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Abstract 
 
 
 A benthic macroinvertebrate survey was conducted on the Butternut Creek, 

Otsego County, New York. Samples were collected from 18 sites between Basswood 

Pond and the confluence of Butternut Creek and the Unadilla River from 1 July 2002 to 

15 July 2002. Assessments of physical habitat (PHA), family biotic index (FBI), percent 

model affinity (PMA), and percent Ephemeroptera, Plecoptera and Trichoptera (%EPT) 

were made at each site. 

Mean assessment results indicate that the habitat and water quality of Butternut 

Creek is in good condition. PHA results of 94.17 (+/- 19.42) indicate optimal habitat. 

Percent EPT values of 50.56 (+/- 20.98) are in the non-impacted range. FBI data averages 

4.26 (+/- 1.16) revealing a non-impacted condition. A PMA of 62.61% (+/- 13.20) places 

the water quality in the slightly impacted range.  

The benthic community at each site was broken down according to functional 

feeding group (FFG). A significant decline in shredder populations was found as 

sampling proceeded down the course of the stream. No relationship was found between 

location on the stream and PHA.  PHA did not have a significant effect on FBI, PMA or 

%EPT scores at each site. 



 3 

Table of Contents 
                   Page 
Abstract          2 
Table of Contents         3 
Introduction          5 
 Benthic macroinvertebrates as indicators of environmental stress  5 
 Description of Butternut Creek      9 
 Other studies on Butternut Creek      12 
  Figure 1:  Map of Basswood Pond     15 
  Figure 2:  Elevation profile of Butternut Creek   16 
  Table 1:  USGS yearly average streamflow data  

    collected at Morris, NY     17 
 

Materials and Methods        18 
 Site selection         18 
  Table 2:  Sample site locations and descriptions   19 
  Figure 3:  Map of Butternut Creek showing sample site locations 19 
 Physical and chemical measurements      20 
 Macroinvertebrate sampling       22 
 Macroinvertebrate processing       23 
 Physical Habitat Assessment       24 
 Taxa Richness         24 
 Percent EPT         24 
 Family Biotic Index        25 
 Percent Model Affinity       26 
 Functional Feeding Groups       26 
 Data analysis         27 
 
Results           29 
  Table 3:  Physical and chemical data for each site   29 
  Figure 4:  Average feeding group composition  

      for the 18 sites sampled     30 
Figure 5:  Distance from the source vs. percent shredders regression  

    analysis diagram      31 
  Table 4:  PHA, Taxa Richness, %EPT, FBI and PMA 

   for sites 1-18.      32 
  Figure 6:  Physical Habitat Assessment of the 18 sites  

   sampled in the Butternut Creek.    33 
  Figure 7: Taxa Richness      33 
  Figure 8:  Percent EPT scores      34 
  Figure 9:  Family Biotic Index scores     35 
  Figure 10:  Percent Model Affinity scores    36 
  Figure 11:  Summary of Mean Water Quality Values 

       for the 18 sites surveyed on the Butternut Creek  36 
 
 



 4 

Figure 12:  Distance from the source vs. physical habitat  
       regression analysis diagram    37 

Figure 13:  PHA vs. FBI regression analysis diagram  38 
Figure 14:  PHA vs. PMA regression analysis diagram  38 
Figure 15:  PHA vs. %EPT regression analysis diagram  39 

   
Discussion          40 
  Figure 16:  Photograph of site #1 below Basswood Pond  46 
  Figure 17:  Map of sites 1 – 3      46 
  Figure 18:  The River Continuum Concept Diagram   47 
Conclusions          48 
Literature Cited         50 
Appendix 1: Macroinvertebrate lists       54 
Appendix 2:  Functional Feeding Group Graphs      67 
Appendix 3: Regression analysis tables      70 
Acknowledgements         72 



 5 

Introduction 
 Butternut Creek was examined during July, 2002 to characterize its present ecological 

status through an analysis of the benthic macroinvertebrate community relative to the 

associated hydrological attributes of the stream. There are many factors to consider when 

evaluating stream condition. In this study, benthic macroinvertebrate community 

structure was subjected to an array of water quality indices. The resulting values were 

compared to an assessment of habitat condition and relative position along the stream 

continuum to test connectivity between these variables. The findings of this project, along 

with investigations conducted by others, contribute to a base of knowledge that will 

hopefully help us to better understand and conserve the natural systems of the Upper 

Susquehanna region. 

Benthic macroinvertebrates as indicators of environmental stress 

 The ecological status of a river is often referred to as its health.  Much in the same 

way that human health is impacted by stress, the health of a river can be compromised 

when stress factors, which may be physical, chemical, or biological, are present. Norris 

and Thoms (1999) discussed some characteristics of healthy ecosystems, including an 

absence of distress as defined by measured characteristics or indicators, an ability to 

resist stress, and the absence of obvious risk factors such as industrial or sewage effluent.  

Streams often drain large areas of land, and as a result, the health of the stream can reflect 

the ecological condition of the surrounding drainage basin. Water chemistry is influenced 

primarily by land features at the catchment scale (Sponseller, et. al., 2001). Ecosystem 

assessment is usually done in reverse: “A stream may be assessed as being unhealthy, 

then it is concluded that the catchment is unhealthy” (Norris and Thoms, 1999). 
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 There are many methods used to evaluate stream ecosystems. Abiotic components of 

a stream habitat including temperature, insolation, flow and substrate composition can be 

evaluated. Water chemistry can be analyzed for critical components such as dissolved 

oxygen, pH and alkalinity, and nutrients. Physical and chemical characteristics can be 

measured and compared to reference standards or conditions that allow an assessment of 

habitat suitability. A limitation to this approach is that it reveals only the conditions in the 

stream at the precise moment the sample was taken (Resh, et. al., 1996). Biotic 

components can be used as indicators of overall ecosystem condition. If the ecosystem as 

a whole is suitable for life, then a diverse community of organisms is likely to be found 

there. Benthic macroinvertebrates are the most popular group used for this purpose (Resh, 

et. al., 1996). Hauer and Resh (1996) define macroinvertebrates as invertebrate fauna that 

are retained by a 500um mesh net or sieve. Groups of organisms that fit this description 

and are most commonly found in freshwater habitats include aquatic arthropods (insects, 

crustaceans and mites), annelids and mollusks (snails and clams (Bode, et. al., 1993). 

Bode, et. al. (1993) have identified several distinct advantages to using benthic 

macroinvertebrates for biomonitoring. They  

1. “are sensitive to environmental impacts. 

2. are less mobile than fish, so they can’t avoid discharges. 

3. can indicate effects of spills, intermittent discharges, and lapses in treatment. 

4. are indicators of overall, integrated water quality, including synergistic effects and 

substances lower than detectable limits. 

5. are abundant in most streams and are relatively easy and inexpensive to sample. 
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6. are able to detect non-chemical impacts to the habitat, such as siltation or thermal 

changes. 

7. are vital components of the aquatic ecosystem and important as a food source for 

fish. 

8. are more readily perceived by the public as tangible indicators of water quality. 

9. can often provide an on-site estimate of water quality. 

10. can often be used to identify specific stresses or sources of impairment. 

11. can be preserved and archived for decades, allowing for direct comparison of 

specimens. 

12. bioaccumulate many contaminants, so that analysis of their tissues is a good 

monitor of toxic substances in the aquatic food chain.” 

However, biological monitoring is not intended to replace other methods of assessing 

environmental condition, such as chemical testing, toxicity testing or surveys of fish 

populations (Bode, et al., 1993). 

 According to Sponseller, et. al.(2001), macroinvertebrate communities may be 

strongly influenced by land use practices within catchments. Reed (2003) examined 

macroinvertebrate assemblage change in a small stream in Oregon following disturbance 

by grazing cattle.  Results of this study indicate that cattle grazing was correlated with an 

increase in Chironomidae larvae and a decrease in Ephemeroptera species.  It was 

concluded that cattle create an environment that favors macroinvertebrate assemblages 

common in low oxygen, organically enriched streams.  It was also noted that the 

variability of stream assemblages and their dependence on water depth and substrate type 

make it difficult to assess macroinvertebrate response to disturbance (Reed, 2003). 
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 Ometo, et.al. (2000) examined the effects of land use on physicochemical factors and 

macroinvertebrate assemblages in tropical streams in Brazil.  An important difference 

noted in tropical catchments is the dominance of point sources as a contributor of 

pollution in contrast to non-point sources in temperate environments in the United States.  

Also, fertilizer use is lower in developing countries.  Results of the investigation showed 

that urban point source pollution had a larger impact on water quality than agricultural 

non-point sources.   Among non-point sources, cultivation of sugar cane had a 

significantly greater affect on the stream ecosystem than animal pasturing.  A 

recommendation was made to examine the type and intensity agricultural land use in a 

catchment rather than group all agricultural use together (Ometo, et.al.2000). 

 Benstead, et al. (2003) investigated the effects of deforestation on stream invertebrate 

communities in Madagascar.  Comparisons were made of streams in protected forested 

areas to streams that drained deforested agricultural areas.  The streams in the forested 

areas had significantly greater invertebrate biodiversity than streams in deforested areas.  

Populations that dominated the forested area streams included collector-gatherers and 

collector filterers of the orders Trichoptera, Ephemeroptera, Plecoptera, and Diptera.  The 

deforested area streams showed relatively small populations of organisms which were 

dominated by Ephemeroptera.  A difference in community structure among the two 

ecosystems is thought to be due in part to increased temperatures in deforested areas. An 

overall change in amounts and types of food was noted in the two ecosystems.  The food 

chain in the forested areas was based entirely on allochthonous detritus, organic material 

of terrestrial origin, while in situ algal production formed the basis of nutrient availability 

for invertebrates in the deforested areas. 



 9 

 The riparian corridor and the degree of shade it provides affect the amount of 

ultraviolet radiation that reaches a stream.  Kelly, et al. (2003) examined three sites on a 

stream in British Columbia. The three sites differed in the amount of forestation along the 

banks of the stream.  More invertebrate biomass and diversity was noted in sites that were 

heavily shaded. A site that was fully exposed to sunlight had a greater amount of attached 

algae growth. While ultraviolet light can inhibit algal growth, the increase in algal 

biomass in the exposed and partial canopy sites was attributed to a lack of invertebrate 

grazing pressure in these areas. Algal standing crop was indirectly increased, especially at 

the partial canopy site (Kelly, et al., 2003). 

Description of Butternut Creek 

The Butternut Creek originates at the outfall of Basswood Pond (Figure 1) in the 

Town of Burlington, Otsego County, N.Y. Basswood pond is a shallow 15-acre 

impoundment surrounded by 711-acre Basswood Pond State Forest (NYSDEC(2), 2004).  

Basswood Pond was designed and built in 1959 to provide a pond-fishing opportunity for 

trout. The pond is considered to be marginal trout habitat because of its shallow depth 

(McBride, 2004). Periodic reclamation must be performed to keep competition from non-

trout fish at a minimum (McBride, 2004). Rotenone, a fish toxicant, has been used for 

this task in Basswood Pond in 1968, 1972, 1982, 1993 and 2001 (NYSDEC, 2004(3)). 

