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OBJECTIVES: The objective of this proposal is to: 

 Evaluate the potential for ditch management or restoration (e.g. two-stage ditches) to reduce downstream nutrient

fluxes by altering in-stream processes, measuring multiple pools and fluxes

 Determine the role of plants and animals in altering these nutrient fluxes, both directly and indirectly

 Help to address the goal “Improve the assimilative capacity and ecological functions of Lake Erie tributaries to

help reduce nutrient loadings,” from the “Lake Erie Protection and Restoration Plan (2016): Strategic Objectives

under Nutrient Pollution Reduction.”

We will achieve these objectives by measuring nitrogen and phosphorus content of sediment, the water column, 

aquatic animals, emergent insects, and plants, over time, in conventional ditches, two-stage ditches, and self-forming 

streams. We will pair these measurements with biomass estimates to calculate nutrient budgets for each management 

option. 

METHODOLOGY: We will assess retention and removal of nitrogen (N) and phosphorus (P) in conventional 

agricultural ditches and within two key types of ditch restoration/management options—two-stage ditches and self-

forming streams—utilizing an existing network of sampling locations in NW Ohio, where emergent insects have been 

collected (G. Metzner, MS Thesis). We will select four ditches within each category. At each location, we will measure 

pools and fluxes of N and P during low flow conditions. Specifically we will: 

1. Surface water: Measure total N and P concentration and DRP (dissolved reactive phosphorus) and DIN (dissolved

inorganic nitrogen) in surface water up and down stream in each location (1 sample upstream, 1 downstream, from each

site, 3 times per growing season). We will also measure flow velocity and calculate discharge. This will allow us to

estimate the addition or removal of N and P within a given length of ditch.

2. Sediment: Measure sediment total N and P content at beginning, middle, and end of the growing season (3 samples per

site, 3 times per growing season). We will also place ion exchange resin bags within sediment and measure accumulation

of nutrients over time (3 samples per site, 3 times per growing season). This will allow us to calculate bioavailability of

nutrients in the sediment.

3. Biofilm: Measure biofilm total N and P content at beginning, middle, and end of growing season (3 samples per site, 3

times per growing season). We will also place ceramic tiles to measure biofilm growth (3 tiles per site, 3 times per

growing season). This will allow us to quantify the pools of N and P within biofilms as well as the growth rate of biofilms,

calculating the potential rate of uptake by biofilms.

4. Aquatic animals: Measure macroinvertebrate and fish biomass and total N and P content at beginning, middle, and end

of growing season (when taxa are present; 3 samples per site, 3 times per growing season). We will also quantify nutrient

content of excreted products by placing stream organisms in containers for a period of time and recording nutrient

accumulation during that time, following methods of Vanni et al. [1] (3 samples per site, 3 times per growing season).
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Additionally, we will measure growth rates of Daphnia and an appropriate species of fish in cages, in situ (1 per site, 

measured for multiple short periods of time each season). This will allow us to quantify the pools of N and P within 

animals, as well as the change in the size of these pools over time, assessing potential rate of uptake by animals, as well as 

rates of excretion. 

5. Emergent animals: Measure emergent insect biomass and total N and P content at beginning, middle, and end of 

growing season (3 samples per site, 3 times per growing season). We will also determine biomass fluxes weekly for the 

duration of the growing season. This will allow us to quantify the amount of N and P being removed from the aquatic 

system by emergent insects. 

6. Plants: When present, measure aboveground wetland plant biomass and total N and P content at beginning, middle, and 

end of growing season (3 samples per site, 3 times per growing season), plus measure growth rate of plants in patches 

cleared at the beginning of growing season. This will allow us to quantify the pools of N and P within plants, as well as 

the potential change in the size of these pools over time, assessing potential rate of uptake and retention by plants. 

Nutrient content will be assessed using a Seal AQ2 Discrete Analyzer housed at BGSU, with persulfate digestion 

techniques refined for plants and animals (G. Metzner, MS Thesis), as well as standard digestion methods for sediments, 

when necessary. 

Combined, these measurements will allow us to calculate the potential of conventional ditches, two-stage ditches, or self-

forming streams for altering downstream nutrient fluxes. Specifically, we will scale-up nutrient fluxes at the reach level to 

scenarios with watersheds dominated by one of these three stream management options. 

 

RATIONALE: Nitrogen and phosphorus are key nutrients that have been implicated in toxic algal blooms and the 

eutrophication of Lake Erie [2-5]. Research strongly points towards agricultural run-off as the major source of these 

nutrients [2-5]. However, the ability of in-stream processes to regulate the transport of nutrients from fields to the lake 

have not been adequately assessed. Some reports suggest that processes within water bodies in a watershed can alter 

downstream export of P by more than 30% [6, 7], which is close to the target amount of P reduction (40%) in Lake Erie 

watersheds [8]. Moreover, there are currently several ditch management approaches that may reduce downstream nutrient 

transport (two-stage ditches and self-forming streams; Figure 1A)[9]. But these management options need further 

research, not only with respect to their overall effects on nutrient loading, but also with respect to how they might alter in-

stream processes, including the role of plants and animal consumers in regulating nutrient cycling. 

Animal consumers can directly remove nutrients from aquatic systems [10, 11], potentially reducing downstream fluxes, 

although these effects have not been measured. Likewise, plants may directly reduce downstream fluxes by retaining 

nutrients from sediment in their tissues. But plants and animals could also indirectly alter nutrient cycling through 

mechanical and physiological effects on the sediment, which could alter redox conditions [12], influencing nutrient uptake 

or release from sediment [13, 14]. For example, certain macroinvertebrates, like crayfish, may allow the escape of P 

 
Figure 1. A) A conventional ditch, a self-forming stream, and a two-stage ditch. B) Differences in phosphorus flux via emergent 

insects between conventional ditches (Ditch), two-stage ditches (2Stage), and self-forming streams (SFStream). Photo and data: G. 

Metzner, MS Thesis. 
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trapped in porewater, potentially altering sediment nutrients [12]. Importantly, changes to sediment nutrient content 

during low flow conditions [15], might influence nutrient release from these sediments during subsequent high-flow 

events [suggested by 6]. Thus, the effects of ditch restoration on plants and animals could play an important role in 

mediating downstream nutrient fluxes.  

Overall, we hypothesize that nutrient cycling during low-flow conditions in these systems will be highly influenced by the 

effects of geomorphology and hydrology on stream biota (Figure 2). Specifically, we predict that nutrient cycling in 

conventional ditches will be driven by sediment, because there is little vegetation present and low to intermediate animal 

functional diversity, due to reduced area for vegetative growth and simplified habitat complexity (Figure 2). On the other 

hand, self-forming streams will allow for the greatest amount of vegetative development within the ditch, but the least 

flow-permanence (surface drying will be common), greatly reducing the functional diversity of stream animals [sensu 16, 

17]. Lastly, we suspect that two-stage ditches will maximize nutrient retention and removal, by encouraging a balance 

between vegetative development and flow permanence (surface drying uncommon), thereby encouraging high functional 

diversity of animals. We have limited evidence for this idea from a preliminary study of the phosphorus flux via emergent 

insects at these site locations (Figure 1B). 

Testing the hypotheses described here will aid calculations of the potential nutrient load reduction if two-stage ditches and 

self-forming streams were implemented more widely. It will also tell us how underlying factors, like hydrology, might 

influence the success of particular management options, via pathways involving the direct and indirect action of stream 

biota. Thus, it will assess our ability to “Improve the assimilative capacity and ecological functions of Lake Erie 

tributaries to help reduce nutrient loadings [18].” 
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