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Introduction

The Maine Water Resources Research Institute strives to be the locus for water science in the state through its
support of research, graduate studies, and outreach. These fundamentally essential functions would not exist if
Congress did not fund this federally authorized program. During the FY08 period, the Maine Institute
supported four research projects: (1) Measuring and Incorporating Stakeholder Values into River Restoration
Decisions: A Socio-Economic Analysis ; (2) Using reactive thin-film membranes and molecular tools to
determine mercury mobility and transformation in the Penobscot River estuary sediment, Maine; (3) Response
of a linked lake-stream system to dam removal and restoration of migratory fish; and (4) Development of a
non-lethal biomarker of contaminant exposure for threatened and endangered fish species. In addition to the
Maine Institute's direct Information Transfer activities, two separate projects were supported: (1) Reducing
stream pollution using business friends incentives (social marketing); and (2) Effective Knowledge Transfer
to Enhance Stakeholder Involvement in Watershed Stewardship. These projects alone provided support to
three graduate students and five undergraduate students.

Institute Director, John Peckenham, also serves as the Assistant Director of the Senator George J. Mitchell
Center for Environmental and Watershed Research. The Mitchell Center provides the administrative home for
the Institute. This structural association greatly enhances our efforts to have the Maine Institute increase the
breadth and accessibility of water research in Maine.

This annual Maine Water Conference was held in March and continues to be a very important event for the
water community. The number of people and organizations who support and contribute to this conference
reflects the importance of water to the people of the State of Maine. Through the hard work of Institute staff,
the Conference Steering Committee, and other supporters, we have been able to address many important water
issues in Maine and to bring together diverse interest groups.

The Water Resources Research Institute affiliation with the Mitchell Center gives us the ability to support
small projects that address important local needs. It also provides us leverage to develop and attract funding
from other agencies. This program is strongly supported by our Vice-President for Research who has
contributed $50,000 to the 104b research projects. In FY08, the Maine Institute had projects funded by
municipalities, state agencies (e.g. Department of Inland Fish and Wildlife, Department of Environmental
Protection), federal agencies (e.g. Fish and Wildlife, Environmental Protection Agency, National Oceanic and
Atmospheric Agency), and foundations. None of these projects would be possible without the support of the
federal Water Resources Research Institutes program and the U.S. Geological Survey.
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Research Program Introduction

The Maine Water Resources Research Institutes supports research and information transfer projects using
104b funds. Projects are awarded on a competitive basis using a two-stage selection process. The Research
Advisory Committee, comprised of the Institute Director, Regional U.S.G.S. Chief Scientist, State and
Federal Agencies representatives, and Professionals, set the research priorities based on current state needs
and issues. The Institute issues a call for pre-proposals in the spring. The pre-proposals are reviewed by the
Executive Committee (5 individuals) and full proposals are solicited for 150% of available funds. Full
proposals are sent out for external review (out of state reviewers are required). The full Research Advisory
Committee (12 members) reads the proposals and reviews to provide the Institute Director with a selection of
proposals to fund. Much effort is made to solicit suggestions for themes, to diversify the types of projects
funded, and to include researchers from the small colleges and universities in the state. Preference is given to
support new faculty and projects directly involving students. Investigators are encouraged to collaborate with
state and federal agencies and to seek additional contributions for their projects.
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Summary 
                                                           
       This project aims at using a passive sampler, the Polar Organic Chemical Integrative Sampler 
(POCIS) to sample pesticides in surface waters near blueberry fields in Washington and Hancock 
Counties. A laboratory method using solid-phase extraction and GC/MS has been optimized to 
analyze the four pesticides most commonly used on blueberry fields in Washington and Hancock 
Counties (i.e. hexazinone, phosmet, chlorothalonil and propiconazole). A static calibration 
experiment was performed at the University of Maine to determine the sampling rates of these 
pesticides by the POCIS device. Preliminary data treatment yielded sampling rate values of 0.73 to 
0.74 Ld-1 for chlorothalonil, 0.63 to 0.64 Ld-1 for propiconazole, 0.49 to 0.58 Ld-1 for hexazinone 
and 0.90 to 0.93 Ld-1 for phosmet, respectively. A field survey carried out in the Pleasant and 
Narraguagus Rivers watersheds during the summer of 2008 showed that chlorothalonil, 
propiconazole and phosmet levels measured in grab and POCIS samples were below the 
quantitation limit of the method, but the trends in hexazinone concentrations were similar in both 
matrices. 

 
1. Work performed in 2008 
 
     1.1. Laboratory work 
  
     In order to estimate pesticide concentrations in ambient water from contaminant masses 
sequestered in field POCIS, the sampling rate (Rs) of the pesticides by the POCIS must be 
determined in the laboratory. The sampling rate (Rs) is the volume of water from which the analyte 
is quantitatively extracted by the POCIS per unit time (Ld-1). A calibration experiment under 
controlled conditions was conducted at the University of Maine from May 29 to June 21 to 
determine the sampling rates of the pesticides by the POCIS device. The features of this experiment 
were as follows: 
- Three different microcosms (using 1 L beakers) were set up in 1L of water to carry out the    
  experiments using three treatments: Deionized water (D I)+pesticide , natural unfiltered water  
  (Pleasant River)+pesticide, natural filtered water+pesticide. The pH and specific conductivity     
  values of the river water during a preliminary sampling were 6.3 and 28.2 μS/cm, respectively.  
  The ionic strength of the water, estimated from the specific conductivity using the Russel  
   method, was 4.5 x 10-4 M. The conditions of the DI water were modified to mimic certain  
   aspects of the natural water except for organic matter. Thus, the pH the DI water was buffered  
  at 6.3 using NaHCO3 and the ionic strength adjusted with NaCl and CaCl2.  Each of the beakers   
  was spiked with the pesticides mentioned above at a concentration of 10 μg/L and allowed to  
  mix via a magnetic stir bar. The experiment was carried out under a 14/10 L/D cycle, using a  
  timer and light source. The comparison of these treatments will allow for testing how organic  
  matter (or DOC alone) affects the amount of freely dissolved contaminants in the water and the  
  sampling rate.  
- One POCIS device was placed in each beaker. The experiment was set up according to a  
  completely randomized design. Every morning the device was removed and placed in a freshly  
  prepared microcosm. The previously sampled microcosm was stirred and the water was solid- 
  phase extracted to measure the sampling rate. The sampling rate was calculated by subtracting   
  the measured water concentration from the original (spiked water concentration), divided by the  
  original water concentration, multiplied by the volume of water in liters (1 L) and then divided  
  by the exposure time (1 day). Table 1 shows the sampling rate values measured during the 23  
  days of the experiment.   
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Table1. Sampling rate (Rs) of four commonly used pesticides in Washington and Hancock Counties 
by the POCIS device (mean ± SD; n= 3) 

 

 

  
 
 
 
 
 
 
 
 
 
      From table 1, the three treatments yield close sampling rate values for each pesticide. Statistical 
tests performed on the data for the duration of the experiments (23 days) show no significant 
differences in the sampling rates between treatments for all four pesticides (e.g. p = 0.55; 0.64; 0.67; 
0.91 for chlorothalonil, propicanozole, hexazinone and phosmet, respectively). These results show, 
pending further considerations, that the presence of particulate and dissolved organic matter in 
natural river water (filtered or unfiltered) does not induce significant sorption that would impact the 
sampling rates of pesticides by the POCIS through concentration decrease in the dissolved phase.    
 
1.2. Field work 
 
    The objective of the field work was to deploy the POCIS device in water bodies that support 
Atlantic salmon in Washington County. The masses of pesticide sequestered by the POCIS would 
be divided by the sampling rates measured in the laboratory in order to calculate the concentrations 
of the pesticides.  
 
Site selection: Prior to the actual field study, I made an exploratory field trip in the area on July 1, 
2008, to conduct preliminary water samplings in the Pleasant and Narraguagus River watersheds. 
As noted above, this first deployment was “a proof of concept” study aimed at demonstrating that 
the POCIS can sequester the pesticides used in the area. Therefore, sites located in the main stems 
and tributaries of both rivers were selected in collaboration with the staff of the Bureau of Sea-run 
Fisheries and Habitats on the basis of their proximity to blueberry fields (thus with a potential for 
pesticide contamination) and free public access. The explored sites were: 
Narraguagus watershed: Deblois Route 193 (DB), Schoodic Landing Branch (SCB), Sodom Brook 
(SB), Pork Brook (PB), Great Fall Branch (GF). 
Pleasant watershed: Crebo Crossing Bridge (CRB), colonel Brook (CB), Bog Brook (BB). 
     In each water body, two grabs samples consisting of 1 L of water (Amber brown glass bottle) 
each were taken across the river bed. Pesticide concentrations measured in these preliminary 
samplings varied from non detect (ND) to 2.91 μgL-1. From these sites, I first selected 1 with “low” 
(PB [non-detect]) and 2 with “moderate to high” levels of pesticide (CB [1.23 μgL-1], BB [1.92 
μgL-1] and GF [2.17 μgL-1]) to conduct the actual study. However, because of some access 
problems with a blueberry-producing Company, we were obliged to remove our sampling 
equipments at Colonel Brook and Bog Brook six days after the first deployment and replace these 
sites by Sodom Brook.   
 

        
           
          Analyte 

                         Sampling rates (L/d)  

Deionized water Filtered river 
water 

Unfiltered river 
water 

Chlorothalonil 0.74 ± 0.09 0.73 ± 0.10 0.74 ± 0.10 
Propiconazole 0.64 ± 0.10 0.66 ± 0.11 0.63 ± 0.11 
Hexazinone 0.58 ± 0.08 0.52 ± 0.10 0.49 ± 0.09 

Phosmet 0.92  ± 0.14 0.93 ± 0.14 0.90 ± 0.14 
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POCIS deployment: The first phase of the actual field survey (involving PB, BB, CB and GF) was 
carried out from July 10 to July 30 2008. After the withdrawal at Colonel Brook and Bog Brook, the 
experiment was extended to Sodom Brook from July 20 to August 9 2008. POCIS devices were 
deployed and retrieved sequentially (Table 1) in the selected sites with the objective to check if the 
device can sequester the pesticides in a deployment time less than the hypothetic seven days, and to 
determine how pesticide concentration patterns in POCIS are compared with those found with grab 
samples. The deployment scheme consisted of a pair of vegetable steamers 
   
Table 1. Summary of the POCIS deployment protocol at the sampling sites (PB, BB, CB and GF) 
 

Deployment/Retrieval 
           Date 

POCIS deployed 
per site 

  POCIS  
retrieved  
 per site 

Date retrieved 
POCIS were 

deployed 

Days after 
deployment 

7/10/08 12  No retrieval 1 
7/14/08 4 4 7/10/08 4 
7/16/08 4  4 7/10/08a 6 
7/20/08 4 4 7/14/08 6 
7/22/08 No deployment 4 7/16/08 6 
7/28/08 No deployment 4 7/20/08 7 
7/30/08  4 7/10/08 20 

  a The POCIS deployed on 7/14 were also removed on 7/16 at CB and BB at the request of the  
    Company which owns the property.    
   
or a perforated gallon-size can (as protective devices) that contain 2 POCIS each (Fig. 1). At day 1 
of the deployment, three sets of two pairs of steamers (i.e 12 POCIS) were deployed at each site. 
One of these sets (i.e. 4 POCIS) was removed at days 4, 6, and 20 of the first deployment. Other 
deployments and retrievals were performed in between the 20 days of the experiment duration (See 
table 1).   The deployment schemes were attached in poles (rebar) driven in the stream bed or trees 
at the river bank, and kept at about 1m apart in the water column by buoys. At each POCIS 
deployment/retrieval event, two grab samples were collected and analyzed to determine pesticide 
concentrations. Also, water samples were analyzed for measuring environmental variables such as 
TOC, DOC, TSS and specific conductivity. The pH and temperature of water were measured on site. 
    After retrieval, the field POCIS were kept frozen before being processed as follows: 

 Cleaning POCIS-post deployment using warm water and a soft brush. 
 Extraction of POCIS using methanol to wash the admixture through chromatography 

columns into a beaker. 
 Filtration of POCIS extract and composite of the two POCIS (from one vegetable steamer 

scheme) into one sample. 
 Analysis for pesticide detection and quantification were performed by gas chromatography-

mass spectrometry (GC/MS) and the SIM method mentioned earlier.  
 
 
 
Fig. 1. Pictures of the POCIS device and the summer 2008 field deployment (a) POCIS device; (b) 
wiring the POCIS in a steamer; (c) Scheme (POCIS-steamer-buoys) ready for deployment 
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 Pesticide concentrations in water (CW, μgL-1
 ) were calculated as follows: 

           
tR

M
C

s

POCIS

W 


2
 

      
Where, MPOCIS is the mass of pesticide sequestered in the POCIS (μg) and t is the deployment 
time (d).  The 2 in the denominator accounts for the fact that samples are composite of 2 POCIS. 

 
Results: From the 5 target pesticides (e.g. phosmet, hexazinone, chlorothalonil and propiconazole), 
only hexazinone was detected in grab samples and the POCIS. Phosmet (as an insecticide), 
chlorothalonil and propiconazoles (fungicides) were sprayed weeks before the deployment period. 
Also, aAll the pesticides but chlorothalonil have moderate to high water solubility. Therefore the 
potential for sampling residues of these pesticides from drifts were very unlikely. It is well known 
that hexazinone ubiquity in surface water is related to its high leaching potential, low sorption 
capacity in soil and high water solubility. This, combined with its rate of application may explain its   
 
Fig 2. Trend in hexazinone concentrations in water samples and POCIS at Pork Brook 

  a 
  b 

 c 
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 P.S. Values in parentheses are deployment times in days. No pesticide detected in water during 
preliminary sampling (7/1/08). Also, no pesticide was detected in water samples and POCIS at days 
0 and 4 (7/14/08). 

   
 Fig 3. Trend in hexazinone concentrations in water samples and POCIS at Great Fall 
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-Values in parentheses are deployment times in days 
- ps = preliminary sampling (7/1/2008) 
- (0) = experiment started, no POCIS removed. 
 
Fig 4. Trend in hexazinone concentrations in water samples and POCIS at Sodom Brook 
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 -Values in parentheses are deployment times in days 
- (0) = experiment started, no POCIS removed. 
 
higher concentrations in the stream, allowing its detection, while the other pesticides have 
concentrations below the limit of quantitation (0.1μgL-1). Figures 2 through 4 show hexazinone 
concentrations measured in water samples and POCIS devices at the sampling sites. The figures 
show that hexazinone concentration patterns in the POCIS are similar with those found with grab 
samples. This is in agreement with many studies involving passive and active samplings. I expect a 
similar trend for further field deployments that will be carried out in summer 2009.  
 
2. Future work 
  
   The work to be done in 2009 can be summarized as follow: 

 Conduct a calibration flow through experiments aimed at determining sampling rates in the 
presence of flow. The results will be compared with those found with the static experiment. 

 Conduct a field survey in one river located near blueberry fields and one river uninfluenced 
by blueberry fields (as control). Sampling sites near blueberry fields will be distributed 
upstream (one site) and downstream of the fields in order to measure the concentration 
gradients of the pesticides and asses the impact of the barrens on water quality.    

       
Acknowledgement: I acknowledge Ernie Atkinson for guiding me in the area and helping with the 
deployment. I also thank Dale Salinger for his precious help with the laboratory and field work. 
This project is funded by the Maine Department of Environmental Protection, the Maine Atlantic 
Salmon Commission and the USGS/ Water Resource Research Institute (WRRI).  
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RESEARCH PROGRAM: 

Problem and Research Objectives: 

 The traditional focus of lake rehabilitation efforts has been on controlling the sources of 
nutrients that eventually lead to chronic algal blooms, anoxic hypolimnia and degraded water 
clarity.  This ‘bottom-up’ approach is obviously necessary for improving or maintaining lake 
water quality.  However, an increasing body of evidence suggests that ‘top-down’ controls play a 
major role in how nutrient loading is expressed in enriched lakes (Carpenter et al. 1995; Gliwicz 
2002; Stemberger and Miller 2003).  From this perspective, the relative dominance of the fish 
assemblage by planktivores (zooplankton-eating fish) over piscivores (fish-eating fish), 
influences algal biomass and water clarity.  Lakes with intense planktivory tend to have smaller 
cladocerans, which are less efficient grazers of algae.  Under this scenario, algal populations are 
released from control by grazing leading to reduced water clarity (Carpenter et al. 1995).  The 
size structure of the cladoceran community, and especially Daphnia species, has been posited as 
one of the key indicators of the resilience of lakes to eutrophication (Carpenter et al. 1995).  
Over the past century, fish introductions through official and illegal means as well as dispersal 
through hydrologic corridors have dramatically altered the structure of aquatic communities in 
the Northeast US (Whittier and Kincaid 1999).  By altering food web structure and the associated 
energy transfers between trophic levels, introduced fish may further reduce the resilience of lakes 
to nutrient enrichment and make traditional lake rehabilitation approaches less effective.  The 
landscape-scale implications of these fish community changes and, in particular, their interaction 
with other anthropogenic stressors have important implications for biodiversity, sustainability, 
and management of aquatic ecosystems.  
 Our research has the overarching goal of determining if top-down effects of resident 
fishes mediate the response of lake food webs, particularly cladoceran size structure, to 
eutrophication at the landscape scale.  Before exploring this question, we need to assess the 
importance of hydrogeomorphic features of lakes, such as lake depth and area, humic color, 
elevation, and water chemistry that are reported to influence cladoceran size structure (Tables 1 
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and 2), are also important factors in lakes in Maine.  By classifying lakes by their 
hydrogeomorphic setting, we can then determine the influence of top-down factors, such as fish 
community composition and invertebrate density, on cladoceran size structure.   
  
Table 1: Hydrogeomorphic features in the order of expected importance and their 
relationships with cladoceran body size from the literature. 

HGM Variables 
Relationship with 

Cladoceran Body Size 
Reference 

Lake Depth Positive Amsnick 2006, Tessier and Weltzer 1991 

Lake Surface area Positive Wolfinbarger 1999, Masson 2004, Finlay 2007 

Elevation Negative Bigler 2006 

Catchment area Positive Masson 2004 

pH Positive Tessier and Horwitz 1990 

Alkalinity (or Ca) Positive Tessier and Horwitz 1990 

DOC / Color Positive Morris 1995, Wissel 2003, Williamson 2000 

 
Table 2: Trophic variables and relationships with cladoceran body size from the literature. 

 

Trophic Variables 
Relationship with 

Cladoceran Body Size 
Reference 

Total phosphorus 
(TP) 

Positive Beisner 2003, Stemberger and Miller 2003 

Chlorophyll (Chl-a) Negative Stemberger and Miller 2003, Hulsman 2005 

Planktivorous fish  Negative  
Gliwicz 2002, Boeing 2004, Brooks and Dodson 
1965, Post 2008 

Invertebrate 
predators  

Negative 
McNaught 2004, Riessen and Young 2005, Vander 
Zanden 2002 

Our specific objectives were: 

1) To create a hierarchical model that defines the landscape features and lake characteristics 
(both physical and chemical) that influence lake trophic state variables in order to isolate the 
influence of cladoceran size structure.   

2) Assess the role of top-down processes on lake responses to nutrient enrichment by examining 
the influence of cladoceran size structure (measured as body size indicators and species 
ratios) on water clarity – nutrient relationships in Maine lakes and how that is influenced by 
the assemblage of fish species in the lake.   

3) Develop, test and evaluate outreach materials (websites, presentations) that inform lake users 
of these processes and relationships. 
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Methodology: 

Study Lakes: 

 We used an extensive dataset and archived 
zooplankton samples collected by the Maine 
Department of Environmental Protection (MDEP) as 
part of the Baseline Monitoring Program.  The 
MDEP collected zooplankton samples, nutrients 
(total phosphorus – TP) and trophic status (Secchi 
and chlorophyll), and water chemistry (alkalinity, 
calcium, dissolved organic carbon (DOC), color, and 
pH) from a widely dispersed set of ~500 lakes.  From 
this lake set we selected 75 lakes for zooplankton 
analysis (Fig. 1); all of these lakes were sampled 
between 1996 and 1998.  To get a representative set 
of lakes, we distributed the study lakes among 
classes defined by (1) location within four regions of 
the state, (2) lake area (≤ or > 40.5 ha) and (3) lake 
maximum depth (≤ or > 10 m).  Characteristics 
(median; range) of the study lakes were: lake depth (35; 8-180), surface area (66; 5-2267), TP (8; 
3-28), and chlorophyll a (2.9; 1.3-36).  Most of the lakes were in the oligotrophic to mesotrophic 
range. 

Figure 1.  Location of the 76 
zooplankton study lakes. 

Invertebrate predator abundance for the study lakes was the combined abundances of 
Leptodora kindtii, Polyphemus pediculus, and Chaoborus sp. found in the zooplankton samples.  
Note that the vertical tow net used for the original zooplankton sampling was likely not a totally 
efficient sampler of these invertebrate predators. The fish data came from PEARL 
(http://pearl.maine.edu/), a website created by the Senator George Mitchell Center for 
Environmental and Watershed research at the University of Maine.  The fish groups were created 
based on assemblage type (cool water, warm water or mixed species) and relative species 
richness (Peter Vaux, University of Maine, personal communication).  We also used the presence 
or absence of alewife as an additional fish variable.  
 