Annual trout stocking is required to sustain the fishery (NYSDEC, 2004(3)).  

Topo USA 5.0 (DeLorme, 2004) was used to measure and create an elevation 

profile of the Butternut creek from Basswood Pond to Mount Upton (Figure 2). The creek 

flows 35 miles (56.2km) to join the Unadilla River at a point that lies roughly 1 mile (1.6 

km) below the bridge on New York State Route 51 in Mount Upton, N.Y. The stream 
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drops 762 feet (234.5 meters) in elevation from Basswood Pond to Mount Upton. The 

Butternut creek originates as a 1st order foothill stream with a relatively high gradient of 

75 feet per mile (14 meters per kilometer) in the first 5 miles (8 kilometers) of its course. 

It evolves into a third order stream with a more moderate gradient of 12 feet per mile (2.3 

meters per kilometer) over approximately the last 17 miles (27.3 kilometers) and is 

predominantly in the erosional stage of development. With a small flood plain in the last 

few miles of its course, it may be considered to be emerging as transitional in terms of its 

hydrology. The average stream gradient is 21.9 feet per mile (4.17 meters per kilometer). 

The Butternut Creek is part of the Upper Susquehanna River watershed. The water that 

flows from the Butternut Valley eventually enters the Chesapeake Bay at Havre de Grace, 

Maryland.  Abell, et al. (2000) describe the Chesapeake Bay ecoregion as an area where 

there is a high likelihood of future threats from human impacts and classifies it as 

endangered in terms of its ecological condition. 

The Butternut Creek watershed is located on the northern Allegheny plateau 

(Isachsen, et al., 1991)). The countryside that surrounds the Butternut Creek is 

characterized by rolling hills covered by mixed deciduous/conifer forests and farmland. 

The rocks underlying the region are of sedimentary origin and were deposited during the 

Paleozoic era beginning roughly 600 million years ago (NYSDEC, 2004(2)). The shale 

and sandstone that forms the bedrock of the Butternut valley range in age from 370 to 

400 million years old. During the Cenozoic era, approximately 65 million years ago, 

erosion created many of the landforms that are familiar today (NYSDEC, 2004(2)). For 

the time period of approximately 15 thousand to 100 thousand years ago New York State 

was covered with glacial ice. The Wisconsin Glacier was the last to cover the region as it 
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began to retreat 16 thousand years ago (NYSDEC, 2004(2)), with a readvance of the 

glacier circa 15,500 years ago (Fleisher, 2003). Glaciation was the last major geologic 

force that has shaped the topography of this region. The glaciers left behind the rolling 

flat-topped hills and low lying river valleys that are characteristic of this area of New 

York State.  

 Stream flow data was collected on the Butternut Creek by the United States 

Geological Survey (USGS) at a stream gauging station (42o32’43” N, 75o14’22”W; elev. 

1,096.21 feet (334.125 meters) above sea level) located in the Village of Morris, NY 

from June 19, 1938 to March 31, 1995 (Table 1). The stream had a minimum annual 

mean flow of 60.0 ft3/s (1.70 m3/s) in 1941and a maximum of 196 ft3/s (5.55 m3/s) in 

1977. As is the case with other steams this size, the level of the Butternut rises and drops 

quickly during storm events. 

 The history of a stream can reveal much about the condition of the stream ecosystem.  

The history of human life in the Butternut Valley tells of a period of time in which the 

environment has been significantly altered.  Archeological evidence suggests thousands 

of years of human habitation before the appearance of European settlers.  Native 

American population density was low, and as a result human impact on the environment 

was probably light.  Settlers after the Revolutionary War slowly transformed forest to 

farmland.  Trees were cleared to make space for homesteads and yielded lumber for 

building materials and wood for fuel.  As the population in the region grew, demand for 

land and wood products increased.  The Butternut Creek and its tributaries were dammed 

at several locations to provide waterpower for sawmills and gristmills.  By the end of the 

19th century, a large portion of the original forest had been cleared.  Dairy farms replaced 
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subsistence farms and emerged as the dominant industry in the valley. Dairy products 

comprised 79% of total agricultural sales in Otsego County in 2000 (New York 

Agricultural Statistics Service, 2000). The villages of Morris and Gilbertsville became 

population centers.   

 In the last half of the Twentieth Century, advances in technology led people in the 

Butternut Valley away from an agrarian lifestyle.  Improvements in transportation 

enabled travel to the cities of Norwich, Sidney and Oneonta for employment and 

shopping.  Dairy farms steadily became larger, but fewer in number. Farming acreage 

countywide fell from 496,518 acres in 1940 to 225,700 acres in 1998, representing a drop 

of 55% (New York Agricultural Statistics Service, 2000). The total number of farms in 

Otsego County was 3,752 in 1940. That number had fallen to 1,045 farms in 1998, 

resulting in a drop of 72% (New York Agricultural Statistics Service, 2000). Many farms 

were subdivided and new homes sprang up on the hillsides.  The last functional dam 

below the Basswood pond dam, a low-head impoundment that diverted water to a 

millpond at the old Linn Tractor plant in Morris, fell into disrepair and was abandoned in 

the mid 1990’s. 

Other studies on Butternut Creek 

Blais (1996) conducted a survey of the Eastern Hellbender (Cryptobranchus 

alleghaniensis alleghaniensis) in a 900 meter length of the stream above and below the 

bridge on Flatiron Bridge Road in the town of Butternuts. Hellbenders are large 

salamanders that have specific habitat requirements that include constant temperature, 

dissolved oxygen levels and streamflow (NYSDEC, 2003). They are nocturnal ambush 

predators that create nests and forage under logs, slabs of rock, underwater talus piles and 
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undercut stream banks (Blais, 1996). A population survey was performed and a radio 

telemetry study was used to track salamander movements in the study area. The 

population in the study area was estimated at between 20 and 55 animals. All of the 

individuals captured were sexually mature adults. The majority of them were estimated to 

be over 25 years old. The absence of younger hellbenders raises questions about whether 

reproduction is taking place effectively in this habitat (Blais, 1996). 

The range of the eastern hellbender in New York State is limited to the 

Susquehanna River drainage basin and the Allegheny watershed in Western New York. 

Because of its tightly defined niche and limited distribution in the state, it is especially 

vulnerable to pollution and habitat modification. The New York State Department of 

Environmental Conservation (NYSDEC) lists the hellbender as a species of special 

concern in New York State (NYSDEC, 2003).  

The Stream Biomonitoring Unit of the NYSDEC conducted macroinvertebrate 

surveys of the creek in 1997 and 2003. The 1997 survey included one sample taken at the 

Mount Upton site, which was within the hellbender study area. Field inspection of the 

macroinvertebrate community revealed non-impacted water quality and the sample was 

not processed in the laboratory (Bode, et al, 2004). The 2003 survey involved 7 samples 

taken between Garrattsville and the Mount Upton site. Water quality was assessed as 

non-impacted at all of the sites based on Hilsenhoff Biotic Index and Percent Model 

Affinity scores (Bode, et al., 2004). Two sites in Morris and the Mount Upton site were 

rated as slightly impacted in terms of species richness. Also, the uppermost site in Morris 

was slightly impacted based on %EPT scores received. Overall, the stream was rated as 

non- impacted with the exception of the Morris site which was ranked slightly impacted.  
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Causes of the apparent decline in hellbender populations in the Butternut were not 

revealed by the benthic macroinvertebrate surveys. Creosoted bridge supports at the 

Mount Upton site were proposed as a source of toxicity, but no evidence for that was 

indicated by the macroinvertebrate communities at the site (Bode, et al., 2004). The 

diverse macroinvertebrate communities at the Mount Upton sites indicate that the stream 

has adequate assimilative capacity to maintain non-impacted water quality (Bode, et al., 

2004). Siltation was identified as a possible force in the destruction of hellbender refuge 

sites (Blais, 1996). 
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Figure 1: Map of Basswood pond. Basswood Pond is a manmade impoundment created 
by the New York State Department of Environmental Conservation to provide a trout 
fishery for anglers. (New York State Department of Environmental Conservation (1), 
2004). 
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Figure 2: Elevation profile of the Butternut Creek. The area sampled in this study is 
highlighted in this map. (DeLorme, 2004) 
 

 
 



 17 

Table 1: USGS Yearly average streamflow data collected at Morris, NY from 1939 to 
1994. A minimum mean flow of 60.0 ft3/s (1.70 m3/s) was recorded in 1941and a 
maximum of 196 ft3/s (5.55 m3/s) was recorded in 1977. (U. S. Geological Survey, 2004)

 
Year 

Annual 
mean 

streamflow, 
in ft3/s 

1939 74.3 

1940 98.7 

1941 60.0 

1942 110 

1943 116 

1944 80.6 

1945 136 

1946 76.7 

1947 107 

1948 88.4 

1949 91.9 

1950 118 

1951 110 

1952 95.1  

Year 

Annual 
mean 

streamflow, 
in ft3/s 

1953 84.3 

1954 94.7 

1955 100 

1956 114 

1957 69.2 

1958 107 

1959 112 

1960 103 

1961 88.8 

1962 88.4 

1963 81.1 

1964 74.9 

1965 60.8 

1966 79.1  

Year 

Annual 
mean 

streamflow, 
in ft3/s 

1967 97.4 

1968 92.5 

1969 81.2 

1970 84.0 

1971 97.4 

1972 158 

1973 115 

1974 101 

1975 128 

1976 163 

1977 196 

1978 112 

1979 111 

1980 76.0  

Year 

Annual 
mean 

streamflow, 
in ft3/s 

1981 86.9 

1982 75.6 

1983 109 

1984 93.4 

1985 79.9 

1986 121 

1987 86.4 

1988 69.6 

1989 109 

1990 138 

1991 81.2 

1992 93.9 

1993 94.5 

1994 105  
 

 

 

 

  

Otsego County, New York 
Hydrologic Unit Code 02050101  

Latitude  42°32'43", Longitude  75°14'22" NAD27 
Drainage area 59.70  square miles 

Contributing drainage area 59.7  square miles 
Gage datum 1,096.21 feet above sea level NGVD29 
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Materials and Methods 

Site Selection 

 Sampling was performed at 18 sites along the Butternut Creek (Table 2; Figure 3). 

Sites were selected to provide a representative picture of the character of the stream. Ease 

of access was also a factor in site selection; however, when areas near roads or bridges 

were chosen, care was taken to travel upstream or downstream from the point of access 

before sampling to limit obvious sources of human impact. Sampling frequency was 

planned so that sites were regularly spaced as much as possible. 

A stream reach of approximately 100 meters was selected at each site. 

Photographs were taken and a rough sketch was made of the site. Latitude and longitude 

were determined using a Garmin GPS 12 global positioning system receiver. General 

notes were made of the riparian habitat including approximate canopy cover on the reach. 

The composition of the streambed was noted. Stream width was estimated. Evidence of 

erosion and point and non-point pollution was noted. 
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Table 2: Sample site locations and descriptions. 

