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Figure F-1
ORGANIZATIONAL CHART

Responsibilities of  Personnel

Coowe Walker, Project Officer and Quality Assurance Officer, Kachemak Bay Research Reserve

As Project Officer, Coowe has overall responsibility for successful completion of the project. Specific duties include selection of project staff, direction and approval of training activities, contractor oversight, liaison with the public and resource agencies, document review, and peer review solicitation. As Quality Assurance Officer, Coowe will be responsible for implementation of all aspects of the QA program, including inspection of field crews, data validation, taxonomic verification, site confirmation, calibration and maintenance of equipment, an adherence to established protocols.

Ryan King-, Stream Sampling Crew Leader, Baylor University

Ryan will be responsible for leading the stream sampling, stable isotope processing , leading data analysis, and supervising the graduate student. As Crew Leader for the stream sampling, Ryan will be responsible for crew safety, sample scheduling, equipment maintenance and calibration, and performance of all sample collection activities in accordance with procedures and QA/QC requirements specified in the sampling operation plan.

Mark Rains, Hydrology Sampling Crew Leader, University of South Florida

Mark will be responsible for leading the hydrology sampling and data analysis, and supervising the hydrology technician. As Crew Leader for the hydrology sampling, Mark will be responsible for crew safety, sample scheduling, equipment maintenance and calibration, and performance of all sample collection activities in accordance with procedures and QA/QC requirements specified in the sampling operation plan.

Dennis Whigham, Riparian Sampling Crew Leader, Smithsonian Environmental Research Center

Dennis will be responsible for leading the riparian assessments, and assisting with data analysis. As Crew Leader for the riparian sampling, Dennis will be responsible for crew safety, sample scheduling, equipment maintenance and calibration, and performance of all sample collection activities in accordance with procedures and QA/QC requirements specified in the sampling operation plan.

TBD, Graduate Student, Field Sampling Crew, Baylor University

The graduate student will be responsible for leading fish and macroinvertebrate sample processing and identification and assisting with field work. As a member of the sampling crew the graduate student will be responsible for carrying out the instructions of the Crew Leader and informing the Crew Leader of any unsafe conditions, equipment failures, or other problems observed that could jeopardize the health and safety of the crew or the quality of sample collections.

TBD, Technician, Hydrology Sampling Crew, University of South Florida

The technican will be responsible for leading field hydrologic sampling efforts under the supervision of Mark Rains, and assisting with data processing and management. As a member of the sampling crew the technican student will be responsible for carrying out the instructions of the Crew Leader and informing the Crew Leader of any unsafe conditions, equipment failures, or other problems observed that could jeopardize the health and safety of the crew or the quality of sample collections.

Steve Baird, GIS Analyst, Kachemak Bay Research Reserve 

Steve will assist with sampling design, site selection and orientation to the area, and field work. 

Fish and Wildlife Technician, TBD, Field Crew Member

Primary responsibilities include a wide range of support activities including field sampling, laboratory preparation and database management. As a member of the sampling crew this position will be responsible for carrying out the instructions of the Crew Leader and informing the Crew Leader of any unsafe conditions, equipment failures, or other problems observed that could jeopardize the health and safety of the crew or the quality of sample collections.

Volunteers, Kachemak Bay Research Reserve

Volunteers will assist with field work under the direct supervision of the project manager.
Collected data will be provided in report form to EPA.

5.
PROBLEM IDENTIFICATION / BACKGROUND

Streams of the lower Kenai Peninsula have sustained bountiful salmon populations that provide the source for millions of dollars input to local economies through sport and commercial fisheries, and related businesses, as well as providing important subsistence resources for Natives and other groups.  These streams are embedded into a relict glacial landscape with a high percentage (42%) of wetlands in the landscape (Gracz, North et al. 2004). EPA Region 10 has invested time and financial resources devoted to developing a Geographic Information System (GIS) based wetland map that can be used for management decisions in this area, called the Kenai Lowlands Wetland Management Tool.  Since the wetland map has been completed, a primary goal has been to understand how these wetlands function to support stream habitat functions. In 2005/2006, EPA Region 10 funded a project to investigate the relationship between headwater streams and associated wetlands as juvenile salmon habitat (Walker, King et al. 2006).  These field investigations revealed interesting patterns in the relationship between juvenile fish, stream habitat and wetlands settings in the landscape.  All streams visited were associated with wetlands; in some cases the stream was set into a valley with a narrow fringe of riparian wetland; in other cases the stream was part of a broad landscape of fens (Figure F-2).  

Figure F-2.  Headwater stream sites in the Kenai Lowlands study area with extensive fen area (left); and with narrow riparian fringe (right).

Recent groundwater simulations constructed for a small subset of wetland areas on the Kenai Lowlands suggest that groundwater discharges to most peat wetlands (Reeve and Gracz 2006). Connections between the peat wetlands and streams were not investigated, however it is known from studies in other areas that shallow groundwater moving through wetlands is an important factor contributing to stream temperatures, chemistry, and flows that support juvenile fish habitat, (Power, Brown et al. 1999; Ebersole, Liss et al. 2003; Rains and Nadeau 2006; Rains and Nadeau INVITED. In Review (Submitted 05/31/06); Rains and Nadeau In Review). Knowing this, it follows that land use activities that alter shallow groundwater flows could significantly impact streamflows, temperatures and chemistry (Tanis Douglas 2006), and thus negatively impact juvenile salmon. 

The five major drainages on the lower Kenai Peninsula occupy roughly 167,000 hectares (412,500 acres).  A large percentage of these headwater stream watersheds are privately owned, with the implication that considerable changes to these streams and wetlands are likely as the area is undergoing rapid development (Figure F-3).  There are very few protections to limit adverse impacts to headwater stream watersheds, especially since many are not officially recognized as bearing salmon, and the functional relationships between associated headwater wetlands and streams has not yet been investigated.  One of the only legal protections for these areas is the Alaska Anadromous Stream Catalogue, which documents coho salmon  (Onchorynchus kisutch) populations in all five of these major streams throughout the lower and middle reaches.  However, very few (13%) of the headwater streams for these systems have documented coho presence, although it is likely that juvenile coho are present in many of them.  In fact, as part of the 2005/2006 Walker et al. study, 11 of the 30 streams sampled were nominated for the Anadromous Stream Catalog.
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Figure F-3.  Headwater streams (shown in red) and their associated watersheds for the five major drainages on the lower Kenai Peninsula are primarily held in private and non-protected public ownership, making them susceptible to development activities.

This quality assurance plan is for a study intended to answer questions regarding (1) site-scale hydrodynamics and groundwater contributions in lower Kenai Peninsula streams; (2) the role that adjacent wetlands play in mediating groundwater characteristics into headwater streams; and (3) to evaluate the responses of fish and macroinvertebrate communities to groundwater inputs. We propose to answer these questions by a combined hydrometric, geochemical, biological, and GIS study using methodologies described on the following pages.  This information will be a valuable contribution to the protection of headwater watersheds as juvenile salmon habitat.  
6.
PROJECT / TASK DESCRIPTION
 Objectives

1.  Model hydrologic relationships (groundwater chemistry, temperature and flow) between headwater streams and associated wetlands.

2.  Model aquatic invertebrates and fish community responses to groundwater inputs.

3. Use the information obtained to attribute the Kenai Lowlands Wetland Management Tool.

Study Area 

The study area for this project includes the headwaters of the following major anadromous stream drainage basins on the lower Kenai Peninsula, Alaska: Anchor River, Stariski Creek, and Ninilchik River.  
Table  T-1:
ANNUAL SCHEDULE OF TASKS
	 MAJOR TASK CATEGORIES
	Aug

07
	Sep-Dec

07
	Jan-Apr

08
	May-Aug 08
	Sep-Dec

08
	Jan-May

09
	Jun

09

	 Sample site selection
	X
	X
	
	
	
	
	

	 Piezometer installation
	X
	
	
	
	
	
	

	 Temp logger installation
	X
	
	
	
	
	
	

	 Ground & surface water sampling
	X
	
	
	X
	
	
	

	 Riparian sampling
	X
	
	
	X
	
	
	

	 Invert & fish sampling
	
	
	
	X
	
	
	

	 Data analysis
	
	
	
	
	X
	
	

	 map attribution
	
	
	
	
	
	X
	

	 draft analysis report
	
	
	
	
	
	X
	

	 final analysis report 
	
	
	
	
	
	
	X


7.  DATA QUALITY OBJECTIVES FOR MEASUREMENT DATA

Table T-2 shows the objectives for precision and accuracy for each parameter tested.  Objectives for precision, accuracy, representativeness, comparability, and completeness are also summarized in this section.  These Data Quality Objectives (DQOs) have been established to ensure that the project meets its overall objectives as described in Section 6 above – collecting habitat variable data, including surface and shallow ground water quality data, that will help identify important habitat support functions for juvenile salmon and macroinvertebrates provided by first order streams and associated riparian areas.  Any changes in DQOs will be submitted to USEPA for approval before implementation.

