
Benthic Macroinvertebrate Survey of Canyon Creek 
 
 
Introduction 

CAPSULE SUMMARY 

The purpose of this research is to survey the benthic macroinvertebrate communities of 

Canyon Creek through Tensleep Preserve to analyze the effects of two limestone sink systems 

and a human diversion on these communities. The data produced from this study will: 

1. Provide an assessment of the current benthic macroinvertebrate communities of this 

river section, 

2. Provide an analysis of the impacts of these perturbation sites including likely physical 

and chemical origins to be used to help guide river-management decisions for Canyon 

Creek, 

3. Provide base line data and voucher specimens for comparison against future studies. 

COLLABORATING AGENCIES 

 This study was specifically designed to be used as a resource for the management of 

Canyon Creek in Tensleep Preserve in accordance with the requests of Wyoming Land 

Management Supervisor Trey Davis. Experimental design and preliminary research have been 

guided by Dr. Raymond J. Pupedis, Collections Manager in the Entomology Division of the Yale 

Peabody Museum of Natural History, and Dr. Marta Wells, Yale University Director of 

Undergraduate Studies for Ecology and Evolutionary Biology. Additional guidance has been 

provided by UCROSS High Plains Stewardship Initiative. Sampling equipment was provided by 

the Entomology Division of the Yale Peabody Museum, and additional funding was furnished by 

the Yale Summer Environmental Fellowship, Chase Coggins Memorial Fellowship, and the 

Grace Hopper Richter Fellowship. 



 APPLICABLE PERMISSIONS 

 See Appendix 1 for permits from The Nature Conservancy and Wyoming Office of State 

Lands and Investments.  

DESCRIPTION OF WATERSHED  

Canyon Creek of Washakie County, Wyoming, originates at Powder River Pass2 (10122 

ft). Classified a 2AB stream from Powder River Pass to its confluence with Tensleep Creek1, this 

section of the creek supports cold water fish such as brown and rainbow trout, a healthy 

spectrum of aquatic life, and features recreational and industrial resources including drinking 

water, scenic value, and irrigation.3 The headwaters and first 10 miles of Canyon Creek are 

mostly public with several private holdings.2  The next 12-mile segment (7620-5040 ft) flows 

through Tensleep Preserve, and this section will be the subject of the benthic macroinvertebrate 

study.  

The segment of Canyon Creek in Tensleep Preserve flows through two sink systems and 

has a man-made diversion which are the selected perturbations of this study. Canyon Creek 

flows through Canyon Creek Canyon in the preserve section, and chugwater and goose egg 

formations are notable geologic formations. The subterranean sink systems (mile 0.6 and 5.5) 

represent a massive surface area through which the river flows, and for parts of the year, the 

entire creek flows underground in these stretches. The man-made diversion (mile 10.5) shunts 

water from the creek for agricultural use. This section of the creek has both freestone and 

limestone influences. Limestone springs feed some of Canyon Creek’s tributaries near the 

headwaters and through the Tensleep property, and the subterranean sinks are predominantly 

Madison limestone. Canyon Creek flows out of Powder River pass and is also strongly fed by 

melt off and rain. These influences likely generate both limestone and freestone characteristics. 



Limestone promotes higher alkalinity in streams, and the larger concentration of calcium 

increases the rate of plant material decomposition.5,7 This increase in decomposition may support 

higher productivity and population sizes of benthic communities.7 Diversity, composition, and 

trophic structure of freestone creeks have been found to be similar to limestone systems or less 

productive with the exception of herbivore taxa.6 Hax CL and Golladay (1998) found that water 

diversion reduces taxon density and richness,11 while McIntosh et. Al. (2002) observed changes 

in density but conservation of relative abundances.8 These changes suggests that flow reduction 

affects trophic interactions and energy exchange in these communities.8 These effects are likely 

induced by loss of input energy9, shifts in the concentrations of major ions10, and unpredictable 

and increased flow variability.12 

From the upstream boundary, Canyon creek flows from north to south, reaching the first 

sink system in 0.6 miles. Douglas fir and spruce habitat the riverbanks. Upon reaching the sink 

system, the river flows undergrown for one mile, and resurfaces from a cliff side. Willows, 

shrubs, and currant populate the riparian zone after the creek resurfaces.  The creek continues to 

flow due south for 2.4 miles, and then begins to flow west. Ponderosa pine and Douglas fir 

frequent this zone, and after 1.6 miles, Canyon creek reaches the second sink system and flows 

underground for a mile. After the creek resurfaces, it continues to flow west, bordered by a dense 

riparian zone of willows, Red Osier dogwood, Boxelder, Utah Juniper, and Ponderosa pine, and 

reaches Black Canyon in 2.8 miles. Cooks Canyon merges with Canyon Creek Canyon 0.4 miles 

farther. The human built diversion is found 0.7 miles downstream of Cooks Canyon and shunts 

water south. After this diversion, the creek flows 0.8 miles west before leaving Tensleep 