Site 
# 

Latitude 
(N) 

Longitude 
(W) 

Date 
sampled 
(2002) site description 

Approximate 
distance from 
source (km) 

1 42.74961 75.12229 7/1 just below Basswood pond 0.1 
2 42.73012 75.12509 7/2 Burlington Green @ Belknap's 2.18 
3 42.7169 75.1207 7/2 Greenwoods Conservancy 3.69 
4 42.67062 75.1442 7/3 CR 16 @ DEC fishing access site 9.19 
5 42.62774 75.18176 7/3 Below Bridge on Bell Hill Road 14.86 
6 42.59023 75.19319 7/3 New Lisbon North of Bridge on CR 12 19.14 
7 42.57542 75.19461 7/8 May Apple Hill Farm 20.79 
8 42.5542 75.22158 7/9 Elm Grove above Bridge on CR 49 24.02 
9 42.54937 75.23049 7/10 Otsego County Fairgrounds 24.93 
10 42.52403 75.25504 7/10 Above bridge on Peet Road 28.39 
11 42.50941 75.2758 7/10 below bridge on Bailey Road 30.74 
12 42.48881 75.29178 7/10 ~2 miles above Frog Harbor 33.38 
13 42.4871 75.30643 7/11 ~11/2 miles above Frog Harbor 34.6 
14 42.47881 75.3187 7/12 At old dam above bridge on CR 8 35.97 
15 42.46665 75.31577 7/12 Behind Birdsall's, Gilbertsville 37.34 
16 42.43529 75.34831 7/12 Below bridge on CR 3 41.73 
17 42.42226 75.35888 7/15 Above log bridge on Flatiron Road 43.42 
18 42.41561 75.37359 7/15 Above confluence w/Unadilla River 44.84 

 

Figure 3: Map of Butternut Creek showing sample site locations. 
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Physical and Chemical Measurements 

 Physical and chemical measurements were made using a LaMotte portable water 

quality testing set. Air and water temperature were measured and recorded for each site. 

 Dissolved oxygen was determined using a microscale azide modification of the 

Winkler method (Lamotte code # 7414). A sample of water was collected using a 100 mL 

syringe with 15 cm of vinyl tubing attached in order to reduce agitation. The sample was 

transferred to a 60 mL glass bottle to which 8 drops of manganous sulfate solution and 8 

drops of alkaline potassium azide solution were added. The bottle was capped and mixed 

by inversion. The precipitate was allowed to settle. One gram of sulfamic acid powder 

was added and the sample was inverted and mixed again until the sulfamic acid and the 

precipitate dissolved. Twenty mL of the mixture was then poured into a titration tube. 

The mixture was titrated with 0.025 N sodium thiosulfate solution until the mixture 

turned a pale yellow color. 8 drops of starch indicator solution was added and titration 

was resumed until the solution was colorless. The volume of titrant used was recorded 

and is equivalent to parts per million (ppm) dissolved oxygen. Dissolved oxygen was 

determined for sites 1, 5, 9 and 13.  

 A wide range pH test kit (LaMotte code #5858) was used to determine pH. A 5 

mL sample of water was collected in a test tube. Ten drops of wide range pH indicator 

was added and the tube was inverted to mix the contents. The test tube was inserted in a 

color comparator to match the color of the sample to a color standard and the pH of the 

sample was determined. pH was measured at sites 1, 3, 5 and 13. 

 Total phosphate was measured using a low range ascorbic acid reduction method 

(Lamotte code #3121). A 10 mL sample was collected in a test tube. 1.0 mL of phosphate 
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acid reagent was added to the sample. The tube was capped and mixed by inversion. 0.1 g 

of phosphate reducing agent was added to the tube and it was capped and mixed again. 

Five minutes was allowed for the sample to react, after which the sample tube was placed 

in a color comparator and the sample color was matched to a color standard. The result 

was recorded as ppm orthophosphate. Orthophosphate was measured at sites 1, 3, 5 and 

13. 

 Nitrate nitrogen was measured using the citrate method. (LaMotte code #3354). A 

5 mL sample was collected. Reactant tablet #1 was added. The tube was capped and 

mixed until the tablet disintegrated. Reactant tablet #2 was added and the tube was mixed 

once again until the tablet disintegrated. After a wait of 5 minutes, the sample was 

matched against a color standard. The results were recorded as ppm nitrate nitrogen. 

Nitrate nitrogen was measured at sites 1, 3, 5 and 13. 

 Total alkalinity was measured using the bromcresol green-methyl red (BCG-MR) 

indicator method (LaMotte code #4491DR). One BCG-MR indicator tablet was added to 

a 5 mL sample of water in a test tube. The tube was capped and mixed until the tablet 

dissolved. The sample was titrated with sulfuric acid reagent until a color change of blue-

green to pink was observed. The volume of titrant used was recorded and was equivalent 

to total alkalinity as ppm calcium carbonate (CaCO3). Alkalinity was measured at sites 1, 

3, 5 and 13. 

 Turbidity was measured using a turbidity test kit (LaMotte code# 7519). A 50 mL 

water sample was placed in a turbidity column with a dark dot against a white 

background on the bottom. Turbidity was estimated visually against a tap water standard. 

Turbidity was measured at sites 1, 3, 5 and 13. 



 22 

 

Macroinvertebrate Sampling 

 A composite sample of macroinvertebrates was collected at each site. A triangular 

net was used to collect the organisms. Each composite sample was the combination of 20 

individual net samples from a stream reach of approximately 100 meters. Sample 

frequency along the selected reach was proportional to the composition of the stream 

habitat. For example, if approximately 20% of the streambed consisted of small gravel 

and fine sand, then 4 of the 20 individual samples in the collected from the reach were 

from that substrate type. 

 Two distinct methods were used to collect individual samples. A kick sample was 

effective where the stream bottom was stony and the current was perceptible. The net was 

held so that the flat end was on the bottom and the opening was perpendicular to the 

current. An area of substrate of approximately 0.25 m2 was agitated and disturbed by 

kicking the bottom with the feet. If the bottom consisted of large rocks the rocks were 

turned over and the substrate underneath them was agitated. The net was held in the 

current until the water cleared. A jab sample was effective in areas of imperceptible 

current or where submerged and emergent macrophytes were present. Jab samples were 

also used in places that had concentrations of loose organic debris such as leaves and 

twigs. In a jab sample the net was swept through the debris or vegetation in a smooth and 

continuous motion. 

 After each individual sample was collected, the net was taken to the stream bank 

and held over a white plastic tray. The contents of the net were shaken into the tray. 

Organisms attached to large debris were hand-picked before the debris was discarded. 



 23 

Invertebrates along with any small debris were placed in jars and covered with 95% 

ethanol preservative until they could be brought back to the laboratory for processing and 

identification. Large unionid bivalves were not sampled quantitatively. Empty shells were 

collected and compared to the population of organisms in the stream reach. A 

representative collection of shells was brought back to the lab for identification. Living 

unionids were returned to the stream. 

Macroinvertebrate Processing 

 The first step in sample processing was to separate organisms from debris. 

Composite samples were strained through a funnel capped with 500 um mesh Nitex 

screen to remove the 95% ethanol. The sample was then transferred to a white pan and 

covered with tap water for 15 minutes in order to rehydrate the organisms. The mixture of 

organisms and debris was then transferred a little at a time to a 90 mm diameter petri dish 

cover on the stage of a 10-70x zoom magnification stereomicroscope. Low magnification 

was used to initially separate invertebrates from debris. Organisms were sorted by 

taxonomic order and placed in small glass vials. 70% ethanol was added to cover the 

organisms for preservation until further identification was performed. 

 Final identification of macroinvertebrates was done using the same 

stereomicroscope that was used for initial sorting. In addition, a compound microscope 

was used to facilitate identification of small organisms and structures. Peckarsky et al 

(1990) was used for most of the invertebrate identification. Mollusks were identified 

using Harman (1982; 2003). Crayfish identification was aided by Horvath (2003). 

Identification of organisms was in most cases to the level of genus with some exceptions. 

Crayfish were identified to the level of family (Cambaridae) because of uncertainty in 
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identifying breeding forms and immature specimens. Midges (Diptera: Chironomidae) 

were identified to the family level. Mollusks were identified to the finest level of 

classification possible, in many cases to the level of species. 

 As organisms were identified, they were grouped by site and taxon and placed in 

glass vials with 70% ethanol preservative. The vials were labeled with site number, name 

and quantity of the organisms contained. Data were tabulated by site to facilitate further 

analysis.  

Physical Habitat Assessment 

 Physical Habitat Assessment (PHA) was made for each site. Habitat parameters 

used to make an evaluation of habitat suitability include the condition of the bottom 

substrate, habitat complexity, pool quality, bank stability, bank protection, and canopy 

cover (Resh, et al, 1996). These six parameters describe components of the stream 

channel and the surrounding riparian corridor (Resh, et al, 1996). Each of the parameters 

was rated on a scale of 20 (optimal) to 5 (poor). Notes and photographs taken at the site 

aided in assessing each of the parameters. After a score was assigned for each parameter, 

a physical habitat assessment (PHA) score was calculated by finding the sum of the six 

parameters for each site. 

Taxa Richness 

 Taxa richness is the total number of taxa, or individual groups of organisms, 

found within a given composite sample from a site (Resh, et al, 1996). Taxa richness was 

determined by adding together the number of taxonomic groups identified at each site. 

Percent EPT 
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 Percent EPT (% EPT) is the percentage of the total sample community for a site 

that belong to the insect orders Ephemeroptera (E) or mayflies, Plecoptera (P) or 

stoneflies, and Trichoptera (T) or caddis flies. Percent EPT is equal to the total 

Ephemeroptera, Plecoptera, and Trichoptera divided by the total number of organisms in 

the sampled community multiplied by 100% (Resh, et al, 1996). Water quality ranges 

based on %EPT scores are: >10% non-impacted; 6-10% slightly impacted; 2-5% 

moderately impacted; 0-1% severely impacted (Bode, et al., 1991). Percent EPT was 

determined for each site. 

Family Biotic Index 

 Biotic indices are based on the idea that pollution tolerance for various benthic 

organisms is different. (Resh, et al., 1996). A focus of this study was to enable the 

research that was performed to be repeated in the future by individuals such as high 

school students and faculty who are not expert taxonomists. For this reason, although 

much of the identification of organisms was to the genus level, biotic index calculations 

were based on the family level. The first step in calculating family biotic index (FBI) was 

to assign pollution tolerance scores for the organisms in a sample. Family level pollution 

tolerance scores were taken from Resh, et al. (1996). Second, the number of organisms in 

a given family was multiplied by the tolerance score for that family. The sum of the 

products within a sample are then added together and divided by the total number of 

organisms in the sample. The resulting number is the FBI. Water quality evaluations 

based on FBI values are: 0.00 to 3.75 excellent; 3.76 to 4.25 very good; 4.26 to 5.00 

good; 5.01 to 5.75 fair; 5.76 to 6.50 fairly poor; 6.51 to 7.25 poor; 7.26 to 10.00 very 

poor (Resh, et al., 1996). FBI was calculated for each site. 
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Percent Model Affinity 

A comparison was made between the sampled stream benthic macroinvertebrate 

community and a theoretical model stream benthic macroinvertebrate community. 