Cladoceran body size metrics: 

To ensure that the zooplankton samples taken by the Maine DEP in August to September 
provide a good representation of the cladoceran community size, we sampled ten lakes in Acadia 
National Park for zooplankton throughout the summer months in 2007. This sampling effort was 
concurrent with the water quality sampling the park regularly performs each year.  We 
determined among-month differences in the summer in cladoceran genera diversity and in 
metrics related to abundance and body size.  Using results from the eight lakes in Acadia 
National Park, we found that cladoceran diversity at the generic level appeared to be higher in 
August than in the early part of the summer, supporting our use of late summer as an index 
season.  Based on mean cladoceran body size, we found significant differences in body size 
based on samples collected from the eight ANP lakes in June, July and August, with larger body 
sizes generally found in either June or July.  These results highlight the need to restrict the 
sampling interval to make valid among-lake comparisons. 
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Our body size metrics included a suite of taxon-specific and cladoceran community-
based indices.  All body lengths were determined through analysis of images collected with a 
digital camera attached to a dissecting microscope using ImageJ software 
(http://rsb.info.nih.gov/ij/).  For taxon-specific metrics we measured body lengths of a target of 
20 individuals of each cladoceran genus and of calanoid and cyclopoid copepods.  One of our 
community level metrics was the Stemberger Index that integrates the mean body length for four 
cladoceran groups; it has been used successfully to account for variation around the TP-
chlorophyll a relationship (Stemberger and Miller 2003).  The Stemberger index was calculated 
as the average of the mean size of the four cladoceran groups – Daphnia; Holopedium; large 
cladocerans such as Diphanasoma and Sida; and small cladocerans such as bosminids, Chydorus, 
and Ceriodaphnia (Stemberger and Miller 2003).  

We also quantified size spectra metrics for the cladoceran community as these have 
proven useful indicators of top-down effects in other broad-scale zooplankton studies (Finlay et 
al. 2007).   Size spectra were assessed through analysis of the body size of the first 75 
cladocerans observed during sample analysis.  A total of 75 was chosen as the level where upper 
and lower quartiles stabilized and represented a generally obtainable number in the zooplankton 
samples we analyzed.  In only three of the 76 lakes was cladoceran abundance too low to reach 
the target of 75 individuals.  These first 75 measurements were used to create four size spectra 
measurements, the cladoceran mean; frequency within 11 size bins of 2 mm width from <0.2 mm 
to ≥ 2.0 mm; and the 10th, 25th, 50th, 75th and 90th percentiles.  In addition, we quantified these 
percentiles for the most common genera, the large Daphnia and the small bosminids of the 
genera Bosmina and Eubosmina.   To obtain a multivariate index of the size spectra, we used 
non-metric multidimensional scaling (NMDS) to develop two axes each that characterized the 11 
size bins, percentiles of the first 75 adult cladocerans observed, and percentiles for Daphnia and 
bosminid measurements.  Non-metric multidimensional scaling (NMDS) is an ordination 
technique that instead of relying on the assumption that the data is linear relies on the assumption 
that the data is monotonic. NMDS uses rank order information within a dissimilarity matrix to 
separate out the differences between the input values. We chose NMDS over other ordination 
techniques such as principal components analysis in NMDS linearity is not assumed and it is less 
susceptible to arch and compression effects (McGarigal et al. 2000). 
 

Statistical Analyses of Body Size Metrics 

To address objective 1, determine the influence of hydrogeomorphic and trophic features, 
we used Classification and Regression Trees (CART) to identify the hydrogeomorphic (HGM) 
and trophic features in Table 1 that characterized among-lake variation in cladoceran body size.  
We used this statistical approach because multiple regression techniques indicated that there was 
not a linear relationship between measures of cladoceran body size and lake features.  CART 
models were appropriate because they can include a mixture of categorical and discrete 
variables, the data do not need to be normally distributed as it is a non-parametric test, non-linear 
relationships can be modeled, and they are easy to interpret (Bel et al. 2009).  The response 
variables used in the CART models included the cladoceran mean, the Stemberger Index (SI), 
and Axes 1 and 2 from the NMDS analyses of the size bins, cladoceran percentiles and Daphnia 
and bosminids (Da+Bo) percentiles.  Three CART models were run for each response variable:  
(1) HGM feature alone; (2) trophic features alone; and (3) a combination of HGM + trophic. The 
HGM features we used in the CART models were surface area, depth, elevation, color, water 
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residence time, and calcium. The trophic features used in the CART models used were TP, Chla,, 
invertebrate predator abundance, and fish assemblage groups.  CART models were determined 
using the rpart program in the statistics program R (r-project.org). 

 

Findings and Importance: 

 
Patterns in Cladoceran Body Size:  
 

Cladocerans in the 76 study lakes showed a wide range in body size, ranging in median 
value from 0.2 to 1.4 mm (Figure 2).  We found that Axis 1 of each of the NMDS analyses was 
highly correlated with each other and with the mean and SI values (Table 3) suggesting the 
NMDS-derived metrics for Axis 1captured an general increase in body size across the lakes.  In 
contrast, Axis 2 of the size bin and percentile NMDS appeared to generate a gradient of lakes 
from those dominated by both very large and very small individuals to cladocerans dominated by 
low-intermediate size and was thus negatively related to the inter-quartile range in body size.  
Axis2 for these two NMDS analyses thus captured the range of cladoceran body size (and 
possible bi-modality of the size spectrum) found within a given lake.  Low NMDS Axis 2 scores 
for the Daphnia + bosminid (DaBo) percentiles were related to small Daphnia and large 
bosminids while high Axis 2 scores indicated large Daphnia and small bosminids; this axis also 
appeared to capture the range of body sizes indicated by these common taxa but was inversely 
correlated with the Axis 2 scores for the entire cladoceran community.  

 
 

 
 

Figure 2.  Boxplots of cladoceran body lengths from the target 75 individuals for the 76 
study lakes, arranged by median.  Boxes show the 25th, 50th and 75th quartiles; dashed 
whiskers the 10th and 90th percentiles; and open circles outliers beyond the 10th and 90th 
percentile.   
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Table 3.  Correlation coefficients among body size metrics, Non-significant values are italicized and 
significant correlation coefficients are in bold (p<0.001) or in normal font (p<0.05). SI=Stemberger 
Index; SB=size bin NMDS; Per=cladoceran percentile NMDS; Da+Bo= Daphnia + bosminids 
percentile NMDS.  Ax1 and Ax2 refer to the two axes from the NMDS analyses. 

 

Metric 
Clad 
Mean 

SI 
SB  

Ax1 
SB  

Ax2 
Per  
Ax1 

Per  
Ax2 

Da+Bo 
Ax1 

Clad mean --       

SI 0.73 --      

SB Ax1 0.96 0.75 --     

SB Ax2 -0.04 -0.07 -0.11 --    

Per Ax1 0.99 0.72 0.95 0.02 --   

Per Ax2 -0.12 -0.15 -0.19 0.69 -0.05 --  

Da+Bo Ax1 0.67 0.78 0.68 -0.04 0.65 -0.11 -- 

Da+Bo Ax2 0.23 0.08 0.21 0.59 0.27 0.62 0.03 

 
HGM and Trophic Features Influencing Cladoceran Body Size: 

 
The percent residual error (PRE) ranged from 0.32 to 0.56 for the HGM only CART 

models, 0.29 – 0.39 for the trophic only CART models and from 0.26 to 0.53 for the HGM + 
Trophic CART models (Table 4).  For six out of eight body size metrics the best CART model 
included both hydrogeomorphic and trophic features; trophic features alone best characterized 
Ax2 from the cladoceran percentile NMDS and Ax1 for the Da+Bo percentile NMDS.  

HGM features that had the highest explanatory power for metrics that reflected an overall 
increase in cladoceran body size (mean, SI, and NMDS Axis 1 metrics) were elevation, 
maximum depth, lake area, calcium, and water color.  In general these predictors tended to have 
a positive relationship with cladoceran body size, which, with the exception of elevation, 
matched our expectations from the literature (Table 1).  Larger, deeper and more humic lakes 
offer refugia for larger cladocerans from predators.  Low calcium can limit the abundance of 
large cladocerans (Jeziorski et al. 2008). The opposite relationship with elevation than observed 
by Bigler (2006) was likely due to their study lakes being located in more alpine habitats while 
in Maine elevation gradients reflect less extreme gradients.   

Nearly all trophic CART models included Chla and invertebrate predators with fish 
community type, alewife and TP were also important. The influence of fish was most notable in 
the consistent negative influence of alewife on cladoceran body size.  This result is consistent 
with the findings of Post and Palkovacs (2009) that cladocerans in lakes with alewives often 
show a sharp decrease in body length over the summer as the young-of-the-year alewife become 
active.  The CART model for the Stemberger Index suggested that lakes with cool water fisheries 
had larger cladocerans than those from warm water or mixed communities.     

The inclusion of both HGM and trophic variables generally resulted in the highest PRE.  
Invertebrate predator abundance was the most common trophic variable; the positive relationship 
with cladoceran body size was expected as invertebrate predators are often most highly selected 
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on smaller cladocerans. In the combined models, fish community type was only important for the 
Stemberger Index; larger cladoceran body size occurred in lakes with cool water fisheries.   

 
Table 4.  Results from CART models for body size metrics HGM, trophic, and both HGM and 
trophic features.  A (+) or (-) indicates a positive or negative relationship, respectively, with the 
metric.  Predictor variables with both (+) and (-) had multiple occurrences in the CART model; the 
first direction represents the earlier split value.  PRE= percent reduction in error, analogous with 
percent variation explained.  For fish groups, CW=cool water; WW=warm water; MX=mixed; H 
=high species richness; and L =low species richness.     

Metric HGM only CART 
Model 

Trophic only CART 
model 

HGM and Trophic CART 
Model 

Cladoceran 
mean 

PRE=0.3409 
Elev (+); Color (+);  
Area (-); Depth (+)  

PRE=0.3828 
InvPred (+);  Chl-a(-) and 
(+); TP (+) and (-)  

PRE= 0.4473 
Inv Pred (+); Depth (-);  
TP (+); Ca (+); Chl-a (+) 

Stemberger 
Index 

PRE=0.3955 
Elev (+); Color (+);  
Depth (+); Area (+);  
Ca (+) 

PRE=0.3436 
InvPred (+) and (-); TP (-); 
Fish:  
CW (+), [WW, MX] (-); 

PRE= 0.4719 
Elev (+); InvPred (+); 
Fish: CW (+), [WW+MX] (-);   
Elev (+); Color (+) 

Size Bin 
NMDS 
Ax1 

PRE=0.3692 
Elev (+) and (-); Color 
(+); Depth (+) and (-) 

PRE=0.3164 
InvPred (+); Chla (-); 
Alewife (-);TP (-) 

PRE= 0.4755 
InvPred (+);  
Depth (+) and (-); Elev (+);  

Size Bin 
NMDS 
Ax2 

PRE=0.3213 
Elev (+) and (-); Area 
(+); Depth (+); Color (+); 
Ca(+) 

PRE=0.3083 
Chla (+);  
Fish: CW/H (+),  
[CW/L, MX,WW] (-); 
InvPred (-); TP (+) 

PRE= 0.3499 
Elev (+); Area (+); TP (+);  
Elev (+); Chl-a (+) 

Percentile 
NMDS 
Ax1 

PRE=0.3348 
Elev(+); Color (+);  
Area (-); Ca (+)  

PRE=0.3910 
Chla (+); InvPred (+); 
TP (-) and (+) 

PRE=0.4617 
InvPred (+); Depth (-);  
TP (-); Chl-a (+); Ca (+)  

Percentile 
NMDS 
Ax2 

PRE=0.3294 
Area (+); Color (-) and 
(+); WRT (+);  

PRE=0.3897 
Chla (+);  
Fish:  
[CW/H, MX, WW/L] (+)  
[CW/L, MX, WW/H] (-);  
InvPred (+); TP (+) 

PRE=0.2596 
Area (+); Depth (-):  
Fish: [CW/H, WW/L] (+) 
[CW/L, MX, WW/H] (-) 

DaBo 
NMDS 
Ax1 

PRE=0.5615 
Depth (+);  
Elev (+) and(-) 

PRE=0.2995 
Chla (-); Alewife (-); 
InvPred (+); TP (-) 

PRE=0.5260 
Depth (+) and (-); InvPred (+); 
Area (-);Elev (+) 

DaBo 
NMDS 
Ax2 

PRE=0.5018 
Depth (+);  
WRT(-) and (+); Elev (+) 

PRE=0.2903 
Chla (+);  
Fish: [CW/H, WW/H](+) 
[CW/L, MX, WW/H] (-) ;  
TP (-); Alewife (-); 
InvPred(+) 

PRE= 0.5260 
Depth (+); Alewife (-);  
WRT (-) and (+) 

 
For the NMDS axis 2 variables for the cladoceran size bins and percentiles, where higher 

values represented a smaller range in body size and dominance by intermediate sizes, similar 
HGM variables to the other CART models (elevation, area, depth, and color) were important, but 
the relationship with axis variables was less consistent.  Fish community type was important for 
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the cladoceran percentile Axis 2 (Table 4) however no clear contrast between cool and warm 
water fisheries was apparent.  Rather there was a suggestion of an effect of species richness on 
the range of cladoceran body size that was not consistent across models.   

 
 
Objective 2:  The influence of cladoceran body size on TP-Chl regressions: 
 

Originally we planned to address objective 2 using a hydrogeomorphic classification 
under development for Maine Lakes.  Because this classification system is still under 
development we are not able to address this objective adequately at this time.   We did attempt to 
contrast regressions between TP and Chla for the CART classes characterizing different size 
classes of cladocerans; however the results were hampered by low sample size and by the low 
range of TP in many of the classes. 

 

Objective 3:  Outreach materials on the role of cladocerans in lake food webs: 

 Due to the PI on the grant leaving the University of Maine we were unable to make 
substantial progress on Objective 3.  Elizabeth Whitmore, the MSc student responsible for this 
research, did produce a video on cladocerans and food web interactions for the general public 
which is posted on You Tube:  (http://www.youtube.com/watch?v=WzpO9hDUTek). This 
material was also given to Acadia National Park for their staff and public education purposes. 
The video covers cladocerans’ role in aquatic food webs and their morphological adaptations to 
predation and UV-B radiation.  
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Principal Findings and Significance: 

  Cladoceran body size in 
Maine lakes was influenced by both 
hydrogeomorphic features, such as 
lake depth and area, elevation, and 
water chemistry and by trophic 
features that reflect both top-down 
(i.e. fish and invertebrate predation) 
and bottom-up (TP and chla) 
pressures. While HGM features 
appear to be more important than 
trophic features in the CART models, 
the fact that these HGM features also 
influence trophic features such as fish 
community and invertebrate predators 
could be why the HGM features tend 
to overshadow the trophic ones.  
 In general, lakes with large 
cladocerans were characterized by 
trophic features such as the abse
alewife, cold water fish assemblage, 
and high invertebrate predator 
abundance and HGM features such as 
high elevation, high calcium, and deep
water depth (Fig. 3). In contrast, lak
with small bodied cladocerans tend
to have a warmwater or mixed fish 
assem

nce of 

 
es 

ed 

blage with alewife and low 

ected 
 

ceran 
 

luence 

 

support further investigation into this important area for management.   

invertebrate predator abundance (Fig. 
3).   
 These results suggest that the 
fish assemblage does influence the 
body size of cladocerans, as exp
from the literature.  However, we also
found that HGM features were 
important in determining clado
body size.  Characteristics such as depth
and elevation (a surrogate for 
temperature or isolation) also inf
fish assemblages and thus are important in structuring the entire pelagic foodweb.  While we 
were not able to define the implications of alteration of cladoceran size structure through fish
introductions on relationships between nutrients and chlorophyll, our results are promising and 

Figure 3: Conceptual diagram of the trophic (blue) 
and HGM (red) features characterizing lakes with 
large bodied cladocerans (top panel) and small 
bodied cladocerans (bottom panel). 
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Introduction 

 Freshwater eutrophication is increasing across the United States causing 

deleterious effects on the overall health of the ecosystem and diminishing the economic 

benefits of its recreational use. Dodds et al. (2009) estimated the combined cost of 

freshwater eutrophication is currently at $2.2 billion annually in the U.S. In Maine, 

20.8% of all sales revenue is directly and indirectly related to tourism (Maine Office of 

Tourism, 2008). Ecotourism greatly leverages Maine lakes rendering the economic 

benefits of water quality especially important.  East and North ponds, situated in the 

Belgrade Lakes region of central Maine, are tourist destinations that provide a source of 

revenue to the surrounding community.  During the last 20 years, East Pond has been 

experiencing a higher frequency of algal blooms as compared to the hydrologically-

linked North Pond (Fig. 1). Understanding the processes that control the water quality of 

these two ponds is important for the health of both ecosystems and the economic 

sustainability of the region. This investigation involves two proposed explanations for the 

increased frequency of algal blooms in East Pond; (1) Invasive white perch (Morone 

americana) have induced a trophic cascade ultimately causing an increase in primary 

productivity and (2) Biogeochemical cycling in the sediment has produced a flux of 

bioavailable phosphorus to pelagic phytoplankton.  

A trophic cascade is a concept that explains productivity among lakes with similar 

nutrient supplies, but different food webs (Carpenter et al., 1985). For example, the 

introduction of a piscivorous fish can lead to a reduction in planktivore densities resulting 

in an increase in zooplankton grazing on primary producers. Alternatively, an increase in 

planktivore density will decrease the zooplankton suppression of algal populations 
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(Carpenter et al., 1987). The fish biomass in both East and North Ponds is dominated by 

non-native white perch with mark-recapture studies estimating a population of 173,500 

(±23,000) and 77,000 (±11,500), respectively (Halliwell and Evers, 2008). The difference 

in the two populations is attributed to the presence of the piscivores northern pike (Esox 

lucius), chain pickerel (Esox niger), smallmouth bass (Micropterus dolomieu) and 

largemouth bass (Micropterus salmoides) in North Pond, whereas the only top predators 

in East Pond are large and smallmouth bass. White perch are effective planktivores that 

have been shown to rapidly over-populate ecosystems with favorable conditions 

(Schaeffer and Margraf, 1986a & 1986b). The date of white perch introduction in both 

ponds is  estimated to be in the early twentieth century and the illegal stocking of 

northern pike in North Pond is estimated to be circa 1970 (Halliwell, personal 

communication). Paleolimnological techniques should infer the effects of trophic cascade 

and the altered biological interactions caused by the fish introductions.   

Cladoceran zooplankton, an order of small (0.2 to 18 mm long), mostly 

transparent, freshwater arthropods (Subphylum: Crustacea, Class: Branchiopoda), are of 

particular interest in trophic interactions because of their ability to exert high grazing 

pressure on phytoplankton communities (Matveev & Matveeva, 1997).  The major 

factors controlling zooplankton abundance are food availability and predation. Typically, 

large-bodied cladocerans (e.g. Daphnia) will out-compete smaller organisms (e.g. 

Bosmina) when food is plentiful and vice versa when food is limiting (Demott & Kerfoot, 

1982). Size-selective predation will also affect the cladoceran community structure, as 

large bodied cladocerans are preferred by planktivorous fish (Brooks & Dodson, 1965). 

Since food availability and predation are not mutually exclusive and may promote 
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opposite effects in zooplankton community structure, both variables should be taken into 

account when investigating cladoceran abundance.  

Cladocerans usually reproduce parthenogenetically. Fertilized eggs undergo 

diapause and are encased in a modification of the carapace called the ephippium. 

Ephippia are deposited and preserved in lake sediments. Because ephippia size correlates 

well with cladoceran body size, paleolimnologists have used ephippia to examine 

historical cladoceran community structure and body size. In a study of 135 lakes from 

Greenland to New Zealand, the abundance of Daphnia, Ceriodaphnia, and Bosmina in 

the surficial sediment ephippia pool was significantly correlated with the living 

abundance in the pelagic zone (Jeppesen et al., 2003). Numerous cladoceran 

identification techniques have been used to reconstruct the abundance of planktivorous 

fish and trophic cascade interactions (Jeppesen et al., 2001). Verschuren and Marnell 

(1997) were able to accurately reconstruct the history of cutthroat trout in Montanan 

lakes using inferences from ephippia remains. In a Belgium pond, an inverse relationship 

was found between the abundance and size of Daphnia magna ephippia and the density 

of fish stocking (Cousyn & DeMeester, 1998).  

Diatoms (Phylum: Chrysophyta, Class: Bacillariophyceae) are an algae with a 

siliceous cell wall found in oceans, freshwater, and soils around the world. Diatoms have 

characteristic physiological requirements that control the distribution of particular species 

in the environment (Battarbee, 1984).  Because their modern ecology is well understood, 

the preserved silica cell walls of diatoms in lake sediments are a useful paleolimnological 

proxy for reconstructing various environmental parameters, such as moisture balance 
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(Gasse et al., 1987; Radle et al., 1989), pH (Battarbee & Charles, 1987; Birks et al., 

1990), and trophic status (Bennion et al., 1995; Dixit et al., 1999).     

In addition to water quality preference, trophic interactions such as grazing 

pressure may affect the abundance and composition of diatom assemblages.  Lambert et 

al. (1986) determined that during the clearwater phase in a lake (high zooplankton 

abundance), the algal community was made up of large sized diatoms (>35µm).  If 

larger-sized zooplanktons, such as Daphnia, are dominant, then grazing pressure will be 

more intense on the smaller-sized diatoms leading to an increase in the relative 

abundance of large diatoms.  Diatoms have reflected historical changes in food web 

structure and/or the effects of biomanipulation.  Liukkonen et al. (1997) showed a 

decrease of the dominant eutrophic indicator species (Stephnanodiscus spp. Aulacoseira 

islandica, and Diatoma elongatum) after the removal of top predator fish from Lake 

Vesijarvi, Finland. 

Nitrogen isotopes (δ15N) are reliable indicators of the trophic level at which an 

organism feeds in the aquatic ecosystem due to the preferential retainment of heavier 

nitrogen in biomass (Hesslein et al., 1991). The degree of δ15N enrichment depends on 

the trophic level of the organism, the length of the food chain, and the δ15N trophic 

baseline signature (Cabana & Rasmussen, 1994 & 1996). Schindler et al. (2006) 

determined enriched δ15N values of lake sedimentary organic matter corresponded to the 

extent and timing of sockeye salmon (Oncorhynchus nerka) returns over the past 500 

years in the Bristol Bay region of Alaska. The introduction and dominance of top 

piscivores in North Pond may have produced δ15N enrichment in the sediment organic 

matter relative to East Pond.   
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Typically, δ15N values of sediment organic matter are not effective proxies for 

historical changes in primary productivity (Lehmann et al., 2004). However, during 

periods of excessive algal growth enrichment in sediment organic matter δ15N values can 

result from nitrate utilization from anthropogenic pollution (Teranes & Bernasconi, 

2000). Alternatively, depletion in sediment organic matter δ15N values arises when N2-

fixing organisms dominate an aquatic ecosystem after eutrophication (Brenner et al., 

1999). In recent years, Anabaena sp. and other blue-green algae have been documented in 

East Pond blooms such that δ15N depletion may be recorded in the sediment organic 

matter.  

