Introduction to Standardized Collection and Assessment of Macroinvertebrates in Nonwadeable Rivers of Wisconsin
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This document introduces a standardized method for collecting and interpreting macroinvertebrate data from nonwadeable rivers. Most of this work is based upon the background research by Weigel and Dimick (2011) in which they conducted a standardized macroinvertebrate survey at 100 sites on 38 rivers across Wisconsin to construct, test, and apply an index of biotic integrity (IBI) as a bioassessment tool for rivers. 


Two applications of the new macroinvertebrate IBI were identified (Weigel and Dimick 2011). The 1st use would be as a rapid bioassessment tool to assess the ecological condition of rivers. Currently Wisconsin uses only standardized fish-based bioassessment on large rivers despite strong evidence that routine assessment should incorporate more than one kind of biota. Adding a macroinvertebrate monitoring component promises to enhance detection of additional stressors, confirm appropriate condition assessment, repudiate inaccurate assessments, or at least lead to further investigation where fish and macroinvertebrate IBI results are ambiguous. A combination of the large river macroinvertebrate and fish IBIs will be used to fulfill Clean Water Act reporting requirements and determine impairment of a water body. Starting in 2011, WDNR Water Division includes river macroinvertebrate monitoring as part of the Tier 1 Monitoring Program (list in Appendix 1). This effort is coordinated to monitor 100 sites over a 5-year cycle, and it includes a trend component where 5 locations are sampled annually. The monitoring locations match those used for IBI development and validation because they represent the variety of rivers, and stressors acting upon those rivers, statewide.

The 2nd use anticipated for the macroinvertebrate IBI is as a tool for evaluating management and regulatory activities. The IBI would determine the efficacy of legislation or programs aimed at river ecosystem protection and restoration (e.g., nutrient criteria or broad-scale protective land management goals). In addition, the IBI could be used as a biocriterion and would play an integral role in evaluating whether or not a management program achieved its intended restoration objectives for specific river reaches (e.g., post TMDL monitoring and ultimately for delisting 303(d) impaired waters). It is envisioned that this macroinvertebrate IBI is part of an overarching river monitoring program that includes a systematic assessment of macroinvertebrates, fish, and water chemistry among rivers across the region annually, with a trend component to detect temporal trends and responses to management activities.

Standardized Sampling Devices for Collecting River Macroinvertebrate Samples
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Hester-Dendy (HD) artificial substrate samplers were selected as collection devices because they are uniformly applicable in a wide variety of rivers, including other habitats where other methods will not work (Ohio EPA 1987). The samplers are deployed and allowed to colonize for a 6-week duration between June and September. Sampler construction and deployment were based upon Ohio EPA (1987) protocols. Each sampler consisted of an eyebolt that held eight 7.6 × 7.6-cm (3 inch x 3 inch) plates made of 3.2-mm-thick (1/8 inch) masonite hardboard. Spacing between the plates was 3.2 mm (1/8 inch) between each of the first 3 plates, 6.4 mm (1/4 inch) between each of the next 3 plates, and 9.6 mm (3/8 inch) between the last 2 plates. I have used washers to acquire the appropriate spacing between the hardboard plates, but since washer thickness varies among washers it can be time consuming to get accurate spacing. Others have used ½” square hardboard material for spacers, whereas others use bushings made of biologically inert plastic. Stainless steel hardware does not rust so it is easy to disassemble and reusable. HD samplers are available from several vendors (e.g., NKY Environmental at www.hesterdendy.com for $13 each), or you can make them yourself. I estimate one 4’ x 8’ hardboard sheet, after subtracting for all of the 1/8” saw cuts, yields 56 samplers. Three HD samplers constitute one sampling unit (i.e., for each site, 3 samplers are deployed and the inverts collected from those samplers are combined).