Percent Model Affinity (PMA) is the result of a comparison between a sampling site 

community and a model non-impacted community based on percent abundance of 7 

major groups (Bode, et al., 1991). A model community consisting of: 40% 

Ephemeroptera, 5% Plecoptera, 10% Trichoptera, 10% Coleoptera, 20% Chironomidae, 

5% Oligochaeta, and 10% Other is compared to a sampled community and the absolute 

difference in the percent abundance between the two communities is totaled. The total of 

the differences is multiplied by 0.5 and that number is subtracted from 100. The resulting 

number is the percent model affinity. PMA values of greater than 64 indicate a non-

impacted community. Values of 50 to 64 indicate a slightly impacted condition. 

Moderately impacted communities are characterized by PMA values that range from 35 

to 49. PMA values of less than 35 are typical of severely impacted communities (Bode, et 

al, 1991). PMA was calculated for each site. 

Functional Feeding Groups 

 According to Cummins (1994), the Functional Feeding Group (FFG) technique 

for the characterization of lotic macroinvertebrate communities is based on a limited set 

of morphological-behavioral adaptations used by taxonomically diverse groups in 

acquiring their nutritional resources. A functional approach in evaluating the structure of 

invertebrate communities has been proven to be effective in providing a “window” to 
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lotic ecosystem function (Cummins, 1994). Bode, et al, (1991) was used to determine 

feeding habits for each of the groups of organisms identified in a given site. Five feeding 

habits were used: collector gatherer (c-g), collector filterer (c-f), shredder (shr), scraper 

(scr), and predator (prd). After the total number of organisms occupying a feeding group 

was determined, the percent composition of each site was calculated. A pie chart was 

created for each site. The mean percent abundance of each functional feeding group was 

also calculated and graphed. Regression analysis of individual feeding groups was 

performed to identify measurable changes in FFG composition due to distance from the 

source. 

Data Analysis 

As a stream evolves according to the river continuum theory, stream channels 

usually grow in size and complexity (Stanford, 1996). This results in longitudinal 

zonation that affects the distribution and composition of biotic communities as the river 

develops (Closs, et al., 2004). With this in mind, will the changes in habitat and its 

influence on benthic macroinvertebrate communities be seen in the Butternut Creek? In 

the scope of this study, will these changes be perceptible by some of the 

macroinvertebrate indices currently in use? Is physical habitat a reliable predictor of the 

condition of the benthic macroinvertebrate community?  

To evaluate these, several hypotheses were proposed and tested. Linear regression 

models were used to analyze the relationship between the following variables: distance 

from the source of the stream and FFG composition, distance from the source of the 

stream and physical habitat (PHA), PHA and FBI, PHA and PMA, PHA and % EPT. A 

probability ( P value) of  less than 0.05 results in the rejection of the null hypothesis (H0) 
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and the acceptance of an alternate hypothesis (H1). It is assumed that populations were 

sampled randomly and the data normally distributed before parametric procedures and 

simple linear regression analysis can be validly performed (Zar, 1999). Data 

transformations can correct issues of asymmetry in data distribution and alleviate the 

effects of sampling bias in population data (Zar, 1999).  Multiplicative data (PHA and 

FBI) underwent logarithmic transformation before regression analysis. Percentage data 

(FFG % composition, PMA and %EPT) were subjected to arcsine square root 

transformation before regression was determined.  Microsoft Excel was used to calculate 

linear regression. A scatter diagram is a pictorial method of representing the relationship 

between two variables (Woolf, 1968). A line that best fits the points of a scatter diagram 

is called a regression line (Woolf, 1968). If the line is horizontal to the x axis, no 

correlation is present between the two variables. A positive or negative slope is an 

indication that positive or negative correlation is present. Scatter plot diagrams with best 

fit lines were created to represent the relationships between variables in each of the 

arguments described above.
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Results 

Mean air temperature was 25.0oC (sd = 3.89) over the sampling period from 

7/1/02 to 7/15/02. Water temperature averaged 20.9oC (sd = 2.28) over the sampling 

period (Table 3). Average dissolved oxygen (D.O.) of 8.8 ppm was determined from data 

collected at sites 1, 5, 9 and 13. A low D.O. of 7.2 ppm was measured at site 1. A high 

D.O. reading of 9.8 ppm D.O. was recorded at site 13 on 7/11/2002. The pH remained 

fairly constant at all of the sites over the course of the survey. The average pH of the four 

sites was 7.20 (sd = 0.21). Alkalinity averaged 58 ppm as CaCO3 (sd = 2.31) over the 

sampling period. Turbidity based on a tap water standard was 0 for all of the sites 

sampled. Phosphate and nitrate levels were low. Much of the phosphorus found in 

running waters is attached to suspended particles (Closs, 2004),. Low total phosphate 

levels are to be expected in the Butternut with its low turbidity.  

Table 3: Physical and Chemical Data for sites 1-18. Standard deviation (+/- sd) is in 
parentheses. 
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Macroinvertebrate data for each site appears in appendix 1. Functional Feeding 

Group (FFG) graphs appear in appendix 2. Mean FFG composition show an average 

composition of 35% collector gatherers, 18% collector filterers, 3% shredders, 28% 

scrapers, and 16% predators (Figure 4). Shredders are only feeding group that showed a 

linear relationship with respect to distance from the source of the stream (r2 = 0.2256;                      

p = 0.046) (Figure 5). 

Figure 4 Average feeding group composition for the 18 sites sampled. Standard 
deviation (+/- sd) is in parentheses. 
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Figure 5 Argument #1: Does distance from the source of the stream have a significant 
effect on shredder populations? Shredder populations decreased significantly (r2 = 
0.2256; p = 0.046) as the stream developed. In this case the null hypothesis (H0 = 
distance from the source has no effect on the percent composition of the benthos with 
respect to shredders) was rejected and the alternate hypothesis (H1 = distance from the 
source is correlated with a decline in shredder populations) was accepted.  
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A summary of site calculations, including PHA, taxa richness, %EPT, FBI and 

Percent Model Affinity appears in table 4. PHA averaged 94.17 (sd = 19.42)(Figure 11). 

Sites 8 and 18 were ranked as sub-optimal in terms of PHA. Sites 11 and 13 received 

scores of 55 and 45, respectively, placing them in the marginal habitat range. All the rest 

of the sites scored 90 and above, placing them in the optimal habitat range (Figure 6).  

Taxa richness averaged 24 (sd = 4.5). Water quality estimates were not made with 

taxa richness because other studies use a finer level of taxonomic resolution, so 

comparisons cannot be reliably made between the results of this study and others on the 

basis of taxa richness.  

Table 4: PHA, Taxa Richness, %EPT, FBI and PMA for sites 1-18. 

site # PHA Taxa 
Richness  

%EPT FBI Percent 
Model 
Affinity 

1 90 19 12 6.76 48 
2 100 15 62.3 2.4 67.7 
3 100 22 52.6 4.4 71.1 
4 110 27 53.9 4.17 63.1 
5 90 26 67.5 3.45 74.3 
6 100 21 57.4 2.98 77.4 
7 110 15 26 4.68 44 
8 85 23 53.7 4.38 80.3 
9 110 26 33.9 5.5 63.1 
10 90 29 85.2 2.65 67.6 
11 55 28 41.7 4.93 78.2 
12 105 31 21.5 4.74 40.7 
13 45 20 47.4 5.06 66.4 
14 120 25 57.7 3.45 60.4 
15 110 27 85.1 3.21 36 
16 100 23 70.9 3.79 71.8 
17 100 27 58.3 3.97 53.9 
18 75 23 22.9 6.07 62.9 

sample 
mean 

(+/- sd) 

94.17 
(+/- 19.42) 

24 
(+/- 4.5) 

50.56 
(+/- 20.98) 

4.26 
(+/- 1.16) 

62.6 
(+/- 13.2) 
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Figure 6 Physical Habitat Assessment of the 18 sites sampled in the Butternut Creek. 
Eleven out of eighteen sites were assessed as greater than 90, placing them in the optimal 
range. See Fig 3 (p. 15) for locations of collecting sites. Habitat quality benchmarks are 
labeled according to Resh, et al., (1996). 
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Figure 7 Taxa Richness shows the number of distinct macroinvertebrate groups collected 
at each site. See Fig 3 (p. 15) for locations of collecting sites.  
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All of the sites sampled had an EPT score of greater than 10%, placing the water 

quality in Butternut Creek in the non-impacted range (Figure 8). Mean percent EPT was 

50.56% (sd=20.98)(Table 4; Figure 11). 

Figure 8. Percent Ephemeroptera, Plecoptera and Trichoptera (%EPT) in Butternut 
Creek during the course of this study.  See Fig 3 (p. 15) for locations of collecting sites.  
Water quality ranges are from Bode, et al, (1991). 
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FBI scores indicate excellent water quality at sites 2, 5, 6, 10, 14 and 15 (Figure 

9). Very good water quality was found at sites 4, 16 and 17. Good water quality was 

found at sites 3, 7, 8, 11 and 12. Sites 9 and 13 had fair water quality. Fairly poor water 

quality was found at site 18. Site 1 was classified with poor water quality. Average FBI 

was 4.26 (sd = 1.16), indicating good water quality in the stream as a whole (Figure 9). 

Percent Model Affinity (PMA) scores ranked sites 2, 3, 5, 6, 8, 10, 11, 13 and 16 

as non-impacted (Figure 10). Sites 4, 9, 14, 17 and 18 are slightly impacted. Sites 1, 7, 12 

and 15 are moderately impacted. PMA averaged 62.6 (sd = 13.2) giving the stream as a 

whole a rating of slightly impacted (Figure 11). 
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Figure 9 Family Biotic Index scores. See Fig 3 (p. 15) for locations of collecting 
sites. Resh, et al. (1996) was used to establish water quality ranges. 
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Figure10 Percent Model Affinity (PMA) scores for the eighteen sites sampled. Nine out 
of eighteen sites had PMA scores of greater than 64, resulting in an assessment of non-
impacted for these sites. See Fig 3 (p. 15) for locations of collecting sites. Ranges are 
from Bode, et al. (1991). . 
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Figure 11: Summary of the Mean Water Quality Values for the 18 sites surveyed on the 
Butternut Creek. Values include standard deviation (+/- 1sd) error bars with the standard 
deviation in parentheses. 
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Physical habitat did not show any significant changes with respect to distance 

from the source.  The relationship between distance from the source and PHA was not 

linear (r2 = 0.027; p = 0.52) (Appendix 3; Figure 12). The relationship between PHA and 

FBI was also not linear (r2 = 0.1092; p = 0.18) (Appendix 3; Figure 13). PHA was not a 

reliable predictor of FBI. The relationship between PHA and PMA was not linear (r2 = 

1425; p = 0.12) (Appendix 3; Figure 14). A high PHA does not denote high PMA values. 

Similar results were obtained when the relationship between PHA and %EPT were tested 

(r2 = 0.1425; p = 0.021) (Appendix 3; Figure 15) showing no significant relationship 

between the two variables. 

