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1. Project Title

The influence of humic substances on the ecology of Aphanizomenon flos-aquae in Upper Klamath Lake.

2. Project proposer

The principle investigators are John Rueter and Mark Sytsma from the Center for Lakes and Reservoirs associated with the Environmental Sciences and Resources Program at Portland State University. The project is part of a research collaboration with two other investigators, Stan Geiger from Aquatic Scientific Resources and Michael Purdue from Georgia Tech University, working through the firm RealSoft. Curricula vitae are in attachment A.

3. Program information

Upper Klamath Lake has a severe water quality problem due to the growth of Aphanizomenon flos-aquae (AFA).  Efforts to understand and control excessive blooms of these cyanobacteria are crucial to restoring the lake ecosystem for both ecosystem health and human uses. The current plan to restore water quality focuses on the reduction of phosphorus loading.  Using the TMDL model approach for selecting procedures for reducing phosphorus loading is a scientifically solid approach that should lead to decreased magnitude and frequency of AFA blooms over the long term.  Estimates on the time for the TMDL model to lead measurable decreases vary from a decade to longer (reference*).

This proposed work will explore a short-term response model of AFA to dissolved organic (specifically humic acids) that are natural products of wetlands and marshes.  The simple version of this model ties together the following processes: 

1) photoreactive dissolved organic materials are created by natural decomposition processes in the marshes, 

2) during a natural water year, these materials would flush out into the open water of the lake during the spring, 

3) this DOM has an inhibitory effect on the early growth of AFA, 

4) even slight retardation of the spring bloom of AFA can lead to a more diverse algal assemblage in the lake during the summer, and 

5) a more diverse assemblage of algae (even if AFA is dominant) would have fewer blooms that exceed the crucial threshold and lead to DO and pH problems.  

A more detailed description of this model is presented in the section “4. Backround” and how we have used this model to identify specific hypotheses. Sections 5, 6, and 7 describe in detail how we will address these hypotheses.

This proposal describes the first of three phases of work on five topics that our consortium plans to conduct.  The three phases of the work build in complexity from individual factors to interacting factors to a integrated and complex model of the effect of humics on the biological community. 

Phase 1: During the first part of this work it is essential to demonstrate 

Phase 2: Use the techniques and indicators developed 

Phase 3: Develop and integrated model for 

The five topics are: 1) the direct inhibition of AFA populations by humics, 2) the characterization  of humic material and specific inhibitory activity,  3) the interactive effects of humics, AFA and the rest of the biological community, 4) the potential input of the amount and quality of humics from different sources in the basin, and 5) an integrated model for short term changes in AFA bloom frequency and size based on hydrology, humic production rates and community ecology.   In this first phase, there are several key, individual pieces of the above model that need to be demonstrated.  In particular we need to demonstrate that natural marsh products inhibit the growth of AFA and we need to characterize the products.  The research plan for the first year has six approaches to addressing the potential inhibition and it has two approaches to characterizing the humic acids.  During this time we will also perform tasks that support the transition later phases such as characterization of potential marsh input, preparation of data for inclusion in a larger model context and developing techniques required for the larger studies.

Our consortium is working on the assumption that part of a successful research program on the effect of humics on AFA will be to build the capacity to address and evaluate adaptive management strategies.  In this context we are working on providing insight into a short-term model for processes that could complement the TMDL approach. For example, it may be desirable for ecosystem managers to have the flexibility to use a combination of approaches during the period of time that it takes for the TMDL approach to start having an effect.  This proposal addresses several processes on time scales of seasons and space scales as small as a particular littoral marsh area that could be employed to decrease the frequency and magnitude of AFA blooms.

4. Background

AFA is a cyanobacterial nuisance species

it is crucial to understand the ecology of nuisance species

several key questions about AFA 

filaments vs flakes (advantage, protection, )

genetics of the species (are there multiple strains during the year)

collapse (is there a cue to the onset, pH, O2, temp, respiration, photoinhibition,

    found autocatalytic collapses in previous work that seemed to be triggered by hydroxy-radical and other ROS species

There have been many observations on the inverse relationship between marshes or marsh water  and AFA.

Purdue in **** correlated, inverse correlation to Williamson River and humic content

recent lake data 

Williamson river data

more recent data in lake

difficult to make 

need to look at temporal and spatial relationships at finer scale

characterization of humics and their potential effect

previous chemical studies 

Purdue

Hank’s marsh

consortium’s data – short term inhibition effects from a variety of sources

The current long-term equilibrium model for controlling AFA blooms is the TMDL model.