Precision

Precision is the degree of agreement among repeated measurements of the same characteristic, or parameter, and gives information about the consistency of methods.  In this project replicate sample analysis will be performed at each site.  Surface water samples will be processed by the Cook Inlet Keeper Laboratory in Homer, Alaska, following standard operating procedures (Appendix A).  Cation and anion analysis will be processed at the University of South Florida, following standard operating procedures. Plant core samples will be processed at the Smithsonian Environmental Research Center following standard operating procedures. Variation of duplicate values for each parameter must not exceed the range of precision specified in Tables T-2.  All results will be recorded in spreadsheets, however results which fall outside the specified range will not be entered into the project data system.  Additional field sampling events may be scheduled in cases where data quality objectives are not met.

Accuracy
Accuracy is a measure of confidence that describes how close a measurement is to its “true” value.  In this project, accuracy is measured by comparative sampling.  Accuracy requirements and calibration procedures are presented in Tables T-2 and T-3 and in Section 16.

Representativeness
Representativeness is the extent to which measurements actually represent the true environmental condition.  Representativeness of data collected is considered in project design and sampling site selection.  Sampling sites are being selected to be representative of a particular reach and not targeted to one specific point source or outfall.  A handheld GPS will be used to find sites with known latitude and longitude coordinates and to identify coordinates of newly established sites.

Comparability

Comparability is the degree to which data can be compared directly to similar studies.  Using standardized sampling and analytical methods and units of reporting with comparable sensitivity helps ensure comparability.  For most habitat parameters included in this project, we are following EPA’s EMAP protocols.  Water chemistry samples are being collected following standard methods that are recognized in peer reviewed literature.  

Completeness

Completeness is the comparison between the amount of usable data collected versus the amount of data called for in the sampling plan.  In this project completeness will be measured as the percentage of total samples collected and analyzed as a whole and for individual parameters and sites as compared to the goals set out by the project design.  The project design calls for sampling and testing to be performed at 18 headwater stream sites.  Our completeness goal is to complete all sampling on each of the 18 sites. 

Table  T-2:
DATA QUALITY OBJECTIVES FOR ANALYTES. 
	Analyte
	Method
	Instrument
	Range
	Detection Limits
	Precision
	Accuracy
	Holding Time
	Maximum Storage



	Temperature
	Continuous data logger 
	Stowaway TidbiT Model #TB132-20+50
	-20 to 50 °C

	0.1°C
	+/-0.1units
	+/-0.1 °C
	Aug 07-Aug 08
	Analyze in situ

	pH
	glass combination electrode
	YSI 561 series multiprobe
	0 to 14.00 pH units
	0.01 units
	±0.02 units 


	±0.02 units 
 
	Analyze in situ
	Analyze in situ

	Dissolved 

Oxygen

% saturation
	Rapid Pulse – Clark type, polarographic Sensor
	YSI 561series multiprobe
	0-500% air saturation
	0.1 % air saturation
	0.1 % air saturation

	0-200 % air saturation, +/- 2 % of the reading or 2 % air saturation, whichever is greater; 200-500 % air saturation, +/- 6 % of the reading
	Analyze in situ
	Analyze in situ

	Dissolved 

Oxygen

mg/L
	 (Calculated from % air saturation, temperature
	YSI 561 series multiprobe
	0 to 50 mg/L
	0.01 mg/L
	0.01 mg/L
	0 to 20 mg/L, +/- 2 % of the reading or 0.2 mg/L, whichever is greater; 20 to 50 mg/L, +/- 6 % of the reading
	Analyze in situ
	Analyze in situ

	Conductivity
	4-electrode cell with autoranging sensor
	YSI 6000 series multiprobe
	0 to 199,900

 Micro-Siemens/cm

(µS/cm)
	0.001 mS/cm to 0.1 mS/cm (range dependent)
	+/-0.5% of reading + 0.001 mS/cm 
	+/-0.5% of reading + 0.001 mS/cm 


	Analyze in situ
	Analyze in situ

	Turbidity
	Optical, 90 ° scatter, with mechanical cleaning sensor
	YSI 561 series multiprobe
	0-1000 nephelometric turbidity units (NTU)
	+/- 5 % reading or 2 NTU (whichever is greater)
	+/- 5 % reading or 2 NTU (whichever is greater)
	0.1 NTU
	Analyze in situ
	Analyze in situ

	Ammonia N

(mg/L)
	APHA 1999
	Cook Inlet Keeper Lab*
	Cook Inlet Keeper Lab*
	Cook Inlet Keeper Lab*
	Cook Inlet Keeper Lab*
	Cook Inlet Keeper Lab*
	Cook Inlet Keeper Lab*
	Cook Inlet Keeper Lab*

	Nitrite N

(mg/L)
	APHA 1999
	Cook Inlet Keeper Lab*
	Cook Inlet Keeper Lab*
	Cook Inlet Keeper Lab*
	Cook Inlet Keeper Lab*
	Cook Inlet Keeper Lab*
	Cook Inlet Keeper Lab*
	Cook Inlet Keeper Lab*

	Nitrate N

(mg/L)
	APHA 1999
	
	Cook Inlet Keeper Lab*)
	Cook Inlet Keeper Lab*
	Cook Inlet Keeper Lab*
	Cook Inlet Keeper Lab*
	Cook Inlet Keeper Lab*
	Cook Inlet Keeper Lab*

	Total Dissolved N

(mg/L)
	APHA 1999
	Cook Inlet Keeper Lab*
	Cook Inlet Keeper Lab*
	Cook Inlet Keeper Lab*
	Cook Inlet Keeper Lab*
	Cook Inlet Keeper Lab*
	Cook Inlet Keeper Lab*
	Cook Inlet Keeper Lab*

	Orthophosphate
	APHA 1999
	Cook Inlet Keeper Lab*
	Cook Inlet Keeper Lab*
	Cook Inlet Keeper Lab*
	Cook Inlet Keeper Lab*
	Cook Inlet Keeper Lab*
	Cook Inlet Keeper Lab*
	Cook Inlet Keeper Lab*

	Total Dissolved P
	APHA 1999
	Cook Inlet Keeper Lab*
	Cook Inlet Keeper Lab*
	Cook Inlet Keeper Lab*
	Cook Inlet Keeper Lab*
	Cook Inlet Keeper Lab*
	Cook Inlet Keeper Lab*
	Cook Inlet Keeper Lab*

	Groundwater cations & anions
	
	University of South Florida
	University of South Florida
	University of South Florida
	University of South Florida
	University of South Florida
	University of South Florida
	University of South Florida


*See Appendix A for a laboratory profile of the Cook Inlet Keeper Community Based Water Quality Lab, and for the University of South Florida Lab. 

Table  T-3:
DATA QUALITY OBJECTIVES FOR STREAM DISCHARGE AND STAGE
	Parameter
	Method
	Instrument
	Units
	Rating Limits
	Calibration Method



	Discharge


	Current-Meter Method
	Marsh McBirney
	Feet3/Sec
	-0.15 to +6.0 m/s
	Manufacturer Specification

	Stage
	Gauge Reading 
	Staff Gauge
	Water Level in Feet
	Not Applicable
	Measurement


8.
TRAINING REQUIREMENTS / CERTIFICATION

In lieu of training requirement information, the qualifications of the Project Officer, and Crew Leaders are provided in Appendix K, in the form of resumes.  

9.
DOCUMENTATION AND RECORDS
Field data gathered during this project are recorded on Field Data Sheets and Discharge Data Sheets (see Appendices).  The field crew will complete each data sheet using the decimal points provided to enter data to the appropriate number of significant digits.  Any equipment or procedural problems will be recorded in the “Comments and Observations” section of the data sheet.  Information from this form will then be entered into the Kachemak Bay Research Reserve data system.  Original copies of all data sheets will be kept on file at the Reserve office indefinitely.

