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Abstract
To ensure that the benthic invertebrate population at The Mentor Marsh, Mentor, OH is not negatively impacted by Glypro herbicide use, six plots of land in the Phragmites stand at the Marsh were randomly selected for the study.  All six plots were sampled for aquatic macroinvertebrates before herbicide was applied. To determine if Phragmites control methods have an impact on the diversity and number of macroinvertebrate species between previously burned-herbicide spray plots and control plots that were not treated with herbicide, Glypro at a 5% solution mixed with Lesco spreader sticker and indicator dye was applied to three randomly selected plots.  The remaining three plots were left as control plots.  All six study plots were sampled at one and two weeks post-spray for aquatic macroinvertebrates.

Introduction
Phragmites australis (Marks), also known as common reed, is the dominant emergent plant that grows in the Mentor Marsh (OH, Lake County) due to historical salinity changes and disturbances that altered the original habitat.  Many other Phragmites dominated habitats have formed in Ohio and other areas of North America.  Common reed  forms monocultural colonies through lateral rhizome growth.  Stems contain a volatile oil, and stalks dry out during the winter months. Phragmites marshes are prone to burn due to these factors coupled with appropriate weather and moisture conditions (Marks and Reimer 1973).  Mentor Marsh experiences burns approximately every 1-6 years,  and recently burned on 28 April 2003.    Root burn seldom occurs due to the fact that they are covered in water and marsh detritus.  This creates a situation in which prescribed burning alone does not control the growth of Phragmites australis.
In order to control the spread of invasive weeds, herbicide spraying and burning after weeds are sprayed are used to manage natural areas and restore wetlands to their original condition.  Phragmites control is conducted so that native plant species which have been crowded out of a community will return to the area.  Restoration efforts at Mentor Marsh provide open water spaces for waterfowl, amphibians, and reptiles that are hindered by high stem densities.  It is thought that a more diverse plant community will provide an area with a greater diversity of invertebrates.  Distributions of plant species affect invertebrate communities (Wrubleski and Rosenberg 1990), as do bare or vegetated areas (LaSalle and Rozas 1991) or different habitats within stands of vegetation (Findlay et. al 1989). 
  Because wetland restoration is occurring at Mentor Marsh and Phragmites control is taking place, we studied the effects of the herbicide Glypro on the aquatic macroinvertebrate community in burned stands of Phragmites australis.  

Materials And Methods
 Six 1m2 study plots  were positioned randomly within the marsh and sampled for invertebrates on  6 November 2003 as a control before herbicide treatments were applied.  Using a corer benthic invertebrates were sampled in triplicate in each study plot.  Each plot was visually separated into quarter sections. To ensure that no section was sampled twice, only one quarter section was sampled on each date.  Half of the plots were selected at random  to receive the Glypro (Dow Agrosciences, active ingredient glyphosate N-(phosphonomethyl) glycine, isopropylamine salt) herbicide treatment, and the three remaining  plots were controls.   The herbicide mixture contained Glypro at 5% solution in 4 L of water,  1 ml of Lesco non-ionic surfactant spreader-sticker, and 1 ml  of Lesco Tracker spray dye indicator.  


Two L of herbicide were sprayed on the Phragmites with a 4 L hand pump sprayer in each of the three treatment plots on 6 November 2003.  A 5mx5m square around each plot was sprayed to simulate standard application procedures.  The Glypro herbicide treatment and control plots were sampled for macroinvertebrates with the corer on 11 November 2003 and 26 November 2003.   After invertebrates were collected on each of the three dates they were concentrated into zip-lock bags and preserved with 95% ethanol in an amount that was equal in proportion to the amount of sample collected in the bag.
Benthic invertebrate samples were taken back to the lab and sorted, identified, and counted.  Mollusk shells lacking soft tissue were considered not alive, and were not counted in the total.   A  dissection microscope and a large magnifying glass were used to sort and identify specimens.