Phosphorus (P) is the limiting macronutrient in most freshwater ecosystems, 

therefore decreasing P inputs is essential for controlling eutrophication (Schindler et al., 

2008). A remediation project was completed in 2005 to reduce the nutrient load in both 

East and North Ponds by repairing roads, constructing buffer zones, and installing 

culverts (Maine Department of Environmental Protection, 2005). However, many 

eutrophic Maine lakes are subject to internal P release from the sediment even after 

abatement of external sources.  Therefore, lake water quality management requires the 

understanding of factors that lead to sedimentary P release and the ability to predict lakes 

that are subject to such release. 

Mechanisms controlling the internal release of P from lake sediments have been 

related to oxygen depletion and P speciation in the sediment. The classic model of P 

release from sediment involves the reductive dissolution of Fe(OH)3(S) during anoxia in 

the hypolimnion (Mortimer, 1941; Tessenow, 1974).  Fe(OH)3(S) has a significant binding 

capacity for dissolved P in the water column and oxic sediments.  According to this 
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model, when Fe(III) is reduced to Fe(II), both Fe(II) and the adsorbed P release into the 

water column rendering the P bioavailable. 

 Sequestration of P in lake sediments by Al(OH)3(S) has been documented in low 

pH, low P lakes (Kopacek et al., 2005).  Al(OH)3(s) is unaffected by redox conditions, so 

P sorption to Al(OH)3(s) is considered a permanent sink for P in the water column and 

sediment.  In practice, alum addition has commonly been used as a lake management 

technique for eutrophic systems (Reitzel et al., 2005).  Lake et al. (2007) demonstrated 

that sediments in some Maine lakes have an increased permanent sorptive capacity for P 

due to elevated sediment Al(OH)3(s) levels compared to Fe(OH)3(s).  

 Organic phosphorus may also have a role in P dynamics in the surficial sediments 

of lakes (Prairie et al., 2001).  The cleavage of orthophosphate from phytate (a mono-

ester P compound commonly found in plant material) was measured in the alkaline 

extraction of sediment using a phytase assay suggesting that organic P is a source of P 

release from sediments (De Groot & Golterman, 1993).  Organic P is phosphonates, 

mono-ester (e.g. phytate), phospholipids, and other di-ester P (e.g. DNA) compounds 

(Turner et al., 2003). Ahlgren et al. (2005) analyzed organic P species in a lake sediment 

core using 31P NMR and found that mineralization occurred at different rates ranging 

from half-lives of 13 to 23 years. Organic P compounds are subject to degradation 

through enzymatic hydrolysis which exhibits a positive relationship with oxygen levels 

and temperature (Hupfer & Lewandoski, 2008). If fresh, easily degradable organic matter 

is deposited to the sediment, then rapid mineralization may be occurring driving oxygen 

depletion and bioavailable P levels.  
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In this study, we collected a sediment core from both ponds to investigate whether 

trophic cascade effects or biogeochemical P cycling is the ultimate driver of the recent 

eutrophication of East pond. We utilized a multi-proxy paleolimnological approach with 

diatoms, cladoceran ephippia, and stable nitrogen isotopes to determine trophic shifts in 

the history of each pond in combination with chemical techniques to investigate sediment 

P speciation and dynamics. Our hypotheses include: 

1. The East Pond diatom assemblages will exhibit a shift from larger to smaller 

species if zooplankton grazing is decreasing with increasing planktivorous fish 

density. Alternatively, if P availability is increasing, then the assemblage will 

reflect species with higher total P optima.  

2. Cladoceran mean ephippia size will decrease due to increased size-selective 

predation by planktivorous fish in East Pond. 

3. The nitrogen isotopes in North Pond sediment will exhibit enrichment due to the 

dominance of introduced Northern Pike (Esox lucius) and other piscivores. The 

nitrogen isotopes in East Pond will be lighter with the onset of nitrogen-fixing 

blue-green algae blooms in recent years.  

4. The sediment P pools in East Pond will contain substantially more releasable P 

species than North Pond.  

5. The organic P in the sediment of East Pond will be mineralized faster than North 

Pond controlling ephemeral oxygen depletion in the surficial sediments and 

increasing bioavailable P levels.  
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Methods 

Study Site 

 East and North Ponds are located in the Belgrade Lakes Region of central Maine 

(Figure 2). The Belgrade Lakes are a series of 7 interconnected lakes formed during the 

last deglaciation situated on till at an elevation of approximately 75 meters above sea 

level. East and North ponds have similar morphometry and nutrient loads (Table 1). 

However, the hydrology of each pond is different. East Pond is a headwater seepage lake 

with a slow flushing rate and a small watershed area. North Pond has a faster flushing 

rate and a larger watershed with four perennial streams including the serpentine bog from 

East Pond. Both ponds have substantial shoreline development consisting mainly of 

seasonal and permanent residents. However, the majority (57.9%) of the watershed is 

deciduous forest (Figure 2). In the past few decades, East Pond has been experiencing 

algal blooms during the mid to late summer months more frequently. A remediation 

project was completed in 2005 for both watersheds to decrease nutrient load and 

sedimentation and a biomanipulation project removing the planktivorous fish in East 

Pond is currently in place to ameliorate algal blooms through trophic cascade effects.  

Sediment Cores 

 In January 2008, a 10 cm diameter, approximately 45 cm in length, sediment core 

from the profundal zone of each pond was collected using a modified piston corer. Both 

ponds have simple bathymetry suggesting the cores are representative of the entire basin. 

The core was extruded on-site in 0.5 cm intervals from 0 to 20 cm, and 1 cm intervals 

beyond 20 cm. The sections were stored in Whirlpak™ bags and transported to the 

University of Maine on ice. In the laboratory, the intervals were sub-sampled for 210Pb 
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dating, diatom, and chemical analyses. Due to the large sample size requirements, the 

ephippia analysis was carried out on an archived core from East Pond collected by the 

Maine Department of Environmental Protection in 2006. 

210Pb Dating and Sedimentation Rate 

Sediments were dated with 210Pb methods from selected samples within the core.  

Samples were prepared by weighing 2.0 to 3.0 g wet sediment into crucibles.  The 

sediments were dried, weighed, and homogenized. Samples were then transferred into 

dating vials, weighed again, and capped.  After approximately two weeks of 

equilibration, 210Pb activities were counted by 210Pb distillation and gamma spectrometry 

methods (modified from Eakins and Morrison, 1978) by the Physics Department at the 

University of Maine.  Dates were determined according to the constant flux:constant 

sedimentation rate model (Oldfield and Appleby, 1984). Cesium-137 activity was used as 

a chronostratigraphic check on the 210Pb age-depth profiles based on the nuclear fallout of 

bomb testing in the 1950’s and 1960’s. Sedimentation rates (SR in g cm-2 yr-1) corrected 

for porosity and compaction were calculated using equations 1 through 3, where Z is the 

sediment interval thickness (cm), VW is the percent volume of water in a cubic 

centimeter of sediment, OM is the percent loss on ignition, IM is the inorganic matter 

(100-OM), ρs is the solid density (g cm-3), ρo is organic matter density (estimated to be 

1.6), ρi is inorganic matter density (estimated to be 2.5), and Yi is the years represented 

by the sediment interval.  
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Ephippia Analysis 

 Zooplankton mean ephippia size was enumerated in an East Pond sediment core 

by weighing out approximately 50 g of wet sediment from selected intervals. The 

sediment was digested in hot 10% KOH for 45 minutes, cooled, and thoroughly washed 

through a 212 μm nested sieve with tap water. The samples was collected into a labeled 

scintillation vial and preserved with ~ 0.5 mL formaldehyde. The samples were then 

inspected with a low power dissecting microscope and a total of 100 ephippia were 

picked out of the sample and transferred to another vial. Ephippia size was quantitatively 

examined by measuring the length of the resting egg using Image J software (Collins, 

2007). 

Diatom Analysis 

Approximately 0.5 g of sediment from selected intervals was prepared for diatom 

analysis using standard acid digestion techniques (Dixit & Smol, 1994)). A total of at 

least 200 diatom valves were counted for each sample using microscopic analysis. 

Diatom communities were qualitatively examined throughout the core for any changes 

indicating fish introduction and/or nutrient enrichment. Total phosphorus reconstructions 

were calculated for each pond from the relative abundance of the major taxa in each 

interval using the weighted-averaging optima values reported in Dixit et al. (1999).  

Nitrogen Isotopic Analysis 
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 Bulk sediment organic matter δ15N values were analyzed on selected intervals 

from both ponds. The samples were dried and weighed into tin capsules at the University 

of Maine and analyzed at the UC Davis Stable Isotope Facility using a PDZ Europa 

ANCA-GSL elemental analyzer interfaced to a PDZ Europa 20-20 isotope ratio mass 

spectrometer (Sercon Ltd., Cheshire, UK). The δ15N values are expressed in per mille 

(‰) with respect to the standard of air. A duplicate sample was analyzed for every ten 

samples to investigate heterogeneity in the bulk organic matter nitrogen isotopic 

signature. At least two standard checks were analyzed for every ten samples by the 

isotope laboratory to examine instrument performance.  

Sediment Inorganic Phosphorus Speciation 

 A sequential chemical extraction procedure based on Psenner et al. (1984) was 

utilized to investigate the P speciation in East and North ponds. The extraction is 

performed on approximately 1 g of wet weight sediment. The extraction procedure is: (1) 

1 M NH4Cl for 1 hr to release ion-exchangeable species; (2) 0.11 M NaHCO3 and 0.11 M 

NaS2O4  (BD) for 0.5 hr at 40°C to extract reducible metal hydroxides and associated P; 

(3) 0.1 M NaOH for 16 hr at 25°C to extract organic matter, Al(OH)3(S) and associated P; 

(4) 0.5 M HCl for 16 hr to extract acid-soluble species and associated P; (5) 1 M NaOH 

for 24 hr at 85°C to extract residual P species.  Each step consists of at least one rinse of 

equal duration. After centrifugation (15000 rpm, 15 minutes, 5°C), the supernatants of 

each step are decanted and analyzed for Al, Fe, and P using a Perkin Elmer Inductively 

Coupled Plasma – Optical Emission Spectrophotometer (ICP-OES). In the third step, the 

supernatant is analyzed for orthophosphate by standard colorimetric methods (Murphy & 

Riley, 1962) to determine the amount of P bound by Al(OH)3(S) (NaOH-rP) with the 
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difference from the total P in the extract representing the organically bound P (NaOH-

nrP).  

Sediment Organic Phosphorus  

Organic phosphorus compounds in the pond sediments were investigated using 

the technique of 31P nuclear magnetic resonance (NMR) spectroscopy. The NMR 

extraction procedure used in this study was based on the work of Turner et al. (2003), 

Cade-Menum et al. (2006) and Ahlgren et al. (2007). Ten grams of wet weight sediment 

for selected intervals was shaken for 16 hr with 30 mL of 0.25 NaOH/0.05 EDTA 

solution to extract organic P, biogenic inorganic P (polyphosphates and pyrophosphates), 

and P associated with metal hydroxides. This method typically extracts approximately 40 

to 50 % of the total P in the sequential extraction (unpublished data). The concentrated 

supernatants were analyzed for total phosphorus using ICP-OES and processed on a 

Varian 500 MHz NMR spectrometer at Colby College (Waterville, ME) for 

approximately 6 hr (10,000 transients) with a pulse angle of 45°, an acquisition time of 

1.6 seconds, a delay time of 0.5 seconds, and line-broadening of 1 Hz. The resulting free 

induction decay (FID) data was then transferred to an offline computer and processed 

using TopSpin 2.5 software (U. of Manitoba). The FID data underwent exponential 

multiplication before it was Fourier transformed and autophased. All recognizable peaks 

with a signal to noise ratio greater than 4 were integrated and relative abundances were 

calculated. In some instances, an automated baseline correction was needed before peak 

integration. The concentration of each organic P species was then calculated by 

multiplying the relative abundance by the total P concentration in the extract. To 

investigate the rate of organic P mineralization in each pond, an exponential decay model 
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was fitted using least squares analysis on the summation of biogenic inorganic P, 

monoester P, and diester P compounds versus the 210Pb dates.  
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Results 

210Pb Dating and Sedimentation Rate 

The unsupported 210Pb activities versus depth for both East and North Ponds 

showed excellent exponential least squares fits with R2 values of 0.9555 and 0.9204, 

respectively (data not shown). A slight flattening of the decay curve (circa 1930 to 1980) 

in North Pond suggests some bioturbation is occurring. However, considering both cores 

were taken from shallow lakes, the 210Pb dates are reasonably accurate to the nineteenth 

century. The 137Cs activity peaks started around 1950 for both ponds concurrent with 

nuclear bomb testing in the United States. The 137Cs activity exhibits plateaus in both 

ponds suggesting a lag effect due to the influx of 137Cs from the watershed after the 

cessation of atmospheric deposition (Nittrouer et al., 1984). Both ponds exhibit increases 

in the sedimentation rate during the last century (Figure 3). During the early to mid-

twentieth century abrupt increases in sedimentation rate can be attributed to watershed 

disturbances such as road building and residential development. The recent doubling in 

sedimentation rate in East Pond from 1980 to present is most likely caused by 

eutrophication. This is supported by an increase in percent loss on ignition data during 

the same period (data not shown). 

Ephippia 

 The mean ephippia size in East Pond increases dramatically from a historical 

average of 600 to greater than 800 microns in the last century (Figure 4). The recently 

deposited sediments contained a bimodal distribution in size classes which represents the 

modern day dominant species, Bosmina longirostris and Daphnia pulex (Trinko, 2007). 

This abundance of larger-bodied cladoceran species (i.e. Daphnia pulex) suggests that 
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size-selective predation by white perch or other planktivores is not adequately 

suppressing the zooplankton population in East Pond.   

Diatoms 

 In East Pond, the most abundant diatom species in the surficial sediments are 

Asterionella formosa, Tabellaria flocculosa, and Fragilaria crotonensis (Figure 5). The 

occurrence of these large diatoms marks a dramatic shift from the dominance of small 

diatoms of the genera Fragilaria, Acnanthes, and Aulacoseira in the early to mid-

twentieth century. The total P reconstruction for East Pond indicated a slight increase in 

concentration throughout the twentieth century suggesting enhanced nutrient enrichment. 

In North Pond, the major diatom species remain consistent throughout the core length 

suggesting unaltered biological interactions and/or trophic shifts in the last century 

(Figure 6). The total P reconstruction for North Pond displayed a small decrease in the 

inferred concentration during the early twentieth century remaining relatively stable since 

1970.  

Nitrogen Isotopes 

 The stable nitrogen isotope (δ 15N) signature in East Pond demonstrated a slight 

depletion throughout the last century from approximately 2.4 to 1.5 ‰ (Figure 7a). In 

North Pond, the δ 15N showed a minor increase in the last century from approximately 

1.5 to 2 ‰ (Figure 7b). One standard deviation in the δ 15N of the internal standards run 

by the stable isotope facility was ± 0.2 ‰. The δ 15N difference in duplicate samples 

ranged from 0.2 to 0.6 ‰ averaging 0.3 ‰.  

Chemical Extractions 
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 The total P extracted by the sequential method in East Pond ranges from 22.0 

μmol g-1 (dry weight) at the bottom of the core to 63.5 μmol g-1 in the surface sediment 

(Figure 8). The reducible P fraction (BD-P) represents the largest percentage (≈ 30 to 40 

%) of the total P in the top 10 cm of sediment with a maximum concentration of 27.3 

μmol g-1 at a depth of 0.5 cm. The BD-P, NaOH25-rP, NaOH25-nrP, and the HCl-P 

fractions are relatively equal below 10 cm (≈ 20 % of the total P extracted). The total P 

extracted by the sequential method in North Pond ranges from 29.5 to 75.6 μmol g-1 with 

the minimum at the bottom of the core and the maximum at a depth of 1.75 cm (Figure 

9). The NaOH25-nrP is the dominant fraction in the entire length of the core (> 30 %) 

followed by the NaOH25-rP pool (20 to 30 %). Relative to East Pond, the BD-P fraction 

represents a minor pool of P in the sediment with a maximum concentration of 15.4 μmol 

g-1 at a depth of 1.75 cm.  

 The organic P species of monoester P, diester P and biogenic inorganic P 

determined by 31P NMR were present in both ponds. Monoester P is the dominant 

organic P species in each pond with concentrations ranging from 3.1 to 6.4 μmol g-1 in 

East Pond and 5.7 to 8.3 μmol g-1 in North Pond. The concentrations of diester P ranged 

from 0.4 to 2.4 μmol g-1 in East Pond and 0.5 to 1.1 μmol g-1 in North Pond. Biogenic 

inorganic P was measured in the top 2 cm of sediment with a concentration maximum of 

1.0 μmol g-1 in East Pond and 0.6 μmol g-1 in North Pond (data not shown).  
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Discussion 

Trophic Cascade Effects 

The paleolimnological evidence in this study does not support trophic cascade 

effects as the ultimate driver of the recent eutrophication of East Pond. The ephippia 

results do not indicate heavy size-selective predation by white perch on the zooplankton 

community with mean ephippia size increasing approximately 33 % in the last century 

(Figure 4). More likely, the increase in nutrient supply into East Pond is increasing the 

size of zooplankton regardless of fish predation. Finley et al. (2007) studied a diverse set 

of lakes in Quebec, Canada and determined that total P gradients influenced zooplankton 

size structure more strongly than fish predation. 

The diatom results also did not support the trophic cascade hypothesis. The shift 

from smaller to larger diatoms in the last century suggests that zooplankton grazing is 

enhanced even with the large population of white perch in East Pond. The total P 

inferences from the reconstructions also support a historical increase in nutrient supply 

into East Pond. The reconstructions were calculated with weighted mean optima values 

using relative abundances instead of multiple linear regressions involving other 

determinant environmental variables which may explain the concentration discrepancy 

from the long-term monitoring data (Table 1). However, the trend of increasing inferred 

P concentrations in East Pond is valid regardless of the absolute value.  

The increasing trend in δ15N does support the hypothesis that the 15N enriched 

piscivores are influencing the nitrogen isotope signature of bulk organic matter in North 

Pond (Figure 7b). Piscivore trophic cascade effects in North Pond may be a contributing 

factor reducing the frequency of nuisance algal blooms. The decreasing trend in δ15N in 
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East Pond supports the concept of increased nitrogen fixation due to the recent 

cyanobacteria blooms (Figure 7a). However, the inherent heterogeneity of the bulk 

sediment organic matter makes these trends statistically tenuous. Also, Lehmann et al. 

(2002) determined that nitrogen isotopic composition can be altered during early 

sediment diagenesis depending on microbial activity, terrestrial nitrogen input, and 

oxygen concentration. The influence of these isotopic effects was not investigated in this 

study.  

Even though the paleoproxies utilized in this study do not support trophic cascade 

effects, the large population of white perch in East Pond could be affecting the frequency 

of algal blooms via other mechanisms. Vanni (2002) provides a substantial review of 

these mechanisms. Two possible fish density effects applicable to East Pond are 

translocation of nutrients through excretion and benthic feeding patterns disturbing the 

sediment water interface. White perch may be ingesting nutrients in littoral areas and 

moving to pelagic zones supplying readily bioavailable nutrients through excretion. 

White perch may also feed at the sediment water interface releasing accumulated 

nutrients in the sediment to the overlying water column via bioturbation. Currently, 

investigations at the University of Maine are exploring the effects of these mechanisms 

on the occurrence algal blooms in East Pond.  

Biogeochemical Phosphorus Cycling 

The P speciation results in this study provide strong evidence that internal release 

of sedimentary P is the main driver of the recent algal blooms in East Pond. Neither pond 

develops a strong thermocline or chemocline during the year relative to deeper lakes. 

However, East Pond consistently exhibits zones of ephemeral oxygen depletion during 
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the summer months in the bottom waters near the sediment/water interface. These periods 

of oxygen depletion have been followed by measured increases in total P concentration in 

the water column. The P speciation in East Pond sediments clearly indicates a much 

higher release potential relative to North Pond, even though the concentration of total P 

in the sediment is similar. According to the paradigm of anoxic P release, the two 

fractions in the sequential extraction scheme that represent releasable sedimentary P are 

the NH4Cl and BD steps. In the top 10 cm of sediment in East Pond, the BD fraction 

constitutes 25.4 to 43.0 % of the total P compared to 6.4 to 26.4 % in the North Pond. 

The average concentration of the BD-P fraction in the top 10 centimeters of sediment in 

East Pond is 14.8 μmol g-1 contrasted by only 6.5 μmol g-1 in North Pond.  

The sediment sequential extraction can also predict the potential for permanent P 

burial via sorption to Al(OH)3(S). Kopacek et al. (2005) determined a useful molar ratio of 

extracted aluminum (NaOH25) versus iron (BD) where surficial sediments that exceed a 

threshold of 3:1 exhibited minor P release. This ratio is exceeded in North Pond at a 

depth of 5 cm, while East Pond sediments do not eclipse the ratio until a depth of 15 cm 

suggesting an increased capacity to permanently bury P in the North Pond sediment 

(Figure 10). Further evidence of the relative importance of Al(OH)3(S) in North Pond 

sediment is documented in the measured NaOH25-rP, where the concentration is 

consistently greater than 10 μmol g-1 throughout the length of the core (Figure 9). 