Monitoring equipment and supplies will be inspected upon receipt.  All electronic meters used for this project are factory calibrated. In the event that there is reason to suspect malfunction, the instruments will be returned to the manufacturer for re-calibration. Maintenance history of each instrument will be kept on file at the Reserve.

Sample bottles will be labeled using the label shown in Section 12 and a chain of custody form will be used (see Appendix C).

10. SAMPLING DESIGN

Sampling Design  
To accomplish our objectives, we will re-sample a subset of headwater streams that were sampled in 2006 (Walker, King et al. 2006), but we will sample at least three reaches along each headwater stream in order to more fully understand the distribution and abundance of fish (see Figure F-4 for preliminary site selection).  In 2006, we were only able to sample a single reach in each headwater stream because our goals were to sample as many streams as possible across the five basins. We found that all of the headwater streams sampled in 2006 were bound on both sides by wetlands, but the lateral extent of the wetlands varied.  Some headwater streams were bound on both sides by extensive wetlands, usually fens, and we did not encounter any upland habitats on either side of the stream within our 100 m wide sampling areas.  Other headwater streams were bound on both sides by wetlands, but within the 100 m sampling areas on either side of the stream, the slope of the land increased and there was a change in ecosystem type.  Many of the areas with steeper slopes were categorized as upland habitats.  The abundance of the two different types of near-stream habitats provides an ideal opportunity to examine the hydrologic and nutrient connections between the streams and adjacent wetland ecosystems.  Streams that are bound on both sides by extensive fens or bogs are likely to be influenced by groundwater from the wetlands more than groundwater from the uplands that are further away.  Another reason that this scenario seems likely is that most of the headwater streams that were bound by extensive wetlands on both sides had peat substrates at the bottom of the stream.  In comparison, most of the streams that were in narrow valleys and were bound by less wetland area on both sides of the stream had substrates that were composed of sand, cobbles and boulders.  Under the latter conditions, we believe that the streams are more likely to be influenced by groundwater discharge from the adjacent uplands.
We hypothesize that streams with strong wetland connections at the watershed and/or reach scale will exhibit more stable water temperatures due to groundwater discharges than streams without these wetland inputs.  For this reason, we predict that juvenile salmonids may preferentially overwinter in streams with strong groundwater connections, as temperatures would be warmer and more favorable.  We further predict that fish may disperse and be more widely distributed during the warmest months of the year.  Thus there is likely an interaction between wetland connections to streams and season on juvenile fish abundances and their food resources (macroinvertebrates).

· Headwater streams sites will be stratified into two categories based on results of sampling in 2006.  

· Two typical headwater stream watersheds will be chosen for detailed hydrologic monitoring.  Each of these sites will have three sample locations.   
· We will select 16 additional headwater stream systems to study site- and landscape-scale groundwater contributions.  Each of these sites will have one sample location.  
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Figure F- 4.  Preliminary site selection from a subset of streams sampled in 2006. In each of the three systems (North Fork and South Fork of the Anchor River combined, Strariski Creek and Ninilchik River), we plan to sample one stream in each wetland setting category (narrow riparian fringe; broad wetland fen).  At each of the six locations, additional sample sites will be located both up and downstream, for a total of three sample reaches centered around the location shown. 

Station Set Up

Site-scale variations in geology, and landscape-scale variations in climate and geology result in site- and landscape-scale variations in groundwater discharge.  Therefore, a complete study of groundwater discharge to headwater streams must include both site- and landscape-scale components.  We will conduct this project at both scales.

Our major tools will be continuous water level measurements, continuous water temperature measurements, discrete water chemistry measurements, and biological sampling.  Continuous water level measurements will be used to measure head gradients, and to therefore indirectly infer groundwater contributions at the site-scale.  Continuous water temperature measurements will be used to trace interactions between surface water and groundwater systems, and to more directly determine groundwater contributions at the site -and landscape-scales.  

· At the two selected typical headwater stream systems, we will install piezometers in the channel in all three sample locations, and off-channel piezometers in a transect perpendicular to the channel at one sample location.  Installation will occur by August 31, 2007. 
· We will install combined water level/temperature loggers in the channel and in the off-channel piezometers at the one sample location with the off-channel piezometers in a transect perpendicular to the channel, and temperature loggers in the channel and in the piezometers in the channel at the other two sample locations.  Installation will occur by August 31, 2007.

· We will collect surface water samples from each of the three sample locations and groundwater samples from each of the in-channel and off-channel piezometers in the late summer (August 2007 and August 2008) and analyze all samples for electrical conductivity and major cations and anions.

· At each of the 16 additional headwater stream systems we will have one sample location, where we will install one temperature logger in the channel (August 07), and collect one surface water sample and one groundwater sample in the late summer (August 08) and analyze all samples for electrical conductivity and major cations and anions.

Fish Sampling
Prior to sampling, in situ specific conductance, dissolved oxygen, temperature, and pH will be measured using a YSI 556 multiprobe, or YSI 660 Sonde.  In situ water chemistry will be measured at this time to assess conductivity of the stream, which will influence selection of appropriate voltage settings on the backpack electrofisher unit prior to sampling.  The YSI multiprobe will be calibrated daily in accordance with QA/QC procedures outlined in MBSS (2001).

· Juvenile salmonids and macroinvertebrates will be sampled at all 18 reaches.  Sampling will be conducted twice during 2008 to evaluate temporal variability in the distribution of juvenile salmon and macroinvertebrates among streams of primarily wetland and nonwetland watersheds.  We will first sample fish and macroinvertebrates (1) during late spring (mid-May) while streams are still very cold and likely reflect the overwintering habitat of juvenile salmon, and (2) in late summer (August-September) when water temperatures reach their maximum and most macroinvertebrates are nearing the completion of their life cycle.  

· Because wetland connections to streams increase from the upper to lower reaches of streams (i.e., decreasing elevation), we will sample 3 reaches of each stream that span the longitudinal gradient from upper, mid, and lower reaches. The reaches will be at least 1 km apart from each other. 
·  Each reach will represent approximately 1 km segments of stream that represent the overall local character of the instream habitat and surrounding riparian corridor.  Within each reach, 3 subreaches 75 m in length will be randomly located and quantitatively sampled for juvenile.  The 3 subreaches will be used to fully characterize the abundance of fish at a scale most likely to reflect both local and watershed scale influences on habitat and temperature.

· Quantitative sampled for juvenile salmonids will be done using a DC-pulsed backpack electrofishing unit (Smith-Root, Inc.) and supplemental seining when necessary.  Fish will be stunned with the minimum current required to elicit a response, netted, placed in buckets full of site water, measured, weighed, and immediately released.  Fish will be identified, enumerated, measured and released as described in Lazorchak, Klemm et al. (1998).  Fish species density and community composition will be estimated at the scale of the entire reach.  

Benthic Macroinvertebrate and Organic Matter Isotope Sampling

Benthic macroinvertebrate sampling will be conducted by the electrofishing team following fish sampling in areas of the reach where electrofishing does not take place. Stream macroinvertebrate taxa composition, density, and biomass will be sampled using a modification of methods described in Lazorchak, Klemm et al. (1998).  One surber sample (0.092 m2 surface area; 500-µm mesh) will be collected from subreaches that are not electrofished for a total of 10 surber samples for the entire reach.  Each sample will be sieved in the field and composited into one sample to represent the entire reach.  In locations too deep or slow for effective surber sampling, a 500-µm kick net will be used to sample an area of equivalent size (Lazorchak, Klemm et al. 1998).  Macroinvertebrate composite samples will be preserved in 10% buffered formalin stained with rose bengal in the field (King and Richardson 2002.).  Buffered formalin will be used instead of ethanol because of large amounts of organic matter anticipated in many of these samples.  We must maintain at least 80% (v/v) concentration of ethanol for adequate preservation, which would require very large volumes of 95% ethanol to be carried to the field.  

Physical Habitat, Water Chemistry, and Discharge
Physical habitat measurements, collection of water chemistry samples, and stream discharge estimation will primarily be conducted by the riparian team following completion of riparian assessment procedures.  These activities will typically commence following completion of electrofishing or at the opposite end of the stream reach where electrofishing is taking place.  Electrofishing personnel may assist with these activities once electrofishing and benthic macroinvertebrate sampling is complete.