Mean ( + 1S.E.) values were calculated for control and treatment plots.    In order to statistically analyze the five most common macroinvertebrate  taxa (those that that represented > 1% of the total collected),  a One-Way ANOVA was used to determine if there was a difference between control plots on all three sampling dates. A Two-Way ANOVA test was used among individuals who represented >1% of the total population of macroinvertebrates collected to analyze if there was a difference between control plots and plots that were treated with Glypro herbicide.  To determine if there was a difference in diversity between treatment and control sections the Shannon-Weaver Index of Diversity
 H= -( [pi (ln pi)]
was calculated where pi is equal to the proportion of a macroinvertebrate species to the number of total species.  Using the results of this equation species richness        ( H’max) and evenness(J’) was determined. Community similarity between treatment and control plots was determined using Jaccard’s Coefficient of Similarity   
Cj=j/(a+b-j)  
The number of taxa in common between two groups is represented by “j” which is divided by a combination of “a” (total number of taxa in the treatment plots) and “b” (total number of taxa in the control plots) then subtracted by “j”.     Results are calculated on a scale from 0.0-1.0, with a higher value indicating greater habitat similarity.     

Results

A total of 1,892 benthic invertebrates representing 17 taxa were collected for all six study plots among all three dates. The five most common taxa found at the marsh included Caecidotea isopods (46%), Synurella amphipods (38%), Pisidium clams (8%),  Chironomidae (3%), and Turbellaria (2%).  All other taxa represented less than 1% of the total population collected (Table 1).  This table also compares the proportions of  each macroinvertebrate taxa in combined week two and three herbicide treatment plots as compared to the proportion of each macroinvertebrate taxa in the six pre-treatment control plots combined with week two and three post-treatment control plots.  Mean (+ 1 S.E.) values per core sampled were calculated for the pre-treatment controls, controls, and treatment sections among all three sampling dates (Table 2).
A One Way Analysis of Variance test was preformed for five of the most common taxa among the control plots for all three sampling dates.  Results from this test indicated that there is not a statistically significant difference among control plots for Synurella Amphipods (F=0.218, P=0.809), Pisidium clams (F=1.309, P=0.317), Caecidotea Isopods (F=0.550, P=0.595),  Chironomidae (F=0.743, P=0.503) and Turbellaria (F=1.272, P=0.326).    

A Two Way ANOVA test was preformed for the five most common taxa to determine if there was a difference between macroinvertebrate individuals in control plots which were not sprayed with herbicide and treatment plots which were sprayed with Glypro herbicide.  Results from the Two-Way ANOVA test indicated that there was not a statistically significant difference between sampling date and differences in treatment for Synurella Amphipods (F=0.796, P=0.398), Caecidotea  Isopods (F=0.00439, P=0.949), Pisidium Clams (F=0.669, P=0.437), Chironomidae (F=0.0763, P=0.789), and Turbellaria (F=2.526, P=0.151). 

For aquatic invertebrates that were sampled on  6 November 2003 from the pre-treatment control plots H’ was calculated to be 1.13, H’max  was 6.58, and J’ was 0.17.  For core samples that were taken on 11 November 2003 the diversity values were similar for post treatment control plots (H’=1.33) and Glypro treated plots (H’=1.23).  Evenness (J’) and species richness (H’max) were also calculated for post-treatment control plots (H’max =5.92, J’=0.23) and herbicide spray plots (H’max=5.52, J’=0.22) for the 11 November 2003  sampling date.  For 26 November 2003 the diversity values were most nearly same between macroinvertebrate communities taken from post-treatment control plots (H’=1.29) and samples taken from Glypro treated plots (H’=1.25). On this same date H’max and J’ was calculated as 5.55 and 0.23 for the post-treatment control section and 5.72 and 0.22 for the herbicide treatment section.            

A Jaccard’s test of habitat similarity was calculated between treatment and control plots for the 11 November 2003 sampling date with a resulting value of .82.  The Jaccard’s value for the final sampling date on 26 November 2003 was calculated as .64.  When both sampling dates were combined the Jaccard’s value was .69.    

tc \l1 "
Table 1.     Proportional values of macroinvertebrates sampled from herbicide treatment plots, tc \l1 "Table 1.     Proportional values of macroinvertebrates sampled from herbicide treatment plots, 

tc \l1 "control plots, and the combined proportional value of all plots combined. 

tc \l1 "control plots, and the combined proportional value of all plots combined. 
[image: image1.wmf]tc \l1 "
Taxa