Figure 12 Argument #2: Does distance from the source of the stream have an effect on 
physical habitat (PHA)? Regression analysis of physical habitat and distance from the 
source revealed no significant connection between these two variables. The null 
hypothesis (H0: distance from the source has no significant effect on the physical habitat 
in the stream) was accepted. 
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Figure 13 Argument #3: Does the physical habitat assessment (PHA) of a site have an 
effect on the family biotic index (FBI) of the site? The null hypothesis (H0: the PHA 
rating has no significant effect on FBI of a stream) was accepted. 
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Figure 14 Argument #4: Does the physical habitat assessment (PHA) of a site correlate 
with percent model affinity (PMA)? The null hypothesis (H0: the PHA rating of a site has 
no significant effect on PMA) was accepted. 
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Figure 15 Argument #5: Does the physical habitat assessment (PHA) of a site correlate 
with percent Ephemeroptera, Plecoptera, Trichoptera (%EPT)? The null hypothesis (H0: 
the PHA rating of a site has no significant effect on %EPT) was accepted. 
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Discussion 
 
 Site # 1 was rated as moderately impacted in terms of percent model affinity 

(48%) and with poor water quality based on its family biotic index score (6.76). This site 

lies approximately 100 meters from the Basswood pond dam. The physical habitat rating 

at this site is good (90) and the surrounding area is forested (Figure 16), with no obvious 

sources of human impact, so why does it rate so poorly in terms of PMA and FBI?  

The stream at this site is approximately one meter wide and the flow at the time 

that it was sampled was low. Air temperature was 27oC at the time of sampling as was the 

water temperature. This was the only site that had a water temperature the same as the air 

temperature. Basswood pond is shallow, with an average depth of 7.8 feet (2.4 meters) 

and a maximum depth of 14 feet (4.3 meters) and the spillway discharges from the 

surface (McBride, 2004). These factors combined are the likely cause of the relatively 

high water temperatures here. The stream elevation drops approximately 65 meters in the 

first two kilometers after the dam (Figure 17). The bottom sediment texture is fine sand 

and mud and the stream flows through a wetland area in this reach (McBride, 2004). This 

is a first order stream at this point and the nutrient contributions to streams in this stage of 

development are commonly allochthonous. Its position below Basswood Pond may have 

an effect on the FFG composition of the macroinvertebrate fauna. A stream below a 

eutrophic impoundment normally supports a rich macroinvertebrate community 

dominated by filter-feeding insects (Bode and Simpson, 1982). Collector-filterers 

comprised 53% of the macroinvertebrate community at site 1, so the habitat upstream is 

probably influencing the stream community at this point. 
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Other factors that may be impacting the fauna below Basswood Pond are 

herbicide use and the ephemeral nature of the stream at this point. Herbicides are 

sometimes used to reduce competition from undesirable species in forest plantations 

(NYSDEC, 2004(3)), but limited herbicide use does not adversely affect the biotic and 

abiotic components of regenerating northern forests (NYSDEC (2004(4)). It could be that 

the effects of this type of forest management are more pronounced in the aquatic biota. 

An analysis this is beyond the scope of this study but may be a focus of subsequent 

investigation. 

Shade limits planktonic primary productivity, but high water clarity allows 

sunlight penetration to the substrate, giving periphyton a significant role as primary 

producers in the stream community. Periphyton is directly consumed by organisms, 

namely scrapers or grazers, adapted for removing the attached algae from surfaces. The 

surrounding forest contributes organic material to be broken down from coarse 

particulate organic matter (CPOM) to fine particulate organic matter (FPOM) by 

decomposers and shredders. 

Shredders increased from 2% at site # 1 to 17% at site 2. This trend is also seen in 

the River Continuum Concept diagram (figure 18), albeit on a larger scale with a greater 

degree of longitudinal zonation. Overall, however, the percentage of shredders showed a 

significant decline as the stream flowed from start to finish. This could be due a number 

of factors including seasonal effects or sampling bias. Studies on other streams show a 

significant positive correlation between shredder density and detritus biomass (Murray 

and Giller, 2000). Deciduous detritus supports a greater biomass than coniferous detritus, 

but given equal quantities of detritus matter, there is no difference between the number of 
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shredders supported (Murray and Giller, 2000). After the fall, the amount of available 

leaf material declines as it is consumed by shredders and decomposers through the 

winter. Sampling took place in July, and as a result available food may have forced 

shredder activity to low levels, resulting in low sampling yield. Another contributing 

factor could be a lack of tree cover along the banks of the stream. Although given a 

generally well developed and improving riparian buffer zone along the Butternut, I don’t 

feel as though lack of tree cover is limiting the shredder population. Other studies could 

address this issue by quantifying light penetration to the stream bed. FPOM becomes a 

more important source of energy in the stream as it gets bigger and the watershed 

contributes more materials to the nutrient budget. As a stream gets bigger and wider, 

shredders play less of a role in making nutrients available to the stream food web. 

Perhaps as the Butternut is developing into a higher order stream this effect is governing 

the composition of the shredder community, but it is unlikely that this is the case because 

of the relatively short distance encompassed by the study. 

When comparing the results of this study to others, collection efficiency and 

variation in technique and need to be considered. Bode and Simpson (1982) state that “in 

general less than 500 individuals per sample reflects an impoverished community, 

possibly stressed by toxicity.” None of the sites sampled in this study yielded over 500 

organisms. Initially it was suspected that a learning curve was required here and that 

collection efficiency would improve as progress was made down the stream. A 

correlation coefficient was calculated (r = 0.506) between number of organisms collected 

and sample number, leading to the conclusion that sampling yield did not change 
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significantly over the duration of the field sampling. Perhaps the time of year or water 

levels had an impact on total numbers of organisms collected.  

Feeding groups tend to favor specific habitats. Generally, the majority of common 

stream invertebrates favor substrate materials that offer rough, complex surfaces 

(Downes, et al., 1998). Grubaugh, et al. (1996) found a difference between invertebrate 

densities associated with microhabitat composition. The highest densities were found in 

cobble habitats, followed by bedrock, pebble-gravel and depositional areas (Grubaugh, et 

al., 1996). The texture of the sediments determines the rate of erosion along the 

streambed and reduces invertebrate mortality associated with conditions of increased 

current velocity (Holomuzki and Biggs, 2003). Great care must be exercised when 

sampling an area to include all the different habitat types that are found within a stream 

reach. Careful attention was given to collecting samples that were representative of 

habitat composition, but this may be a factor that contributed to inconsistencies in data. 

Cobble rocks make great habitat for the benthos, but are difficult to sample when using 

the kick sampling technique. 

Sampling technique may also have had an impact on the numbers and types of 

organisms collected. No sampling device is suitable for all types of habitat (Taylor, et al., 

2001). Kick sampling is used because it is easy and the cost of equipment is low. Multi-

plate sampling devices are used by the NYSDEC Stream Biomonitoring Unit because 

they provide uniformity of substrate type, depth and exposure period (Bode, et al., 1996). 

Ponar and Eckman dredges are used in soft sediments when water depth excludes wading 

(Bode, et al., 1996). The use of electroshock equipment to sample stream invertebrates 
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shows promise in terms of reduced sampling and processing time without compromising 

accuracy (Taylor, et al. 2001). 

“It is not clear what aspects of river health sets of ecosystem level indicators 

actually identify, or how physical, chemical and biological characteristics may be 

integrated into measures rather than just observations of cause and effect.” (Norris and 

Thoms, 1999). Upon evaluation of the data that was collected in this study, the health of 

the Butternut Creek macroinvertebrate community appears to be good. However, there 

was variability among sites in terms of the water quality rating that was given. Some sites 

were rated highly using one index, but low when using another. Bode, et al.  (2004) 

reported similar results at the site above the State Route 23 Bridge in Morris. From 1989 

to 2002 I lived in a house that bordered the Butternut Creek at this location. There are 

some potential sources of pollution that are not immediately obvious when looking at this 

site. A capped landfill and solid waste transfer station operated by the Town of Morris are 

situated a short distance upstream. Also, a former industrial site that included a foundry 

and a tractor manufacturing company that operated until the mid 1980’s is located about 

150 meters from the banks of the stream. The foundry had a pond that was fed by a low 

dam that diverted water from the Butternut approximately one kilometer upstream. The 

water re-entered the Butternut after flowing through a power generating building and then 

though a mill race behind my house. On many occasions I observed a heavy oily film on 

top of the water as it flowed behind my house. The dam fell into disrepair in the early 

1990s and as the decade progressed, less water flowed into the pond until it eventually 

dried up around 1997. Discussions with neighbors left a general impression that the 

tractor factory and foundry were a chronic source of pollution throughout the history of 
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their operations. This may explain the lowered scores at this site. Whether or not these 

factors are still detrimental to the stream would require further investigation.  

Another cause for the apparent dissonance among water quality assessments may 

be the relative lack of oligochaetes in the site composites. Oligochaetes play an important 

role in aquatic ecosystems and are tolerant of anoxic conditions. Their presence may be 

indicative of organic pollution stress. Bode, et al. (2004) reports in the results of a 

NYSDEC survey large numbers of oligochaetes at the Mount Upton Site, which is near 

site 17 in my survey. Oligochaetes made up 30% and 14% of the sampled community 

above and below the bridge, respectively in the NYSDEC survey. No oligochaetes were 

sampled there on July 15, 2002. If sampling overlooks these organisms a site may be 

rated as healthy, when in reality it is under stress. According to Peckarsky, et al. (1990), 

oligochaetes can be broken by vigorous sieving, and many are too small to be retained by 

the coarse mesh sieves commonly used for benthic macroinvertebrates. The oligochaetes 

may also have been overlooked while sorting through the samples and were discarded 

with the organic debris. Rose Bengal, a tissue stain, might have helped with sorting, but 

was not used in this study. 
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Figure 16: Photograph of site #1 below Basswood Pond. The stream drops 
considerably in the first two kilometers, but at this site the slope was relatively shallow 
and the particle size was small. 

 

Figure 17:  Map of site 1 through site 3. The stream drops considerably in the first two 
kilometers. 
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Figure 18: River Continuum Concept diagram. This diagram illustrates the changes 
that take place as a stream develops according to the River Continuum Concept (RCC). 
The Butternut is classified as a 1-3 order foothill stream. Diagram from Craig (2002). 
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Conclusions 

A majority of indicators show that the Butternut Creek is a healthy stream with a 

diverse and abundant benthic macroinvertebrate community. This is in agreement with 

findings published by the NYSDEC Stream Biomonitoring Unit. The stream possesses 

intrinsic assimilative capacity to absorb anthropogenic stress. That is not to say that there 

are not points along the stream where human impacts can be detected. Trash and debris 

characteristic of streams that flow through agrarian regions is present. There are stretches 

of stream bank that could benefit from extra tree cover. In a few places old cars and iron 

farm equipment have been used in apparently ineffective efforts to stabilize the bank 

from erosion. Management recommendations include maintaining and developing the 

riparian buffer zone wherever possible to reduce silt load and alleviate the erosional 

effects of high water levels. Indigenous tree species, such as silver maple (Acer 

saccharinum), could be planted along the banks of the stream, especially in areas where 

early farm operations cultivated and pastured up to the edge of the stream. The silver 

maple’s ability to thrive in water saturated soils and to stabilize river banks could help to 

improve the already good quality of the Butternut Creek’s water. 