Physical habitat measurments will largely follow (Lazorchak, Klemm et al. 1998; Barbour, Gerritsen et al. 1999)Lazorchak et al. (1998) identified seven general physical habitat attributes important to the ecology of wadeable streams: 

1. Channel Dimensions

2. Channel Gradient

3. Channel Substrate Size and Type

4. Habitat Complexity and Cover

5. Riparian Vegetation Cover and Structure

6. Anthropogenic Alterations

7. Channel-Riparian Interaction

Attributes 4 and 7 will largely fall under the riparian assessment. The majority of the measurements taken during this component of the sampling effort will correspond to attributes 1-4, and to a lesser degree, attribute 6.

The habitat characterization protocol developed for EMAP (Lazorchak et al. 1998) differs from other rapid habitat assessment approaches (e.g., Barbour et al. 1999) by employing a systematic spatial sampling design that minimizes bias in the placement and positioning of measurements.  The time commitment to gain repeatability and precision is greater than that required for more qualitative methods. In EMAP studies, two people typically complete the specified physical habitat, water chemistry and discharge measurements in about three hours of field time.  Our goal will be to follow most of the EMAP procedures as closely as possible; however, in some cases, more rapid approaches (Barbour et al. 1999, MBSS 2001) will be implemented to ensure that a field crew is able to complete all tasks in one site visit.  Time to complete each assessment will be particularly important because some sites will be located several kilometers from road access, reducing available samping time at the site considerably.  This proposed protocol is therefore designed to be completed by 2 members of the 4 person field crew in no more than 2 hours.

Physical habitat measurements will be made at two scales of resolution along the length of the reach; the results will be later aggregated and expressed for the entire reach.  The following features will be measured or visually estimated at systematic cross-section locations along the reach:

· Maximum (thalweg) depth (cm)

· Wetted width (m)

· Channel cross-section dimensions

· Bank height

· Bank undercut distance

· Bank angle

· Velocity (m/s)

· Presence of soft sediment

· No. of large woody debris within bankfull channel

· No. of large woody debris above bankfull channel

· Riparian canopy density (densiometer, %)

· Straight-line distance (sinuosity; *likely during riparian assessment*)

· Substrate size classes

· Embeddedness (%)

· Areal cover of fish concealment features

· Aquatic macrophyte cover and type

· Filamentous algae and periphyton cover

· Human disturbances: type and proximity to channel

Lazorchak et al. (1998) describes in detail methods for each measurement.  The logistics and work flow are anticipated to proceed in the following manner.  Two people proceed upstream from the downstream end of the sampling reach making observations and measurements at the chosen increment spacing. One person is in the channel making width and depth measurements and determining whether soft/small sediment is present under his/her staff.  Width, depth, and sediment measurements take place both at each primary cross-section location (11 locations) and a midpoint between each transect (10 additional locations; 21 total measurements).  The other person records these measurements and tallies large woody debris. At the 11 primary cross-sectional locations, one person proceeds with the channel cross-section dimension, substrate, bank, and canopy cover measurements. The second person records those measurements.  Both persons work together to measure and record a velocity measurement in the thalweg (the deepest part of the stream channel) at a depth of 0.6*thalweg depth using a portable flowmeter (MBSS 2001) and visually estimate instream fish cover, aquatic macrophytes and periphyton, human disturbance, substrate particle size class, and embeddedness.  

Water-chemistry samples will be collected at the upstream end of the reach following completion of the physical habitat survey.  Samples will be collected, following the procedures detailed in Appendices A3 and A4, and delivered to the Cook Inlet Keeper water quality laboratory in Homer for analysis of total and soluble reactive phosphorus, total nitrogen, nitrate-nitrite nitrogen, ammonium-nitrogen, dissolved organic carbon, and total alkalinity.  

Discharge measurements will be made after collecting the chemistry samples. Discharge will be estimated at an optimal cross section location based on channel morphology (but not necessarily at a marked transect).  Discharge will be estimatinged using the velocity-area method (Appendix A4).  Velocities will be estimating using a Marsh-McBirney electromagnetic flowmeter following procedures in Lazorchak et al. (1998).
Riparian Assessment

All of the headwater streams that we worked in 2006 were bound on either side by a type of wetland that was dominated by Calamagrostis canadensis, classified as ‘riparian’ on the Kenai Lowlands Wetland Management Tool map, no matter what the landscape setting was.  We hypothesize that the Calamagrostis zone, which is typically rather narrow, has little influence on stream hydrology, but is an extremely important type of wetland because it provides habitat stability as a result of an extensive fibric root system that stabilizes the stream. 

· In headwater sites where there are extensive wetlands on either side of the stream, nests of piezometers will be located in the narrow Calamagrostis zone and in the adjacent wetland.  

· In systems with narrow wetlands on either side of the stream, nests of piezometers will be located in the Calamagrostis zone, the wetland on either side of the stream and the upland on both sides of the streams.  

· We will characterize the chemistry of the substrates in each location where there is a nest of piezometers.  Substrate cores will be collected and processed to determine bulk density, total N, total P, and extractable forms of nitrogen (nitrate + nitrite, ammonium) and phosphorus (orthophosphate).  

· Vegetation adjacent to each set of piezometers will be sampled at the peak growing season to determine species composition, biomass and standing stocks of nitrogen and phosphorus. 
Sampling Parameters

Sampling parameters were selected based on their usefulness in identifying responses of juvenile salmonids to shallow groundwater inputs related to surrounding wetlands and landscape setting. The parameters to be tested are listed in Tables T-2 and T-3.

Sampling Frequency
Each station will be sampled a minimum of two times; once between May 15-30, 2008; and again between August 1-3, 2008.
Site Safety Plans
Safety is a priority at all times for the Kachemak Bay Research Reserve.  Sampling sites are being selected, in part, because they are safely accessible.  Permission from landowners will be obtained prior to the first sampling event. There will be a minimum of four people sampling each site at a given time, a cell phone and satellite phone will be carried into the field. All field personnel will receive standard Alaska Department of Fish and Game field safety training and 1st aid/CPR training prior to the first field day. 

When wading is required, personnel will wear chest waders.  Personnel are trained to dress appropriately for weather and to be prepared for variable conditions which may require wearing extra layers of warm clothing and waterproof gear during all seasons.

11.
SAMPLING METHODS REQUIREMENTS
Collection and Preservation of Water Samples

Method 1060, Collection and Preservation of Samples (Standard Methods, 20th Edition) will be followed for sample collection and preservation.  Sample container, sample size, preservation, and maximum storage requirements for each parameter are listed in Table T-2.  

A grab sample will be collected manually at each site.  The sample will be taken in the middle of the main channel and at mid depth.  Three 30 ml samples (polyethylene container) will be collected.  All containers and equipment used will be pre-rinsed three times with sample water before they are used for testing, following procedures in Appendix E. 

12.
SAMPLE HANDLING AND CUSTODY REQUIREMENTS

Water Sample Handling
Most testing procedures in this project will be conducted by the project field crew in the field and will be sent to the Cook Inlet Keepers Community Based Laboratory for analysis. Samples transported from the field to the Keeper lab will be labeled using the Sample Container Label shown in Figure F-5, and the following chain of custody procedure:

· Samples will be labeled and logged in a notebook upon collection.

· In the field, samples will be the responsibility of, and will stay with the filed field crew.

· Once samples have been collected they will be returned to the Reserve office and logged in for temporary storage.

· Samples will be refrigerated to maintain preservation temperature given in Table T-2.

· The Project Lead will then be responsible for transporting samples to the Keeper laboratory for analysis.

· The Project QA Officer or personnel from the certified lab will record the date and time the sample is received.

· At this point the sample will become the responsibility of the certified Keeper laboratory and will be subject to their sample custody and quality control procedures.

· Cook Inlet Keeper will deliver the results of the analysis electronically to the Reserve.

Macroinvertebrate laboratory identification and enumeration
In the laboratory, composite samples will be rinsed through a 350 um mesh sieve to remove residual formalin. Samples will be subsampled to achieve 500 individuals using fixed-count method described in King and Richardson (2002).  Sample material will be distributed evenly in a gridded pan.  Numbered squares in each pan will be selected using randomly selected numbers.  Material from each randomly selected square will be carefully removed and sorted under stereomicroscope at 10X magnification.  This process will be repeated until 500 individuals are removed from the sample, or the entire sample is sorted, whichever comes first.  Number of squares will be used to estimate the fraction of the total sample area subsampled, which can be used to estimate relative densities of organisms among sites.  Macroinvertebrates will be identified to the lowest practical level of identification, usually genus.  