Conversely, in East Pond the NaOH25-rP concentration is typically less than 8 μmol g-1 in 

the core (Figure 8). The difference in the aluminum content of East and North Ponds can 

be attributed to the contrasting watersheds size and hydrology.  
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Organic P mineralization in sediment can lead to the release of bioavailable P via 

three mechanisms: (1) Rapid degradation of labile organic matter leading to oxygen 

depletion thereby reducing the sorptive capacity of the sediment; (2) Mineralization of 

organic P supplying inorganic P to the iron sorptive layer in the sediment during oxic 

conditions; and (3) Rapid organic P degradation leading directly to P release when the 

sorptive capacity of the sediment is exceeded. The rate of organic P mineralization in 

East and North Ponds is drastically different (Figure 11). The calculated half-life of total 

organic P in East Pond and North Pond is 28.3 and 100.5 years, respectively. The 

degradation rate of organic matter is positively related to temperature, oxygen 

concentration, and the quality of organic matter. Since the water temperature is 

equivalent in both ponds and East Pond suffers oxygen depletion more frequently than 

North Pond, the most likely explanation for the difference in mineralization rates is the 

quality of the organic matter deposited to the East Pond sediment. The difference in the 

hydrology and the size of the watershed can explain the discrepancy in the quality of 

organic matter. North Pond has a higher flushing rate which suggests that more of the 

labile, fresh organic matter suspended in the water column is exported out of the system 

before deposition to the sediment relative to East Pond. Also, North Pond has a larger 

watershed with more perennial streams supplying the system with terrestrial, more 

recalcitrant carbon relative to East Pond.  
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Conclusion 

 In this study, paleolimnology and biogeochemical methods were used to 

determine the cause of the recent increased frequency of algal blooms in East Pond. In 

the last century, both East and North Ponds have experienced stressors related to 

watershed development evidenced by the increase in sedimentation. The results from the 

cladoceran ephippia and diatoms determined trophic cascade effects were not the reason 

for the increased primary productivity in East Pond. Rather, the P speciation in the 

sediment and the mineralization of organic P is causing elevated internal release of 

nutrients from the sediments in East Pond relative to North Pond. Future work on these 

systems should investigate other possible biological interactions leading to increased 

primary productivity (i.e. nutrient translocation by fish) and characterization of the 

depositional input of organic matter to the sediment.  
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Name Watershed 
Area (ha) 

Surface 
Area (ha)

Mean/Max 
Depth (m) 

Volume 
(m3) 

Flush 
Rate (yr-1) 

TP Range 
(μg L-1) 

Mean TP 
(μg L-1) 

North Pond 7460 890 4.0/6.1 35.8*106 0.986 9 – 22 17 

East Pond 1740 698 4.8/8.2 33.7*106 0.243 12 – 29 19 

 
Table 1. The hydrology, morphometry and total phosphorus (TP) concentrations of East 
and North Ponds. (Data obtained from www.pearl.maine.edu). 
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List of Figures 

Figure 1. The historical maximum chlorophyll a concentrations (µg L-1) for East Pond 

(open circles) and North Pond (closed circles). Chlorophyll a maxima are used to 

represent the frequency of nuisance algal blooms. (Data obtained from 

www.pearl.maine.edu) 

Figure 2. Watershed and land use cover map of East and North Ponds, central Maine. 

East Pond is the headwater lake that flows through a serpentine bog into North Pond.  

Figure 3. The sedimentation rate (g cm-2 yr-1) record in East Pond (open circles) and 

North Pond (closed circles) during the past century. The increases in sedimentation rate 

during the mid-twentieth century in East Pond are likely due to watershed development 

since a decrease in percent loss on ignition occurs during the same period suggesting a 

mineral origin of particulates. The recent increase in sedimentation rate is caused by 

eutrophication starting in the 1980’s supported by an increase in the percent loss on 

ignition for the same period. 

Figure 4.  The mean ephippia length versus sediment depth in East pond. The open 

circles are the mean length of the entire sample. The closed squares at a depth of 1 cm are 

representative of the bimodal distribution in the mean length of the two present-day 

dominant cladoceran species in East Pond, Bosmina longirostris and Daphnia pulex. The 

whiskers represent one standard deviation from the mean.  

Figure 5. The East Pond major diatom species assemblages in relative abundance versus 

sediment depth (left y-axis) and the corresponding 210Pb date (right y-axis). The plot on 

the right is the total phosphorus reconstruction (μg L-1) in East Pond.   
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Figure 6. The North Pond major diatom species assemblages in relative abundance 

versus sediment depth (left y-axis) and the corresponding 210Pb date (right y-axis). The 

plot on the right is the total phosphorus reconstruction (μg L-1) in North Pond. 

Figure 7. The East Pond (a) and North Pond (b) nitrogen isotopes of the bulk organic 

matter verses sediment depth (left y-axis) and the corresponding 210Pb date (right y-axis).  

Figure 8. The sequentially extracted phosphorus (μmol g-1) on a dry weight basis versus 

the sediment depth in East Pond.  

Figure 9. The sequentially extracted phosphorus (μmol g-1) on a dry weight basis versus 

the sediment depth in North Pond.  

Figure 10. The molar ratio of aluminum extracted in the NaOH25 to iron extracted in the 

BD fraction versus sediment depth for East Pond (open circles) and North Pond (closed 

circles). The dashed line represents the characteristic threshold for sediments that exhibit 

minor phosphorus release.  

Figure 11. The total organic phosphorus determined by 31P NMR in East Pond (open 

circles) and North Pond (closed circles) versus 210Pb date with the exponential decay least 

squares fit for East Pond (dashed line) and North Pond (solid line).  
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Figure 1.  Lake et al. (2009) 
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Figure 2. Lake et al. (2009) 
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Figure 3. Lake et al. (2009) 
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Figure 4. Lake et al. (2009) 
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Figure 5. Lake et al. (2009) 
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Figure 6. Lake et al. (2009) 
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Figure 7a. Lake et al. (2009) 
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Figure 7b. Lake et al. (2009) 
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Figure 8. Lake et al. (2009) 
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Figure 9. Extracted P in North Pond. 
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Figure 11. Mineralization of organic P in both ponds.  
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Problem and Research Objectives 
The State of Maine’s efforts toward implementing an effective framework for water use regulation 
directly contribute to the broad goal of sustainable use of water supplies. The complexity of the 
problem (hydrologic, ecological, climatic and socioeconomic) necessitates an ongoing dialogue with 
stakeholders, policy makers and managers at all levels of decision-making. In this inclusive process 
of stakeholder input and discussion of all concerns, the role of research on pertinent issues is one of 
filling knowledge gaps and providing improved decision support tools for informed deliberations. To 
this end, this project focuses on the assessment of the role of natural hydroclimatic variability on 
Maine’s surface waters, their impact on flow metrics and rules for reliable water supply, and finally 
an assessment of the extent to which new rules impact ecosystem health (quantified as ecologically-
relevant metrics of flow). Within the context of the ongoing rulemaking efforts for water use (co-PI 
Courtemanch being the lead-author of the current draft), this research is firmly embedded in the 
statewide process of responding to stakeholder concerns and promoting sustainable water use to 
balance human and ecological flow needs. 
 

Mehtodology, Key Research Tasks and findings 

1. A long-term dataset based on HCDN (largely unimpaired) streamgauges was assembled for the 
northeastern United States. The dataset is comprised of 32 streamgauges with daily discharge record 
for the 1955-2006 water year (Figure 1).  
 
2. Long-term changes in the monthly and regulatory season average flows (per Maine DEP Chapter 
587) were quantified (Figure 2 and discussion in the next section).  
 
3. A new statistical methodology to detect changes in the annual cycle of streamflow, resolved at 
daily time scales was developed. The methodology exploits the nonparametric resampling methods to 
generate a robust envelope of natural variability, and compares favorably with the widely employed 
Mann-Kendall test for trends (see Figures 1 and 2).  
Season-specific assessment of the changes in the mean, median and variance shows changes in 
variability are quite robust across the region. An increase in the runoff during the late-winter and 
early-Spring season is evident, however, significant geographical variations are observed. The new 
methodology enables isolating the seasonal “windows” (resolved at daily time step) where increases 
and decreases in flow have occurred. For each streamgauge, the mapping of the identified windows of 
change (increases/decreases) onto the regulatory seasons was also pursued. A manuscript based on 
the results from this research is being prepared for submission to a peer-reviewed journal.  



 

 
Figure 1. The location of 32 long-term gauges in the northeastern United States that are minimally 
impacted by diversions and abstractions. The analysis presented in Figure 2 is based on this network 
of gauges.  

 
 
Figure 2. Long-term changes in the seasonal cycle of streamflow in the northeastern United States. A 
Mann-Kendall test is employed on normalized daily streamflow for the 1955-2006 period. Increases 
(blue) and decreases (red) in runoff during the water year seen across a majority of gauges, especially 
during the January to June period. The shaded blocks represent the six regulatory seasons used by the 
Maine Department of Environmental Protection to prescribe season-specific Aquatic Base Flow 
levels to mimic the seasonality of natural flow regime. 
 

4. Analysis of long-term changes and temporal variations in hydrologic risk for the Piscataquis River 

For the northeastern United States, an important fundamental insight from recent work examining the 
changes in streamflow seasonality is that a larger fraction of the yearly runoff is occurring in Winter 
and early Spring, thus resulting in a advance in the calendar date associated with the centroid of 
Winter and Spring streamflows. Trend analyses of the individual gauges reveal an advance in the 
Winter-Spring center of volume (centroid) dates. Analysis of  the long historical record for 
Piscataquis River, Maine shows that the fraction of water year runoff volumes flowing during the Oct 
1-April 15 have increased over the last century. Substantial decadal scale variations are also seen. A 
key question here is to understand the role of temperature and the larger-scale climate, to the extent 
that climate may be driving these low-frequency variations and trends. Furthermore, given the 



twofold thrust of this project to advance the basic understanding of the regional hydrology and 
making the research accessible to the interested resource managers and decision makers, we have also 
explored the implications of the observed trends (shown in Figure 3) for the relative risk of expecting 
unusually high flow volumes during the Winter-early Spring window. This may have some important 
bearing on how water allocation and reservoir drawdowns may be scheduled into the future. A 
comparison of the empirical probability estimates for the 1903-1970 period, contrasted with the 1971-
2005 period reveal some important changes. Figure 4 shows the difference in the long-term average 
daily streamflow over the water year. The results highlight that even after considering the uncertainty 
due to sampling, the late-February to mid-April period has undergone increases in the flow volumes 
that are unlikely (at ~90% level) to have been a random fluctuation. Thus, the systematic shift toward 
advance in flows provides impetus to pursue the question of the possible climatic origins of this trend 
and also quantify the increased risk of high flow during early Spring. In contrast examining the 
differences between the long-term average estimates for the two periods, we also developed 
nonparametric probability density estimates of the flow volume variations for the two periods. Figure 
5 shows the somewhat remarkable scale of change, which is masked when simply trends or mean 
changes are assessed. 
 
Results in Figure 5 point to a doubling of the risk of high runoff during early Spring. Clearly, a 
decrease during the May period also implies that reservoir drawdown and strategies to attain assured 
refill must adapt to the changing seasonality and risk of runoff volume exceedances. While the 
relative impact of the changing seasonality will also depend on the storage and demand volumes of 
specific reservoir and water supply systems, lower late-Spring and Summer flows may compound the 
challenges for water resources management by increasing the need to augment and maintain flow 
levels to sustain ecosystems and ensure water quality. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Long-term percent runoff volume (as a fraction of the total water year volume) flowing 
during the October 1-April 15 period for the Piscataquis River at Dover-Foxcroft, Maine. 10-year 
Lowess smoothed estimates [Cleveland, 1981; Journal of Am. Stat Assoc.] are shown in color. The 
straight line provides an estimate of the linear trend over the 1903-2005 period.  



 
 
Figure 4.  Changes in the long-term daily streamflow for the Piscataquis River over the last century. 
The cumulative runoff volume sequence is shown in the top panel. The difference between the two 
cumulative sequences (for 1903-1970 vs. 1971-2005 periods) is shown in red in the lower panel. 
Positive values during the Oct 1 to April 15 period indicate on average an increase in the runoff 
during the particular period of the year. This accumulated increase is then followed by a relative 
decrease in the runoff volumes during the post-April 15 period, indicating that the seasonal cycle of 
streamflow has likely undergone an advance. Grey lines in the bottom panel provide an envelope to 
characterize the uncertainty associated with the computed change. These results are obtained by 
generating 500, 35-year resampled from the 1903-1970 period and then computing their difference 
with the 1971-2005 (a 35 year period) cumulative flows. As a result, for each calendar date, 500 
estimates of change are computed. These are reflective of the changes that may just result from 
sampling. The 10th and 90th percentile values are then picked for each day to develop the envelope. 

 
 
Figure 5. Empirical probability distributions of the year-by-year fraction of flow volumes during the 
Oct 1–April 15 period. The estimates are based on a nonparametric kernel density estimator with a 
Gaussian kernel. The red distributional estimates shows that the changes during the recent period 
(1971-2005) have been toward a decrease in the historical mode (from blue distribution) of roughly 
20% runoff volume to qualitatively bimodal distribution, wherein some year may have as high as 40-
50% of yearly runoff during the Oct 1–April 15 period. If we take this a step further and compute the 
relative probability of >30% flow in a particular year, the probability has nearly doubled from 22% to 



44%. The “rug” at the bottom of the plot is color coded to show the individual observations 
associated with the two distributional estimates. 
 
 
5. Exploratory Analysis to understand the role of large-scale climatic drivers of regional temperatures 
variability in the Northeast 
 
A preliminary diagnosis of the large-scale atmospheric and oceanic patterns that co-vary with the 
Winter and early-Spring temperatures in the northeast is provided here. These temperatures play an 
important role in initiating snowmelt runoff and potentially rain events during winter and early 
Spring. Figure 6 shows the patterns of 250hPa geopotential heights and the sea surface temperatures 
associated with February-March average temperatures in the northeast. It is important to note that the 
diagnosed SST and geopotential height pattern reflect aggregate linear association between the 
northeast temperatures and large-scale climate. NASA Atmospheric GCM results are also examined 
as a confirmatory analysis to assess and attribute the climatic precursors seen in the observational 
analysis. The next step in this work would be to systematically utilize month-by-month climate 
information and understand the persistence, variability, and the potential predictive use of this 
information for water resources management. Furthermore, change in these correlations over time, for 
example the relative correlation maps for the 1950-1970 versus the 1971-2005 period are also of 
interest in the process of systematically understanding the regional hydrologic impacts from the 
much-studied long-term warming trends in the tropical oceans.  
 

 
 
Figure 6. Correlations between the averaged February-April seasonal temperatures for the Northeast 
region and corresponding season sea surface temperatures (SST; left panel) and 250hPa geopotential 
heights (right panel) for the 1950-2005 period. The sea surface temperature correlations show a 
consistent warming along the western Atlantic bordering the study region. Also noteworthy is the 
modest correlation of the regional temperature with the east-west SST in the tropical Pacific. These 
SST are often part of the trans-Nino pattern, which is the leading empirical orthogonal pattern of 
tropical Pacific SST variability. The geopotential heights patterns show similarity with the Pacific 
North American patterns and also the circumpolar Arctic Oscillation (AO) and North Atlantic 
Oscillation (NAO). The broader positive correlation of geopotential heights over the north east US 
and the contiguous Canadian region is also noted by Kingston et al (2006; Progress in Geography) as 
being related to the AO and NAO variability. 
 



 
Conference Presentations 
 
Ricupero*, K. and S. Jain, Sustainable water allocation and instream flow policy in the New  
England Region: Understanding the implications of climatic variability and change. FLOW  
2008, San Antonio, October 2008.  
 
Ricupero*, K. and S. Jain, Sustainable water allocation and instream flow policy in the New  
England Region: understanding the implications of climatic variability and change. Climate  
Change 21 – Choices for the 21st Century (CC21), University of Maine, October 2008. 
 
Jain*, S., J.-S. Kim, A. Sen Gupta, and K. Ricupero, Incorporating hydroclimatic variations  
and change into water allocation policy making and adaptation, Climate Change: Global  
Risks, Challenges and Decisions, 10-12 March 2009, Copenhagen, Denmark. 
 
Ricupero*, K. and S. Jain, Sustainable water allocation and instream flow policy in the New  
England Region: understanding the implications of climatic variability and change. EPA-UMaine 
Mitchell Center Sponsored Drinking Water Workshop, Wells, Maine. April 2009. 
 
*presenter 
 
Student Training 
A graduate student thesis and two manuscripts are in progress with a completion timeline of August, 
2009. 
 
Ongoing Work and Impacts 
Ongoing work on this project seeks to develop a comprehensive view of the hydroclimatic variability 
and change in the New England region, with special reference to Maine water allocation rulemaking 
framework. Close cooperation with Maine DEP has informed the research activities, as well as 
spurred some discussion within the DEP and New England region Drinking Water management 
community [Peckenham, personal communication (April 2009)] regarding the utility of the climate-
related hydroclimatic change assessment. 
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Measuring and Incorporating Stakeholder Values into River Restoration Decisions: 
A Socio-economic Analysis 

 
Interim Progress Report 

Submitted by Lynne Lewis 
Department of Economics 

April 30 2009 
 

No cost extension granted until 12/31/2009 
 
 
The Need 

Environmental restoration has been a growth industry in this country for several decades. Yet 
watershed scale restoration efforts are still rare and our understanding of how large-scale restoration 
benefits local communities remains limited. The Penobscot River Restoration Project, a river-scale 
restoration effort focused on removal and decommissioning of the three lowest dams on the Penobscot, 
offers an opportunity to study how local communities value rivers and their restoration. 

Economic assessments of the socio-economic impacts of dam removal hinge on comparisons of 
welfare with and without the dams, which requires understanding of how humans value the local 
environment, and in particular, the Penobscot River, both with and without them. This project addresses 
these questions and will inform future river restoration decisions on the Penobscot, elsewhere in Maine and 
nationwide. 
 The project advances knowledge of potential river restoration impacts and addresses widely 
recognized needs for better socio-economic evaluation of aquatic restoration projects.  Analysis of the 
interactions among river characteristics and residential property values will provide one measure of societal 
values associated with these river characteristics.  Understanding of these interactions may allow forecasts 
of future river characteristics (after restoration) to be linked to changes in property values.  The responses 
of property-owners to surveys will provide a second means of understanding past and potential future 
societal values of river characteristics.  

 
 

Program Overview &Objectives 
This research builds on previous work on the economic values associated with the Kennebec and 

Penobscot Rivers. In those studies, data were collected for over 14,000 residential home sales that occurred 
during from 1997 to 2006 and used to examine the relationship between proximity to each river and real 
estate values. 
 This project utilizes geographic information systems (GIS), survey research methods, hedonic 
property value methods, and spatial statistics and modeling approaches.  An innovative component of the 
project is the surveying of property owners to both improve the independent variables used in the hedonic 
property value analysis and to assemble baseline data of how property owners interact with the river and 
view future river restoration efforts. By coupling data on the attitudes of residents with market data, we 
gain insight into the underlying mechanisms that link river characteristics to property values. A mechanistic 
understanding of these interactions will improve our ability to forecast the effects of dam removal and river 
restoration on local communities. 
 In the summer of 2008 we designed and pre-tested a household survey of values for 400 homeowners 
along the Androscoggin River. We chose to pretest the survey along a different river in order to not bias 
our Penobscot sample, but also to delay implementation of the Penobscot River survey until after the 
permitting period for the dams on the Penobscot.  For reasons related to our research and the Penobscot 
River Restoration Trust’s, the delay was mutually beneficial. A survey last summer would have interfered 
with the public’s perceptions of the project and potentially biased our survey because of public permitting 
hearings happening at the same time.  
 
We analyzed the results and have redesigined some portions of the survey and will implement the survey 
for 2000 households this summer. For these reasons we requested and received a no-cost extention.  
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Project Plan for Summer 2009 

A survey will be used to ask residents of townships along the Penobscot about their assessment of 
different characteristics of location when they purchased their home, as well as their attitudes towards the 
River. We will integrate the survey data with existing data on real estate transaction, and link individual 
expressions of preferences and attitudes with market data. For example, we will ask homeowners if 
proximity to the river played a role in the decision to purchase their homes; whether they think the river 
positively or negatively affects the value of their property; and how they think removal of a dam might 
affect the value of their property. 
 
Papers: 
 
Lewis, Lynne. “Do Benefits Really Transfer? A Fish Tale Across 3 Rivers” Draft. To be presented at the 
National Association of Fisheries Economics Association, Newport, RI, May 2009. 
 
Student Support: 
 
One undergraduate student. 
 
 
Contact Info 
Lynne Lewis 
Department of Economics 
Bates College 
Lewiston, ME 04340 
(207) 786-6089 
llewis@bates.edu 
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Project Number: 2007ME148B 
 
Title: Using reactive thin-film membranes and Molecular Tools to determine mercury 
mobility and transformation in the Penobscot River estuary sediment, Maine. 
 
Principal Investigator:  Amirbahman, Aria 
 aria@umit.maine.edu 
 (207) 581-1277 
  
Problem and Research Objectives 

 
The inland and coastal waters in Maine have been subject to decades of anthropogenic 
mercury (Hg) loading.  Consequently, aquatic biota have accumulated some of the 
highest Hg body burdens in the United States.  Of particular concern is the bioavailability 
and geochemical cycling of Hg in estuaries, which is controlled by both biotic and abiotic 
processes.  Hg transformation and shifts in Hg mobility within estuaries occur rapidly 
under changing redox conditions driven by tides.  Measuring Hg fluxes in estuaries is 
difficult due to redox sensitivity, high spatial heterogeneity, and the low concentrations at 
which Hg is present.  We have developed a thin-film membrane that can increase the 
spatial and temporal resolution of Hg measurement in sediments.  The membranes have 
been tested in the lab and show a high uptake capacity and fast uptake kinetics.  We plan 
on deploying the membranes in the contaminated sediments of the Penobscot River 
estuary to measure Hg flux, and to provide quantitative information regarding the lability 
of the sediment Hg and methylmercury (MeHg) pools.  In addition, molecular analyses 
will be conducted to characterize the microbial processes that lead to mobilization and 
transformation of Hg species.  Combined, these two approaches provide mechanistic 
insight into the mobility and bioavailability of sediment Hg, two characteristics that 
affect Hg bioaccumulation. 
 