No apparent causes were found for the threatened status of the eastern hellbender 

population. When making ecological evaluations based on surrogate taxa such as benthic 

macroinvertebrates, care must be taken not to draw inaccurate conclusions about the 

status of a stream environment (Paavola, et al., 2003). Some fishermen tend to regard the 

hellbender as a monstrosity rather than as the unique creature that it is. Conservation 

efforts regarding the Eastern Hellbender may benefit from targeted outreach efforts. 

Children are more apt to respond favorably to a creature like the hellbender than adults. 
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Simple educational materials targeted at the general public but made available to public 

schools throughout the range of the Eastern Hellbender may prove effective at informing 

the public of the uncertain future for these remarkable salamanders. 

Finally, biomonitoring in this and other stream systems in the Upper Susquehanna 

region should continue. Monitoring on a timely basis will allow us to see changes that 

may otherwise go unnoticed until it is too late to correct any potentially harmful human 

activity.
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Appendix 1: Macroinvertebrate lists. Life stages are A = adult; I = immature. 

Functional Feeding Group (FFG) designations are c-g: collector gatherers; c-f: collector 

filterers; shr: shredders; scr: scrapers; prd: predators. FFG determintations based on 

Bode, et al., (1991). 

 
Site 1        
Phylum Class Order Family Genus, species Life stage Number of 

Organisms 
Functional 

Feeding 
Group 

Arthropoda Insecta Ephemeroptera Ephemerellidae Danella I 1 c-g 
    -------------- I 1 c-g 
   Ephemeridae Ephemera I 1 c-g 
  Odonata: Anisoptera Cordulegasteridae Cordulegaster I 1 prd 
  Plecoptera Perlodidae Isoperla I 2 prd 
  Hemiptera Veliidae Rhagovelia A 2 prd 
  Trichoptera Hydropsychidae Diplectrona I 2 c-f 
   Lepidostomatidae Lepidostoma I 1 shr 
   Odontoceridae Psilotreta I 1 scr 
   Phyrganeidae -------------- I 1 prd 
  Coleoptera Dytiscidae Hydroporus I 1 prd 
   Elmidae -------------- I 2 scr 
   Psephenidae Ectopria I 2 scr 
  Diptera Chironomidae -------------- I 17 c-g 
   Simuliidae Simulium I 2 c-f 
   Tabanidae Tabanus I 5 prd 
   Tipulidae Prionocera I 1 shr 
 Crustacea Decapoda Cambaridae -------------- A 1 c-g 
Mollusca Bivalvia  Sphaeriidae Pisidium A 39 c-f 
      Total = 83  

 

Site 2        
Phylum Class Order Family Genus, species Life stage Number of 

Organisms 
Functional 

Feeding 
Group 

Arthropoda Insecta Ephemeroptera Ephemerellidae Drunella I 9 scr 
    Ephemerella I 1 c-g 
    Eurylophella I 2 c-g 
   Heptageniidae Macdunnoa I 7 scr 
  Plecoptera Perlidae Agnetina I 3 prd 
   Leuctridae Zealeuctra I 4 shr 
  Trichoptera Limnephilidae Psychoglypha I 3 shr 
   Odontoceridae Psilotreta I 2 scr 
   Philopotamidae Dolophilodes I 7 c-f 
  Coleoptera Elmidae ----------------- I 1 scr 
   Psephenidae Psephenus I 12 scr 
  Megaloptera Corydalidae Nigronia I 5 prd 
  Diptera Chironomidae ------------------ I 1 c-g 
   Tipulidae Tipula I 3 shr 
Nematomorpha Gordioidea  Gordiidae Gordius A 1 non-

feeding as 
adult 

      Total = 61  
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Site 3        
Phylum Class Order Family Genus, species Life stage Number of 

Organisms 
Functional 

Feeding 
Group 

Arthropoda Insecta Ephemeroptera Ephemerellidae Danella I 3 c-g 
    Serratella I 4 c-g 
   Ephemeridae Ephemera I 6 c-g 
   Heptageniidae Macdunnoa I 15 scr 
  Plecoptera Perlidae Acroneuria I 1 prd 
   Chloroperlidae Utaperla I 2 prd 
  Trichoptera Hydropsychidae Chneumatopsyche I 1 c-f 
    Hydropsyche I 7 c-f 
    Potamyia I 1 c-f 
   Polycentropodidae Cyrnellus I 10 c-f 
  Coleoptera Elmidae Optioservus I 9 scr 
    Stenelmis I 1 scr 
   Psephenidae Psephenus I 7 scr 
  Megaloptera Corydalidae Nigronia I 3 prd 
   Sialidae Sialis I 1 prd 
  Diptera Chironomidae ------------------ I 8 c-g 
   Tabanidae Crysops I 6 c-g 
   Tipulidae Hexatoma I 1 prd 
    Tipula I 1 shr 
 Crustacea Decapoda Cambaridae  A 6 c-g 
Mollusca Bivalvia  Sphaeriidae Pisidium A 1 c-f 
    Sphaerium A 1 c-f 
      Total = 95  

  

Site 4        
Phylum Class Order Family Genus, species Life stage Number of 

Organisms 
Functional 

Feeding 
Group 

Arthropoda Crustacea Decapoda Cambaridae  A 1 c-g 
 Insecta Ephemeroptera Ephemerellidae Drunella I 1 scr 
   Ephemeridae Ephemera I 5 c-g 
   Heptageniidae ---------------- I 10 scr 
   Tricorythidae Tricorythodes I 1 c-g 
  Plecoptera Perlidae Agnetina I 5 prd 
    Paragnetina I 2 prd 
   Taeniopterygidae Strophopteryx I 1 shr 
  Hemiptera Velliidae Microvelia I 1 prd 
  Trichoptera Limnephilidae Goera I 6 scr 
    Hydatophylax I 3 shr 
    Pseudostenophylax I 1 shr 
   Odontoceridae Psilotreta I 1 scr 
   Rhyacophilidae Rhyacophila I 1 prd 
   Polycentropodidae -------------- I 8 c-f 
   Uenoidae Neophylax I 3 scr 
  Coleoptera Elmidae Optioservus I 9 scr 
    Stenelmis I 1 scr 
   Psephenidae Psephenus I 7 scr 
  Megaloptera Corydalidae Nigronia I 3 prd 
   Sialidae Sialis I 1 prd 
  Diptera Chironomidae ------------------ I 8 c-g 
   Tabanidae Chrysops I 6 c-g 
   Tipulidae Hexatoma I 1 prd 
Mollusca Bivalvia  Sphaeriidae Pisidium A 1 c-f 
    Sphaerium A 1 c-f 
      Total = 89  
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Site 5        
Phylum Class Order Family Genus, species Life stage Number of 

Organisms 
Functional 

Feeding 
Group 

Arthropoda Insecta Ephemeroptera Ephemerellidae Drunella I 6 scr 
    Ephemerella I 1 c-g 
   Ephemeridae Ephemera I 1 c-g 
   Heptageniidae --------------- I 6 scr 
   Leptophlebiidae Paraleptophlebia I 10 c-g 
    Serratella I 5 c-g 
   Siphloneuridae Siphlonisca I 8 c-g 
   Tricorythidae Tricorythodes I 4 c-g 
  Odonata: Anisoptera Aeshnidae Boyeria I 1 prd 
   Gomphidae Gomphus I 1 prd 
    Ophiogomphus I 1 prd 
    Stylogomphus I 1 prd 
  Plecoptera Perlidae Agnetina I 1 prd 
  Hemiptera Corixidae Sigara A 6 prd 
  Trichoptera Glossosomatidae Glossosoma I 1 scr 
   Limnephilidae Hydatophylax I 1 shr 
   Odontoceridae Psilotreta I 2 scr 
   Uenoidae Neophylax I 6 scr 
  Coleoptera Elmidae Dubiraphia I 2 c-g 
    Optioservus I 1 scr 
    Stenelmis A 1 scr 
  Diptera Chironomidae ------------------ I 6 c-g 
   Tabanidae Chrysops I 1 c-g 
 Crustacea Decapoda Cambaridae --------------- A 2 c-g 
Mollusca Bivalvia  Sphaeriidae Pisidium A 1 c-f 
 Gastropoda  Lymnaeidae Lymnaea columella A 1 c-g 
      Total = 77  

Site 6        
Phylum Class Order Family Genus, species Life stage Number of 

Organisms 
Functional 

Feeding 
Group 

Arthropoda Insecta Ephemeroptera Ephemerellidae Drunella I 11 scr 
   Ephemeridae Ephemera I 1 c-g 
   Leptophlebiidae Paraleptophlebia I 6 c-g 
   Tricorythidae Tricorythodes I 1 c-g 
  Odonata: Anisoptera Aeshnidae Boyeria I 1 prd 
   Gomphidae Gomphus I 1 prd 
    Ophiogomphus I 1 prd 
    Stylogomphus I 1 prd 
  Plecoptera Leuctridae Zealeuctra I 2 shr 
  Hemiptera Corixidae Sigara A 6 prd 
  Trichoptera Glossosomatidae Glossosoma I 1 scr 
   Limnephilidae Hydatophylax I 1 shr 
   Odontoceridae Psilotreta I 2 scr 
   Uenoidae Neophylax I 6 scr 
  Coleoptera Elmidae Dubiraphia I 2 c-g 
    Optioservus I 1 scr 
    Stenelmis A 1 scr 
  Diptera Chironomidae ------------------ I 6 c-g 
   Tabanidae Chrysops I 1 c-g 
Mollusca Bivalvia  Sphaeriidae Pisidium A 1 c-f 
 Gastropoda  Lymnaeidae Lymnaea columella A 1 c-g 
      Total = 54  
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Site 7        
Phylum Class Order Family Genus, species Life 

stage 
Number of 
Organisms 

Functional 
Feeding 
Group 

Arthropoda Insecta Ephemeroptera Baetidae Baetis I 2 c-g 
   Ephemerellidae Eurylophella I 1 c-g 
   Heptageniidae Luecrocuta I 6 scr 
  Plecoptera Leuctridae Zealeuctra I 2 shr 
  Hemiptera Corixidae Sigara A 15 prd 
  Trichoptera Uenoidae Neophylax I 2 scr 
  Coleoptera Elmidae Optioservus I 2 scr 
  Diptera Chironomidae ------------------ I 2 c-g 
   Tabanidae Chrysops I 1 c-g 
   Tipulidae Hexatoma I 5 prd 
 Crustacea Decapoda Cambaridae ………………. A 1 c-g 
Mollusca Bivalvia  Sphaeriidae Pisidium A 1 c-f 
 Gastropoda  Lymnaeidae Pseudosuccinea columella A 2 c-g 
   Physidae Physa A 5 c-g 
   Planorbidae Gyraulus parvus A 3 scr 
      Total = 50  