Quality Assurance/Quality Control for sorting and taxonomy will by conducted following Barbour, Gerritsen et al 1999. Briefly, 10% of the sorted samples will be examined by a qualified member of the laboratory to ensure that the sorter missed no more than 10% of the organisms contained in the randomly subsampled grids.  A voucher collection will be maintained by the Aquatic Ecology lab at Baylor University.  Identification will be confirmed by qualified experts in the laboratory.  Funding does not permit independent verification of identifications by outside experts unless additional funds are made available by Alaska Fish and Game, or a taxonomic expert with Alaska Fish and Game is willing to verify identifications in the voucher collection.
Figure  F-5
SAMPLE CONTAINER LABEL

Kachemak Bay Research Reserve

Sample ID:  _________ Type of Sample:  _____________

Number _____ of ______

13.
ANALYTICAL METHODS REQUIREMENTS

The primary goal of this study will be to model the relationship between wetland setting and relative groundwater contributions to in stream habitat, including water temperature, and juvenile salmonid relative abundances.   
We will use two complementary statistical approaches for modeling relationships between wetland setting and relative groundwater contributions (predictors) and riparian and in-stream response variables: multiple linear regression and Regression Tree aAnalysis (RTA).  Summaries of data from individual streams will serve as observations in the analysis (n=36); i.e., the analysis will not be pseudoreplicated in any way.  

The use of multiple regression will depend largely on the distribution of the data and whether data suitably meet the parametric assumptions of the analysis.  Skewness and kurtosis of variables will be assessed prior to analysis.  Appropriate transformations (e.g., 1og10) will be applied to predictors when necessary to help data meet assumptions.  Correlations among variables will first be evaluated to determine collinearity and spatial dependency problems.  Regression models will be constructed following the watershed analysis framework outlined in  (King, Baker et al. 2005)
RTA will be used as an alternative modeling approach to multiple regression for variables that do not meet assumptions of multiple regression, or for other variables that are more successfully represented using a tree-based underlying response model.  RTA explains variation of a single response variable using one or more predictor variables.  Response variables can either be categorical (classification tree) or continuous (regression tree), although variables will be continuous in this study.  RTA works by recursively partitioning data into two mutually exclusive groups by selecting a predictor variable that best explains variation in the response variable (i.e., greatest reduction in deviance).  The process is repeated until the tree can no longer be grown based on a set of stopping rules and cross-validation of the model.  The method works particularly well when critical levels of a predictor result in an acute, threshold change in the mean and variance of the response.  The objective of the method is to explain as much variation (r2) in the response variable as possible while minimizing the size of the tree.  This is analogous to incorporating explanatory variables into multiple regression.  However, RTA has been shown to have numerous advantages over linear regression approaches, including (1) making very few assumptions about the properties of the data, (2) the detection of change in both the mean and variance of response variables, and (3) superior ability to reveal higher-order interactions (De’Ath and Fabricius 2000; Olden and Jackson 2002; Urban 2002).  
We will require that terminal nodes (leaves) and branches of each RTA model have no fewer than 5 and 10 observations, respectively.  We will cross-validate each tree model to determine the most appropriate size of the tree (i.e., number of explanatory variables included in the model).  Cross-validation will be conducted by randomly partitioning the data into 10 groups of equal or similar size and creating a cross-validation regression tree with only nine of the 10 groups.  This cross-validation tree will be subsequently used to predict response-variable data from each of the stations remaining in the tenth group.  The process will be repeated 10 times so that each of the 10 groups of sites will be used as the cross-validation group once.  We will retain predictors that resulted in an average overall model r2 within one standard error of the minimum model r2 among all possible trees (1 SE rule, De’Ath and Fabricius 2000).

Response variables in the multiple regression or RTA models will include:

· total juvenile salmonid density

· juvenile coho density

· density of 1+ year class salmonids
· density of 2+ salmonids 
· density of 0 year class salmonids

· macroinvertebrate density

· macroinvertebrate biomass

· macroinvertebrate community dissimilarity

· macroinvertebrate taxonomic richness

· no. of Ephemeroptera, Plecoptera, and Trichoptera (EPT) taxa

· % macroinvertebrate functional feeding groups

· water chemistry variables

· instream habitat variables

· riparian vegetation variables

For some sets of correlated ecological indicators, principal components analysis (PCA) or nonmetric multidimensional scaling (NMDS) will be used to extract axis scores that can be used as a response in the multiple regression or RTA analysis.  PCA will be limited to sets of variables such as physical habitat that are likely to meet the underlying linear response model required by the technique (McCune and Grace 2002).  PCA will likely be used only to analyze abiotic variables (instream habitat, water chemistry) to determine if wetland geomorphic class percentages are good predictors of instream habitat or water chemistry PCs.  NMDS will be used to ordinate macroinvertebrate taxonomic composition using Bray-Curtis dissimilarity following methods described in McCune and Grace (2002).  NMDS axis scores will represent a gradient in taxonomic composition.   This gradient will be related to wetland setting and shallow ground water inputs using multiple regression or RTA, as in the previous examples.  

Regression models developed using data from this study will be used to predict ecological support functions for all headwater stream reaches in the study area.  Wetland setting and ground water characteristics found to be useful predictors for each ecological support function will be computed for every watershed upstream of all stream reaches.  Percentages from each watershed will be plugged into specific regression equations to predict ecological support functions based on each variable considered.  The predicted associations will subsequently be mapped over the entire study area across all 1st order stream reaches.
14.
QUALITY CONTROL REQUIREMENTS

All water chemistry samples will be analyzed by the Cook Inlet Keepers Community Based Water Quality Lab, which is an established, certified laboratory. (see Appendix A for details). 

Quality control procedures are also built into the water chemistry collection procedures (see Appendiix E) and the stream discharge measurements (see Appendix F). Habitat assessment operating procedures are described in Section 12.  

15.        INSTRUMENT / EQUIPMENT TESTING, INSPECTION AND MAINTENANCE

All equipment, meters, kits and supplies will be checked upon receipt by the Project Officer to ensure that operations are within technical specifications before use.  

Before each sampling event the Field Crew Leaders will inspect all equipment for damage.  All meters will be inspected and calibrated prior to use and results will be recorded in field and laboratory logbooks.  All equipment is to be clean and in good working order before it is used.  If any equipment is found to be defective in any way, it will be replaced.

A supply of replacement equipment is kept in the laboratory.  This supply includes extras of commonly lost or broken equipment and enough reagents to perform all scheduled analysis procedures for at least three months.  

16.
INSTRUMENT CALIBRATION PROCEDURES
The YSI Multiprobe and Marsh McBirney Flowmeter are pre-calibrated from the manufacturer. If there is any sign of malfunction, equipment will be sent back to the manufacturer for re-calibration and/or maintenance.

17. INSPECTION AND ACCEPTANCE REQUIREMENTS FOR SUPPLIES

Monitoring equipment and supplies are ordered from Marsh McBirney Inc., Fisher Scientific, Ben Meadows Inc., Forestry Suppliers, Aquatic Resources Inc., and Biospec, and are inspected upon arrival by the Project Officer.  Instruments that do not meet project standards are shipped back to the manufacturer for replacement.

18. DATA ACQUISITION REQUIREMENTS

Required longitude and latitude information for monitoring sites is derived by using USGS topographic maps at 1:63,360 and confirmed by using GPS coordinates taken at the site by the Field Crew Leaders.  Sites are plotted and spatially checked using a Geographic Information System (GIS) computer mapping program (ArcView).  This information is used to identify monitoring sites and assign site numbers for entry into the monitoring data system.

19.
DATA MANAGEMENT
All observational data, water quality data and field measurements will be recorded at the time of sampling and analysis on the Field Data Sheets (Appendix C).  Data sheets will be signed by the Field Crew Leader.

Data sheets will be reviewed for precision, completeness, anomalous data, and general problems by the Project Officer.  Data that appear to be in error or do not fall within the expected range will be brought to the attention of the Project Officer for evaluation.  The Project Officer and the Field Crew Leaders will then check testing equipment and review procedures.  

Any problems found with data collected are noted on the Field Data Sheet as well as in lab and field logbooks.  Any changes to data will be initialed by the Project Officer and the Field Crew Leaders.  Data that do not meet project accuracy and precision objectives are not entered in the project data system and will not be used in project reports.