Methodology 

 

The design of the membranes incorporates a self-assembling, thiol-grafted alkoxysilane 
network on a rigid backing material allowing the membranes to be deployed in the 
sediment with a very thin protective filter layer, thereby providing very fast uptake 
kinetics and minimal sediment disturbance.  Spatial resolution during sampling will be 
improved by the continuous exposure of the membrane that can then be thinly sliced into 
discrete depth sections prior to analysis.  
 
The basic synthesis process is based on the surfactant-templated condensation, and 
involves 1) dissolving a surfactant (Pluronic P123) in ethanol, 2) adding the mixture to an 
acidified solution of sulfur-functionalized silica-based polymers (tetraethoxysilane 
(TEOS) + mercaptopropyltrimethoxysilane (MPTEOS)) to form a gel, 3) aging the gel to 
promote silica chain formation, 4) dipping and withdrawal of the porous backing material 
(hydrophilic polysulfone or HDPE membrane) into the gel at a specific rate, and 5) 
refluxing the gel-coated backing material with hot ethanol to remove the surfactant.  The 
withdrawal rate of the backing material from the gel suspension is of utmost importance 
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as it controls the ethanol evaporation rate required for the formation of the structure-
directing surfactant micelles.  This process results in the formation of a siloxane-based 
framework containing reduced sulfur functional groups. 
 
Microbial populations responsible for Hg release and MeHg transformation will be 
characterized by DNA fingerprinting techniques and quantitative PCR.  Cores will be 
collected and DNA extracted from discretized sediments sections.  Specifically, sulfate 
and iron reducers that have been implicated in Hg transformations as well as bacteria 
carrying the MER genes involved in detoxification and reduction will be targeted. 
 
Principal Findings and Significance 

  
Preliminary testing was done to study the effects of deployment time, Hg concentration, 
pH, and ionic strength of the Hg solution on Hg uptake by the membranes.  Tests showed 
good reproducibility between and among membranes of the same treatment.  Synthesis 
methods and their effect on membrane capacity were tested in the laboratory in uptake 
experiments using a pH 7 buffered Hg (10 nM) solution with [KNO3] = 0.2 M.  
Individual membranes were exposed to the 10 nM Hg in sealed Teflon flasks for specific 
time periods in the clean-room environment.  Great care was taken not to agitate the 
solution, so that only diffusive uptake would be studied.  Sorption of inorganic Hg(II) 
onto the membrane was measured both by digesting and analyzing the membrane and by 
measuring the change in Hg(II) concentration in solution at specific time intervals.  
Considering a first-order rate of uptake of Hg(II) by the membranes, a rate constant, k = 
0.074 hr-1 is obtained (see figure below).  Using this rate constant, the thin-film 
membrane sorption capacity in the presence of a more relevant Hg concentration of 100 
pM suggests that sufficient Hg for analysis may be captured in less than 6 hours. 

 

Uptake of inorganic Hg(II) (10 nM) from solution by thin-film membranes. pH 
= 7, [KNO3] = 0.2 M. 
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Publications: None 
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Progress Report 
 
Project Title:  Response of a linked lake-stream system to dam removal and 
restoration of migratory fish. 
 
Current Status: A no-cost extension was used on this project for 2008 to take 
advantage of external funding for a graduate student in that year.  A complete season of 
data collection was conducted in 2008 and will continue in 2009. 
 
1. Problem and Research Objectives: 

Maine represents the last stronghold of federally endangered Atlantic salmon in the 
United States and is home to a variety of other migratory fish including alewives, 
blueback herring, American shad, rainbow smelt, and sea lamprey.  However, these fish 
and the stream communities they interact with have been altered by habitat 
fragmentation through the construction of dams and other barriers that block the access 
by migratory fish, especially those other than salmon, to inland waters.  The ecological 
consequences of the loss of these fish are not well known, but may be important 
considering the strong effects of migratory fish loss, particularly Pacific salmon, in 
western North America.  For example, failure to successfully recover Atlantic salmon 
may, in part, lie in the loss of migratory fish that were historically abundant, but are now 
absent in many watersheds because of the barriers to their migration.  When inland 
access is available, migratory fish are likely to interact directly in food webs with stream 
organisms and may serve as vectors of marine-derived nutrients, yet little is known 
about the historical or current role of migratory fish in Maine’s rivers.   

Nationwide, barriers to migratory fish passage are being removed in effort to restore 
freshwater-marine connectivity.  For example, the Community-Based Restoration 
Program of the National Oceanic and Atmospheric Administration helped facilitate 53 
restoration projects targeted to restore migratory fish access to rivers between 1996 and 
2002 alone.  While there is good reason to believe such efforts will improve river health, 
there are few data about the outcome of such activities.  Indeed, few river restoration 
projects in general are monitored for success.  Our proposed research is targeted to 
address two basic questions that are critical for guiding the successful restoration of 
inland waters in Maine that have become disconnected from marine systems:  1) what 
role do migratory fish play in lake and stream communities, and 2) what are the 
outcomes of river restoration efforts targeted towards the reestablishment of marine-
freshwater connectivity? 

This project is centered around an ongoing dam removal on a relatively small lake-
stream system (Sedgeunkedunk Stream) that feeds the Penobscot River, Maine.  The 
replacement of one dam with a rock ramp and planned removal of a second dam on this 
stream in 2009 provides an opportunity to collect pre- and post-removal data in a 
tractable system prior to much larger, complicated dam removals in the Penobscot 
River.  We have collected on year of pre-dam removal data in this system.  We 
complement the pre-post monitoring on the Sedgeunkedunk system with a comparative 
study of other systems with and without current barriers to migratory fish.   
 
 



Objectives: 
Our primary objective is to evaluate the response of stream and lake communities to 
dam removal and the subsequent restoration of migratory fish.  In particular we are: 

• measuring key biological (phytoplankton, zooplankton) and physical (water 
chemistry and habitat structure) indicators of ecosystem health before and after 
dam removal and in a comparative study of systems with and without migratory 
fish  

• testing for evidence of delivery of marine-derived nutrients by migratory fish to a 
restored watershed and in a series of systems with and without migratory fish 
access 

This project is designed to provide a set of pilot data about stream and lake response to 
restoration efforts and the utility of stable isotope methods for detecting the delivery of 
MDN by migratory fish to inland waters in Maine.  We expect this information to be 
useful for more comprehensive evaluations of river restoration efforts in Maine and 
other east coast rivers. 
 
2. Methodology: 
Study Sites 

A total of five lakes were selected for biweekly sampling from May to October of 
2008.  Table 1 provides a summary of some important physical and chemical 
characteristics of each lake.  These lakes were selected based on differences in 
migratory fish access.  Brewer Lake and Fields Pond are part of a lake-stream system 
that is drained by Sedgeunkedunk Stream.  Sedgeunkedunk is a 3rd order stream that 
drains into the Penobscot River at Brewer, Maine.  A small scale dam removal project 
on Sedgeunkedunk Stream has been initiated with hopes of restoring migratory fish 
access to Fields Pond.  The first phase of this restoration project was  
completed during the summer of 2008, when a dam at the outlet of Fields Pond was 
bypassed to allow migratory fish passage.  An additional dam ~1km from the confluence 
of Sedgeunkedunk Stream with the Penobscot River currently blocks access of 
migratory fish into the catchment and is scheduled for removal in late summer 2009.  
The removal of this dam coupled with the dam bypass at the outlet of Fields Pond will 
restore access by migratory fish, primarily alewives but also Atlantic salmon and other 
fish, to Fields Pond and the lower portion of Sedgeunkedunk stream, although the fish 
aren’t expected to return until 2010.  Migratory fish will not be able to access Brewer 
Lake and upstream segments of Sedgeunkedunk stream because of a dam below 
Brewer Lake that will remain intact.  Swetts Pond, located near Orrington, Maine, is 
inaccessible to migratory fish and is expected to remain that way.  Alamoosook Lake 
and Toddy Pond are located near the town of Orland, Maine and are part of a linked 
lake-stream system, where they are the two most downstream lakes in the chain 
respectively.  Outlets at both lakes are fitted with fish ladders to allow migratory fish 
passage, and both receive sizable alewife runs each spring.   

Sampling was conducted on a biweekly basis for each lake from May to October in 
2008 to assess temporal changes in several key physical, chemical, and biological 
parameters.  In each lake we quantified zooplankton community structure (species 
composition and size distribution), phytoplankton biomass (chlorophyll a), and nutrient 
concentrations (total and dissolved fractions of N and P) from samples taken at two 



replicate stations.  Additionaly, secchi disk transparency and depth profiles of dissolved 
oxygen and temperature were recorded at each lake.  Biweekly lake sampling will 
continue in 2009 following the same procedures used during 2008, providing us with 
two years of pre-restoration data for the Fields Pond/Sedgunkedunk Stream system.   

Stream sampling and stable isotope analysis are planned for the 2009 field season 
in addition to a continuation of the lake sampling implemented in 2008.  Seston quantity, 
quality (N and P concentrations), and composition (particle size distribution), as well 
algal biomass (chlorophyll a) will be measured at outlet streams of each lake to assess 
seasonal variation in export patterns and possible migratory fish influence.  Invertebrate 
community composition (species composition, density, and biomass) will also be 
assessed in each outlet stream in order to determine the extent to which seston export 
and marine nutrient delivery influences invertebrate assemblages in lake outlet streams.  
Samples of seston, algae, zooplankton, invertebrates, alewives, and other predatory 
fish will be collected from each lake and outlet stream and analyzed for stable isotopes 
(15N, 13C, and 35S).  Sampling will provide insight into the influence of migratory fish on 
linked lake-stream systems by providing data prior to inland migration by key 
anadromous fish species, and after the establishment of young of the year migratory 
fish populations in receiving lakes.   
 
3. Principal Findings 
 Biweekly lake sampling conducted during 2008 revealed several interesting patterns.  
Mean zooplankton body length decreased dramatically over the course of the summer 
in both alewife lakes while it remained relatively stable in the three non alewife lakes 
(Figure 1).  These results are consistent with size-selective predation by alewives.  
Seasonal chlorophyll a patterns from Toddy Pond and Alamoosook Lake are 
indistinguishable from those at the three non alewife lakes (Figure 2), suggesting that 
zooplankton suppression by alewives is not a significant influence on phytoplankton 
dynamics in the study lakes.  The extent to which migratory fish act as vectors of MDN 
in these systems remains unclear.  There are no obvious increases in total N or P in the 
alwive lakes during spring when the fish arrive to the lakes (Figure 2).  Any early season 
pulses of nutrients resulting from inland fish migration might be obscured by spring 
mixing and P re-suspension, which strengthens the need for more detailed stable 
isotope analysis to separate these potential processes.   
 
4. Student support: One graduate student was supported on a combination of 
research and teaching assistantships through the Maine Agricultural and Forestry 
Experiment Station and the School of Biology and Ecology at the University of Maine.  
The graduate student will be funded in 2009-10 by WRRI funds.



Table 1.  Summary of several important physical and chemical characteristics of the five study lakes.   
 

Lake 
Area 
(ha) 

Perimeter 
(m) 

Max. 
Depth 

(m) 

Mean 
Depth 

(m) 
Volume 

(m3) 

Secchi 
Depth 

(m) pH 
Alkalinity 

(mg/L) 
Conductivity 

(uS/cm) 
Chl a 
(ppb) 

TP  
(ppb) TSI 

Alewife             
Alamoosook Lake 403 14820 8.5 4.9 2.0x107 4.7 9.7 42 7 3.5 9 53 

Toddy Pond 975 50344 37.2 8.2 6.2x106 6.1 4.4 30 6.52 3.4 5 41 
Non-alewife             

Brewer Lake 388 14521 14.6 7.9 2.8x107 5.3 6.6 32 6.74 4 9 52 
Swetts Pond 50 4260 7.3 3.4 1.1x106 4.6 7.3 40 6.84 4.3 15 16 

Restoration              
Fields Pond 210 16178 9.4 4.0 2.4x106 4.5 4.8 32 6.89  17 50 

Data from Pearl environmental database; http://pearl.maine.edu 
 



 
 

 
 

Figure 1. Mean cladoceran and copepod body lengths in lakes with and without 
alewives in spring and late summer.  Values are means across ponds (alewife n=2, non-
alewive n=3). 

 
 

 
 
Figure 2. Chlorophyll a concentration in lakes with (blue, Toddy/Alamoosook) and 
without (red, Fields/Brewer/Swetts) alewives.   



 
 
Figure 3. Seasonal patterns in total nitrogen (TN) and total phosphorus (TP) 
concentrations in lakes with (Alamoosook, Toddy) and without (Fields, Brewer, Swetts) 
alewives. 
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USGS 104b (WRRI) 

PROGRESS REPORT 

Development of a Non-lethal Biomarker of Contaminant Exposure for Threatened and 
Endangered Fish Species 

Principle Investigators:  Rebecca Van Beneden, Ph.D. (PI):  School of Marine Sciences and 
Department of Biochemistry, Microbiology and Molecular Biology, University of Maine, Orono; 
rebeccav@maine.edu; phone 207-581-2602; fax 207-581-2537; Adria Elskus, Ph.D., USGS, 
Dept of Biological Sciences; L. Brian Perkins, Ph.D., Research Chemist/Laboratory Manager, 
Dept. of Food Science & Human Nutrition 

Problem and Research Objectives 

Atlantic salmon (Salmo salar) populations in the eastern United States have suffered dramatic 
declines in recent years leading to the listing of this species in 2000 as endangered (National 
Research Council 2004) and the development of several restoration plans (NMFS & USFWS et 
al. 2005).  Among the threats implicated in their demise are contaminants.  Evaluating fish 
exposure to contaminants traditionally requires tissue extraction, normally a lethal procedure that 
cannot be used on listed species.  Non-lethal alternatives are urgently needed for evaluating 
chemical exposure in endangered and threatened species.   

We are developing a non-lethal assay based on the enzyme CYP1A, a well-established, widely-
used biomarker of exposure to organic contaminants (Whyte et al. 2000).  Until now, its use with 
endangered species has been limited due to the lethal nature of the traditional liver-based 
bioassay.  The assay we are developing would serve as an inexpensive screening tool to rapidly 
identify which fish species and life stages (parr and older) are being exposed to organic 
contaminants, in what part of their geographic range they are likely being exposed, and, for 
diadromous fishes, whether the exposure is occurring during migration to-, or return from-, the 
sea.  Such information would allow managers to select specific locations and species as 'hot-
spots' and target these for more expensive chemical analyses. 

Original Objectives  

• Evaluate the potential of gill CYP1A enzyme activity as a non-lethal measure of 
chemical exposure and response in Atlantic salmon. 

• Compare the relative sensitivity of the non-lethal (gill) CYP1A assay to that of the well-
established lethal (liver) CYP1A assay.  

• Assess the reliability of the non-lethal assay through rigorous statistical evaluation of 
variability and reproducibility. 

 
Additional Objectives (since grant was funded) 

• Evaluate the potential of fish scale CYP1A enzyme activity as a non-lethal measure of 
chemical exposure and response in Atlantic salmon. 
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• Compare the relative sensitivity of the two non-lethal (scale, gill) CYP1A assay to that of 
the well-established lethal (liver) CYP1A assay.  

• Assess the reliability of the non-lethal scale assay through rigorous statistical evaluation 
of variability and reproducibility. 

 
Methodology 
 
Fish: Source and Maintenance 
Juvenile land-locked Atlantic salmon were obtained from the Maine Department of Inland 
Fisheries and Wildlife hatchery system and maintained at the University of Maine’s Aquaculture 
Research Center.  Fish are being held in flow-through tanks at seasonally appropriate 
temperatures and light cycles and fed daily with feed provided by the hatchery except when 
temperatures fall below 10°C when they stop feeding (a natural condition for this species).  Fish 
were anesthetized with buffered MS222 prior to removal of gill filament tips, scales and liver, 
and were euthanized with an overdose of MS222 after liver removal.  MS222 does not affect the 
activity of biotransformation enzymes in fish, including CYP1A (Kolanczyk et al. 2003).   
 
Dose-response and time-course experiment 
Juvenile fish were exposed to water-borne 3,4,3'4,'5'-pentachlorobiphenyl (PCB126), a co-
planar, dioxin-like PCB (Nacci et al. 1998) that strongly induces CYP1A activity in fish  
(Stegeman et al. 1994).  PCBs have been detected in Maine waters, including the Penobscot 
River (Maine DEP 2007). Fish were exposed statically in aerated 20 L bags held inside plastic 
totes to vehicle (32 ppm acetone), or PCB126 (0.001, 0.01 uM) in walk-in environmental 
chambers at 10-12°C under 10/14 D/L cycle, for 24 hours.  Gill, liver and scale samples were 
taken at several timepoints both during exposure (6 h and 24 h), and after transfer to clean water 
in flow-through circular tanks (48 h, 96 h, 14 d, 34 d post-transfer) to evaluate the time-course 
and duration of CYP1A induction in these three tissues.  Experiments were conducted in 
replicate; 5 fish/time point/dose/replicate x 2 replicates. To evaluate survivability following gill 
filament and scale sampling, one set of fish in each treatment group was sampled for gills and 
scales, but not liver, at the 24 h exposure point, then held in clean flow-through water and 
monitored for 2 weeks for evidence of disease, injury or behavioral effects.   
 
Non-lethal gill & scale CYP1A bioassays 
We measured CYP1A activity in gills and scales as ethoxyresorufin-o-deethylase (EROD), an 
assay specific for the CYP1A enzyme (Whyte et al. 2000), using a modification of a lethal gill 
assay (Jonsson et al. 2002).  Fish were anesthetized with buffered MS222 (50 mg/L), the tips of 
~ 20 gill filaments clipped from one arch, 30-40 scales removed by gently scraping with the 
blunt end of a spatula and the fish immediately returned to the water.  The gill tips were placed in 
ice-cold glucose-fortified HEPES-Cortland (HC) media in 6-well plates using duplicate wells of 
10 tips each per fish.   Similarly, the scales were placed in HC media in a separate set of 6-well 
plates using duplicate wells of 15 scales each per fish.  Substrate (7-ethoxyresorufin) was added 
to each well and the plates incubated at 10 - 12°C with constant shaking in the dark.  Aliquots of 
the media were removed after 30 and 50 minutes (controls) and measured for production of the 
fluorescent product, resorufin on a BioTek Synergy™ HT Multi-Detection Microplate Reader at 



3 

 

the Maine Aquatic Animal Health Laboratory.  EROD activity is expressed as pmol 
resorufin/min/gill filament or pmol resorufin/min/scale. 
 
Liver EROD bioassay 
Liver CYP1A activity was evaluated lethally in fish microsomes using well-established methods  
(Elskus et al. 1999).  Briefly, livers were excised, the microsomal fraction isolated (Stegeman et 
al. 1979), microsomal protein measured by the bicinchoninic acid method (Smith et al. 1985), 
and  microsomal EROD measured fluorometrically (Hahn et al. 1993). 
 
Confirmation of dosing concentrations  
PCB126 concentrations in treatment water will be determined by gas chromatography-mass 
spectrometry (GC-MS) (Elskus et al. 1989).  Briefly, 1 - 2 liter water samples will be taken at 0 
and 24 hours after addition of the compounds to the treatment buckets, spiked with the 
appropriate surrogate standard (benzanthracene or PCB105), extracted with hexane, the extracts 
dried over sodium sulfate, and reduced to 100 uL. An internal standard (octachloronaphthalene) 
will be spiked into the final extract prior to injection onto the GC-MS.  Analyte concentrations 
will be corrected for recovery by comparing surrogate to internal standard concentrations.  
Procedural blanks will be included to evaluate background concentrations.  A 5-point standard 
curve for each compound will be used to determine detection limits.   
 
Disposal of PCB126 contaminated water  
PCB126 was removed from waste treatment water by filtration through activated charcoal and 
the charcoal disposed of as hazardous waste, following protocols established by the University of 
Maine Dept of Safety and Environmental Management. 
 
 
Principle Findings and Significance 
 
Summary 
We found strong and persistent induction of CYP1A in gill and scale samples taken non-lethally.   
The sensitivity of these tissues compares favorably with that of the liver, the traditional tissue 
used for this assay but one that requires lethal sampling.  Indeed, removal of gill tips and scales 
had no detrimental effects on the fish, the treated animals showing no adverse health effects 34 
days after tissue sampling (the end of the experiment) with regeneration and/or regrowth of 
tissue at the sampled regions.  These results demonstrate that these non-lethal procedures hold 
great promise for use with endangered species as sensitive biomarkers of exposure and response 
to organic contaminants.   Final optimization studies are currently underway and should be 
completed this summer. 
 
Detailed Results 
CYP1A, measured as EROD, was strongly induced over vehicle controls within 6 hour of 
exposure to PCB126, persisting for at least 34 days post-exposure in the high dose group in both 
gills (Fig 1) and liver (Fig 3); EROD activity was more variable in the scales (Fig. 2).   
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Gill EROD activities for 0.001 and 0.01 µM PCB-126 treatments showed maximum fold 
induction over controls at 24 h during exposure (108, 415 fold, respectively), declining 
somewhat by day 34 when the experiment ended (Fig 1).   Scale EROD activities showed 
maximum fold induction at 34 d post-exposure (9, 17 fold, respectively), but activity levels were 
highly variable throughout the 34 day period (Fig. 2).  We are currently addressing the high 
variability of the scale samples by running optimization trials (see Current Studies below).  
Liver EROD activities show a steady increase for both PCB-126 doses reaching maximum fold 
induction over controls at 48 h post-exposure (33, 45 fold respectively), and remaining elevated 
throughout the experiment at both doses (Figure 3).  
 
Comparison to other studies 
There are few studies with which to compare our scale and gill data, however our findings 
generally reflect those of others.  In goldfish injected with the CYP1A inducer, β-naphthoflavone 
(50mg/kg b.w.), CYP1A mRNA was significantly elevated by 8 hr (Quiros et al. 2007), similar 
to the induction of CYP1A activity by 6 hours in our study.  In both our study and the goldfish 
study, scale CYP1A signals were quite variable among individuals.  Similar trends in the 
timecourse of induction of gill EROD activity were found in rainbow trout exposed to aqueous 
PCB-126 (0.01 µM) (Jonsson et al. 2006). 
 
