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Today, I would like to take this opportunity to introduce many of you to the Biological Monitoring Program within the North Dakota Department of Health’s, Division of Water Quality.  The program began in 1993 and the primary focus is on fish and macroinvertebrate communities that inhabit rivers and streams throughout the State.
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What is Biological Monitoring?
 Scientists take measurements and samples (fish, 

macroinvertebrates) from stream/river and compare 
them to a regional ‘reference’ condition and 
determines current condition (biological integrity)

 Biological Integrity – areas that support biological 
communities that are balanced, integrated, adaptive and 
composed of organisms expected from a regions natural 
environment

 What we would expect to find in areas with little/no human 
influence

Presenter
Presentation Notes
What is Biological Monitoring?  Essentially, its where Biologists/Scientists take measurements and samples (fish and macros) from a stream/river and compare them to a known reference condition in order to determine the current condition of the biological community (aka biological integrity).  Biological integrity is defined as areas that support biological communities that are balanced, integrated, adaptive and composed of organisms expected from a regions natural environment.  In other words, its what we would expect to find in areas with little/no human disturbance or influence.  It can be argued, that these areas no longer exist and we are comparing samples to the best available locations given todays landscape conditions.



Why do State’s Biomonitor?
 Clean Water Act

 Goal is to restore chemical, physical and biological 
integrity of Nation’s waters

 States required to report on quality of waters
 Section 305(b) Water Quality Assessment Report
 Report status of beneficial uses of rivers and streams
 Summarize impairments and causes

 Low biological integrity
 Total suspended solids, etc.
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Why do State’s Biomonitor?  Due to the Clean Water Act which has an overall goal of trying to restore the chemical, physical and biological integrity of the Nation’s waters.  Also, part of the Clean Water Act requires State’s to report on the quality of their waters.  This is known as the section 305(b) Water Quality Assessment Report where State’s are to report on the status of beneficial uses of rivers and streams as well as summarize impairments such as low biological integrity, excess total suspended solids, etc.



Multi-Metric Approach
 Find attributes (metrics) of biological community that 

respond to human influence
 Tolerant/Intolerant taxa (tolerance)
 Total taxa (richness)
 Dominant taxa percentage (composition)

 Meaningful metrics combined to form Index of Biotic 
Integrity (IBI)
 Unitless score 0 – 100
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We have chosen to use a Multi-metric approach to biological monitoring.  This means that we try to find attributes (metrics) of the biological community that respond to human activities.  Examples of such metrics include; tolerant/intolerant taxa, total taxa or dominant taxa percentage.  The overall goal of this approach is combine the meaningful metrics into an Index of Biotic Integrity (IBI).  The IBI is typically a unitless score between 0 – 100, with higher scores representing increased biological integrity.



Biological Indicators
Fish Macroinvertebrates

 Public interest
 Sedentary during summer 

months
 Persistent populations that 

recover quickly
 Long life spans
 Important to Aquatic Life Use 

standards

 Easy to collect
 Common
 High diversity
 Rapid colonization
 Sedentary
 Variability in tolerance
 Vital link in food web
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Our primary focus is on fish and macroinvertebrates as biological indicators of water quality.  Advantages of using fish include; highly valued by the public, fairly sedentary during summer months, they exhibit persistent populations that recover quickly, many species have long life spans and they are very important to Aquatic Life Use standards.  Advantages of using macroinvertebrates include; they are easy to collect, they are very common, they have highly diverse populations, they are rapid colonizers, they are sedentary, they exhibit variability in tolerance values and, finally, they are a vital link in the food web.



Field Collection - Fish
 Long-line Electrofishing
 Sample all available habitat types
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In order to  collect fish, we use a long-line electrofishing technique and sampling takes place in June - July.  The apparatus includes a generator as a power supply, control box to adjust settings and 150 M of electrical cable connected to an anode pole, which produces an electrical current that immobilizes fish once they are encountered.  Electrofishing is conducted upstream, in a serpentine pattern, in order to sample all available habitat types and encounter as many fish as possible.



Field Collection - Fish
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Once we have sampled the entire reach of stream, fish are sorted by species where total numbers are recorded and batch weights are taken.



Field Collection - Macroinvertebrates
 Modified D-frame dip net
 Sample collected at 11 transects (A-K)
 Combined into 1 composite sample, preserved with ethanol
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In order to collect macroinvertebrates we use a modified D-frame dipnet and samples are collected at 11 equally spaced transects (A-K) in diagram) throughout the sampling reach.  For instance, if we are sampling a small waterbody and the entire reach length is 150M, then transects A-K are spaced 15M apart.