Preserve, and beaver pools are found throughout this stretch.  There are no manmade or natural 

impoundments besides the beaver pools. Through this section, the riparian zone ranges from 10 



to 125 meters on each side of the creek, and most of the canyon base is densely populated with 

vegetation. The majority of this section is fully shaded. The topographical novelties of this 

section coupled with its robust biodiversity have distinguished this section from other segments, 

and there have been discussions of removing the nonnative trout and char and re-introducing 

native cutthroat.  

At the downstream end of the preserve, the canyon opens up, and creek and surrounding 

riparian zone differ significantly. The next 5-mile section has a milder gradient and is very 

sinusoidal in character as opposed to the relatively linear-flowing upstream sections of steeper 

gradients. Overgrazing and other land management activities have suppressed riparian 

vegetation, increasing the surface area of the creek and riparian soil exposed to sunlight.  

APPLICABLE HISTORICAL STUDIES  

In 2007, the 4-mile segment beginning one mile downstream of the proposed segment of 

study, was assessed for water quality and physical and biological conditions1,2. The most 

downstream sampling site presented Acari, Amphipods, Basommatophora (3), Coleoptera (6), 

Diptera (21), Ephemeroptera (5), Haplotaxida (3), Hemiptera, Odonata (2), Rhynchobdellida (2), 

Trichoptera (3), and Veneroida, with the number of taxa collected from each taxon indicated if 

multiple.4 Diptera represented 50.75 % of the community and Haplotaxida 28.67%.4 The most 

upstream sampling site presented Acari, Basommatophora, Coleoptera (4), Diptera (34), 

Ephemeroptera (4), Haplotaxida (2), Plecoptera (2), Trichoptera, and Veneroida. Diptera 

represented 85.7% of this community. This study concluded that the section was not meeting its 

biological and physical potential, and water temperatures exceeded the cold water standard of 

20oC in June and July.1 Benthic macroinvertebrate and periphyton assessments indicated 

increased environmental degradation in the downstream sample sites .1 Anthropogenic changes 



impacting the riparian flora were suggested to have increased the width/depth ratio and channel 

erosion rate, causing bank instability and altering channel substrate composition.1 The Tensleep 

section of Canyon Creek significantly differs from this section of the creek with respect to its 

topographical features, and there are far fewer human influences.  

 

SAMPLING SITE SELECTION 

The human diversion and sink systems have the potential to significantly affect the 

benthic macroinvertebrate compositions of Canyon Creek, and the sampling sites have been 

chosen to quantify their effects. The six sampling sites include: one non-point-source sampling 

site directly above each of the three perturbations, and one point-source sampling site directly 

below each of the three perturbations. Each upstream nonpoint site will be a control group and 

will be chosen to resemble the downstream point source site in all characteristics other than the 

independent variable (topographical feature). See figure BLANK for a map of the sampling sites.  

 

Site 1:  N 44.055523 W: (-)107.194902 

Site 1 is located directly upstream of the first sink system (3174-4373 feet into the 

Tensleep property) for which the creek flows into a large cave and then begins to flow 

subterraneanly. At this site, one side of the creek runs against a limestone wall and the other side 

has a riparian zone of approximately 70 meters as is shown in Figs. 1-3. The altitude is 7,560 ft. 

Part of the sampling site was inside of the cave. This site will function as a control group to 

compare to site 2. See Appendix 2 for additional information about the physical characteristics of 

this site and collecting information. 

 



 

 
 

  
 

 

Figures 1-3: Images of Sampling Site 1.  

 

Site 2: N 44o 2’ 38” W 107o 11’ 40” 

Site 2 is the first riffle zone after the first sink system, located 30 meters downstream of 

the area where the creek resurfaces (Figs. 4 and 5). The riparian zone is 10 m on one side and 80 



m on the other. The altitude is 7,480 ft. This site will function as the experimental group to 

compare to site 1. 