Conclusions to date 
Based on the results of the dose-response, timecourse study, the relative tissue sensitivity to 
PCB126 can be ranked as gills>liver>scales under current protocol conditions.  These findings 
indicate that gill and scale EROD assays show great promise as non-lethal biomarkers of 
contaminant exposure for use with endangered and threatened fish species. Current studies are 
underway to optimize the assay protocols for gill and scale tissues. (See Current Work below) 
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Figure 1.  Timecourse of gill EROD induction in fish aqueously exposed to vehicle or PCB126.  
EROD is expressed as fold induction of PCB126 treated animals relative to vehicle controls.  
Values are means +/- SD for  n = 5-10 fish per timepoint per dose. Fish were statically exposed 
to treatment solutions for 24 h before being transferred to clean water (transfer point indicated by 
dotted line). 
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Figure 2.  Timecourse of scale EROD induction in fish aqueously exposed to vehicle or PCB126.  
EROD is expressed as fold induction of PCB126 treated animals relative to vehicle controls.  
Values are means +/- SD for  n = 5-10 fish per timepoint per dose. Fish were statically exposed 
to treatment solutions for 24 h before being transferred to clean water (transfer point indicated by 
dotted line).  For PCB doses, refer to Figure 1. 
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Figure 3.  Timecourse of liver EROD induction in fish aqueously exposed to vehicle or PCB126.  
EROD is expressed as fold induction of PCB126 treated animals relative to vehicle controls.  
Values are means for  n = 3 - 8 fish per timepoint out of a final sample size of 5 – 10 fish; error 
bars are not shown because remaining analyses are in progress. Fish were statically exposed to 
treatment solutions for 24 h before being transferred to clean water (transfer point indicated by 
dotted line).   
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Current Work 
 
Optimization experiments 
We are currently working to reduce the replicate variability of the scale and gill EROD assays.   
 
Viability of scales 
To date we have evaluated how long the EROD enzyme remains viable in scales (i.e. gives a 
strong signal) after tissue collection.  Fish were aqueously exposed to PCB126 (0.01 uM) for 24 
hours at 10-12 C, anesthetized with buffered MS222 and scales collected and immediately placed 
in ice cold HC buffer.  Scales were held in HC buffer at 4 C, subsampled daily and evaluated for 
EROD activity.   
 
Scale EROD activity was highest when run within hours of collection (Day 1), but began to 
decline within 24 h of collection (Day 2), and dropped markedly by 48 hours (Day 3), indicating 
that, ideally, scale EROD assays should be run the day the scales are collected (Figure 4). 
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Figure 4.  EROD activity in fish scales maintained in HC media at 4 C and subsamples evaluated 
on Days 1, 2 and 3 post-exposure.  Values represent the means +/- SD for n=10 fish. 
 
Optimal number of scales per well 
While increasing the number of scales per well should significantly increases resorufin 
concentrations, thus elevating the signal to noise (background) levels, there is a trade-off 
amongst the number of scales one can remove non-lethally from the fish,  the number of scales 
that can be efficiently handled by the researcher, and the increased production of resorufin.   
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To determine the optimal number of scales to use (based on the criteria above), we compared 
EROD activities in 15, 25 and 35 scales per well.  For this study, fish were aqueously exposed to 
acetone (32 ppm) or PCB126 (0.01 uM) for 24 hours at 10-12 C, anesthetized with buffered 
MS222 and scales collected and immediately placed in ice cold HC buffer.  Scales were 
separated into triplicate wells of 25 or 35 scales each, evaluated for EROD activity, and 
compared to EROD activity in 15 scales per well, run in duplicate, from the viability 
experiments discussed in Figure 4.   
 
The results indicate that EROD activity is higher in the 15 scales per well than in the 35 and 25 
scales per well (Fig 5).   Interestingly, however, when examined on a fold induction over 
controls basis (Fig 6), 35 scales per well gives a significantly stronger signal, suggesting that the 
signal – to – noise ratio improves when 35 scales are used.  This experiment is currently being 
repeated. 
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Figure 5.  EROD activity in assays using 15, 25 or 35 scales per well.  Means +/- SD for 
 n = 5-10 fish. 
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Figure 6.  EROD activity as fold change relative to controls in assays using 15, 25 or 35 scales 
per well.  Means +/- SD for  n = 5 fish. 

Remaining studies 
In the final few months of this study we will complete the optimization experiments discussed 
above, including two additional studies to determine the optimal condition of the gill filaments 
for the assay (clumped vs loose), and the variability associated with using a mixture of filament 
sizes compared to the 2 mm filaments used currently.  Finally, we will measure the actual PCB 
concentration in the dosing system.   

Jennifer Meyers will write up the data for her Master’s Thesis in the form of a journal 
publication.  She plans to graduate in Fall 2009. 
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Introduction
The Maine Water Research Institute links the academic community with state agencies, environmental
organizations, private companies, and the citizens of the State of Maine. The water resources of the state are
extremely important for ecosystem service, recreation (tourism), fisheries, and industry. The Water Research
Institute serves the State of Maine as a point of access to the substantial technical abilities of the University of
Maine System on issues relevant to water resources. The Institute also is relied upon for timely and accurate
information transfer activities that is augmented by additional non-federal funding. We work closely with the
Mitchell Center to link knowledge to action and to support projects that include strong stakeholder
involvement. In this effort the Water Research Institute has worked to disseminate research results through
various media, organized meetings and conferences, participated in statewide forums, served on committees
dealing with water resource issues, worked with teachers to bring water science into the classroom, and
provided opportunities to build new partnerships.
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INTRODUCTION 

The original focus of this project was development of a bulletin board and an on-line GIS 
interface to serve water resources data and “experience-based” information for selected areas of 
the State of Maine. Supplementary work carried out by student interns hired for the project and 
by co-PI Longsworth has resulted in a more ambitious Web-based infrastructure which we term 
the “Maine Water Atlas”. This report provides an overview of the Maine Water Atlas, including 
the bulletin board and on-line GIS interfaces. The report includes examples of Web-based 
products developed during the project and describes their current status. 

 

PROBLEM and RESEARCH OBJECTIVES 

The goal of this project is to develop a user-friendly, map-based, Maine Water Atlas to broadly 
disseminate a diverse array of multi-sourced information associated with water resources in 
Maine. Information includes both “traditional” numeric data sets and also “experience-based” 
information that typically does not reside in formal databases. Integration of diverse information 
sets provides a critical base for an ecosystem-based approach to water resource management. 
The Atlas includes the following core components: 

(i) A bulletin-board catalogue designed to store and serve experience-based knowledge. 
The generic nature of the bulletin board infrastructure ensures that information content 
can extend to all Maine watersheds. 

(ii) Interactive mapping interfaces to access both the experience-based information and 
also environmental data sets hosted on the PEARL Web site (www.pearl.maine.edu). 

(iii) An on-line geo-referenced bibliographic database. This feature was pre-existing but 
is now accessible via the Maine Water Atlas interfaces. 

 

METHODOLOGY & PRODUCTS 

The bulletin board and interactive mapping interfaces are accessed from the home page of the 
Maine Water Atlas, a draft of which is shown in Figure 1. Final revisions to the design of this 
page will be implemented in 2008. Each component of the Atlas is briefly described below. 
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Figure 1. Home page of Maine Water Atlas 

 

Lake & Watershed Search: Bulletin Board & Lake/Watershed Overviews 

The lake and watershed search interface provides a simple text box in which the user types a 
search string (Figure 1). Entering “Echo” displays a list of all waterbodies in the state that 
contain the string “echo”; these waterbodies are displayed in a dynamically generated map 
(Figure 3). Mapping uses a “slippery maps” technology that is highly user-friendly and 
responsive. 

 

Figure 2. Search page for lakes and watersheds 
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Figure 3. Display produced when the search string “echo” is submitted. All waterbody names 
containing this string are displayed in the dynamically generated map. 

 

The search operates on lake, watershed and town names, and also MIDAS code. Thus, entering 
“Rangeley” displays not only Rangeley Lake, but also all waterbodies that are in the town of 
Rangeley. Entering “Rangeley Lake” displays only the lake (Figure 4). 

Once the user arrives at the desired lake, there are two options for obtaining information: (i) 
Community Forum, and (ii) Lake Facts & Data. The latter link brings the user to PEARL’s Lake 
Overview page (Figure 5) which provides key statistics for the lake, access to lake-specific data 
sets, data visualization tools, and references. References are obtained from the on-line 
bibliographic database, KnowledgeBase (http://references.pearl.maine.edu/kb/search.asp). When 
the “Find References for this Lake” link is clicked, a query is executed to extract any records in 
the KB database that have been tagged with the MIDAS code for (in this case) Rangeley Lake 
(note that, although no Rangeley-associated references are currently spatially tagged with this 
lake’s MIDAS code, this spatial indexing will occur in 2008). 

 4

http://references.pearl.maine.edu/kb/search.asp


 

Figure 4. Display for Rangeley Lake. 

 

Figure 5. PEARL’s lake overview page for Rangeley Lake. 

 

When the Community Forum link is clicked, the user is brought into the Bulletin Board 
component of the Maine Water Atlas. As discussed above, this feature is designed to host 

 5



spatially-referenced “experience-based” information about lakes and watersheds. Examples of 
such information might include fish introductions, observations on water level fluctuations and 
their impacts on a lake’s flora and fauna, impacts of low stream flows on the stream’s 
biodiversity, barriers to fish passage, etc. The Forum page for Rangeley Lake is shown in Figure 
6. The slippery map zooms to the Rangeley Lake area and the target lake is highlighted. An 
example post is shown – in this case the post is on fish introductions and contains information 
derived from a series of expert interviews conducted by The Nature Conservancy and the Maine 
Aquatic Biodiversity Project in the early 2000s. The database of experience-based information 
developed from these interviews is currently being organized for batch-upload to the Community 
Forum database. 

  

Figure 6. Community Forum page for Rangeley Lake, with example of post. 

 

To make a post to the Forum, the user must log into the system. Once this is done, the posting 
page is accessible (Figure 7). The user enters the post title, the body of the text, and then assigns 
the post to one of a short series of core posting categories (water, animal, plant, land and 
general). The “land” category is intended for any observations associated with the terrestrial 
watershed, while the “general” category is for any topic that does not clearly fit within any of the 
others. Posts related to water quality and quantity, lake and stream level fluctuations, stream 
barriers, etc. would go into the “Water” category. A post that addresses the inability (or ability) 
of a particular fish species to pass a particular stream barrier would be added to the “Animal” 
category. We have intentionally made the category list small to enhance simplicity and overall 
user-friendliness. 
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Figure 7. Posting page for Rangeley Lake. 
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Interactive Mapping 

We have developed two interactive mapping interfaces. Both provide access to the Community 
Forum and to PEARL’s lake and watershed overview pages. 

Google Earth: This interface was developed by incorporating Maine lake and watershed 
centroid points to Google Earth and associating these points with lake/watershed descriptors and 
links to PEARL overviews and Forum pages. At the state level, the user sees a mass of lake and 
watershed points and labels (Figure 8). Clearly, at this scale, the map is not very useful. 
However, the user can implement a Google Earth-based search. While some lakes are locatable 
with this search (i.e. those lakes whose names are ‘embedded’ in the default Google map), not all 
lakes can be found in this way. A better search mode is to search by town. Google Earth then 
zooms to the town and regional lakes are clearly viewable, along with their labels. The example 
of Rangeley is shown in Figure 9. Clicking on the star symbol in the lake reveals lake descriptors 
and links to both Forum and PEARL pages for that lake. 

 

 

Figure 8. Google Earth interface for Maine Water Atlas. All named lakes and HUC-10 
watersheds are shown. 
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Figure 9. Rangeley Lake is displayed in Google Earth. When the star at the center of the lake is 
clicked, a pop-up appears with provides selected locational and morphometric information, as 
well as links to the Community Forum and PEARL lake and watershed overview pages. (Note 
that links will be updated in the near future to reflect the new IP address for the MWA server.) 

 

On-line GIS: We have used an ArcServer platform to develop a GIS-based on-line mapping 
interface to access both PEARL and Forum data. This interface opens with a view of the State of 
Maine in a regional context (Figure 10). Lake searches can be carried out by either lake name or 
MIDAS code. A search for Rangeley lake displays locational and morphometric information, 
along with the same links that are displayed in the Google Earth interface (see above). Right-
clicking on the lake name enables the user to zoom the map to (in this case) Rangeley Lake. 
Analogous searches can be carried out for watersheds. 
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Figure 10. On-line GIS interface for Maine Water Atlas. A search for Rangeley Lake reveals 
locational and morphometric information for this lake as well as links to Forum and PEARL 
pages. 

 

Figure 11. Rangeley Lake area displayed in the ArcServer interface. 
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PROJECT STATUS 

The Web infrastructure for the Atlas is essentially complete – only a few design details / 
revisions remain to be implemented. The core databases that support the mapping interfaces are 
all complete. Additional “experience-based” data will be added to the Forum site in 2008 – much 
of this material is derived from TNC expert interviews, as described above. In addition, we plan 
to add to the ArcServer project supplementary data coverages that are associated with selected 
topics within the arena of sustainable water use. 

 

STUDENT SUPPORT 

Two intern students with the Mitchell Center at UMaine were supported by this project. These 
individuals developed the Forum and ArcServer components of the Atlas, as well as the home 
page. The Google Earth interface is a value-added product contributed by Gordon Longsworth 
(COA GIS lab). 
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Reducing Pollutants to Urban Streams through “Business Friends” Incentives  
Interim Report – Year 1 
April 30, 2009 
Submitted by Laura R. Wilson, PI. 
 
Problem and Research objectives 

Sediment, nutrients and other nonpoint source pollutants threaten the quality of waters in 
the state of Maine. Nonpoint source pollution originates from diffuse land areas that may 
intermittently supply pollutants to the atmosphere, surface, or groundwater. One such land use is 
the urban landscape. The results of urbanization are twofold: more precipitation converts to runoff, 
and runoff moves from land to surface waters more rapidly. Changing land from forested to 
suburban or urban also increases the movement of substances carried by runoff from land to surface 
waters. Suburban and urban landscapes poorly maintained or treated with excessive inputs of 
fertilizers may contribute to excess nutrients and sediments in stormwater runoff. By reducing 
excess fertilizers and promoting good landscape health, we reduce the threat of those nutrients 
reaching and polluting our water resources. 

Urban impaired streams, such as Birch Stream in Bangor, are affected by poor management 
practices by individual decisionmakers within their watersheds which need to be addressed to effect 
water quality improvement. In addition to other nonpoint pollutants, the Maine Department of 
Environmental Protection (Maine DEP, 2006) 305(b) report and 303(d) list names nutrients as a 
stressor for the urban impaired Birch stream in Bangor, with local roads, parking lots, lawns and 
landscaping runoff as sources.  

Birch stream is our targeted watershed for this information transfer effort.  As an urban 
impaired stream, the city of Bangor has initiated multiple efforts to improve the water quality of 
Birch Stream.  Our desired outcomes for this information transfer project are: 

• Nutrients and other nonpoint source pollution inputs to Birch stream will be reduced,  
• Land managers of business and institutional property in the watershed (stakeholders) will 

understand the link between their lawn care and the impaired stream,  
• Participating land managers will gain knowledge of appropriate turf Best Management 

Practices (BMPs), including appropriate fertilization rates,  
• Local participating businesses will be recognized as “Friends of” the targeted urban impaired 

stream, giving their business positive recognition in the community,  
• Bangor area 5

th
-grade students will have a better understanding of stormwater pollution 

prevention, and  
• The student coordinating this effort will gain valuable experience in working with land 

managers, controlling nonpoint source pollution, and understanding social marketing 
outreach tools.  

 
Specific Objectives: As a result of this environmental education project:  

• 30% of targeted large-lot lawn care decision makers for high priority businesses in the target 
watershed will accept our offer of one-on-one consultations.  

• Of those who accept consultations, 80% will implement at least one recommendation.  
• Of those who accept consultations, 50% will implement at least two recommendations.  
• Of those who implement recommendations in year one, 80% will indicate that they will 

continue using the management practice beyond the end of this project.  
 



 
 
Methodology 
This project uses the social marketing tools of incentives and commitment to gain participation 
from the target audience (local landscape managers in the Birch Stream watershed).    Thirty high-
priority businesses in the watershed were invited to receive: 

• A free soil test 
• A free landscape analysis  
• Lawn care recommendations, and  
• Designation as a “Friend of Birch Stream”  and public recognition if they pledge to use 

stream-friendly landscape practices/change practices. 
 
 
Initial Findings and Significance 

• To date, thirty high-priority businesses in the Birch Stream Watershed were approached to 
engage their participation.  As of April 2009, 27% of the targeted businesses have agreed to 
participate.  

• Soil samples have been collected from these businesses, and delivered to the Maine Soil 
Testing Laboratory. 

• Fertilizer recommendations based on Turf Research have been developed by faculty at the 
University of Maine Cooperative Extension 

• Fifth Grade students at Mary Snow and Fairmount Schools in Bangor experienced the 
EnviroScape Watershed Model Activity with the University of Maine Cooperative 
Extension, the Penobscot County Soil and Water Conservation District, and the Bangor 
Area StormWater Group.  These students were invited to design a graphic for the “friends 
of Birch Stream” award.  Seventeen designs were submitted. 

 
Student Support 
One undergraduate student is working on this project.  His efforts to date include: 

• Compiling a business database 
• Contacting local businesses 
• Initial landscape assessments to determine priority businesses 
• Developing relationships with land managers 
• Soil sample collection 
• School graphic design coordination. 

 
He was also invited to attend and present the project in a Birch stream watershed stakeholders 
meeting, and he has been working with the City of Bangor environmental coordinator and city 
engineers to help assess the Birch stream watershed via GIS. This student will continue to work on 
this project through its completion date of 2/28/2010, and will present at the 2010 Maine Water 
Conference. 
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 USGS 104b (WRRI) Investigator Annual Report : PROGRESS REPORT 2009 

 

Project Title – Effective Knowledge Transfer to Enhance Stakeholder Involvement in 

Watershed Stewardship 

 

PIs: 

 

Gayle Zydlewski, University of Maine, School of Marine Sciences; 5741 Libby Hall, Orono, 

ME; 207-581-4365; gayle.zydlewski@umit.maine.edu;  

Xiongyi Liu, University of Maine, Center for Research and Evaluation <<<CHANGE>>> 

Lori Smith, University of Maine, Center for Research and Evaluation 

Gordon Longsworth, College of the Atlantic 

Laura Wilson, University of Maine Cooperative Extension, Water Quality  

LaMarr Cannon, Maine NEMO (Non-point Education for Municipal Officials)  

Catherine Schmitt, George Mitchell Center, University of Maine and Lower Penobscot 

Watershed Coalition Research and Monitoring Working Group co-convener 

Peter Vaux, George Mitchell Center, University of Maine. 

 

PIs who received research grants should complete Sections A and C.  

 

A. RESEARCH PROGRAM  
 

Submit as a PDF file.  
Please notify us if there has been a change in co-investigators: see change above 

 

Problem and Research Objectives 

 
The goal of this project is to bring the right information to the right people to make the right 

decisions associated with water resources.  Maine is ranked as one of the top areas of the country 

encountering threats of urban expansion.  The Lower Penobscot River has not only been 

identified as the top region in the nation in transition from forested to rural landscapes (Stein et 

al. 2005) but it is also slated to undergo one of the largest river restoration projects in the nation, 

the Penobscot River Restoration Project (PRRP).  With changing land use and water use 

practices it is vital that all parties interested in water resources work together effectively to 

design, monitor, and effectively assess impacts (Lilieholm et al. submitted).  Successful 

collaboration requires effective communication of information. The purpose of this project is to 

quantitatively evaluate alternative modes of information transfer to end-users (watershed 

organizations and land use decision makers) in the Lower Penobscot watershed.  

Environmental stakeholders in the Lower Penobscot River and its watershed, organized as the 

Lower Penobscot Watershed Coalition (LPWC), are interested in engendering watershed 

stewardship throughout the region.  One of the objectives of the LPWC is to enhance information 

exchange.  As an initial step in this direction, the LPWC and University of Maine faculty are 

working together to develop a spatially explicit interactive map of stakeholder contact 

information, a need identified in the very first meeting of the LPWC.  The proposed project will 

build from this collaborative effort by generating a user-friendly, on-line, interface that presents 
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a spectrum of raw and synthesized water quality data to stewards who can use these data to make 

informed decisions on the ground, e.g. at the town planning level. The project will quantitatively 

evaluate the effectiveness with which various levels of information content are communicated 

and utilized. 

 

Research Objectives 
� Identify information needs of key groups of watershed organizations. 

� Translate needs into an effective information-transfer tool:  interactive maps. 

� Determine the effectiveness of information transfer using various survey/evaluation 

techniques. 

 

Working with the Lower Penobscot Watershed Coaltion’s existing network of organizations, we 

will formally evaluate the effectiveness of an online, map-based interface, developed during this 

project, for information transfer to determine what data are most in demand and the best format 

for delivery.  To do this we have targeted two user-groups:  non-profit environmental 

organizations and municipal officials.  A needs assessment of these groups was used to identify 

initial data types for inclusion in a Beta-version map.  The developed map provides access to a 

suite of information resources, allowing evaluation of the preferred (and most effective) method 

for transferring watershed information.  Information transfer via the web-based map will be 

evaluated using a built-in survey feature.   

 

Methodology 

 
Needs for an initial map were formally assessed through face-to-face discussions with two target 

user groups:  nonprofit environmental organizations (e.g., Cove Brook Watershed Council, 

Friends of Sears Island, Belfast Bay Watershed Coalition, Bagaduce Watershed Association, lake 

monitoring groups) and land use decision makers in municipalities of Bangor, Bradley, Brewer, 

Hampden, Milford, Old Town, Orono, and Winterport.  On February 19, 2008 invitations 

(Appendix 2) were sent to 15 NGOs and 11 municipal employees in the Lower Penobscot region 

to request their attendance at the 25 February 2008 meeting of the LPWC where a face-to-face 

discussion of interactive mapping needs was held in forum style.  Attendees were broken into 

focus groups (NGO, municipality, state and federal employees, and other) to discuss and choose 

their top five data layers they would like to see on an interactive map. 

