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	1) Project Information

	NWT CIMP #
	

	Project Title
	Impact of wildfire on northern stream ecosystems

	Date Submitted
	April 29, 2016

	Author(s) & their Organizations:
(add rows as appropriate)
	Michael Pisaric, Brock University

	Contact Information
Include mailing address, email, telephone and website
	Department of Geography, Brock University
1812 Sir Isaac Brock Way
St. Catharines, ON, L2S 3A1
mpisaric@brocku.ca
905-688-5550 ext. 6152

	Type of Research
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	Valued Component 
Check all that apply.  If ‘other’ please specify.
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Stream communities

	Geographic Area/Region
	☐    Akaitcho       ☐   Dehcho         ☐  Sahtu         ☐  Gwich’in

	
	☐   ISR                  ☐    Wek’èezhii

	Project Keywords (at least 4)
	Fire, stream health, macroinvertebrates, CABIN

	Location In decimal degrees (dd.mmm) provide coordinates for the general study location; or if regional, provide 4 coordinates for the bounding box.
	(62.793817,-118.158611), (62.793817,-113.144281), (61.031483, -113.144.281), (61.031483, -118.158611)

	
	

	Consent
I acknowledge that NWT CIMP will post this completed report for public access on the NWT Discovery Portal.
	☐   I agree



	2) Abstract

	Clearly and concisely identify the purpose, methodology, results and conclusions of the project.  Max 300 words.

	Many classified the fire season of 2014 in Northwest Territories as extreme.  The impacts of these large fire disturbances are likely to persist on the landscape for many years as terrestrial ecosystems recover.  Terrestrial and aquatic systems are closely linked through a variety of processes and exchanges, including the movement of carbon for example from terrestrial habitats to aquatic systems.  As burned areas recover from the 2014 fires, the coupling of terrestrial and aquatic systems are likely to be further enhanced as organic/inorganic material is carried from burned over areas via precipitation and runoff into aquatic systems.  The addition of organic/inorganic material to aquatic systems can have direct impacts on fish and other aquatic organisms through changes in water turbidity, which can impact gill functioning for example.  Increased inputs can also alter water temperature as the more turbid water will absorb more solar radiation and lead to warmer temperatures.  There is also the potential for the movement of pollutants such as mercury from terrestrial sources to aquatic systems following fires.  This research is focusing on the impact of exchanges of organic/inorganic material from areas burned in 2014 on nearby aquatic systems.  Water chemistry and benthic macroinvertebrates were collected from 9 streams in August 2015, including Boundary Creek near Yellowknife.  Macroinvertebrate samples were analysed by Cordillera Laboratories and water chemistry samples were analysed at Taiga Environmental Laboratory in Yellowknife. Further sampling is planned for August 2016 under a new CIMP funded research program.  This research will provide baseline surface water conditions and provide insights into how recent fire activity might impact surface water conditions and the organisms that live in these systems.




	3) Key Messages

	Provide (in bullet form) the key messages and/or results of this project. Maximum of 5 bullets. These are high level summary points.

	· Stream chemistry reflects conditions of the immediate environment.
· Macroinvertebrate assemblages within a stream are reflective of overall water quality.
· Fire may increase the total amount of suspended solids and turbidity within the water column.
· Stream chemistry may vary greatly within a spatially small study area. 




	4) Introduction

	This section should include the background, purpose, rationale and objectives of the project.

	The impacts of climate change are predicted to alter both the frequency and severity of disturbances across the globe.  Across boreal regions of the circum-Arctic, wildfire is predicted to become more frequent and the severity of wildfire events is expected to increase during the current century.  Changes in the frequency and severity of wildfire events will have direct impacts on terrestrial systems, possibly leading to changes in species composition in boreal systems.  There is already evidence from nearby Yukon Territory, that 20th century fire regimes are potentially leading to increased dominance of deciduous tree species in some regions as wildfire becomes more frequent and burns more severe.  While the impacts on terrestrial systems have been widely studied, the impacts on aquatic systems, and benthic macroinvertebrate communities in impacted streams in particular, are less studied.  The proposed research will examine the impacts of wildfires that occurred during the summer of 2014 on stream ecosystems by analyzing benthic macroinvertebrate communities along the Highway 3 corridor between Yellowknife and Fort Providence. 

The proposed research will address the following questions:
1. What impact do wildfires have on water chemistry of small stream systems?
2. Do changes in water chemistry related to wildfire activity lead to changes in benthic macroinvertebrate communities? 




	5) Methods

	This section should clearly identify the methods and protocols used to collect data.

	In summer of 2015, we sampled several streams along the Highway 3 corridor to examine stream benthic macroinvertebrate communities and water chemistry.  We targeted stream systems that were impacted by wildfires in summer 2014 and those that were not, which serve as control systems for our study.  We used standard CABIN protocols for sampling macroinvertebrate communities, working in collaboration with our colleague Krista Chin from the GNWT who has considerable experience in this type of work throughout the NWT.  At each stream crossing, kick-net samples were collected from representative stream habitats along a predetermined stream reach following the protocols of the Canadian Aquatic Biomonitoring Network (CABIN).  Samples were screened to remove large pieces of organic material and to separate macroinvertebrates.  Macroinvertebrates were preserved and sent to Cordillera Laboratory for identification.  A number of species diversity indices will be calculated to enable comparisons between impacted and non-impacted stream systems.  

In addition to macroinvertebrate collections, we also collected water samples to examine changes in water chemistry between impacted and non-impacted stream systems, including measurements of nutrients, metals, conductivity and DOC (dissolved organic carbon).  A YSI multiparameter sonde was used in the field to measure stream pH, salinity, DO (dissolved oxygen) and temperature.  Water chemistry samples were sent to Taiga Environmental Laboratory in Yellowknife where each sample was analysed for dissolved nutrients, ions, and trace metals.  Water chemistry data will be analysed using multivariate statistics.   

