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The use of benthic macroinvertebrates to assess the biological integrity of stream ecosystems has been well documented (Resh et al. 1996, Rosenberg and Resh 1993).  Most of the data collected has been on wadeable streams.  The rivers of the Red River Valley tend to be non-wadeable or extremely muddy-bottomed with little habitat.  These rivers present a challenge to using traditional benthic macroinvertebrates collecting techniques such as D-frame nets or Surber samplers in assessing water quality. During the summer of 2001, we used artificial substrate samplers to assess how well each substrate sampled various taxa of the Red and Buffalo rivers.  A second question addressed how well each substrate could ascertain differences between sites of high human impact (south branch of Buffalo river) and other, less impacted sites.

Material and Methods

Our three sampling devices were, wire rock baskets, Hester-Dendy samplers, and bark wood blocks.  Rock baskets were made of wire tool cloth (½ inch opening) with a total volume of ~0.12 ft3 (~3392 cm3). These were filled with locally collected rocks ranging in size from 4 to 8 cm across.  Bark wood blocks were cut from cottonwood trees and had a total surface area of about 1-foot2 (~929 cm2) (EERC web site).   Hester-Dendy samplers were the EPA approved 14 round multi-plated type with a total surface area of 0.16m2.  We sampled three sites on the Buffalo River and three sites on the Red River.

For the Buffalo river, the south site was on the south branch of the Buffalo river at the County Hwy 63 bridge.  The middle site was near the County State Aid Hwy 18 bridge, and the north site was near the County Hwy 108 bridge.  In addition to these three sites, we also used the Moorhead State Regional Science Center as a comparison site to determine how well these different samplers collected various taxa in an undisturbed reach.  Located on the beach ridges of ancient Lake Agassiz, this site has unique features such as riffle areas and cobblestone bottom in many locations.  Because of these conditions though, it was not used as a reference site.  At each site, three of each sampler type were used except for the middle site where only rock baskets and Hester-Dendy samplers were deployed.  Samplers were placed about 1/3 of the way into the river from the bank.  For any one type of sampler, two were placed on one side of the river and the 3rd on the opposite side.  At all sites, samplers were placed in runs or glide pools.

Locations on the Red River were upstream of the FM area at the County State Aid Hwy 8 bridge, within the FM city limits at the 1st Avenue Bridge, and downstream of the FM area at the County State Aid Hwy 26.  For each site, four bark wood blocks, five Hester-Dendy samplers, and five rock baskets were used.  Two of each sampler types were placed about 1/3 of the way from the bank on either side of the river.  A single Hester-Dendy sampler and rock basket was placed in the center of the river.  Rock baskets sat on the river bottom tied to a float.  Hester-Dendy samplers and wood blocks were tied to cinder blocks with enough rope to keep the samplers within a meter of the surface.  A float marked their location.  Samplers were placed in the river the second week of August and remained in the river for six weeks.

For all sites, as samplers were retrieved they were placed in 5-gallon buckets according to sampler type and brought back to a lab at Concordia College where they were processed.  The number of red and white midges was recorded prior to the placement of all organisms in 70% alcohol for keeping.  All organisms were eventually identified down to the family level and numbers of each family were recorded for each location and sampling device used.  A number of different metrics were used in data analysis (Table 1).  The meaning of Family Biotic Index (FBI) score is given in Table 2.

Results

Buffalo River

In looking at the combined FBI results (Table 3), the south branch of the Buffalo river appears to be the most impacted based on macroinvertebrate taxa collected.  This site is surrounded by agriculture and the river appears to have been straightened in the past.  Here, the silt-load was very high: this site had an extremely muddy bottom and it was not uncommon to sink to our thighs while working this reach.  Based on the FBI scores, the other sites we samples had very good to good water quality.

Some differences in numbers of types of taxa collected were detected between the different samplers.  Rock baskets collected the least amount of total organisms for all sites, including EPT taxa.  This makes sense in light of the muddy bottom of the Buffalo river in the valley region although they also collected fewer organisms at the Science Center also.  Rock baskets tended to have the lower FBI scores compared to the other two sampling methods but this score was based on fewer total organisms.  Wood blocks collected fewer distinct taxa than Hester-Dendy samplers except for the north site where they collected more EPT taxa and total taxa.

The Science Center was the only site that all the samplers picked up stoneflies (Plecoptera), with rock baskets picking up four each of Perlidae and Pteronarcyidae.  Wood blocks and Hester-Dendy samplers only picked up Perlidae, 14 and six respectively.  Stoneflies have very low tolerance for pollution and are good indicators of biotic integrity.

Red River

The combined FBI results for the Red River indicated that water quality was very good at all three sites (Table 4). The north site had fewer EPT taxa and total taxa which may indicate less diversity in that reach of the river.  Seventeen stoneflies (Plecoptera: Perlidae) were collected from that site compared with none from the midtown site and five from the south site.

Comparing the sampling methods, both Hester-Dendy samplers and rock baskets tended to collect more taxonomic groups than wood blocks except for the north site where wood blocks collected more distinct taxa (Table 4).  Hester-Dendy samplers and rock baskets usually had higher percentages of EPT taxa than wood blocks except again for the north site.  The majority of stoneflies were collected with rock baskets, 13 at the north site and four at the south site.  Wood blocks consistently had more Chironomidae with blood midges having about a 10:1 ratio to white midges which may account for the higher FBI scores consistently associated with wood blocks.