Sampler Deployment

Three HD samplers are fastened to an 18-kg (40-lb) cinder block and either set directly on rocky substrate or suspended from a snag to maintain 0.75 to 1.5 m of water above the sampler at low flow. Placement directly on fine sediment should be avoided where muck or shifting sand will bury the block and samplers. Sampler placement should be consistent with the recommended minimum velocity of 0.09 m/s (Ohio EPA 1987).
Attaching samplers to a cinder block can be accomplished by using zip ties or a strong twine (e.g., 250# net twine borrowed from a FM colleague). I prefer 3/8” x 24” zip ties for efficiency. A length of 3/8” poly-braid rope is tied so it does not contact any sampler. A float 4-6” in diameter can be tied on the rope for easier relocation. I also write my contact information on the float. Setting the float right at the water surface and flagging tape in a nearby tree make the sampler easier for you to find, but it also makes the sampler more obvious to the curious public. A good GPS for identifying sampler coordinates, detailed written description, photos, and hand-drawn map of the exact location can be extremely helpful in retrieving the samplers. 

Sampler Retrieval

After 6-wk, retrieve the samplers, scrape off the organisms, combine the sample contents, preserve them in ethanol, and deliver to Aquatic Entomology Lab at UW-Stevens Point. Minimize disturbance and dislodging the invertebrates as the samplers are lifted to the surface. Without delay, set the block on the boat deck or shore, then quickly cut the HDs from the block and place the HDs in a pan. Remove from the pan any remaining rope or zip tie material along with their attached macroinvertebrates. Disassemble the HDs and retain all hardboard squares and hardware in the pan. A plastic putty knife works well to scrape the organisms from the squares, and then a squeeze bottle with water is helpful to spray any remaining animals from the squares or hardware. After scraping all of the squares and hardware into the pan, the contents can be washed into 1-gal container. The water needs to be poured out through a 500-micron mesh screen (e.g., a D-net bag works well). 70% ethanol should be added to preserve the contents, and the alcohol should be refreshed after ~1-d to maintain concentration. Just as with macroinvertebrate samples from wadeable streams, please contact UWSP AEL for sample processing.
Laboratory and Analytical Processing

The laboratory and database processing of macroinvertebrate data from large river samples is similar to that of wadeable streams with some exceptions. The same randomized grid-pan subsampling procedure is employed, but for river samples 500-individuals are targeted (compared to 100 for streams) and a large-rare individual search follows for up to 10 min to include uncommon taxa. The extra effort incurs 3x the lab cost of stream samples. All individuals subsampled are identified to the lowest practical taxonomic level, usually species. The data are entered into the BugProgram and migrated to SWIMS where a river IBI score is calculated. The IBI is based upon 10 macroinvertebrate metrics that represent the assemblage structure, composition, and function (Table 1). Qualitative ratings are at 20-point increments where <20=very poor, 20-39=poor, 40-59=fair, 60-79=good, and 80-100=excellent.
Table 1. (Taken from Table 3, Weigel and Dimick (2011)). Final IBI metrics and scoring criteria (suffix T=taxa, I=individuals).





	Metric
	Scoring criteria and rating (points)

	
	Poor (0)
	Fair (5)
	Good (10)

	Insect-T
	0–21
	22–31
	>31

	Insect-%I
	0–89%
	90–95%
	>95%

	EPT-T
	0–6
	7–15
	>15

	Dom3-%I
	>66%
	41–66%
	0–40%

	MPTV
	>6.440
	5.875–6.440
	0.000–5.875

	IntolEPT2-%I
	0%
	0.1–3%
	>3%

	TolChir8-%I
	>16.0%
	2.5–16.0%
	0.0–2.4%

	EcoFTN
	0–8
	9–12
	>12

	Gath-%I
	>54%
	16–54%
	0–15%

	Scr-%I
	0.0%
	0.1–7.4%
	>7.4%
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Quick Reference List
HD samplers

· 3 HD samplers constitute one sample.

· Each HD sampler consists of 8 hardboard squares, 3” x 3”.

· Spacing: 1/8” between each of the first 3 squares, ¼” between each of the next 3 squares, and 3/8” between the last 2 squares. Use stainless steel washers, plastic bushings, or board pieces for appropriate spacing.

· Stainless steel hardware: 4” eyebolt with wingnut or locknut.

· Can be purchased retail for ~$13 ea. (e.g., NKY Environmental at www.hesterdendy.com).

· Can be made in bulk by WT staff. One 4’ x 8’ sheet of hardboard yields 56 HD samplers.