These data sets will aid in answering research questions 1 and 2 above.




	6) Results

	In this section, the results of the project must be provided.  Appropriate values for all statistical tests, if applicable, must be reported. Figures and tables should be included where appropriate.

	 Results from water chemistry analyses indicate a high degree of variability in dissolved ions and nutrient concentrations in streams across the study region. Principal Component Analyses (PCA) was conducted for each site using trace metals, major ions, and dissolved nutrients as means of comparison. The Cameron River (CR-01) had the lowest concentrations of trace metals, major ions, and dissolved nutrients in comparison to all other sites. The Kakisa River (KR-01), in addition to an unknown tributary located near-by (Kakisa Unknown – KU-01), were highly correlated with turbidity and conductivity values (40.3 NTU, 421 µS/cm). Bluefish Creek (BF-01) was associated with highest values of dissolved nutrients and pH (7.99). Mosquito Creek (MO-01) and Bluefish Creek had high levels of major ions and trace metal species including calcium (478 mg/L) and sodium (43.4 mg/L), respectfully.
Diversity and abundance of benthic organisms varied across all sites.  The highest species richness was observed within the Kakisa River and Boundary Creek (BoC-1) (58 taxa per site). This was surprising, especially with regards to Boundary Creek, since water levels at the time of sampling were extremely low and waterflow through the system was virtually non-existent.  The Cameron River contained the highest number of Ephemeroptera, Plecoptera, and Tricoptera (EPT) taxa (21 taxa), followed by Stag Creek (19 taxa). The EPT taxa are those taxa that are most sensitive to poor water quality.  Therefore, high numbers of EPT taxa indicate good water quality in those systems.  The lowest abundance of EPT taxa were observed in Chickileed Creek (CH-01) (1 taxa). Stag creek also displayed the highest species abundance (10,242 individuals); with the chironomids Orthocladius complex appearing most frequently within the sample. The lowest species abundance was observed in Boundary Creek (296 individuals); with the annelid Stylaria lacustris occurring most frequently. 



	7) Discussion

	This section should explain the results of the project and must clearly articulate how the project results advance the understanding of cumulative impacts in the NWT.

	This project served as an opportunity to gather insight as to i) how water chemistry and benthic communities vary across the large study area and, ii) understand how fire potentially impacts these lotic ecosystems. Variations in stream chemistry are most likely the result of differences in underlying geology and surrounding environment. These differences were observed while sampling at each site, especially in Mosquito Creek where the underlying geology was mainly calcium carbonate based (i.e., limestone). Not surprisingly, Mosquito Creek had the highest concentrations of dissolved calcium. 

According to fire maps created using 2014 fire season data from the Centre for Geomatics (Government of the Northwest Territories), the Kakisa River and its unnamed tributary (KU-01) were the only two streams located within a 2014 fire polygon (burned areas). These two locations also exhibited the highest values for turbidity and total suspended solids (TSS). These water quality parameters often increase in post-fire environments as a result of the removal of riparian vegetation and intensified movement of terrestrial material into the water column (Scott and Van wyk, 1990; Minshall et al., 1997). The relatively high species richness found within Kakisa River samples may be a result of high aquatic macrophyte abundance, which provide both food sources and habitat for macroinvertebrate taxa. This assumption is supported by the high abundance of shredder-herbivore taxa identified within this sample (39.75%). This site contained the third highest EPT richness amongst the sites (17 EPT taxa), which infers good-fair water quality rating based on EPT rating charts (NCDENR, 1997).  

The Cameron River was the least impacted stream in comparison to other study sites as there was a complete absence of both fire and anthropogenic disturbances in the immediate area. Assessments of water quality using PCA suggests that the Cameron River may be in reference condition as this stream exhibits the lowest dissolved nutrient and metal concentrations amongst all sites. In addition, this site had the highest EPT richness (21 taxa identified), inferring relatively good water quality (NCDENR, 1997). 

In summary, streams located in previously burned areas of forest demonstrated higher TSS and turbidity. However, initial analyses of macroinvertebrate assemblages do not infer ecosystem impediment. Large variations in water chemistry across the study sites suggests that differences in geology may cause stream environments to be remarkably different, making comparisons of physical and ecological characteristics difficult. 




	8) Recommendations

	In this section, provide recommendations regarding how the results of the project can be applied to advance the understanding of cumulative impacts in the NWT or how NWT CIMP can help to continue the transfer of this knowledge to NWT decision-makers and communities.  Projects should clearly describe how the results and knowledge generated from the project could be used to make effective resource management decisions. Please explain the next steps for follow-up to this project, if applicable. 

	This study was a pilot project desgined to examine the impacts of recent fires on stream systems and macroinvertebrates living in those streams in particular.  Given the limited funding that was awarded on a small sampling of stream systems with road access could be made.  Not surprisingly, the differences in geology between the small number of sampling sites controlled much of the variability in water quality parameters and macroinvertebrate populations.  Given the variability in regional geology and its impact on water chemistry and macroinvertebrate populations, subsequent sampling in summer 2016 will be more focused. Specific stream channels that burned in 2014 or 2015 will be targeted for sampling.  Sampling will occur along the length of the stream system and include different burn severity classes from those areas with no burn activity to areas that were heavily burned. Following this sampling strategy should provide clearer indications about the impact of fire on stream systems.  
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	11 ) Appendices 

	Attach Appendices as appropriate.

	