TMDL, P loading, P resuspension, input of P to the lake from natural and uncontrollable sources, 

time it takes for P loading to change

correlation between P loading and Chla across many lakes may not represent the process within a single lake (Scheffer model) – transition may have to progress to a very low loading level to jump to the alternative state, would still show up as a point on the long-term equilibrium curve

There are short-term models for control of seasonal blooms that could be combined with and complement the TMDL model. 

components are AFA response, humic input, community processes (zooplankton grazing), bloom formation processes in a more spatially and temporally heterogeneous algal community

cartoon of processes, filament growth, either to daphnia or protected from grazing by colony formation

simple dynamic model of this situation shows sensitivity of eventual bloom to inhibition of single filament by only a third

model also shows that this situation is extremely sensitive to the propensity to form filaments (too much leads to lower initial growth, too little leads to no protection)
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Figure - ***. Comparison of AFA bloom dynamics in a community model in which AFA colonies grow at the  same rate (1% per day), Daphia can only eat the filaments, but in which initial filament growth rate is either 9% per day or, reduced by a third to 6% per day from the inflow of marsh water.

Hypotheses:

restate

1. AFA bloom formation is the result of a dynamic combination of processes including single filament growth rate, grazing rates, colonial growth rates and competitive advantages conferred by the colonial form.

2. Natural humic acids that are formed as marsh decomposition products can inhibit algal growth, including AFA.  The  

5. Project Objectives

Our project has several main objectives :

from proposal – justify proposal area

6. Tasks

explain each in more detail

a. Demonstrate a spatio-temporal relationship between AFA density, AFA photosynthetic efficiency, Chla, DOC, pH using transects that link humic sources (marshes or Williamson River) and long-term lake monitoring sites.

1. Characterize the photosynthetic growth  response of AFA as the population progresses through the season.  This includes rapid photosynthetic response to a range of light (seconds to minutes) and growth rate scale response (minutes to hours).  Compare the photosynthetic responses of individual filaments to colonial AFA.  Examine the sensitivity of these forms to internal and external stresses (such as high light or ****) as potential factors that might lead to bloom collapse.

b. Determine whether the correlation previously observed (Perdue et al 1981) between AFA and humic input from the Williamson River has been presented in any subsequent studies.

c. Characterize the photosynthetic productivity of AFA with a time series of productivity vs. irradiance energy curves and parameters, with particular focus on the sensitivity to photoinhibition and differences between filament and colony response. Using PAM Fluorometery at time scales of tens of seconds to minutes and O2 electrode analysis at time scales of 10 to 60 minutes.

d. Examine the response of natural samples of AFA to additions of filtered humic rich water collected from the marsh endpoints of the transects.

e. Maintain the established cultures of AFA in culture for use as a stable comparator for autecological studies.

f. Examine cultures of AFA for P vs. E and sensitivity to doses of concentrated humic substances.

g. Obtain genetic characterization of AFA culture and samples collected through the growing season of 2005.

h. Create a coordinated review of the analysis of the data from the Klamath Tribes in preparation for relating that data to Williamson River flow and lake circulation.

i. Isolate a large quantity of DOM from Klamath Marsh and two other sources that can be chemically and spectroscopically using RO .

j. Test the effects of DOM from Klamath Marsh and several other sources on natural samples of AFA.

· k. Continue developing of a humic production model that would estimate aerial production of dissolved organic methods.  

l. Continue development of in-lake enclosure assay techniques (“limno-corrals”) that can be tested in the late spring and early summer populations of AFA.

7. Methods

8. Specific Work Products

report at the end of one year of work, 

9. Project Duration

a. The project would start as early as possible in Spring 2005 to catch the start of the AFA population before the bloom and sample the Williamson River during peak humic concentration.

b. decision points – at the end of phase 1 will be able to see which of the topics are ready to move to phase 2

c.  time table

10. Permits

Our consortium currently has a scientific use permit for working in the refuge system.  This was  

11. Landowner Participation

12. Data Handling and Storage

report, CD, post data to website after report

13. Cost-Sharing

14. Budget

15. Project Location

maps

16. Other Partners/Cooperation

This project is and extension of a previous collaborative effort.  The project is being coordinated through PSU’s Center for Lakes and Reservoirs. The previous project involved John Rueter,  Stan Geiger, Eric Henry and Bob Gearhart.  Stan Geiger will continue to This collaboration extends that to include Mike Purdue as a sub-contractor who will focus on the 

17. Performance Plan

number of sample times and sites

successful sample series – that creates useful data series

the data 

outcome is the report with recommendations and plan for next phases

18. Literature Cited

19. Land Management Plan

NA

20. Project Summary – attachment **

Attachment A: Curricula vitae for Principle Investigators