Sampler deployment
· Timeframe: colonize for 6-wk period sometime from mid-June through September. 
· Use zip ties (3/8” x 24”) or net twine to attach 3 HD samplers to a 40# cinder block.

· Attach 3/8” poly-braid rope to cinder block, avoiding contact with samplers. 

· Attach float with contact info. Float should be placed to help you relocate the sampler but not so obvious that it beckons the curious public.

· Attach rope to a snag or rest block on streambed if substrate will not inundate the block or sampler.

· Locate to maintain 0.75 – 1.5 m water above sampler if possible.

· Water velocity at the samplers should be ≥ 0.09 m/s.

· Field sheet (Appendix 2): Sample ID number should correspond to the retrieval date. Necessary data include coordinates, water velocity, sampler location notes and map, substrate, and water depth at location. Potentially useful data includes water temperature, DO, conductivity, Secchi or turbidity, snags, and riparian information.
· Gear summary: 3 HDs, zip ties, cinder block, rope, float, utility knife, flagging tape, camera, flow meter w/staff to measure depth, GPS, field sheet, waders or boat, PFDs. 

Sampler retrieval

· Locate sampler using written description, hand-drawn map, GPS coordinates, and flagging or float as applicable.

· Raise sampler to minimize dislodging the macroinvertebrates.

· Quickly set block on shore or boat deck, cut off HD samplers, and place samplers in pan.

· Disassemble samplers, retaining all hardware and plates in the pan. May need pliers, 7/16” wrench, or crescent wrench, and utility knife (to cut samplers from block).

· Scrape plates (top, bottom, and all 4 edges) using a plastic putty knife, pick or scrape the hardware, and wash all plates and hardware using water from a squeeze bottle.
· Wash contents from pan into a 1-gal container. Strain off water using D-net bag or similar 500 micron mesh netting. Fill the jar with 70% ETOH, and replace ETOH the next day.

· Retain hardware for reuse.

· Arrange for sample delivery to UWSP AEL.

· Gear summary: Field sheets, GPS, pan, scraper, squeeze bottle, knife, wrenches, 70% ETOH, D-net bag or mesh netting, 1-gal sample jar, waders or boat, PFDs.
[image: image2.emf]STAID WATERBODY RIVERSITE LOCDESCRIP County Region LAT_DD LONG_DD SAMPLING YEAR Biologist Installed Retrieved Comments