Field Collection - Macroinvertebrates
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Once all 11 subsamples are collected, they are then composited into 1 overall sample by rinsing to remove excess debris, placing in sample container and preserved with ethanol.



Water Quality and Physical Habitat
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In addition to biological sampling, water quality measurements (temp, DO, pH and conductivity) are recorded and water quality samples are collected (nutrients, cations/anions, trace metals and TSS).  Also, at each of the 11 transects mentioned previously, physical habitat measurements are taken (wetted width, depth and substrate across channel as well as riparian and canopy readings).



Where – all perennial waters
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Biological monitoring activities are conducted on all perennial waters throughout the State in order to evaluate all of the major watersheds in ND, the Red River, James River, Souris River and Missouri River basins.



Ecoregions of North Dakota
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In order to facilitate data analysis, we use an ecoregional approach to IBI development.  An ecoregion is an ecologically and geographically unique area and ND has 4 level III ecoregions.  In the east is the Lake Agassiz Plain and, moving west, is the Northern Glaciated Plains, Northwestern Glaciated Plains and the Northwestern Great Plains.



Sampling Sites

Presenter
Presentation Notes
Since the inception of the program in 1993, over 700 individual sampling locations have been visited.  Some of the locations have both fish and macroinvertebrate data while others only have 1 indicator sampled.  This can vary depending on the needs of various projects within the Department.



Reference Site
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The most important and also the most difficult task is locating appropriate reference sites.  These sites are whats being used to gauge all other sampling sites in the ecoregion so care must be taken while choosing them.  For example, this is a ground view and an aerial view of the Turtle River in Turtle River State Park.  You will notice that the river has a natural, sinuous pattern at the sampling point with a well established riparian zone and is away from homes, roads, fields, etc.



Disturbed Site
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In contrast to the reference sites are disturbed sites.  These are locations that have been heavily impacted by human activities.  Here is a ground and aerial view of the Elm River.  You can see that the natural river channel has been altered, essentially there is no riparian protection and the sampling point is near a road.



Results – Fish IBI
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Now, lets take a look at how we can use this information.  Here is a map of fish sampling locations throughout the Lake Agassiz Plain ecoregion.  One of the primary means of assessing aquatic life use is in terms of good (green circles), fair (yellow circles) or poor (red circles) condition.  In other words, good condition means that the waterbody is fully supporting the aquatic community, fair means that its fully supporting but is likely threatened and poor simply means that the waterbody is not supporting the aquatic community.  As you can see, the NE part of ND has the highest biological integrity with regard to the fish community.



Results – Macroinvertebrate IBI
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Here are results of macroinvertebrate sampling in the Lake Agassiz Plain.  Again, we see that the NE part of ND seems to be in the best condition with regards to the biological community.



Average IBI Score by Drainage –
Lake Agassiz Plain
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This graph shows the average IBI score by drainage, or watershed, in the Lake Agassiz Plain ecoregion.  The red bar shows the average macroinvertebrate IBI score for that watershed while the blue bar shows the average fish IBI score for the watershed.  
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Other Projects
 National Aquatic Resource Surveys (NARS)

 Random site selection provides statistically valid 
ecological results

 Periodic assessments sponsored by US EPA

 2008-2009 National Rivers and Streams Assessment (NRSA)

 2013-2014 National Rivers and Streams Assessment (NRSA)
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Another project that the biological monitoring program is heavily involved in is known as the National Rivers and Streams Assessment (NRSA).  This survey takes place every 5 years and is sponsored by the US EPA.  The survey took place in 2008-2009 and again in 2013-2014.



NRSA
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For these assessments, North Dakota is split into 2 ecoregions.  The east is known as the Temperate Plains while the west is known as the Northern Plains.  Then 2008-2009 sites are shown in green while the 2013-2014 sites are shown in red.



Results: 2008-2009 NRSA
 Total fish collection

 10,949 individuals

 Species richness ranged from 
1 – 19 with an average of 8.

 54 species
 Fathead minnow – 1301 (11.9%)
 Common carp – 1145 (10.5%)
 Sand shiner – 1120 (10.2%)
 Gizzard shad – 1059 (9.7%)
 White sucker – 864 (7.9%)



Results: 2008-2009 NRSA
 Species richness ranged 

from 6 – 42 with an 
average of 27.