Physical difference(s) between sites 1 and 2 are the presence of the sink system upstream 

of site 2 and colder water temperature at site 2, likely due to subterranean cooling. (See 

Appendix 2). These two sites were specifically chosen to quantify the effects of the first sink 

system on the benthic macroinvertebrates. Site 2 is expected to experience all of the non-point-

source influences of site 1 and the additional point-source influence of the sink system. See 

Appendix 2 for additional information about the physical characteristics of this site and 

collecting information. 

 

Figures 4 and 5: Images of Sampling Site 2. The left image shows the creek resurfacing from the 
underground sink, and the right shows the sampling site approximately 30 meters downstream of 
the resurfacing point.  

 

Site 3: N 44o 0’ 48” W 107o 14’ 48” 

Site 3 is located directly upstream of the second sink system (Figs. 6 and 7). At this site 

the canyon is established and is 100 m wide at the base; the riparian zone spans the entire base. 

The altitude is 6,100 ft. Approximately 50% of the creek is shaded. This site will function as a 



control group to compare to site 4. See Appendix 2 for additional information about the physical 

characteristics of this site and collecting information. 

 

Figures 6 and 7: Images of Sampling Site 3.  
 
 
 

Site 4: N 44o 0.8410', W: 107o 17.0869' 
 

 Site 4 is located directly downstream of the second sink system (Figs. 8, 9, and 10). The 

riparian zone spans the entire base which is 100 m wide. The altitude is 5,900 ft. Approximately 

40% of the creek is shaded. This site will function as the experimental group to compare to site 

3. See Appendix 2 for additional information about the physical characteristics of this site and 

collecting information. 

The notable physical differences between sites 3 and 4 are the presence of the sink 

system upstream of site 4, larger flow volume out of site 4, and lower water temperature of water 

in site 4 (see Appendix 2). These two sites were specifically chosen to quantify the effects of the 

second sink system on the benthic macroinvertebrates. Site 4 is expected to experience all of the 



non-point-source influences of site 3 and the additional point-source influence of the sink 

system.  

  

 

 

 

 

 

 

 

Figures 8, 9, and 10: Images of Sampling Site 4.  
 

 

Site 5: N 44o 00’ 34.5” W 107o 17’ 49.4” 

Site 5 is located directly upstream of the manmade diversion (Figs. 11, 12, 13, and 14). of 

Canyon Creek in the Tensleep property. The creek is more sinusoidal in character. The canyon is 

80-100 ft wide at the base, and the riparian zone fills the base. The altitude is 5183 ft. This site 

will function as a control group to compare to site 6. See Appendix 2 for additional information 

about the physical characteristics of this site and collecting information. 



 

 

 

 

 

 

 

 

 

Figures 11, 12, 13, and 14: Images of Sampling Site 5. The diversion is shown in the left image, 

and the sampling site is the upstream area of the right image (above the fallen tree).  

 

Site 6 N 44o 00’ 34.5” W 107o 17’ 49.4” 

Site 6 is located approximately 100 m downstream of the manmade diversion. The creek 

maintains its sinusoidal character, and the canyon is 100 m wide at the base. The riparian zone 

spans the entire base. The altitude is 5111 ft. (INCLUDE MORE DETAILED DESCRIPTION). 

This site will function as the experimental group to compare to side 5. Site 6 is expected to 



experience all of the non-point-source influences of site 5 and the additional point-source 

influence of the manmade diversion. 

 

 

 

 

 

 

 

 

Figure 15: Image of sampling site 6.  

TEMPORAL ASPECTS 

Sampling during late June and through July in 2018 on the dates.  

Site 1: 7/2/18, 7/23/18, 7/26/18 

Site 2: 7/2/18, 7/23/18, 7/26/18 

Site 3: 6/17/18, 7/18/18, 7/24/18, 7/25/18 

Site 4: 6/17/18, 7/18/18, 7/24/18 

Site 5: 6/13/18, 6/20/18, 6/26/18, 7/18/18 

Site 6: 6/12/18, 6/18/18, 6/25/18, 7/18/18 

See Appendix 2 for more temporal aspects. By this time, runoff has receded, permitting 

the use of the kick-sampling technique for all sites. This time frame is also the most logistically 

reasonable for the contributing parties of the study. Due to logistical limitations of accessing the 

upper sink, sampling of sites 1 and 2 were initiated later than sites 3-6.  



SAMPLING METHODS  

Data to be collected alongside sampling procedures include pH and water temperature.  

These factors represent possible variables between the sites that may be affected by the point 

source or other undisclosed sources. These variables may favor different benthic communities.  

