIX E – FIELD DATASHEETS 
 
 
 


































































































































































































