 

Results from that meeting were then used to develop an on-line survey to receive input from a 

wider group of stakeholders and those who could not attend the face-to-face meeting.  A survey 

monkey design was developed (Appendix 2).  LPWC members were made aware of the survey at 

the 19 May 2008 meeting of the group.  On 27 May 2008 the survey link was emailed to 180 

recipients:  38 municipal officials; 73 NGOs and 69 other (include state, federal employees, 

industry representatives, and University employees).  A reminder email about the survey was 

sent on 20 June 2008 and survey results were compiled on 27 June 2008. 

 

Results from both surveys were used to develop three on-line mapping interfaces using Online 

GIS, Google Maps, and Google Earth using the server hardware that currently supports the 

PEARL Web site.  The maps have recently been completed. 
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Principal Findings and Significance 

 
Initial discussions with 30 attendees (11 NGOs, 6 municipal, 6 state and federal employees, 7 

other) at the 25 February 2008 meeting of the LPWC resulted in focusing 13 map layers into 10 

possible layers for mapping (Table 1).   

 

Table 1.  Focus group discussion results from the LPWC meeting of 25 February 2008.  X-

marks identify prioritized data information needs for each of the 4 groups present at the meeting. 

 

Map Layer NGO Municipal Government Miscellaneous 

watershed organizations, stream 

teams, lake groups 

X X X X 

state and federal agency office 

locations 

    

conservation land and land trusts X  X X 

public boat launches and marinas X X X X 

overboard discharges, point sources     

hazardous waste sites   X  

restoration sites (potential, ongoing, 

complete)w/ barriers/connectivity 

X  X  

sites with violations (DEP or CEO)    X 

monitoring/research sites  X   

lakes at risk and impaired streams  X  X 

project sites with shoreland zoning or 

NRPA variances 

    

special and protected habitats 

(Beginning with Habitat) 

 X   

cultural sites X    

 

 

There were 25 respondents (9 municipal officials; 12 NGOs; 2 state government employees; 1 

academic partner; 1 other) to the on-line survey.  Results (Table 2) further narrowed down the 

list of data layers for the interactive map. Other demographic information was collected about 

the respondents (e.g. group affiliation, computer use and skills, use and satisfaction with other 

mapping programs). 
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Table 2.  Data layer results from the on-line survey conducted to assess stakeholder needs for an 

interactive map of the Lower Penobscot watershed. 

Lower Penobscot Watershed Interactive Map 

Would you like to see the following information on an Internet-based map of the lower Penobscot 

watershed (information linked to spatial location)? 

Answer Options 
Definitely 
needed 

Probably 
needed Uncertain 

Probably 

not 
needed 

Definitely 

not 
needed 

Response 
Count 

watershed organizations, stream 

teams, lake groups 
11 9 3 0 0 23 

public boat launches and 

marinas 
21 4 0 0 0 25 

public conservation land and 
land trust coverage areas 

20 5 0 0 0 25 

restoration sites (potential, 

ongoing, complete) 
9 13 3 0 0 25 

stream barriers (culverts, dams, 
etc.) 

12 11 2 0 0 25 

lakes at risk and impaired 
streams 

12 12 1 0 0 25 

hazardous waste sites 15 7 2 0 0 24 

monitoring/research sites 13 9 3 0 0 25 

special and protected habitats 

(Beginning with Habitat) 
19 6 0 0 0 25 

shoreland zoning and violations 11 11 3 0 0 25 

            

Other 
(please 

specify) 

7 

            
answered 
question 25 

            
skipped 
question 0 

 

From these result feasibility of developing each of these mapping layers was determined and 

ultimately the following 5 layers were chosen for development:  watershed (and subwatershed) 

boundaries; watershed organizations; conserved lands; dams (stream barrier data are not yet 

available); and public boat launches.  While special and protected habitats were ranked highly 

the PIs decided that there would be overlap with state efforts to produce an interactive map of 

this data layer. 

 

Through the summer and fall 2009 interactive maps were developed to include these five data 

layers (see Appendix 2). The final stage of the project is being initiated:  on-line survey 

development to determine stakeholder satisfaction with the developed maps.  Due to changes in 

PI from the Center of Research and Evaluation we have decided to not use Think aloud protocols 

but focus on mailed and online survey tools to access the widest stakeholder audience possible. 

Specifically, the survey will include questions about 1) the specific information that users looked 

for, the search/exploration results, and their satisfaction with the navigation through the website 
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and the information they obtained, 2) the specific data layers and map features that users used, 

the frequency of their use, and their satisfaction with each data layer and map feature, 3) users’ 

suggestions on how the website and map can be changed to be more useful and user-friendly.  In 

addition, the survey will include questions about user characteristics (e.g., affiliation, age, 

gender, education level, computer knowledge and skills, type of internet access, etc.) and the 

users’ source of information about the website.  The survey questions will be of various types, 

including fill-in-the-blank, multiple-choice, rating scale, and open-ended questions. Survey 

results will be analyzed to assess user preferences (e.g. raw data versus pre-packaged data 

products) and request feedback on other data-types that should be displayed or made available.  

 

We anticipate that the availability of the map will be publicized to all municipalities (~50) and 

watershed organizations (~10) in the lower Penobscot River watershed via mail or email during 

summer 2009.  Survey results will be compiled and a report will be available by the end of 2009. 
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Appendix 1:  Invitation letter for focus group discussion and follow-up survey emailed to 180 

recipients.
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Appendix 2:  Interactive maps developed for the Lower Penobscot Watershed Coalition.  These 

maps will be used to determine stakeholder satisfaction with the three different mapping 

products. 

 

 

Figure 1. Homepage on Lower Penobscot mapping interfaces. User is able to select from among 

three mapping options: (a) an ArcServer project (on-line GIS), (b) a Google Maps project that 

contains both point data (the spatial data type most generally seen in Google maps) as well as 

polygon data, (c) a Google Earth (GE) map file. The latter needs to be downloaded and unzipped 

for the user to be able to access. A link is provided to enable the user to download the GE 

software if it had not been previously installed on the computer. Once the file and the software 

have been downloaded, simply clicking on the GE file opens it and the map automatically zooms 

to the project area. 
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Figure 2. Google Earth display when first opened. All map layers prepared for the present project 

are shown and turned on. 
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Figure 3. Clicking on a + check-box displays all elements (points, polygons) in the associated 

layer. The user can select an item and a pop-up box / arrow display the attribute data on the map. 

Most data layers for the Google Earth and the other mapping interfaces were obtained from 

Maine Office of GIS and converted to file formats suitable for uploading for on-line mapping. 

The data were clipped to the Penobscot watershed prior to upload. The watershed organizations 

data layer was developed from data compiled by the present project. 
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Figure 4. Opening the stream barriers (= dams) layer, displays dam items labeled by their town. 

Clicking an item reveals the attribute data for that point. 
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Figure 5. Opening the conservation lands reveals each item in the layer, labeled by parcel name 

(as provided in the source GIS data layer). Clicking on an item reveals its attribute data. Field 

names were revised from the source GIS data to make them as intelligible as possible; however, 

there are some limitations on label length – this restriction is particularly severe for layers in the 

the Google Maps interface, where labels are restricted to 10 characters. 
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Figure 6. Zooming in to the Dover-Foxcroft area displays more landscape detail – also shown 

here are dams and boat launches. 
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Figure 7. Map that displays when the Google Maps interface is opened. The same data layers as 

in the Google Earth interface are included here. Attribute data for any point or polygon can be 

displayed by clicking on the item on the map. Note that when multiple layers are open, pop-ups 

display only for the most recently opened layer. Thus, if the dams layers is to be queried, but the 

boat launches layer was most recently opened, the dams layer needs to be turned off and then 

turned on again.   
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Figure 8. Zooming in to the Passadumkeag watershed and clicking on one of the boat launch 

points reveals the attribute data – the user needs to scroll to view the full data set for this point. 
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Figure 9.  The conservation lands layer is open in the Google Map and a parcel has been 

selected. Data presented in the pop-up box reflect data in the source GIS layer. 
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Figure 10. The dams layer is open in the Google Map and the Garland Pond dam was clicked. 
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Figure 11. In the Google Maps interface, watershed organizations are displayed via the polygon 

of the primary watershed that the organization is active in. (This contrasts with the Google Earth 

interface where the organizations display as both the watershed polygon as well as a watershed 

centroid (point)). The watershed polygon for the Ducktrap Coalition has been clicked, displaying 

attribute data, including the watershed code (we use UGSG HUCs for watersheds). The Acres 

field in the attribute data refer to the area of the watershed – this data being generated from the 

source GIS file. The URL included in this pop-up brings the user to a ‘stand-alone’ watershed 

organizations table that includes direct links to the Web site of each organization.  
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Figure 11. The map that displays when the ArcServer (on-line GIS) map is opened. The data 

layers included in this map project are shown in the Table of Contents on the left side of  the 

screen. However, at this zoom level, not all layers are displayed on the map. Layers not currently 

shown are labeled in grey 
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Figure 12. Zooming in to a focus area on the map displays all of the layer included in this 

mapping project. The symbology for each layer is revealed by clicking on the + check box by 

each layer in the Table of Contents. Note that, in contrast to the Google Earth map, clicking on 

the + checkbox does not reveal all items in a layer. 
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Figure 13. Attribute information for a point or polygon is viewed by selecting the “Information” 

button on the top menu and clicking on the feature. If there are multiple features below a click 

point, then these features display as a layer list. To reveal the attribute data for a particular layer, 

the user clicks that layer. Note that display of attribute data when a point or polygon is clicked 

can be slow (compared to the Google Maps and Google Earth interfaces). This is because the 

ArcServer map is located on a server at College of the Atlantic and there is a bandwidth issue. 
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Figure 14. When attribute data for a point (or polygon) display, the user can request that these 

data be ‘stored’ in a results panel. In this case, the Lake View boat launch has been added to the 

Sebec boat launch in the results panel. These items can then be turned on/off independently and 

their attribute data can be viewed even when the focus of the map has moved. 
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Figure 15. The ESRI software which the ArcServer map employs provides a help menu which 

the map user can access by clicking on the Help button at the top right on the map screen (not 

shown in these clipped figures). 
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Publications 

Peer- Reviewed Journal Articles 
 
Nelson, S.J., I.J. Fernandez, J.S. Kahl, 2009. Mercury concentration and deposition in snow in eastern 
temperate North America. Hydrological Processes, in review. 

Nelson, S.J., 2008. Mercury in snowfall and snowpack mercury dynamics in forested watersheds at 
Acadia National Park, Maine. Park Science, accepted October, 2008. 

Nelson, S.J., K.B. Johnson, K.C. Weathers, C.S. Loftin, I.J. Fernandez, J.S. Kahl, D.P. Krabbenhoft, 
2008. A comparison of winter mercury accumulation at forested and no-canopy sites measured with 
different snow sampling techniques. Appl. Geochem., 23(3), 384-398.  

Peckenham, J.M., T. Thornton, and W. Whalen (2009) Sand and Gravel Mining, Effects on Groundwater 
Resources, Environmental Geology, 56:1103-1114. 
 
Peckenham, J. M., J. Nadeau, R. Behr and A. Amirbahman (2008) Release of Nitrogen and Trace Metal 
Species from Field Stacked Biosolids, Waste Management and Res., 26, pp. 163-172. 

Conference Proceedings 
 
Nelson, S.J., I.J. Fernandez, J.S. Kahl, 2008. Mercury concentration and deposition in snow in eastern 
temperate North America. Proceedings of the 65th Annual Eastern Snow Conference, Fairlee, VT, May 
28-30, 2008. 

Other Publications 
 
Mitchell Center newsletters are published on-line and include news and information on current 
activities at the Mitchell Center and Maine’s Water Institute. The newsletter is emailed to over 2,000 
subscribers including over 1,400 external constituents. 
 
Waterlines…in brief. Web−based news sheet, April 11, 2008. 
http://www.umaine.edu/waterresearch/outreach/in_brief_4_08.htm 
 
Waterlines…in brief. Web−based news sheet, July 21, 2008. 
http://www.umaine.edu/waterresearch/outreach/in_brief_7_08.htm 
 
Waterlines…in brief. Web−based news sheet, October 29, 2008. 
http://www.umaine.edu/waterresearch/outreach/in_brief_10_08.htm 
 
Waterlines…in brief. Web−based news sheet, November 17, 2008. 
http://www.umaine.edu/waterresearch/outreach/in_brief_11_08.htm 
 
Waterlines…in brief. Web−based news sheet, December 1, 2008. 
http://www.umaine.edu/waterresearch/outreach/in_brief_12_08.htm 
 
Waterlines…in brief. Web−based news sheet, February 5, 2009. 
http://www.umaine.edu/waterresearch/outreach/in_brief_2_09.htm 
 
 
 



Reports 

Jacobson, G.L., I.J. Fernandez, P.A. Mayewski, and C. V. Schmitt (editors). 2009. Maine’s Climate 
Future: An Initial Assessment. Orono, Me: University of Maine. (Freshwater Ecosystem section, David 
Hart, Shaleen Jain, John Peckenham and Josh Royte, authors) 

Vaux, P.D., S.J. Nelson, N. Rajakaruna, G. Mittelhauser, K. Bell, B. Kopp, J. Peckenham, G. Longsworth, 
2008. Assessment of natural resource conditions in and adjacent to Acadia National Park, Maine. Natural 
Resource Report NPS/NRPC/WRD/NRR—2008/069. National Park Service, Fort Collins, Colorado. 

The Nature Conservancy, 2008.  Life in Maine’s Lakes and Rivers: Our Diverse Aquatic Heritage.  
Brunswick, ME: The Nature Conservancy. 32p. 

Presentations 
 
Nelson, S.J., P.D. Vaux, Mary-Jane James-Pirri, C. Schmitt, 2008. Benchmarks for assessing the 
condition of natural resources in National Park Units: the challenges of heterogeneous data. Boston 
Harbor Islands Science Symposium, October 3, 2008. 

Nelson, S.J., I. Fernandez, S. Norton, B. Wiersma, L. Rustad , J.S. Kahl, 2008. The Bear Brook 
Watershed in Maine: Long-term research supporting climate change inquiry. Hydroclimatic effects on 
ecosystem response: participant workshop, Syracuse, NY, September 19, 2008.  

Nelson, S.J., N. Kamman, D. Krabbenhoft, J.S. Kahl, K. Webster, 2008. Evaluating spatial patterns in 
mercury and methyl mercury in northeastern lakes: Landscape setting, chemical climate, and human 
influences. Northeastern Ecosystem Research Cooperative Conference, Durham, NH, November 12-13, 
2008.  

Nelson, S.J., C.S. Loftin, A. Calhoun, A. Elskus, K. Simon, P. Vaux. Growing up in the wrong 
neighborhood? Mercury in vernal pool amphibians at Acadia National Park. Northeast Regional Air 
Quality Committee Meeting (NERAQC), Winter Harbor, ME, Sept. 24, 2008.  

Nelson, S.J., I.J. Fernandez, J.S. Kahl. 2008. Mercury concentration and deposition in snow in eastern 
temperate North America. Eastern Snow Conference, Fairlee, VT, May 28-30, 2008.  

Nelson, S.J. 2008. Evaluating spatial patterns in mercury and methyl mercury in northeastern lakes: 
landscape setting, chemical climate, and human influences. Maine Water Conference, Augusta, ME, 
March 19, 2008.  

Meyers, J.C. and Elskus, A.A. Developing a non-lethal biomarker for waterborne organic 
contaminants. University of Maine Graduate Symposium, April 2008, Orono, ME.  

Gehlot, A., G. Longsworth, P. Vaux and I. Willig. 2008. Maine Water Atlas. Maine Water Conference, 
Augusta, ME, March 19, 2008.  

Ricupero, K. and S. Jain, Sustainable water allocation and instream flow policy in the New  
England Region: Understanding the implications of climatic variability and change. FLOW  
2008, San Antonio, October 2008.  
 
Ricupero, K. and S. Jain, Sustainable water allocation and instream flow policy in the New  
England Region: understanding the implications of climatic variability and change. Climate  
Change 21 – Choices for the 21st Century (CC21), University of Maine, October 2008.  



Thornton, T. and J. Peckenham (2008) Spatial patterns of rural water quality derived from wells in three 
Maine communities, Maine Water Conference, March 19, 2008.  
 
Peckenham, J., G. Lipfert, and T. Solouki (2008) The spatial variability of disinfection by-products relative 
to regional chemical gradients., American Water Works Association, Water Quality Technical Conference, 
Cincinnati, OH, November 17-20, 2008.  
 
Peckenham, J. and T. Thornton (2008) Gravel Pit Mining and Water Resources, NH DES Source Water 
Protection Workshop, Concord, NH, May 19, 2008.  

National and International Meetings 
 
Meyers, J.C. and Elskus, A.A. Developing non-lethal biomarkers for waterborne organic 
contaminants. 16th International Conference of Environmental Bioindicators (16th ICEBI). 11- 
14 November 2008, Orlando, FL , Nov 11-14, 2008. Poster.  
 
Peckenham, J., G. Lipfert, and T. Solouki (2008) The spatial variability of disinfection by-products relative 
to regional chemical gradients., American Water Works Association, Water Quality Technical Conference, 
Cincinnati, OH, Novermber 17-20, 2008.  
 
Publications/Presentations for Lay Audiences 
 
Zoellick, B, Nelson, S., Davis, Y. 2009. Teachers’ Guides to Mercury in Maine’s People and Ecosystems. 
A series of six curriculum units, published online, www.acadialearning.org.  

Senator George J. Mitchell Center for Environmental & Watershed Research. 2008. Lower Penobscot 
River Map & Field Guide. Orono, ME: University of Maine.  

S.J. Nelson, B. Zoellick, Y. Davis. Mercury and Human Health. Workshop for high school teachers, 
Brunswick, ME, November 14, 2008 

S.J. Nelson, B. Zoellick, K. Johnson, Y. Davis. Schoodic Summer Academy: Mercury. Workshop and field 
course for high school teachers, Unity College, Unity, ME, August 19-20, 2008 

Schoodic Summer Academy, Intertidal Ecology. Amy Philippi, Unity College. Assisted and made 
presentations. June 17-20, 2008.  

 
Conferences and Annual Meetings  
 

Maine Water Conference 2008  

The 2008 Maine Water Conference took place on Wednesday, March 19 at the Augusta Civic Center. 
The conference was co-chaired by Karen Wilson, Aquatic Systems Research Group, University of 
Southern Maine and Robert Marvinney, Director, Maine Geological Survey.  Keynote speakers for the 
conference were Laurie Fowler, Director of Policy, University of Georgia River Basin Center and Mark 
Myers, Director, U.S. Geological Survey.  

The Maine Water Conference is the largest environmentally-related conference in Maine attracting over 
350 water resource professionals. It provides unprecedented opportunities to promote both the Mitchell 
Center’s and UMaine’s role in environmental research and problem-solving throughout Maine and to build 
stronger relationships with state and federal agencies, NGOs, and the private sector. The MWC Steering 
Committee is made up of key water resource stakeholders from across the state.  
 



Sponsorship for the Maine Water Conference is provided by: U.S. Geological Survey, Senator George J. 
Mitchell Center for Environmental and Watershed Research and the Maine Water Institute, Maine 
Drinking Water Program/Dept. of Health &Human Services, Portland Water District, Aqua Maine, Maine 
Coastal Program/State Planning Office, Maine Dept. of Environmental Protection, Maine Geological 
Survey, Maine Rural Water Association, Maine WasteWater Control Association, Maine Water Utilities 
Association, Maine Congress of Lake Associations, Maine Volunteer Lake Monitoring Program, and 
University of Maine Cooperative Extension.  
 
Public Service 

Media/Press   

Spring Flood Potential, John Peckenham. Portland Press Herald 2/17/08 
Students Test Water, John Peckenham. Ellsworth American 3/27/08 
Road Salt & Environment, John Peckenham. Portland Press Herald 3/2/08 
OPED – Safe Water, John Peckenham, Bangor Daily News 3/20/08 

Committees and Service  

 David Hart  

  Member, Science and Technical Advisory Committee, American Rivers 

 Member, Sustainable Oceans, Coasts, and Waterways Advisory Committee, Heinz Center for 
Science, Economics, and the Environment, 2004 – present.  

 Member, President’s Advisory Committee on Water Information (representing the Ecological 
Society of America), 2003 – present.  

John Peckenham 

 Penobscot River Keepers (~500 students on the river)  

 GET WET! (~125 students, water quality testing).  

 River Flow Advisory Commission- Drought Task Force 

 Maine Water Conference Organizing Committee  

 Maine Water Utilities Association- Water Resources Committee  

 Sustainable Water Withdrawal- Land and Water Resources Council  

 Maine Waste Water Control Association- Residuals Management Committee 

 Penobscot River and Bay Institute- Board of Directors  

 Northern Maine Children’s Water Festival 

 DEP-Consulting Engineers of Maine Task Force  

 New England Private Well Initiative  

  New England Water Quality Extension Advisory Board  

Sarah Nelson 

 MDI Water Quality Coalition student mentor, 2006-present 



 Appalachian Trail Environmental Monitoring Program, Water Quality Working Group, 2006-
present 

 Coordinator, University of Maine Mercury Research Group, 2006-present 

 Board member, Maine Lakes Conservancy Institute 

 Maine Water Conference Organizing Committee 

 

Peter Vaux 

 Board member and Treasurer, Maine Volunteer Lake Monitoring Program 

 Development of databases and on-line data resources Union River Watershed  

Workshops and Other Activities 

2008 Senator George J. Mitchell Lecture on the Environment  

The 2008 Senator George J. Mitchell Lecture on the Environment took place at 1pm on Thursday, 
September 18, 2008 at Hauck Auditorium, University of Maine, Orono. The agenda for the lecture is 
shown below and includes a keynote address by featured speaker Mary Evelyn Tucker and remarks by 
Senator George J. Mitchell. The auditorium was filled to capacity with over 500 people in attendance 

Mary Evelyn Tucker, co‐founder and co‐director of the Forum on Religion and Ecology and Senior 
Lecturer at Yale University, was the 2008 Mitchell Lecturer. She spoke on, “The Environmental Crisis as a 
Moral and Spiritual Challenge.”  Professor Tucker is one of the world’s most articulate and passionate 
scholars focused on the role of religion and religious movements in confronting the growing 
environmental crisis. Together with religious scholars and leaders around the world, she has catalyzed a 
profound dialogue about the moral, ethical, and spiritual values that are needed to guide society towards 
more effective environmental stewardship.  