Site 8        
Phylum Class Order Family Genus, species Life 

stage 
Number of 
Organisms 

Functional 
Feeding Group 

Arthropoda Insecta Ephemeroptera Baetidae Diphetor I 2 c-g 
   Ephemerellidae Eurylophella I 2 c-g 
    Serratella I 5 c-g 
   Heptageniidae Leucrocuta I 3 scr 
    Macdunnoa I 1 scr 
    Stenacron I 2 scr 
   Tricorythidae Tricorythodes I 1 c-g 
  Odonata: Anisoptera Aeshnidae Boyeria I 1 prd 
  Zygoptera Calopterygidae Calopteryx I 1 prd 
  Hemiptera Corixidae Sigara A 4 prd 
  Trichoptera Brachycentridae Brachycentrus I 1 c-f 
   Hydropsychidae Hydropsyche I 1 c-f 
   Limnephilidae Pycnopsyche I 1 shr 
   Polycentropodidae Polycentropus I 2 prd 
   Uenoidae Neophylax I 1 scr 
  Coleoptera Elmidae Dubiraphia A 1 c-g 
    Optioservus I 2 scr 
   Psephenidae Psephenus I 1 scr 
  Megaloptera Corydalidae Nigronia I 1 prd 
  Diptera Chironomidae ------------------ I 6 c-g 
   Tipulidae Hexatoma I 1 prd 
 Crustacea Decapoda Cambaridae  I 2 c-g 
Mollusca Gastropoda  Physidae Physa A 1 c-g 
      Total = 43  
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Site 9        
Phylum Class Order Family Genus, species Life 

stage 
Number of 
Organisms 

Functional 
Feeding Group 

Arthropoda Crustacea Decapoda Cambaridae  A 2 c-g 
 Insecta Ephemeroptera Heptageniidae Leucrocuta I 1 scr 
   Leptophlebiidae Leptophlebia I 5 c-g 
   Siphloneuridae Ameletus I 5 c-g 
    Siphloneurus I 7 c-g 
   Tricorythidae Tricorythodes I 2 c-g 
  Odonata: Anisoptera Aeshnidae Boyeria I 1 prd 
   Gomphidae Dromogomphus I 1 prd 
    Gomphus I 1 prd 
    Lanthus I 1 prd 
  Plecoptera Perlidae Agnetina I 1 prd 
  Trichoptera Brachycentridae Brachycentrus I 1 c-f 
   Glossosomatidae Glossosoma I 1 scr 
   Hydropsychidae Hydropsyche I 7 c-f 
   Limnephilidae Hydatophylax I 2 shr 
   Philopotamidae Chimarra I 3 c-f 
   Uenoidae Neophylax I 4 scr 
  Coleoptera Dytiscidae Hydroporus A 1 prd 
   Elmidae Microcylloepus I 2 scr 
    Microcylloepus A 1 scr 
    Optioservus I 1 scr 
   Psephenidae Psephenus I 1 scr 
  Diptera Athericidae Atherix I 2 prd 
   Chironomidae  I 34 c-g 
   Simuliidae Simulium I 24 c-f 
   Tipulidae Hexatoma I 5 prd 
Annelida Hirudinea Rhyncobdellida Glossiphoniidae Helobdella A 1 prd 
      Total = 117  

Site 10        
Phylum Class Order Family Genus, species Life 

stage 
Number of 
Organisms 

Functional 
Feeding 
Group 

Arthropoda Insecta Ephemeroptera Ephemerellidae Ephemerella I 1 c-g 
    Drunella I 1 scr 
    Serratella I 41 c-g 
   Ephemeridae Ephemera I 4 c-g 
   Heptageniidae Macdunnoa I 6 scr 
   Siphloneuridae Ameletus I 5 c-g 
   Leptophlebiidae Paraleptophlebia I 2 c-g 
   Tricorythidae Tricorythodes I 2 c-g 
  Odonata: Anisoptera Gomphidae Dromogomphus I 1 prd 
  Plecoptera Perlidae Agnetina I 3 prd 
   Pteronarcidae Pteronarcys I 1 shr 
  Hemiptera Corixidae Sigara A 6 prd 
  Trichoptera Brachycentridae Brachycentrus I 3 c-f 
   Helicopsychidae Helicopsyche I 5 scr 
   Hydropsychidae Hydropsyche I 3 c-f 
   Limnephilidae Hydatophylax I 1 shr 
   Odontoceridae Psilotreta I 4 scr 
   Polycentropodidae Cyrnellus I 1 c-f 
    Polycentropus I 2 prd 
   Uenoidae Neophylax I 34 scr 
    Neophylax P 2 scr 
  Coleoptera Elmidae Dubiraphia I 1 c-g 
    Optioservus I 2 scr 
    Stenelmis A 2 scr 
   Psephenidae Psephenus I 1 scr 
  Megaloptera Corydalidae Nigronia I 1 prd 
  Diptera Chironomidae ------------------ I 2 c-g 
   Tipulidae Hexatoma I 1 prd 
 Crustacea Decapoda Cambaridae  A 3 c-g 
Mollusca Gastropoda  Lymnaeidae Lymnaea columella A 1 c-g 
      Total = 142  
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Site 11        
Phylum Class Order Family Genus, species Life 

stage 
Number of 
Organisms 

Functional 
Feeding Group 

Arthropoda Insecta Ephemeroptera Baetidae Baetis I 18 c-g 
   Caenidae Caenis I 2 c-g 
   Ephemerellidae Attenella I 1 c-g 
    Serratella I 6 c-g 
   Ephemeridae Ephemera I 8 c-g 
   Heptageniidae  I 2 scr 
   Tricorythidae Tricorythodes I 2 c-g 
  Odonata: 

Anisoptera 
Corduliidae Tetragoneuria I 1 prd 

  Plecoptera Perlidae Agnetina I 2 prd 
  Hemiptera Corixidae Sigara A 5 prd 
  Trichoptera Brachycentridae Brachycentrus I 1 c-f 
   Limnephilidae Pycnopsyche I 1 shr 
  Coleoptera Dytiscidae Hygrotus A 2 prd 
   Elmidae Dubiraphia I 2 c-g 
    Optioservus I 1 scr 
     A 6 scr 
   Gyrinidae Gyrinus I 4 prd 
  Diptera Chironomidae  I 17 c-g 
   Simuliidae Simulium I 7 c-f 
 Crustacea Amphipoda Talitridae Hyalella A 1 c-g 
  Decapoda Cambaridae  I 1 c-g 
 Hydrachnidia  Hydryphantidae Hydryphantes A 1 prd 
Mollusca Bivalvia  Sphaeriidae Pisidium A 3 c-f 
   Unionidae Strophitus 

undulatus 
A 1 c-f 

 Gastropoda  Hydrobiidae Amnicola A 2 scr 
   Physidae Physa A 1 c-g 
   Planorbidae Gyraulus 

parvus 
A 1 scr 

    Menetus 
dilatatus 

A 3 scr 

Platyhelminthes Turbellaria Tricladida Planariidae  A 1 c-g 
      Total = 103  
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Site 12        
Phylum Class Order Family Genus, species Life 

stage 
Number of 
Organisms 

Functional 
Feeding 
Group 

Arthropoda Insecta Ephemeroptera Caenidae Caenis I 2 c-g 
   Ephemerellidae Drunella I 6 scr 
    Ephemerella I 1 c-g 
    Serratella I 3 c-g 
   Ephemeridae Ephemera I 8 c-g 
    Litobrancha I 1 c-g 
   Heptageniidae Stenacron I 2 scr 
   Neoephemeridae Neoephemera I 1 c-g 
  Plecoptera Perlidae Agnetina I 1 prd 
  Trichoptera Brachycentridae Brachycentrus I 1 c-f 
   Hydropsychidae Hydropsyche I 8 c-f 
   Limnephilidae Hydatophylax I 1 shr 
    Pycnopsyche I 1 shr 
  Coleoptera Dytiscidae Hydroporus I 2 prd 
   Elmidae Dubiraphia I 16 c-g 
    Microcylloepus I 5 scr 
    Optioservus I 9 scr 
     A 74 scr 
   Gyrinidae Dineutus I 1 prd 
   Psephenidae Psephenus I 26 scr 
    Ectopria I 1 scr 
  Megaloptera Corydalidae Nigronia I 2 prd 
  Diptera Chironomidae  I 5 c-g 
   Tipulidae Tipula I 1 shr 
 Crustacea Amphipoda Talitridae Hyalella I 1 c-g 
 Hydrachnidia    A 5 prd 
Mollusca Bivalvia  Sphaeriidae Sphaerium A 10 c-f 
 Gastropoda  Ancylidae Ferrissia rivularis A 1 scr 
   Lymnaeidae Lymnaea humilis A 1 c-g 
   Planorbidae Gyraulus parvus A 1 scr 
    Menetus diatatus A 1 scr 
      Total = 198  
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Site 13        
Phylum Class Order Family Genus, species Life 

stage 
Number of 
Organisms 

Functional 
Feeding Group 

Arthropoda Insecta Ephemeroptera Ephemerellidae Eurylophella I 16 c-g 
   Siphloneuridae Ameletus I 21 c-g 
  Hemiptera Corixidae Sigara A 2 prd 
   Gerridae Trepobates A 1 prd 
   Mesoveliidae Mesovelia A 1 prd 
   Notonectidae Buenoa A 2 prd 
  Coleoptera Dytiscidae Laccophilus A 1 prd 
   Elmidae Optioservus I 1 scr 
    Stenelmis I 1 scr 
   Gyrinidae Gyrinus I 1 prd 
   Haliplidae Peltodytes A 1 shr 
   Hydrophilidae Anacaena A 1 prd 
    Berosus A 17 prd 
    Derallus I 1 prd 
    Tropisternus I 1 prd 
    Tropisternus A 1 prd 
  Diptera Chironomidae ---------------- I 5 c-g 
 Crustacea Isopoda Talitridae Hyalella A 1 c-g 
Mollusca Bivalvia  Sphaeriidae Pisidium A 2 c-f 
 Gastropoda  Physidae Physa integra A 1 c-g 
      Total = 78  
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Site 14        
Phylum Class Order Family Genus, species Life 

stage 
Number of 
Organisms 

Functional 
Feeding Group 

Arthropoda Insecta Ephemeroptera Ephemerellidae Attenella I 3 c-g 
    Eurylophella I 6 c-g 
    Serratella I 10 c-g 
   Oligoneuriidae Isonychia I 6 c-g 
   Tricorythidae Tricorythodes I 1 c-g 
  Odonata: 

Anisoptera 
Aeshnidae Basiaeshna I 1 prd 

                  
Zygoptera 

Calopterygidae Calopteryx I 1 prd 

  Plecoptera Perlidae Agnetina I 4 prd 
    Paragnetina I 3 prd 
  Hemiptera Gerridae Rheumatobates I 1 prd 
  Trichoptera Hydropsychidae Hydropsyche I 23 c-f 
   Philopotamidae Chimarra I 17 c-f 
   Rhyacophilidae Rhyacophila I 2 prd 
  Coleoptera Elmidae Microcylloepus I 6 scr 
    Promoresia I 2 scr 
    Stenelmis A 6 scr 
    ---------------- A 15 scr 
   Gyrinidae Dineutus A 2 prd 
   Hydrophilidae Hydrochus A 1 prd 
  Diptera Chironomidae --------------- I 7 c-g 
   Simuliidae Simulium I 2 c-f 
 Crustacea Decapoda Cambaridae   A 3 c-g 
Mollusca Bivalvia  Sphaeriidae Pisidium A 1 c-f 
    Sphaerium A 1 c-f 
 Gastropoda  Ancylidae Ferrissia 

rivularis 
A 5 scr 

   Lymnaeidae Lymnaea 
columella 

A 1 c-g 

      Total = 130  
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Site 15        
Phylum Class Order Family Genus, species Life 

stage 
Number of 
Organisms 

Functional 
Feeding Group 

Arthropoda Insecta Ephemeroptera Ephemerellidae Drunella I 6 scr 
   Ephemeridae Ephemera I 4 c-g 
   Oligoneuridae Isonychia I 10 c-g 
  Odonata:  