 204 taxa
 Genus level

 Most dominant taxa
 Hyalella (scuds)
 Caenis (mayflies)
 Simulium (black fly)
 Chironomus

(bloodworms)
 Polypedilum (midge)

Hyalella Caenis

Simulium Chironomus

Polypedilum
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Macroinvertebrate sampling results reveal that species richness ranged from 6 – 42, with an average of 27.  204 separate taxa were identified to the genus level with the most dominant taxa being Hyalella (scuds), Caenis (mayflies), Simulium (black flies), Chironomus (blood worms) and polypedilum (midge’s).



Results: 2008-2009 NRSA
Fish Condition Macroinvertebrate Condition

0

5

10

15

20

25

30

35

40

45

Pe
rc

en
ta

ge Good

Fair

Poor

Not Assessed

0

10

20

30

40

50

60

Pe
rc

en
ta

ge

Good
Fair
Poor

Presenter
Presentation Notes
Using the fish and macroinvertebrate data collected from the 2008-2009 NRSA, Multi-metric indices were developed for both indicators.  Based on these indicators, its estimated that 32.9% of waterbodies in ND are in good condition with regard to the fish indicator, 29.6% are fair and 33.9% are in poor condition.  Also, based on the macroinvertebrate indicator, we estimate that 24.7% of waterbodies are in good condition, 31.9% are fair and 43.4% are in poor condition.



Access
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One of the most challenging aspects of these projects is accessing various locations around the State.  For remote areas, we are fortunate to have and ATV that allows us to haul gear and staff.  This particular location we are trying to access the Little Missouri River North of Killdeer where we had a 10 mile ride through the badlands.  Along the way, we spotted this group of bighorn sheep which provided some amazing scenery.



Lake Agassiz Plain
Fish Summary

 54,966 Individuals
 62 species
 Most abundant numerically

 Fathead minnow (19.8%)
 Common shiner (16.7%)
 Blacknose dace (10.1%)

NANFA.ORG

NANFA.ORG
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As I begin to wrap things up, I thought it would be interesting to summarize our fish collections by ecoregion.  In the Lake Agassiz Plain we have collected 54,966 individual fish representing 62 species.  The most common species include the fathead minnow, common shiner and blacknose dace.



Northern Glaciated Plains
Fish Summary

 32,914 Individuals
 49 species
 Most abundant numerically

 Fathead minnow (39.4%)
 Sand shiner (9%)
 White sucker (8.9%)

NANFA.ORG

NANFA.ORG
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In the Northern Glaciated Plains, we have collected 32,914 individuals representing 49 species.  The most abundant species here include fathead minnow, sand shiner and white sucker.



Northwestern Glaciated Plains
Fish Summary

 7,314 Individuals
 23 species
 Most abundant numerically

 Fathead minnow (44.9%)
 Creek chub (18%)
 White sucker (17.9%)

NANFA.ORG

NANFA.ORG
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The Northwestern Glaciated Plains does not have an abundance of perennial, flowing waters as its primarily prairie potholes. However, we have collected 7,314 individuals representing 23 species with the most abundant species being fathead minnow, creek chubs and white sucker.



Northwestern Great Plains
Fish Summary

 19,928 Individuals
 47 species
 Most abundant numerically

 Fathead minnow (34.2%)
 Sand shiner (14.8%)
 Flathead chub (10.4%)

NANFA.ORG
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And finally, the Northwestern Great Plains we have collected 19,928 individuals representing 47 species.  Here, the most abundant species include the fathead minnow, sand shiner and flathead chub.



Questions?


	Slide Number 1
	Outline
	What is Biological Monitoring?
	Why do State’s Biomonitor?
	Multi-Metric Approach
	Biological Indicators
	Field Collection - Fish
	Field Collection - Fish
	Field Collection - Macroinvertebrates
	Field Collection - Macroinvertebrates
	Water Quality and Physical Habitat
	Where – all perennial waters
	Ecoregions of North Dakota
	Sampling Sites
	Reference Site
	Disturbed Site
	Results – Fish IBI
	Results – Macroinvertebrate IBI
	Average IBI Score by Drainage – Lake Agassiz Plain
	Average IBI Score by Drainage – Lake Agassiz Plain
	Other Projects
	NRSA
	Results: 2008-2009 NRSA
	Results: 2008-2009 NRSA
	Results: 2008-2009 NRSA
	Access
	Lake Agassiz Plain
	Northern Glaciated Plains
	Northwestern Glaciated Plains
	Northwestern Great Plains
	Slide Number 31