81 FOX FOX1 DEPERE Brown NER 44.46150 -88.05710 1

23 LITTLE WOLF LITTLEWOLF1 ROYALTON Waupaca NER 44.41330 -88.86540 1

62 PESHTIGO PESHTIGO2 CRIVITZ Marinette NER 45.23230 -88.01370 1

48 FOX FOX4 MONTELLO Marquette NER 43.75810 -89.28800 2

86 MENOMINEE MENOMINEE1 MARINETTE USH 41 Marinette NER 45.10200 -87.62390 2

82 WOLF WOLF4 KOEPKE LANDING Outagamie NER 44.48450 -88.57670 2

21 EMBARRASS EMBARRASS1 RANGELINE RD Shawano NER 44.72430 -88.73670 3

87 MENOMINEE MENOMINEE3 MISCAUNO IS Marinette NER 45.56840 -87.84060 3

83 WOLF WOLF1 GILLS LANDING Waupaca NER 44.30620 -88.86480 3

19 FOX FOX2 WRIGHTSTOWN Brown NER 44.32010 -88.17970 4

25 OCONTO OCONTO1 CTH BB Oconto NER 44.86500 -88.29990 4

84 WOLF WOLF2 SHAW LANDING Waupaca NER 44.37240 -88.80780 4

20 FOX FOX3 BERLIN Green Lake NER 43.95230 -88.95790 5

24 PESHTIGO PESHTIGO1 PESHTIGO Marinette NER 45.04750 -87.74540 5

78 WOLF WOLF5 CTH F DIEMEL'S BAR Outagamie NER 44.57480 -88.56450 5

26 WOLF WOLF6 CTH A Shawano NER 44.82170 -88.62720 5

50 MENOMINEE MENOMINEE2 CTH JJ Marinette NER 45.32420 -87.66280 TREND

22 WOLF WOLF3 NEW LONDON Waupaca NER 44.39090 -88.75790 TREND

43 CHIPPEWA CHIPPEWA7 TOWNLINE RD SAWYER CO Sawyer NOR 45.72870 -91.21200 1

32 ST CROIX STCROIX5 STH 35 Burnett NOR 46.07500 -92.24730 1

88 WISCONSIN WISCONSIN14 HAT RAPIDS Oneida NOR 45.57030 -89.48070 1

77 WISCONSIN WISCONSIN15 OTTER RAPIDS Vilas NOR 45.90360 -89.32170 1

39 FLAMBEAU FLAMBEAU1 THORNAPPLE DAM Rusk NOR 45.40700 -91.21840 2

46 FLAMBEAU FLAMBEAU2 BEAVER DAM RAPIDS Rusk NOR 45.61590 -90.90630 2

31 NAMEKAGON NAMEKAGON2 CTH K Washburn NOR 45.95310 -91.89080 2

33 ST CROIX STCROIX2 INTERSTATE PARK Polk NOR 45.39020 -92.66640 2

38 CHIPPEWA CHIPPEWA6 USH 8 Rusk NOR 45.45270 -91.25980 3

40 JUMP JUMP1 SHELDON Taylor NOR 45.32020 -90.90420 3

59 NAMEKAGON NAMEKAGON1 NAMEKAGON TRAIL RD Burnett NOR 46.08300 -92.11430 3

85 WISCONSIN WISCONSIN13 GRANDFATHER FALLS Lincoln NOR 45.28830 -89.79370 3

51 MENOMINEE MENOMINEE4 NIAGARA Florence NOR 45.78320 -88.07680 4

63 RED CEDAR REDCEDAR2 CTH MW Dunn NOR 45.05330 -91.71130 4

69 ST CROIX STCROIX3 STH 70 Burnett NOR 45.77640 -92.77950 4

30 NF FLAMBEAU NFFLAMBEAU1 OXBO Sawyer NOR 45.86280 -90.70470 5

60 NF FLAMBEAU NFFLAMBEAU2 HOLTS LANDING Ashland NOR 46.00950 -90.36810 5

66 SF FLAMBEAU SFFLAMBEAU1 CTH W Price NOR 45.70330 -90.61550 5

27 WHITE WHITE1 STH 112 Ashland NOR 46.49840 -90.90310 5

89 ST CROIX STCROIX4 STH 77 Burnett NOR 46.01110 -92.44380 TREND

41 BARABOO BARABOO3 REEDSBURG Sauk SCR 43.52910 -90.01120 1

1 KICKAPOO KICKAPOO1 STUBEN Crawford SCR 43.18270 -90.85920 1

3 WISCONSIN WISCONSIN05 PORTAGE Columbia SCR 43.53840 -89.48750 1

18 YAHARA YAHARA1 CTH D Rock SCR 42.82640 -89.17230 1

65 ROCK ROCK1 HAPPY HOLLOW Rock SCR 42.59750 -89.04310 2

10 SUGAR SUGAR1 VAN EYCK RD Green SCR 42.61200 -89.39840 2

71 WISCONSIN WISCONSIN01 BOSCOBEL Crawford SCR 43.15450 -90.70940 2

118 WISCONSIN WISCONSIN06 WI DELLS Sauk SCR 43.59660 -89.73630 2

15 CRAWFISH CRAWFISH1 CTH A Jefferson SCR 43.09960 -88.84970 3

16 ROCK ROCK3 FORT ATKINSON Jefferson SCR 42.92770 -88.84200 3

71 WISCONSIN WISCONSIN01a Bridgeport Crawford SCR 43.00076 -91.05308 3