Through the lecture, we seek to bring together communities from across Maine to begin a conversation 
on how we can find common ground in our efforts to meet environmental challenges. The lecture was 
followed by an open reception which provided a forum for networking and continued discussion. 
Registration by external constituents (over 62%) included representatives from state agencies, NGOs, 
private sector, religious organizations and other educational institutions as well as private citizens. On-
campus attendance included staff, faculty and students from a wide cross-section of departments. It is 
of great importance to us that we build communication between groups – including breaking down 
barriers between University researchers and external constituents. The high percentage of attendees 
coming from off-campus leads us to believe that we are reaching those communities and this will assist 
us as we work to develop long-term constructive relationships.  

Sponsors for this event included:  The University of Maine Cultural Affairs Committee; Senator George J. 
Mitchell Center; Smith Barney, Downeast Group, Michael Boyson; Maine Interfaith Power & Light; and the 
Maine Humanities Council.  

Maine’s Sustainability Solutions Initiative (SSI) – formerly the Environmental Solutions Initiative 

Producing knowledge and linking it to actions that meet human needs while preserving the planet’s life-
support systems is emerging as one of the most fundamental and difficult challenges for science in the 
21st century. There is growing consensus that traditional methods of generating and using knowledge 
must be fundamentally reorganized to confront the breadth, magnitude, and urgency of many problems 
now facing society. Maine's Sustainability Solutions Initiative seeks to transform Maine’s capacity for 



addressing these scientific challenges in ways that directly benefit Maine and other regions. The program 
of research will also help Maine increase economic activity and technological innovation in ways that 
sustain the State’s remarkable “quality of place”.  

SSI Seminars 

In order to meet its mission and goals, SSI offers related seminars and workshops each semester. 
Following is a list of relevant seminars for FY08.  

Thursday, March 20, 2008 
Piloting the Nation's First Watershed Center of Excellence 
Laurie Fowler, Director of Policy, UGA River Basin Center 

Thursday, April 17, 2008 
The Most Complex and Extensive Ecosystem Restoration Project Ever Proposed: Lessons from the 
CALFED Program  
Dave Owen, University of Maine School of Law 

Friday, May 2, 2008 
Penobscot River, Penobscot Bay: State of the Watershed 
Gayle Zydlewski, University of Maine 

Thursday, November 6, 2008 
The Naturalist's Narrative: Scientific Exploration and the Origins of Ecological Thinking  
Dr. Richard Judd , University of Maine History Department  

Thursday, November 20, 2008 
Art, Ecoventions, and Change: A Look at Contemporary Art Practice 
Andy Mauery, UMaine Dept. of Art 

Thursday, December 4, 2008 
Our "Indian Distinction": Penobscot Indian Diplomacy and Critiques of Participation in Environmental 
Decision Making 
Dr. Darren Ranco, University of Maine  

Wednesday, February 4, 2009 
Sustainability Solutions Initiative Discussion  
Robert Kates 

Wednesday, February 18, 2009 
Creating effective university-community research partnerships 
Linda Silka, University of Massachusetts, Lowell 

Environmental Solutions Initiative Grant Projects 

The ESI grant program was initiated in summer 2007. This interdisciplinary research effort is intended to 
help address key environmental, economic, and social challenges facing Maine. The grant program builds 
on one of ESI’s central principles — to work in close partnerships with stakeholders, thereby increasing 
the chances that our research is relevant to their needs and that the solutions we develop can be put into 
action.  The original projects continued and two new projects were funded in FY08. 

 Environmental Values and Conflict: A Case Study of the Camden Snow Bowl 
PI: Nathan Stormer, Communications and Journalism (2008) 



 Protecting Natural Resources on Public Lands: Theory and Practice of Community-Based 
Approaches Using Vernal Pool Conservation Initiatives in Maine 
PIs: Aram JK Calhoun, Wildlife Ecology and Robert J. Lilieholm, Forest Resources (2008) 

 Conserving Vernal Pools through Collaborative Local Initiatives 
PI: Aram JK Calhoun, Wildlife Ecology (cont.) 

 Conservation Planning at Multiple Scales in the Maine Landscape: Modeling the Impacts of 
Ecological, Economic, Social, and Political Factors on Alternative Open Space Futures 
Co-PIs: Christopher Cronan, Biology & Ecology; Tim Glidden, Land for Maine’s Future Program; 
Robert Lilieholm, Forest Resources. (cont.) 

 Land Use Change in the Lower Penobscot Watershed: Implications for Public Recreation Access 
PI: Jessica E. Leahy, Forest Resources. (cont.) 

 Tracking Stormwater Quality Using Real-Time In-Situ Fluorescence 
PIs: John Peckenham, Maine Water Institute; Howard Patterson, Chemistry; Collin Roesler, 
Bigelow Labs. (cont.) 

 Penobscot River, Penobscot Bay: State of the Watershed 
PIs: Gayle Zydlewski, Marine Sciences; Catherine Schmitt, Mitchell Center. (cont.)  

Maine Aquatic Biodiversity Project – public brochure 
 
The Mitchell Center worked in partnership with The Nature Conservancy, Maine Department 
ofEnvironmental Protection, and Maine Department of Inland Fisheries and Wildlife to produce a booklet 
based on the information published in the Maine Aquatic Biodiversity Project report. This booklet, 
designed to highlight information contained in the report and make it more accessible to the general 
public,  was published in the summer of 2008.  
 
Maine’s Climate Future  
In the fall of 2007, Maine's Governor, John Baldacci, commissioned the University of Maine to prepare an 
assessment report for Maine's Climate Future. This report was published in February 2009. Several 
researchers supported by the Maine Water Resources Research Institute contributed to this report for 
these topics: Climate Trends (Jain); Freshwater Ecosystems (Hart, Jain, Peckenham); and Biodiversity 
(Vaux). The report was co-edited by Catherine Schmitt.  
 
 
GET WET!  
 
Groundwater Education through Water Evaluation and Testing (GET WET!) is an experiential project to 
raise community awareness about groundwater quality and to provide data for a study of gravel mining 
and water quality. There are three key objective categories: science, community, and education.  
 
Scientific goals include: 

 Create long-term water quality databases in towns through annual well monitoring and sampling. 
 Utilize students to sample. The wells sampled are located in, over, or next to the sand and gravel 

aquifer. 
 Include in the database: 1) Water chemistry of nitrate, alkalinity, chloride, conductivity, and 

turbidity. 2) Locations of wells mapped into a GIS program. 3) Operational excel spreadsheets 
with all information gathered. 4) Statistics and charts to graphically represent information. 

 
Community goals include: 

 Increase awareness, understanding, and interest in water resources within towns. 
 Involve local citizens in the sampling, monitoring, and maintenance of water quality within their 
 town. 
 Generate a water quality database that can be used by the community to formulate productive 

choices in planning, management, and development. 
 
Education goals include: 



 
 Create an interdisciplinary study focusing on natural resources water and development. 
 Employ all grades and educators involved in chemistry, geology, geodesy, mapping, GIS, 

statistics, computer programs, and environmental studies. 
 Encourage student development in: 1) Field sampling techniques. 2) Laboratory skills. 3) 

Computer competence. 4) Internet research capabilities. 5) Mapping abilities in both interpolation 
of hard copy topographic maps and interpretation of computer based topographic maps. 6) 
Recognition and identification of locations by latitude and longitude on topographic maps. 7) 
Comprehension in terminology and function of water chemistry testing for nitrates, alkalinity, 
chloride, conductivity, and turbidity. 8) Understanding of why conservation and commitment to a 
healthy environment takes an entire community. 9) Public presentation.  

  
 
Penobscot River and Bay Institute May−June 2008: Penobscot River Keepers Expeditions.  
 
These day−long canoe expeditions on the Penobscot River provide students in grades 7 to 12 an 
opportunity to learn about rivers, watersheds, history, and ecology. In 2008 over 450 students took part in 
the expeditions. 
 
Waterlines…in brief mailings 
 
The Mitchell Center has moved its newsletter almost exclusively to an on-line format 
(http://www.umaine.edu/waterresearch/outreach/waterlines.htm) with e-mail notification to its subscription 
list. An effort has been made to keep newsletter content shorter which enables mailing on a more 
frequent basis. This allows us to provide readers with updates on upcoming seminars, conference and 
event information, proposal notification and more in a more timely fashion. A total of six “Waterlines…in 
brief” were distributed in FY08 to a mailing list of over 2,000 readers. 
 
Environmental seminars at UMaine 
 
As part of a larger initiative to have the Mitchell Center become the focus of environmental initiatives on 
campus, Center staff worked with other departments and institutes to put together a comprehensive list of 
all the environmentally-related seminars taking place at UMaine each semester. This initiative has been 
very well received by staff, faculty and students, and several faculty members noted that this was an 
important role for the Mitchell Center. 

Professional Partnership and Praxis  

Sarah Nelson is participating as a partner in the project “Professional Partnership and Praxis: Connecting 
Teachers, Working Scientists, and College Education Faculty to Attain New Learning Results” through 
Maine Title II, Mathematics and Science Partnerships program.  Although Nelson is involved with all goals 
of the project through collaboration with Acadia Partners for Science and Learning and other partners, her 
primary activities relate to planning and design sessions, lesson and research program planning and 
design, direct engagement between students, teachers, and working scientists, and statewide outreach 
and invitation to participate. 

Research Coordination Network: Diadromous Species Restoration Research Network 
 
The Diadromous Species Restoration Research Network (DSRRN) is an NSF-funded network whose goal 
is to advance the science of diadromous fish restoration and to facilitate interactions among scientists, 
managers, and stakeholders.  A web site for the network has been established at 
http://www.umaine.edu/searunfish and a full-time Science Information Coordinator was hired in March 
2009.  In November 2008, a Stakeholders Workshop was convened to introduce the Network and to 
gather information to identify research questions and restoration goals. Over 30 stakeholders attended 



and discussed potential impacts and changes as a result of the anticipated dam removals on the 
Penobscot River.   

In April 2009, the Network hosted the first gathering of the Penobscot Science Exchange.  The purpose of 
the Exchange is to meet biannually to share information regarding research and monitoring in the 
Penobscot Watershed.  Each researcher was asked to provide a two-minute update describing his/her 
research on the Penobscot.  There were also presentations on the NOAA Restoration Monitoring Plan, 
DMR-BSRFH Operational Plan for Diadromous Species on the Penobscot, Penobscot Trust Project and 
NOAA Stimulus Proposal, and DSRRN Activities.  In addition, the Coordinator reviewed the recently 
updated Penobscot Science Exchange Research Summary, a database which describes recent research 
on the Penobscot.   Information about both the Stakeholders Meeting and the Science Exchange Meeting 
can be found at http://www.umaine.edu/searunfish/research/Penobscot-exchange.htm   

DSRRN is focusing much of their work on the first science meeting to be held in July 2009.  This meeting 
is designed to shape substantial dialog about the future of diadromous species restoration and research 
and to strengthen the growing network of diadromous species researchers and managers.  The meeting 
will feature nationally renowned plenary speakers Margaret Palmer, (University of Maryland), David 
Montgomery (University of Washington), Gérald Chaput, (Fisheries and Oceans Canada), and George 
Pess (Northwest Fisheries Science Center).  The meeting will also feature field trips to the Penobscot 
River watershed and two poster sessions on Penobscot River Research and Diadromous Species 
Research in general.   

2008 Northern Maine Children’s Water Festival 

Over 700 students and teachers from 14 middle and elementary schools all over Northern Maine 
convened at the University of Maine campus on October 14, 2008 for the 8th biennial Northern Maine 
Children's Water Festival. The Festival is a fun-filled way for students to learn about the value of clean 
water and healthy habitats, and to provide teachers with materials and lessons that they can use for years 
to come. At the Festival, water resource professionals from Maine and other parts of New England 
provide presentations and interactive displays about water, wetlands, human health and aquatic life.  

This experience is provided at no cost to the participants, and the Festival budget includes funding to help 
schools pay for the cost of transportation to the University of Maine for the day. Festival attendance is 
limited, and schools are selected to attend on a competitive basis.   

The Northern Maine Children's Water Festival is sponsored by the Maine Department of Environmental 
Protection, the Senator George J. Mitchell Center and Water Research Institute, Maine CDC Drinking 
Water Program, University of Maine Cooperative Extension and Conference Services, and Maine Sea 
Grant. Additional funding is provided by Efficiency Maine, Bangor Hydro, Brewer Water District, Verso 
Paper and Poland Spring.  

Mobile Maine News (MobileMaineNews.com)  

The Mitchell Center has partnered with Mobile Maine News to provide information on sustainability-
related issues to the MobileMaineNews student journalists. Interviews with faculty members on subjects 
ranging from arsenic in water supplies to vernal pools are already available on the site. We will continue 
to work with the news team in order to provide easily accessible information on important issues to 
residents across Maine.  

Mobile Maine News is a web-based community journalism initiative, seeking to strengthen ties between 
Maine residents and University of Maine students and faculty. Mobile Maine will link student journalists 
with community members to provide a unique type of news content where stories are told on a 
neighborhood level – not just about the community members, but by the community members. In this 
model of journalism, citizens are equals in the newsbuilding process. Mobile Maine will connect student 



journalists, citizens, community leaders, public officials and University of Maine faculty experts to produce 
interactive news content based on the concept of participatory journalism.  

Project WET  
 
The Mitchell Center is working with the Maine Project WET coordinator and the northern Maine facilitator 
to increase awareness of Project WET across the state and provide regular educator training workshops. 
The Mitchell Center continues to provide communication and outreach support for Maine Project WET. 
 



USGS Summer Intern Program

None.

USGS Summer Intern Program 1



Student Support

Category Section 104 Base
Grant

Section 104 NCGP
Award

NIWR-USGS
Internship

Supplemental
Awards Total

Undergraduate 7 0 0 0 7
Masters 14 0 0 0 14
Ph.D. 2 0 0 0 2

Post-Doc. 0 0 0 0 0
Total 23 0 0 0 23

1



Notable Awards and Achievements

2008 Senator George J. Mitchell Lecture on the Environment

The 2008 Senator George J. Mitchell Lecture on the Environment took place at 1pm on Thursday, September
18, 2008 at Hauck Auditorium, University of Maine, Orono. The lecture featured keynote speaker Mary
Evelyn Tucker and remarks by Senator George J. Mitchell. The auditorium was filled to capacity with over
500 people in attendance

Mary Evelyn Tucker, co-founder and co-director of the Forum on Religion and Ecology and Senior Lecturer
at Yale University, was the 2008 Mitchell Lecturer. She spoke on, "The Environmental Crisis as a Moral and
Spiritual Challenge." Professor Tucker is one of the world's most articulate and passionate scholars focused on
the role of religion and religious movements in confronting the growing environmental crisis. Together with
religious scholars and leaders around the world, she has catalyzed a profound dialogue about the moral,
ethical, and spiritual values that are needed to guide society towards more effective environmental
stewardship.

Through the lecture, we seek to bring together communities from across Maine to begin a conversation on
how we can find common ground in our efforts to meet environmental challenges. The lecture was followed
by an open reception which provided a forum for networking and continued discussion. Registration by
external constituents (over 62%) included representatives from state agencies, NGOs, private sector, religious
organizations and other educational institutions as well as private citizens. On-campus attendance included
staff, faculty and students from a wide cross-section of departments. It is of great importance to us that we
build communication between group, including breaking down barriers between University researchers and
external constituents. The high percentage of attendees coming from off-campus leads us to believe that we
are reaching those communities and this will assist us as we work to develop long-term constructive
relationships.

Development of a highly competitive EPSCoR Pre-proposal

A key achievement for FY08 was the development of a winning EPSCoR pre-proposal that focused on the
social, economic, and environmental dimensions of land use change in Maine. The process involved an
interdisciplinary team of over 20 faculty from both the natural and social sciences and engineering. A focus of
the development process was the expansion of state-wide partnerships with academic institutions, private
sector, governmental agencies, and NGOs, and expansion of capacity for managing large-scale
interdisciplinary research, education, outreach, and implementation programs in partnership with key
stakeholders.

Environmental Solutions Initiative Grant Projects

The ESI grant program was initiated in summer 2007. This interdisciplinary research effort is intended to help
address key environmental, economic, and social challenges facing Maine. The grant program builds on one
of ESI�s central principles - to work in close partnerships with stakeholders, thereby increasing the chances
that our research is relevant to their needs and that the solutions we develop can be put into action. The
original projects continued and two new projects were funded in FY08.

Environmental Values and Conflict: A Case Study of the Camden Snow Bowl
PI: Nathan Stormer, Communications and Journalism (2008)

• 

Protecting Natural Resources on Public Lands: Theory and Practice of Community-Based Approaches
Using Vernal Pool Conservation Initiatives in Maine

• 
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PIs: Aram JK Calhoun, Wildlife Ecology and Robert J. Lilieholm, Forest Resources (2008)
Conserving Vernal Pools through Collaborative Local Initiatives PI: Aram JK Calhoun, Wildlife
Ecology (cont.)

• 

Conservation Planning at Multiple Scales in the Maine Landscape: Modeling the Impacts of
Ecological, Economic, Social, and Political Factors on Alternative Open Space Futures Co-PIs:
Christopher Cronan, Biology & Ecology; Tim Glidden, Land for Maine's Future Program; Robert
Lilieholm, Forest Resources. (cont.)

• 

Land Use Change in the Lower Penobscot Watershed: Implications for Public Recreation Access PI:
Jessica E. Leahy, Forest Resources. (cont.)

• 

Tracking Stormwater Quality Using Real-Time In-Situ Fluorescence PIs: John Peckenham, Maine
Water Institute; Howard Patterson, Chemistry; Collin Roesler, Bigelow Labs. (cont.)

• 

Penobscot River, Penobscot Bay: State of the Watershed PIs: Gayle Zydlewski, Marine Sciences;
Catherine Schmitt, Mitchell Center. (cont.)

• 

The USGS base grant provided a basis for the Senator George J. Mitchell Center to secure other research
funding.

Grants awarded in or continuing in this fiscal year:

Assessment of Natural and Watershed Conditions in and Adjacent to Acadia National Park
US Dept of the Interior
PI: Peter Vaux; Co-PIs: John Peckenham, Sarah Nelson
Amount awarded: $49,987
Awarded: 6/1/2006

Gravel Pits and Groundwater Resources
Island Foundation
PI: John Peckenham
Amount awarded: $25,000
Awarded: 11/5/2005

Assessing the Role of Natural Flow Variability and the Impact of Flow Standards
US Dept of the Interior
Co-PI: David Hart
Amount awarded: $5,654
Award date: 5/1/2007

Source Water Analysis and Warning Technology (SWWAT)
US Environmental Protection Agency
PI: John Peckenham
Amount awarded: $483,598
Award date: 9/12/2006

Sustainable Lake Management in Maine's Changing Landscape
US Environmental Protection Agency
Co-PI: Peter Vaux
Amount awarded: $299,249
Award date: 5/1/2007

Kenduskeag Salmon Recovery Project
National Fish & Wildlife Foundation
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PI: Peter Vaux
Amount requested: $12,100
Award date:

Map and Field Guide to the Penobscot River
Norcross Foundation
PI: Catherine Schmitt
Amount awarded: $4,100
Award date: 7/1/2006

Evaluating Spatial Pattern in Mercury and Methyl Mercury in Northeastern Lakes
US Dept of Agriculture
PI: Sarah Nelson
Amount requested: $29,349
Award date: 9/1/2007

Natural Resource Condition Assessments for Massachusetts National Park Units Year 1
US Dept of the Interior
PI: Peter Vaux; Co-PIs: Sarah Nelson, Catherine Schmitt
Amount requested: $66,989
Award date: 8/1/2007

Natural Resource Condition Assessments for Massachusetts National Park Units Year 2
US Dept of the Interior
PI: Peter Vaux; Co-PIs: Sarah Nelson, Catherine Schmitt
Amount requested: $58,999
Award date: 6/1/2008

Professional Partnership and Praxis
ME Dept of Education through Acadia Partners for Science and Learning
PI: Sarah Nelson
Amount requested: $5,700
Award Date: 10/1/2007

Diadromous Species Restoration Research Network
National Science Foundation
PI: David Hart, Co-PI: Peter Vaux
Amount requested: $491,975
Award date: 5/1/2008

Regional Long-term Monitoring
Environmental Protection Agency through Plymouth State University
Co-PI: Sarah Nelson
Amount awarded: $77,718
Award Date: 10/1/2007

Assessment of Natural and Watershed Conditions in and Adjacent to Acadia National Park � Supplemental
Funding
US Dept of the Interior
PI: Peter Vaux; Co-PI: Sarah Nelson
Amount awarded: $7,985
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Awarded: 5/1/2008

Effective Knowledge Transfer to Enhance Stakeholder Watershed Stewardship
U.S. Dept of the Interior
Co-PI: Peter Vaux
Amount awarded: $4,569
Awarded: 3/1/2008

Schoodic Research Fellowship
Acadia Partners
PI: Sarah Nelson
Amount requested: $3,704
Submitted: 6/1/2008

Regional Long-term Monitoring
Environmental Protection Agency through Plymouth State University
PI: Sarah Nelson
Amount requested: $40,470
Submitted: 5/1/2008

Professional Partnership and Praxis Year 2
ME Dept of Education through Acadia Partners for Science and Learning
PI: Sarah Nelson
Amount requested: $20,173
Awarded: 7/1/2008

The Role of Social Capital, Trust and Learning in Solving Groundwater Quality
PI: Jessica Leahy, Co-PI: John Peckenham
Amount Requested: $550,000
Awarded: 9/8/2008
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