Conclusions: in terms of time and ease of deploying, I would recommend Hester-Dendy samplers if only one substrate could be used.  These are small and light-weight, have a known sample area, and can easily be disassembled to remove all macroinvertebrates. They attract a fairly good number of different taxa including EPT taxa and can be reused.  Bark wood blocks have an approximate surface area and can be used only once since they deteriorate while in the river.  We found that organisms got between the bark and wood of these blocks which caused some organisms to be missed on the first surface inspections.  Rocks in the rock baskets also provide an approximate surface area and rock baskets are heavier and harder to manipulate than the other two devices.  For beach ridge areas or to detect stoneflies they would be a good choice in addition to Hester-Dendy samplers.    

References

(EERC) Energy and Environmental Research Center.  Artificial Substrates Fabricated for FM River and Red River Basin Riparian Project. http://www.eerc.und.nodak.edu/watman/html/substrates.html

Hilsenhoff, W.L. 1988. Rapid field assessment of organic pollution with a family-level biotic index. Journal of North American Benthological Society. 7(1): 65-68.

Resh, V. H., M. J. Myers, and M. J. Hannaford. 1996. Macroinvertebrates as biotic indicators of environmental quality. In F. R. Hauer and G. A. Lambert (Eds.) Methods in Stream Ecology. Academic Press, San Diego, CA.

Rosenberg, D. M. and V. H. Resh. 1993. Freshwater Biomonitoring and Benthic Macroinvertebrates. Chapman & Hall, New York, NY.

	Table1 Metric used, description and expected direction of metric change with increase of human impact.

	Metric
	Metric description
	Expected change

	No. of families

No. of EPTa taxa

FBI

% EPT

% dominant

% Elmidae

% Chironomidae
	Total number of distinct family taxa.

Total number of distinct EPT family taxa.

Family biotic index (Hilsenohoff 1988)

Relative abundance of EPT taxa.

Relative abundance of the most common taxa.

Relative abundance riffle beetles (Coleoptera: Elmidae)

Relative abundance of midges (Diptera: Chironomidae)
	Decrease

Decrease

Increase

Decrease

Increase

Decrease

Increase

	a Ephemeroptera, Plecoptera, Trichoptera
	


	Table 2. Family Biotic Index
	Water Quality
	
Degree of Organic Pollution

	0.00-3.75
	Excellent
	
Organic pollution unlikely

	3.76-4.25
	Very good
	
Possible slight organic pollution

	4.26-5.00
	Good
	
Some organic pollution likely

	5.01-5.75
	Fair
	
Fairly substantial organic pollution

	5.76-6.50
	Fairly poor
	
Substantial pollution likely

	6.51-7.25
	Poor
	
Very substantial pollution likely

	7.26-10.0
	Very poor
	
Severe organic pollution likely


From Hilsenhoff 1988
Table 3

[image: image1.emf]Site ID Sample Size %EPTs FBI Score EPT taxa Total taxa Dominant Taxon % Dominant Taxon % Elmidae % Chironomidae

North Buffalo H.D. 199 86.4 4.19 5 10 E. Heptageniidae 50.86 3.52 1.01

North Buffalo Rock 151 91.4 4.17 5 11 T. Hydropsychidae 73.51 2.65 2.65

North Buffalo Wood 464 89.4 4.51 7 12 T. Hydropsychidae 50.86 5.82 7.97

North Buffalo Combined 814 89.07 4.37 8 15 T. Hydropsychidae 48.03 4.67 3.88

Site C H.D. 661 97.9 3.98 9 14 T. Hydropsychidae 54.46 0.15 1.82

Site C Rock 112 94.6 3.5 7 12 T. Hydropsychidae 43.75 0.89 0.89

Site C Combined 112 97.4 3.91 9 13 T. Hydropsychidae 52.9 0.26 0.89

Science Center H.D. 271 90.8 4.07 7 12 T. Hydropsychidae 47.97 0.74 5.54

Science Center Rock 186 89.2 3.8 5 11 T. Hydropsychidae 66.13 0.54 0

Science Center Wood 436 91.1 4.06 6 11 T. Hydropsychidae 51.15 0.46 2.52

Science Center Combined 457 90.6 4 8 17 T. Hydropsychidae 53.33 0.56 2.69

South Buffalo Wood 260 4.23 7.36 3 8 D. Chironomidae 86.54 1.54 86.54

South Buffalo Rock 6 1 2

South Buffalo HD 46* 2 5

South Buffalo Combined 312 4 9


*partial number of organisms

Table 4

[image: image2.emf]Site ID Sample Size %EPTs FBI Score EPT taxa Total taxa Dominant Taxon % Dominant Taxon % Elmidae % Chironomidae

North Red River H.D. 1284 86.40 3.96 3 5 T. Hydropsychidae 99.69 0.23 0.31

North Red River Wood 1671 91.62 4.27 5 9 T. Hydropsychidae 85.58 1.14 7.18

North Red River Rock 2377 99.92 3.98 4 5 T. Hydropsychidae 98.86 0.08 0.00

North Red River Combined 5332 92.6 4.1 6 10 T. Hydropsychidae 94.7 0.5 2.5

Midtown Red River H. D. 956 96.3 4.08 6 11 T. Hydropsychidae 91.63 0.63 2.62

Midtown Red River Wood 423 70.92 4.86 4 8 T. Hydropsychidae 69.74 4.26 24.59

Midtown Red River Rock. 938 98.93 3.99 7 12 T. Hydropsychidae 95.1 0.11 0.53

Midtown Combined 2317 88.7 4.3 8 14 T. Hydropsychidae 85.5 1.7 9.2

South Red River H.D. 965 98.13 4.03 6 9 T. Hydropsychidae 92.33 0.16 1.24

South Red River Wood 596 85.57 4.45 3 7 T. Hydropsychidae 85.49 2.68 11.52

South Red River Rock 512 99.02 3.98 6 9 T. Hydropsychidae 97.07 0.59 0

South Red River Combined 2073 94.24 4.15 10 15 T. Hydropsychidae 91.6 1.1 4.3