After review, data will be entered into the monitor data system.  This system is accessed by a network of PC’s in the Reserve office and consists of Microsoft Excel workbooks.  

The Microsoft Excel workbook will contain the following spreadsheets and fields:

Headwater Stream Habitat Variables, Inverts, and Fish
Spreadsheet 1: Site Description. The following data fields will be included: site id, date, team, GPS coordinates for site and waypoints, general site description, cloud percent, precipitation at time of visit, precipitation over last 24 hours,  time, temperature, specific conductivity, dissolved oxygen, pH, PO4-P, NO3-N, NO2-N, NO3-N + NO2-N, NH4-N total N, and total P values.

Spreadsheet 2: Fish Counts. The following data fields will be included: station identification, date, crew, subreach, gear, shocktime, species, count, total fish, total coho, total Dolly, total king, total steelhead, total salmonids, notes. 
Spreadsheet 3: Fish Length-Weight. The following data fields will be included: station identification, date, subreach, gear, species, length, weight.

Spreadsheet 4: Physical Habitat. The following data fields will be included: station identification, date, transect, maximum (thalweg) depth (cm), wetted width (m), channel cross-section dimensions, bank height, bank undercut distance, bank angle, velocity (m/s), presence of soft sediment, no. of large woody debris within bankfull channel, no. of large woody debris above bankfull channel, riparian canopy density (densiometer, %), substrate size classes, embeddedness (%), areal cover of fish concealment features, aquatic macrophyte cover and type, filamentous algae and periphyton cover, human disturbances: type and proximity to channel.  
Spreadsheet 5: Discharge. The following data fields will be included: station identification, date, distance, depth, velocity, comments. 

Spreadsheet 6: Benthic macroinvertebrates. The following data fields will be included: station identification, date, transect, stream habitat, habitat, comments.
· Spreadsheet 7: Riparian Assessment. The following data fields will be included: station  identification, date, segment, substrate cores bulk density, substrate core total N, total P, and extractable forms of nitrogen (nitrate + nitrite, ammonium) and phosphorus (orthophosphate),  standing vegetation stocks of nitrogen and phosphorus.
A final, edited copy of all data, along with a data map, will be electronically sent to Sport Fish Division Research and Technical Services (RTS) for archiving.  The data map will include a description of all electronic files contained in the data archive, all data fields, and details of where hard copies of any associated data are to be archived, if not in RTS.  The data archive will include all SAS programs (presently Version 8.2) and SAS input data files, Excel workbooks (presently in Excel 2000), and any other data summaries.  

Data will be compiled weekly by the Project Officer and reviewed for precision, accuracy and completeness by the Project QA Officer and the Project Officer.  Computer data records as well as original data sheets will be maintained at the Keeper office indefinitely.

20.
ASSESSMENTS AND RESPONSE ACTIONS

If errors are discovered in data entry or management they will be corrected.  If problems with data entry or management persist, procedures will be reviewed and revised accordingly.

Water samples will be assessed by the Cook Inlet Keeper Community Based Water Quality Laboratory, located in Homer, Alaska.  The Keeper participates in quality assurance programs as described in Appendix A.

This project is open to EPA system audits at their discretion.

21.
REPORTS

Reports will be reviewed by all three co-principal investigators, and the Reserve Research Coordinator prior to submittal to EPA.  Quarterly reports will include:

· review of quality assurance protocols;

· spreadsheets detailing all data collected;

· graphs depicting test results for each parameter at each site;

· discussion of methodology

· discussion of data analysis;

· photographs of sampling sites;

· GIS maps showing relevant information;

· conclusions with recommendations for future efforts.

· Progress on each workplan task, with a comparison to the time-line
· A report of problems or delays completing any of the tasks

Reports will be provided to USEPA, and to the Alaska Department of Fish and Game, Sportfish Division for distribution at their discretion.  

22.  DATA REVIEW, VALIDATION AND VERIFICATION REQUIREMENTS

All data collected are reviewed weekly by the Field Crew Leaders and Project Officer to determine if the data meet QAPP objectives.  Decisions to reject or qualify data are made jointly by the Field Crew Leaders and Project Officer. 

23.
VALIDATION AND VERIFICATION METHODS
Field data sheets must be filled out completely and signed by the field crew leaders at the time of sampling and analysis.  The Project Officer will review each data sheet for precision, missing or illegible information, errors in calculation and values outside of the expected range and initial each data sheet upon completing this review.  Any questionable data will be brought to the attention of the Project Officer for resolution according to the guidelines outlined in Section 19.  Any changes made to data will be initialed by both the Project Officer and the Field Crew Leaders and any action taken as a result of the data review will be specifically recorded on the data sheet.  Data will then be entered into the monitoring data system, which is designed to flag any values which fall outside of the expected range for each parameter.

The Project Officer will compare monthly data reports to original field data sheets to ensure accurate data entry and initial each data sheet to verify that review.  The Project Officer will also review and initial equipment maintenance logs and sample custody forms on a monthly basis

The final report will include discussion of any data quality problems.  

24.
RECONCILIATION WITH DATA QUALITY OBJECTIVES

Calculations and determinations for precision and completeness will be made by the Project Officer during the review process (see Sections 19, 22 & 23).  Verification of data accuracy will be made by the Project Officer and Crew Leaders. Discussion of any measures taken to resolve quality assurance problems will be included in semi-annual reports.

If data quality indicators do not meet project specifications (see Table T-2) data will not be entered in the project data system and will not be used in annual reports.  The cause of failure will be evaluated.  If the cause is found to be equipment failure, calibration and maintenance procedures will be reassessed and improved.  If the problem is found to be procedural error, the Project Officer and the Field Crew Leaders will jointly review the methods used.  If accuracy and precision goals are frequently not being met QC procedures will be reviewed and may be revised.

If failure to meet project objectives is found to be unrelated to equipment, methods, or procedural error, project specifications may be revised.  Revisions to this QAP will be submitted to the designated USEPA quality assurance officers for approval.
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APPENDIX A

COOK INLET KEEPER COMMUNITY BASED WATER QUALITY LABORATORY

LABORATORY PROFILE
The Cook Inlet Keeper’s Community Based Water Quality Laboratory participates in two quality assurance programs to ensure that Keeper's laboratory continues to maintain its high quality assurance record. These programs provide inter-laboratory
comparisons with federal, state, municipal, and university laboratories. An analysis of these samples provides the means
to alert participating laboratories of possible deficiencies in their analytical operations, and also provides reference materials for in-house quality control programs. Keeper's results on the last round robin for both programs ranked high with all labs across the country.

1. U.S. GEOLOGICAL SURVEY STANDARD REFERENCE SAMPLE PROJECT - PERFORMANCE
EVALUATION OF ANALYTICAL LABORATORIES
Introduction

Since 1962, the U.S. Geological Survey (USGS) has operated the Standard
Reference Sample Project to evaluate the performance of USGS, cooperator,
and contractor analytical laboratories that analyze chemical constituents of
environmental samples. The laboratories are evaluated by using performance
evaluation samples, called Standard Reference Samples (SRSs). SRSs are
submitted to laboratories semi-annually for round-robin laboratory
performance comparison purposes. Currently, approximately 100 laboratories
are evaluated for their analytical performance on six SRSs for inorganic and
nutrient constituents. As part of the SRS Project, a surplus of homogeneous,
stable SRSs is maintained for distribution to USGS offices and participating
laboratories for use in continuing quality-assurance and quality-control
activities.

Statistical evaluation of the laboratories results provides information to
compare the analytical performance of the laboratories and to determine
possible analytical deficiences and problems. SRS results also provide
information on the bias and variability of different analytical methods used
in the SRS analyses.

Although the SRS Project is not a certification program, participation is
required for all laboratories that provide water-quality data for the USGS.
Laboratory personnel select the SRSs to analyze and must include the
analyses and methods that are routinely performed for USGS investigations.