116 BARABOO BARABOO1 MOUTH Columbia SCR 43.48950 -89.44120 4

17 BARK BARK1 PRINCESS POINT Jefferson SCR 42.89450 -88.70080 4

117 WISCONSIN WISCONSIN03 LONE ROCK Iowa SCR 43.15920 -90.18730 4

74 WISCONSIN WISCONSIN04 FERRY BLUFF Sauk SCR 43.23920 -89.80690 4

8 BARABOO BARABOO2 CTH X Sauk SCR 43.48150 -89.63620 5

4 GRANT GRANT1 CTH N Grant SCR 42.72050 -90.81940 5

5 PECATONICA PECATONICA1 CTH M Green SCR 42.51080 -89.80130 5

2 WISCONSIN WISCONSIN02 MUSCODA Grant SCR 43.19760 -90.43540 TREND

12 MILWAUKEE MILWAUKEE1 CAP-HUMBOLDT PARK LOT Milwaukee SER 43.09660 -87.90250 1

115 FOX_IL FOX_IL2 CTH I Waukesha SER 42.93340 -88.29290 2

11 FOX_IL FOX_IL1 CTH JB Kenosha SER 42.61110 -88.22530 3

14 SHEBOYGAN SHEBOYGAN1 SHEBOYGAN Sheboygan SER 43.75480 -87.72110 4

97 BLACK BLACK3 OPELT AVE Clark WCR 44.51680 -90.62390 1

96 CHIPPEWA CHIPPEWA5 CORNELL Chippewa WCR 45.14440 -91.19030 1

6 LEMONWEIR LEMONWEIR1 CTH M Juneau WCR 43.92980 -90.17790 1

64 RED CEDAR REDCEDAR1 DOWNSVILLE Dunn WCR 44.77340 -91.93380 1

42 BLACK BLACK2 Palm Rd Jackson WCR 44.39506 -90.74542 2

45 CHIPPEWA CHIPPEWA4 BADGER MILLS Chippewa WCR 44.88760 -91.45450 2

73 WISCONSIN WISCONSIN07 DS LEMONWEIR Juneau WCR 43.75610 -89.84490 2

70 WISCONSIN WISCONSIN10 BIRON FLOWAGE Portage WCR 44.47620 -89.57500 2

34 BUFFALO BUFFALO1 CTH F Buffalo WCR 44.39090 -91.84930 3

105 CHIPPEWA CHIPPEWA3 CTH H NEAR ELK CR Dunn WCR 44.76080 -91.68440 3

68 ST CROIX STCROIX1 MARINE MN St. Croix WCR 45.20480 -92.76320 3

100 WISCONSIN WISCONSIN11 DUBAY Portage WCR 44.65650 -89.64740 3

102 CHIPPEWA CHIPPEWA1 TIFFANY BOTTOMS  STH 35 Buffalo WCR 44.43810 -92.07100 4

35 EAU CLAIRE EAUCLAIRE1 CTH K Eau Claire WCR 44.81170 -91.28310 4

37 TREMPEALEAU TREMPEALEAU1 DODGE Trempealeau WCR 44.12610 -91.54960 4

79 YELLOW YELLOW1 NECEDAH Juneau WCR 44.01640 -90.06280 4

7 LA CROSSE LACROSSE1 STH 16 La Crosse WCR 43.86080 -91.21020 5

99 WISCONSIN WISCONSIN08 NECEDAH STH 21 Juneau WCR 44.04100 -90.01460 5

101 WISCONSIN WISCONSIN09 NEKOOSA Wood WCR 44.28860 -89.88720 5

72 WISCONSIN WISCONSIN12 BROKAW Marathon WCR 45.03410 -89.65840 5

9 BLACK BLACK1 GALESVILLE Trempealeau WCR 44.06150 -91.29200 TREND

36 CHIPPEWA CHIPPEWA2 DURAND Pepin WCR 44.63100 -91.96980 TREND
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Substrate %:   boulder_____.  cobble_____.  gravel_____.  sand___

__.  silt_____.  clay_____.
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Riparian land use, vegetation, and condition_________________________________________

 

________________________________________________________

______________________.

 

Water depth at sampler location:       At deployment______m.        At retrieval______m.

 

Sampler height above substrate______m.

 

Retrieval notes:_______________________________________________________________________

 

________________

_____________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_________________

___________________________________________________________________.

 


Appendix 1. WT Tier 1 river macroinvertebrate sites. Year 1 = 2011.





Appendix 2. River macroinvertebrate sample field sheet.