Anisoptera 
Gomphidae Stylogomphus I 1 prd 

  Plecoptera Leuctridae Zealeuctra I 1 shr 
   Perlidae Acroneuria I 8 prd 
    Agnetina I 1 prd 
    Beloneuria I 1 prd 
  Trichoptera Hydropsychidae Chneumatopsyche I 1 c-f 
    Hydropsyche I 84 c-f 
    Potamyia I 2 c-f 
   Leptoceridae Oecetis I 1 prd 
   Philopotamidae Chimarra I 89 c-f 
    Dolophilodes I 9 c-f 
   Rhyacophilidae Rhyacophila I 5 prd 
   Uenoidae Neophylax I 12 scr 
    " P 5 scr 
  Coleoptera Elmidae Microcylloepus I 7 scr 
    Optioservus I 7 scr 
    " A 5 scr 
   Gyrinidae Dineutus I 6 prd 
  Megaloptera Corydalidae Corydalus I 3 prd 
    Nigronia I 2 prd 
   Sialidae Sialis I 1 prd 
  Diptera Tipulidae Antocha I 3 c-g 
    Hexatoma I 1 prd 
 Crustacea Decapoda Cambaridae   A 3 c-g 
Mollusca Bivalvia  Sphaeriidae Sphaerium A 2 c-f 
 Gastropoda  Lymnaeidae Lymnaea 

columella 
A 1 c-g 

      Total = 281  
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Site 16        
Phylum Class Order Family Genus, species Life 

stage 
Number of 
Organisms 

Functional 
Feeding Group 

Arthropoda Insecta Ephemeroptera Caenidae Caenis I 1 c-g 
   Ephemerellidae Ephemerella I 3 c-g 
    Serratella I 2 c-g 
   Heptageniidae Stenacron I 2 scr 
    Stenonema I 41 scr 
   Oligoneuridae Isonychia I 4 c-g 
   Siphloneuridae (missing gills) I 1 c-g 
  Odonata: 

Anisoptera 
Gomphidae Canthus I 1 prd 

                : 
Zygoptera 

Calopterygidae Calopteryx I 1 prd 

  Plecoptera Perlidae Beloneuria I 1 prd 
  Trichoptera Hydropsychidae Hydropsyche I 17 c-f 
    Potamyia I 1 c-f 
   Leptoceridae Ceraclea I 1 c-g 
   Philopotamidae Chimarra I 3 c-f 
   Rhyacophilidae Rhyacophila I 1 prd 
  Coleoptera Elmidae Dubiraphia A 18 c-g 
    Optioservus A 2 scr 
  Megaloptera Corydalidae Nigronia I 1 prd 
   Sialidae Sialis I 3 prd 
  Diptera Athericidae Atheryx I 2 prd 
 Crustacea Decapoda Cambaridae   A 1 c-g 
Mollusca Bivalvia  Sphaeriidae Sphaerium A 2 c-f 
Annelida Oligochaeta    A 1 c-g 
      Total = 110  
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Site 17        
Phylum Class Order Family Genus, species Life 

stage 
Number of 
Organisms 

Functional 
Feeding Group 

Arthropoda Insecta Ephemeroptera Ephemeridae Ephemera I 4 c-g 
   Oligoneuridae Isonychia I 8 c-g 
   Tricorythidae Tricorythodes I 1 c-g 
  Odonata: 

Anisoptera 
Aeshnidae Boyeria I 1 prd 

  Plecoptera Peltoperlidae Peltoperla I 1 shr 
   Perlidae Acroneuria I 1 prd 
    Agnetina I 6 prd 
    Neoperla I 1 prd 
    Paragnetina I 1 prd 
  Trichoptera Brachycentridae Brachycentrus I 1 c-f 
   Hydropsychidae Cheumatopsyche I 2 c-f 
    Hydropsyche I 32 c-f 
   Limnephilidae Hydatophylax I 7 shr 
   Philopotamidae Chimarra I 4 c-f 
   Uenoidae Neophylax I 1 scr 
  Coleoptera Dytiscidae ----------------- A 1 prd 
   Elmidae Dubiraphia I 1 c-g 
    " A 1 c-g 
    Microcylloepus I 2 scr 
    " A 5 scr 
    Optioservus I 2 scr 
    " A 4 scr 
   Gyrinidae Dineutus I 6 prd 
   Psephenidae Psephenus I 12 scr 
  Diptera Chironomidae --------------- I 10 c-g 
   Tipulidae Tipula I 2 shr 
 Crustacea Decapoda Cambaridae --------------- A 2 c-g 
Annelida Hirudinea Arhyncobdellida Erpobdellidae Mooreobdella 

fervida 
A 1 prd 

  Rhyncobdellida Glossiphoniidae Actinobdella A 1 prd 
Platyhelminthes Turbellaria Tricladida Planariidae ----------------- A 1 c-g 
      Total = 122  
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Site 18        
Phylum Class Order Family Genus, species Life 

stage 
Number of 
Organisms 

Functional 
Feeding 
Group 

Arthropoda Insecta Ephemeroptera Ephemerellidae Eurylophella I 3 c-g 
   Heptageniidae Heptagenia I 1 scr 
   Potamanthidae Anthopotamus I 1 c-g 
   Siphloneuridae Ameletus I 11 c-g 
   Tricorythidae Tricorythodes I 3 c-g 
  Odonata: 

Zygoptera 
Coenagrionidae Enallagma I 1 prd 

  Trichoptera Hydropsychidae Hydropsyche I 4 c-f 
   Limnephilidae Hydatophylax I 1 shr 
   Polycentropodidae Neureclipsis I 1 c-f 
  Coleoptera Elmidae Dubiraphia I 21 c-g 
    " A 2 c-g 
   Gyrinidae Gyrinus I 1 prd 
   Psephenidae Psephenus I 3 scr 
  Megaloptera Sialidae Sialis I 1 prd 
  Diptera Ceratopogonidae Bezzia I 1 prd 
   Chironomidae ----------- I 22 c-g 
   Culicidae Anopheles I 2 c-f 
   Tabanidae Tabanus I 2 prd 
 Crustacea Isopoda Asellidae Caecidotea A 4 c-g 
  Amphipoda Talitridae Hyalella A 10 c-g 
Mollusca Bivalvia  Sphaeriidae Pisidium I 5 c-f 
 Gastropoda  Ancylidae Ferrissia 

rivularis 
A 1 scr 

   Hydrobiidae Amnicola 
limosa 

A 1 scr 

   Lymnaeidae Lymnaea 
columella 

A 7 c-g 

      Total = 109  
 



 67 

Appendix 2: Functional Feeding Group Graphs. This series of pie charts shows the percent 
composition of the benthic macroinvertebrate community with respect to functional feeding groups (FFG). 
Legend - c-g: collector gatherers; c-f: collector filterers; shr: shredders; scr: scrapers; prd: predators. 
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Site 7 Functional Feeding Groups
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Site 13 Functional Feeding Groups
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Appendix 3: Regression analysis tables. 

SUMMARY OUTPUT: distance from the source vs PHA     
         

Regression Statistics        

Multiple R 0.162978337        

R Square 0.026561938        
Adjusted R 
Square -0.034277941        
Standard 
Error 19.75185366        

Observations 18        

         

ANOVA         

  df SS MS F Significance F    

Regression 1 170.32843 170.32843 0.4365876 0.5181754    

Residual 16 6242.1716 390.13572      

Total 17 6412.5          

         

  Coefficients 
Standard 

Error t Stat P-value Lower 95% Upper 95% 
Lower 
95.0% 

Upper 
95.0% 

Intercept 99.67884566 9.5534681 10.433786 1.517E-08 79.426398 119.93129 79.426398 119.93129 

X Variable 1 -0.220825759 0.3342058 -0.6607478 0.5181754 -0.9293105 0.4876589 -0.9293105 0.4876589 

SUMMARY OUTPUT: PHA vs FBI       

         

Regression Statistics        

Multiple R 0.330387        

R Square 0.1091556        
Adjusted R 
Square 0.0534778        
Standard 
Error 0.1178455        

Observations 18        

         

ANOVA         

  df SS MS F Significance F    

Regression 1 0.0272264 0.0272264 1.9604877 0.1805537    

Residual 16 0.2222011 0.0138876      

Total 17 0.2494275          

         

  Coefficients 
Standard 

Error t Stat P-value Lower 95% Upper 95% 
Lower 
95.0% 

Upper 
95.0% 

Intercept 1.3321346 0.5141629 2.5908804 0.0197023 0.2421579 2.4221113 0.2421579 2.4221113 

X Variable 1 -0.3662834 0.2615985 -1.4001742 0.1805537 -0.9208474 0.1882806 -0.9208474 0.1882806 
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SUMMARY OUTPUT: PHA vs PMA      
        

Regression Statistics      
Multiple R 0.3774895 

 

     
R Square 0.1424983       
Adjusted R 
Square 0.0889045       
Standard 
Error 0.1315001       
Observations 18       
        
ANOVA        

  df SS MS F Significance F   
Regression 1 0.045977638 0.045978 2.658855 0.122499632   
Residual 16 0.276676278 0.017292     
Total 17 0.322653916         

        

  Coefficients 
Standard 

Error t Stat P-value Lower 95% Upper 95% Lower 95.0% 

Intercept 1.85089746 0.573738003 3.2260325 0.0052807 0.634627232 3.0671677 0.6346272 

X Variable 1 -0.47598739 0.29190941 -1.6305997 0.1224996 -1.094807695 0.1428329 -1.0948077 

        

SUMMARY OUTPUT: PHA vs %EPT       

         

Regression Statistics        

Multiple R 0.1450663        

R Square 0.0210442        
Adjusted R 
Square -0.0401405        
Standard 
Error 0.2316235        

Observations 18        

         

ANOVA         

  df SS MS F 
Significance 

F    

Regression 1 0.0184525 0.0184525 0.3439456 0.5657436    

Residual 16 0.8583913 0.0536495      

Total 17 0.8768438          

         

  Coefficients 
Standard 

Error t Stat P-value Lower 95% 
Upper 
95% 

Lower 
95.0% 

Upper 
95.0% 

Intercept 0.1986117 1.0105791 0.1965325 0.846668 -1.9437202 2.3409436 -1.9437202 2.3409436 

X Variable 1 0.3015433 0.5141677 0.5864688 0.5657436 -0.7884435 1.3915301 -0.7884435 1.3915301 
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