The link is as follows: http://bqs.usgs.gov/srs/FactSheet.htm
 
2. NOAA/NERRS Analytical Laboratory Intercomparison Study: 

The purpose is to ensure that quality control measures are being performed
and assess the quality of analyses from various laboratory intercomparisons.
Cook Inlet Keeper Community Based Water Quality Laboratory-Methodology and Detection Limits for Headwater Stream Nutrient Analysis

	Parameter
	Matrix
	 Method
	Range
	Units
	Method Detection Limit (Sensitivity)
	Precision
	Accuracy
	Calibration Method

	Nitrogen-Ammonia
	Water
	Nesslerization (Hach 8038)
	0 to 2.50
	mg/l
	0.06 mg/l
	± 0.015 mg/l
	± 0.015mg/l
	Standard Solutions Method

	Nitrogen-Ammonia
	Water
	Technicon Auto Analyzer II (University of Washington method)
	0 to 0.096
	mg/l
	0.0007 mg/l
	NA
	NA
	NA

	Nitrogen-Nitrate
	Water
	Cadmium Reduction (Hach 8192)
	0 to 0.40
	mg/l
	0.01mg/l
	± 0.010 mg/l
	± 0.010mg/l
	Standard Solutions Method

	Nitrogen-Nitrate-nitrite 
	Water
	Technicon Auto Analyzer II (University of Washington method)
	0 to 2.5 
	mg/l
	0.0021
	NA
	NA
	NA

	Nitrogen-Nitrite 
	Water
	Technicon Auto Analyzer II (University of Washington method)
	0 to 2.5 
	mg/l
	0.0001
	NA
	NA
	NA

	
	
	
	
	
	
	
	
	

	Ortho-Phosphate
	Water
	Ascorbic Acid (Hach 8048)
	0 to 2.50
	mg/l
	0.01 mg/l
	± 0.02 mg/l
	± 0.02 mg/l
	Standard Solutions Method

	Ortho-Phosphate
	Water
	Technicon Auto Analyzer II (University of Washington method)
	0 to 0.096 
	mg/l
	0.0006
	NA
	NA
	NA

	Suspended Solids
	Water
	Photometric (Hach 8006)
	0 to 750
	mg/l
	1 mg/l
	NA
	NA
	NA

	Total Phosphorus
	Water
	Acid Persulfate Digestion (Hach 8190)
	0 to 2.50
	mg/l
	0.01 mg/l
	± 0.02 mg/l
	± 0.02 mg/l
	Standard Solutions Method


APPENDIX B
HEADWATER STREAM FIELD DATA SHEETS

See Attached Excel Workbook

APPENDIX  C
HEADWATER STREAM WATER CHEMISTRY CHAIN OF CUSTODY FORM

	Cook Inlet Keeper
	
	CHAIN OF CUSTODY RECORD

	PROJECT:  KBRR Headwater Streams
	COLLECTOR(S): (Signatures)

	LOCATION: Anchor River
	

	DISTRIBUTION:


	ORIGINAL - To accompany all samples
	COPY

	Station

Number
	Sample Container ID #
	Date
	Time
	Sample

Type
	Contain​er
	Preserva​tive
	Analysis

Required
	Due

Date
	Remarks

	
	
	
	
	
	Vol.
	Type
	
	
	
	

	
	
	
	
	
	30ml
	filt
	none
	
	
	

	
	
	
	
	
	30ml
	filt
	none
	
	
	

	
	
	
	
	
	xtra
	filt
	none
	
	
	

	
	
	
	
	
	250ml
	unfilt
	yes
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	Relinquished by: (Signature)

	Received by: (Signature)
	Date
	Time
	Method of Shipment: FedEx

	
	
	
	
	
	
	
	
	
	
	
	

	Relinquished by: (Signature)

	Received by: (Signature)
	Date
	Time
	

	
	
	
	
	
	
	
	
	
	
	
	Destination:
	

	Relinquished by: (Signature)

	Received by: (Signature)
	Date
	Time
	

	
	
	
	
	
	
	
	
	
	
	
	

	Dispatched by: (Signature)

	Date
	Time
	Received for Laboratory by: (Signature)
	Date
	Time
	


APPENDIX D
HEADWATER STREAM WATER CHEMISTRY COLLECTION PROCEDURES
Standard Operating Procedure for The Collection, Filtration, and Preservation of Freshwater Samples to be analyzed for Total Nitrogen, Total Phosphorus, NO3 + NO2 as N, NO2 as N, NH3as N, and PO4 as P

A.
Equipment and Supplies: All supplies will be provided by the Kachemak Bay Research Reserve. 
For each sampling event, you will need:
· 2 250 ml square bottles

· 2 30 ml vials, labeled

· sulfuric acid preservative

· 1 disposable syringe

· 1 (or 2) disposable syringe filters

· 1 pair forceps

· de-ionized water

· ice pack

B.
Labeling of sample bottles and vials: The 250 ml sample bottles should be labeled with: sample#, site#, date and time collected, collector’s name, volume of 4.5N H2SO4 added (1ml).

The 30 ml vials will be pre-labeled with a number only.  Sample collection date, collection time, Site ID #, and vial #  will need to be recorded on the data sheet.  This information needs to be provided with the samples when delivered to KBRR.
C.
Sample Collection and Filtration: At each sampling event, you will be collecting two types of water samples: filtered and unfiltered. The filtered samples are analyzed for nitrate-nitrite, ammonium and phosphate; the unfiltered samples are analyzed for total nitrogen and total phosphorous.  Collect your filtered sample first, then collect your sample to be preserved with 4.5N H2SO4.
Filtration Procedure for nutrient samples into 30 ml vials

Equipment:  ( Filled 125ml sample bottle; ( 60 ml syringe; ( syringe filter; ( two 30ml sample vials with lids; ( 200 ml of distilled water. 

(Note:  The 125 ml sample bottle will be used as the collection vessel for the filtered sample.)  

1. Record the vial numbers on your data sheet.  Without this information, we will be unable to identify the sample.

2. Make sure the filter holder is securely attached to the syringe.

3. Remove the cap from the filter holder and the plunger from the syringe.

4. Fill the syringe completely with distilled water, insert the plunger until it snaps in and press the plunger down until all water is expelled.  Repeat this process three times to filter 100 ml of distilled water.  This process will flush out any contaminants that may be on the filter.

5. Rinse the 125ml sample bottles three times with sample water downstream of your sampling site.
6. Fill the sample bottle full from your sampling site.
7. From the 125 ml sample bottle, rinse the syringe, and plunger 3 times with sample water.  Be sure to mix sample between each rinse. 

8. Mix the 125ml bottle of sample water and then completely fill the syringe from the bottle by pouring the water into the syringe.

9. Insert the plunger a small amount into the syringe, until it snaps in.

10. Holding the syringe upright, press the plunger down to filter about 5ml of sample water into the first sample vial to rinse.  Also rinse the cap.

11. Filter 30 ml into each 30ml sample vial and securely cap the vial.  Do not overfill the sample vials.  

12. Place vials in cooler with ice.

13. If the sample is very turbid and you are unable to force any more sample water through the filter, then you should change the filter. To change filters, remove and dispose the syringe filter from the syringe. Empty remaining water sample. Place a new syringe filter onto the syringe. Pour additional sample into top of syringe and resume filtering into the 30ml vial.
Sample Collection Procedure for Total Nitrogen and Total Phosphorus Samples

Equipment:   ( 125 ml sample bottle; ( 4.5N H2SO4 dropper bottle
1. Completely fill in the labels of your 125ml bottles with sample#, site#, name , time collected, and date. 

2. Record the bottle number on your data sheet.

3. Rinse the sample bottles three times with sample water downstream of your sampling site.

4. Fill the sample bottle with 120 ml of sample water from your sampling site. 

5. Record the sample collection time on your data sheet.

6. Add 1 ml (25 drops from dropper bottle) of  4.5N H2SO4  per 120 ml sample into sample bottle. 

7.  Place in cooler on ice.
APPENDIX E
HEADWATER STREAM DISCHARGE MEASUREMENT PROCEDURES 

Standard Operating Procedures for Measuring Discharge

Stream Discharge:
Current Meter Method

A current-meter measurement is the summation of the products of the subsection areas of the stream cross section and their average velocities. 

Equipment

Current meter, wading rod, fiberglass measuring tape, water chemistry data sheet
Procedure

1. The first, and one of the most important steps, is the selection of a reach of stream for making a discharge measurement.  Velocities within a natural stream channel are not always uniform nor parallel to the channel bottom and stream banks.  Current meters do not measure vertical velocities, which are created by obstructions to flow, e.g. large boulders, logs, etc.  So it is important to select the best reach using the following criteria:

a. A straight reach with the threads of velocity parallel to each other (observable as smooth laminar flow without turbulent, choppy, or wavy water areas),

b. Stable streambed free of scattered boulders, weeds, and protruding obstructions such as logs, which would create turbulence, or vertical velocity threads.

c. A long straight pool area provides the best stream reach.  After selecting the best reach then select a cross section to make your measurements.  Normally, the best cross section location is near the outlet of the pool where velocities are parallel and consistent.  (Caution:  avoid cross-sections with backwater eddies near the banks.)