        Control
    HerbicideTreatment         Combined[image: image2.wmf]tc \l1 "Taxa


        Control
    HerbicideTreatment      Combined
Isopoda

tc \l1 "Isopoda   Caecidotea 

0.47

0.45


0.46     


Amphipoda

   Synurella


0.38

0.39
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0.08

0.10


0.08

tc \l1 "Gastropoda
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<0.01


0.01

Gastropoda

Lymnaeidae


0.00

<0.01


<0.01

   Stagnicola
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Planorbidae


<0.01

<0.01


<0.01

Chironomidae

0.03

0.02


0.03
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0.02

0.02


0.02

Diptera larva

Cerpogonidae


<0.01

0.00


<0.01
   Bezzia
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Scirtidae
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   Scirtes
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   Isotomurus
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Table 2.  Mean (+ 1S.E.) number of common (> 1% of all specimens collected) macroinvertebrate taxa in the pre-treatment, herbicide treatment, and control plots for each sampling date.

[image: image5.wmf]
Taxa

Date  

        Pre-Treatment

Control
    Treatment

tc \l2 "Taxa

Date  

        Pre-Treatment

Control
    Treatment

Collected
[image: image6.wmf]
Isopoda

  Caecidotea
6 NOV 2003

21.8(6.6)  

11 NOV 2003



 14(5.7)
14.4(6.8)

26 NOV 2003



11.9(4.4)         13.1(6.3)


Amphipoda

  Synurella
6 NOV 2003

13.1(4.3)






11 NOV 2003



18.4(11.6)  8.2(4.43)

26 NOV 2003



12.4(4.1)    15.7(7.5)

Bivalvia

Sphaeriidae

  Pisidium
 6 NOV 2003

   2.7(1.2)

 11 NOV 2003




5.1(2.3)    3.6(1.3)






26 NOV 2003                        


1.3(0)
     2.3(1.7)

Chironomidae 6 NOV 2003

    0.78(0.43)



 11 NOV 2003




1.8(0.78)  0.78(0.22)

 26 NOV 2003




1.4(0.87)  0.78(0.22)

Turbellaria
 6 NOV 2003

    0.61(0.22)

 11 NOV 2003



1.3(0.67)            0.22(0.22)

 26 NOV 2003



0.56(0.22)            0.78(0.40)[image: image7.wmf][image: image8.wmf]
Discussion

After subjecting our study to ANOVA and Shannon-Weaver statistical analysis we found that there was no statistically significant difference in the number or in diversity of macroinvertebrates between burned plots sprayed with Glypro herbicide and burned plots that were not sprayed with herbicide.  Slight differences in the mean number of invertebrates between control plots which were sampled earlier in the field season and spray plots were probably due to the fact that herbicide spray plots were sampled later in the month of November thus having a difference due to the time of year rather than from an effect from the herbicide.  In addition, other differences in mean values may have been due to sampling variability of location of invertebrates within each plot.  

On the 26 November 2003  sampling date invertebrate data collected from the three areas where flagging tape was missing may have had an impact on the resulting number of benthic invertebrates collected for this date.   One plot where flagging tape was missing was a spray plot and samples may not have been taken from a sprayed area.  Two of the plots where flagging tape was missing were  control plots.  
When going out to collect for the 11 November 2003  sampling date we did not notice any herbicide residue on the Phragmites.  The herbicide residue most likely washed off into the marsh water due to precipitation that occurred between sampling dates.  

Using Glypro herbicide as a management tool at a 5% solution in areas impacted by fire to control Phragmites australis did not seem to have a negative impact on the aquatic macroinvertebrate population at the marsh.  Using herbicide at this rate to control this emergent invasive weed will have much greater positive outcomes in terms of restoration of the marsh landscape. Synurella, Amphipods and Caecidota, Isopods represented 84% of the taxa found at the marsh.  The overall diversity (H’) of control plots was fairly low at a value of 1.13.  Restoration of this landscape will lead to a more diverse plant community from a reduction of the invasive weed.  A more diverse plant community wills most likely lead to greater diversity in the macroinvertebrate community.  This will ultimately have even more far reaching impacts on the food web and it will support a healthy habitat for waterfowl and amphibians to thrive in.  
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