Data and Analysis 

Subsampling sheets of sites 1 and 2 are shown in Appendix 3. Sorting and identification 

sheets of site 1 are included in Appendix 4. Sites 2-6 will be completed next semester. Specimen 

identification of site 1 is found in Appendix 5. The data summary sheet is shown below. Species 

richness is the total number of taxa present. Higher species richness generally increases with 

increasing water quality. (14) The modified Hilsenhoff Biotic Index is found using: 

𝐻𝐵𝐼 = %&'&
(

, 

where xi is the number of individuals within a species, ti is their tolerance value, and n is 

the total number of organisms in the sample.(14) Since the tolerance value varies for species 

within the same genus, HBI cannot be determined until species are identified. A family biotic 

index (FBI) was calculated at this time instead, where xi is the number of individuals in a family 

and ti their tolerance value (Hilsenhoff 1988). An FBI between 0.00-3.75 indicates excellent 

water quality, and organic pollution is unlikely (Hilsenhoff 1988). (Insert Scraper/Filterer and 

Shredder/Total here). The ratio of EPT to Chironomidae can be calculated with a low ratio 

indicating low environmental health. (14)  The percent contribution of the dominant taxon: 

()
(*
∗ 100, 

where nd is the number of individuals of the dominant taxa and nt is the total number of taxa. The 

EPT index is the number of distinct taxa of Ephemeroptera, Plecoptera, and Trichoptera. (14) 

These taxa are generally pollution sensitive, and a higher value indicates higher water quality. 



(14) Community similarity indices will be calculated for sites 2, 4, and 6 with reference sites 1, 

3, and 5, respectively. The community loss index measures the loss of benthic species between a 

control site and an experimental site (14) 

𝐶𝑜𝑚𝑚𝑢𝑛𝑖𝑡𝑦	𝐿𝑜𝑠𝑠 = 9:;
<

, 

where d is the total number of species in the control sample; a is the total number of species 

found in both samples; and e is the total number of species present in the experimental sample. 

The Jaccard Coefficient of Community measures similarity between two sites between very 

similar samples.  

 

 

Station	No. 1
Station	Location	 Above	Upper	Sink
Taxa	Richness 19
FBI	(modified) 3.215
EPT/Chironomidae
%	Contribution	(dom.	Family 0.33
EPT	Index	(EPT/Chironomids) 15.71428571
Community	Similarity	Indax 11
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Appendices 

Appendix 1: Permissions of Tensleep Nature Conservancy and Wyoming Office of State Lands 
and Investments 

Appendix 2: Physical and Collection Data of Each Site 

Appendix 3: Subsampling Sheets 

Appendix 4: Sorting and Identification Sheets of Site 1 

Appendix 5: Specimen Identification of Site 1 

Appendix Notes: 

Appendix 2: Biological Survey Site Records. Physical Characterization was completed for each 
site during the first sampling date, and for successive samplings: the date, time (mountain time), 
weather over the past 24 hours (24 hours), pH, and air and H2O temperature (in Fahrenheit), are 
shown on the back of page 2 of each site record.    

 

 

 

 

 



Appendix 5 

Specimen Identifications: 

PER SITE 

Benthic Macroinvertebrate Survey 

Community Composition 

Canyon Creek- Site 1 

Annelida (1) 

Coleoptera (67) 

 Elmidae (67) 

  Gonielmis (21) 

  Cleptelmis (1) 

  Unidentified (45) 

Diptera (17) 

 Chironomidae (7) 

Tipulidae (3) 

  Limoniinae s.f. (3) 

 Simuliidae (11) 

 Dixidae (1) 

  Meringodixa (1) 

 Tabanidae (2) 

  

Ephemeroptera (65) 

 Ephemerellidae (22) 



  Serratella s.g. (20) 

  Drunella (2) 

 Heptageniidae (23) 

  Rithrogena (1) 

  Iron s.g. (13) 

  Unidentified (9)** 

Nematomorpha (1) 

Plecoptera (39) 

 Perlidae (33) 

  Hesperoperla (21) 

  Doroneuria (12) 

 Chloroperlidae (6) 

  Suwallia (6) 

Trichoptera (6) 

 Rhyacophilidae (3) 

  Rhyacophila (3)* 

 Polycentropodidae (2) 

  Neuroclipsis (1) 

  Unidentified (1) 

 Brachycentridae (1) 

  Micrasema (1) 

 Baetidae (20) 

  Baetis (20) 



 

Site 1 Notes: 

*1 pupa was found which is believed to be Rhyacophila but is unverified.  

s.g. is sub genus 

s.f. is sub family 

** likely Rithrogena but gill structures were not present.  

 