2. String a measuring tape across the stream at right angles to the direction of flow (not necessarily at a right angle to the channel).  

3. Assemble the current meter bulb onto the top setting wading rod.

4. Record the site name and location, date, name of monitor, type of meter used, description of the weather including precipitation for the past 48 hours, and any other pertinent observations.
5. Record which side of the stream you are starting from as you look downstream and the distance from the beginning of the measuring tape to the waters edge.  The measuring tape should run from high water mark to high water mark.  Along with noting which side of the stream you begin from note the distance from the end of the tape to the waters edge, e.g. REW 3.7 is right edge of water at 3.7 feet.  The water depth will be “0” (zero) at the water edge.

6. Move out to the next increment of measurement and place the top-setting wading rod so the base plate rests on the streambed. For small streams (less than 15 feet across), use 1 foot increments.  For larger streams, use 3 foot increments.
7. The depth is read from the incremented hexagonal main rod.  Units are 1/10 foot, half-foot increments are marked by double lines, and each whole foot increment is marked with triple lines.  Record the distance along the tape and the water depth in the Water Chemistry Field Notebook.
8. If the depth is greater than 0.5 foot and less than 2.5 feet, set the meter depth by adjusting the wading rod.  Align the appropriate whole foot mark (located on the round rod) with the appropriate 1/10 foot mark (located on the handle).

9. It is important to stand at full arms length behind and to one side of the wading rod and current meter when measuring velocities.  Never stand directly behind the instrument because the resistance between you and the water decreases the velocity of the water in the immediate area of your body.

10. Record the reading on the reading on the meter.

11. If the water depth is greater than 2.5 feet then two velocity measurements must be taken, one at 0.2 of the depth and one at 0.8 of the depth.  Using the wading rod the two settings are obtained by dividing the water depth by 2 (0.2 depth) and multiplying the water depth by 2 (0.8 depth) and setting these values on the wading rod as described in step 8 above.  Example, if the depth is 2.8 feet set the wading rod at 1.4 ft. (for 0.2 depth) and 5.6 ft. (for 0.8 depth), respectively.  Record the current meter readings at both depths. 

Note:  The average of these two velocities will be used to calculate the discharge for this cell.

12. Move out to the next increment along the fiberglass tape and repeat steps 7 through 11.  Repeat these steps until you reach the opposite water edge.

The following information should be recorded :

Stream Discharge:

a. Monitor Names

b. Site ID

c. Date

d. Temp range past 48 hours

e. Present Air temp

f. Present Water temp

g. Distance from Bank

h. Depth

i. Current Meter Reading

j. Remarks (bank stage, bottom substrate, etc.) 
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HEADWATER STREAM PROJECT OFFICER AND CREW LEADER RESUMES

Coowe Moss Walker

Resume

Watershed Specialist

Kachemak Bay National Estuarine Research Reserve

95 Sterling Highway, Suite 2

Homer, AK 99603

907.226.4651

coowe_walker@fishgame.state.ak.us

EDUCATION

M.Sc. 1993. University of Virginia, Environmental Science 
B.Sc. 1988. University of Maryland. Natural Resource Management. Natural Resources, Magna Cum Laude

A.Sc. 1983. Pennsylvania State University.  Wildlife Biology, Summa Cum Laude

PROFESSIONAL EXPERIENCE

2001-2007 Watershed Coordinator, Kachemak Bay Research Reserve

1999-2001 Special Projects Lead, Kachemak Bay Research Reserve

1998-1999 Research Assistant, University of Maryland, College Park, MD

1993-1997 Wetlands Consultant, Moss Environmental, Gig Harbor, WA

1992-1993 Research Technician, Cornell University Entymology Laboratory, Ithaca, NY.

1990-1991 Research Assistant, University of Virginia, Charlottesville, VA

1989-1990 Museum Specialist, Smithsonian Institute, Division of Birds, Washington, D.C.

1985-1987 Refuge Management Coop Student. US Fish and Wildlife Service. 

1986-1988. Soils Technician. Agronomy Department. University of Maryland.

1988-1989. Boat and dive assistant, Airlie Beach, Australia.

RESEARCH INTERESTS

Developing the Reserve's watershed research program with the broad goal of understanding the patterns and processes that connect uplands, wetlands, streams and the nearshore ecosystems of the lower Cook Inlet region, and in particular to provide useful and timely information to managers and communities. Initial building of the watershed research program has involved developing wetlands functional assessments from a landscape perspective, and convening a workshop of researchers focused on framing a research plan for investigating nutrient sources and sinks connecting peat wetlands and streams on the lower Kenai Peninsula.  

RELEVANT PUBLICATIONS and PRESENTATIONS

Walker, C., C. Stricker, D. Rinella, and M. Wipfli. 2006. Investigations into the relationship between water chemistry  and salmon escapement: can a nutrient proxy for salmon escapement be developed? Poster presentation, Marine Science Symposium, Anchorage, AK.

Walker, C. , D. Rinella, M. Wipfli and C. Stricker. 2005. Tracking Marine Derived Nutrients in Alaskan Watersheds. Poster presentation. State of the Salmon Conference, Anchorage, AK.

Rinella, D., M. Wipfli, C. Walker, C. Stricker and R. heintz. 2006. Marine Derived Nutrients (MDN) in Riverine Ecosystems: developing monitoring tools for tracking MDN in Alaskan watersheds. Poster presentation. Marine Science Symposium, Anchorage, AK.

Kachemak Bay Research Reserve and National Oceanic and Atmospheric Administration, Coastal Services Center. 2001. Kachemak Bay ecological characterization. CD-ROM. Project Coordinator.  

Walker, C. and S. Baird. 2003. Wetland functions in the landscape: a tool for managers, planners and property owners in the Anchor River. CD-ROM. Kachemak Bay Research Reserve. 

GRANTS and CONTRACTS
U. S. EPA – Regional Wetlands Grant Program via Alaska Fish and Game

Department.  The functional significance of low-order streams and associated

riparian wetlands in supporting fish and invertebrate populations in the Kenai

Lowlands, Alaska: Attributing the Kenai Lowlands Wetland Management Tool.

$58,993 of $81,630 to C. Walker. C. Walker (PI), D. F. Whigham, R. S. King. 2005-2006.

Exxon Valdez Trustee Council, Gulf Ecosystem Monitoring Program. Presence and Effects of Marine Derived Nutrients (MDN) in Stream, Riparian and Nearshore Ecosystems on Southern Kenai Peninsula, Alaska: Developing Monitoring Tools for Tracking MDN in Alaska Watersheds. $324,000 of $450,000 to C. Walker. C. Walker (PI), M. Wipfli (PI), C. Stricker (PI). 2003-2006.

U. S. EPA – Kenai Lowlands Watershed Research Workshop. $11,500 to C. Walker. C. Walker (PI) and the Homer Soil and Water District. 2003.

Alaska Department of Governmental Coordination. Landscape planning to avoid cumulative impacts to wetlands.  $110,000 to C. Walker. C. Walker (PI) and G. Seaman. 2002
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Biographical Sketch 

Address:
Smithsonian Environmental Research Center, P.O. Box 28, Edgewater, MD 21037, Phone: 443-482-2226, Fax: 443-482-2380, Email: Whighamd@si.edu
and

Professor of Landscape Ecology, Utrecht University, The Netherlands

Education:
Wabash College, Crawfordsville, IN; B.A. in Biology, 1966


University of North Carolina, Chapel Hill, NC; Ph.D. in Botany, 1971

Positions:
Post-doctoral Fellow, University of North Carolina at Chapel Hill; Jan-Aug., 1971


Assistant Professor, Rider College, Lawrenceville, NJ; Aug. 1971 – Sept. 1976


Associate Professor, Rider College, Lawrenceville, NJ; Sept. 1976 – Dec. 1976


Research Ecologist, Smithsonian Environmental Research Center, Edgewater, MD; Jan. 1977 – present


Acting Assistant Director, Smithsonian Environmental Research Center, Edgewater, MD; 1981 - 1982 


Visiting Scientist, Utrecht University, The Netherlands; 1987 - 1988.


Bullard Fellow, Harvard University, Petersham, MA; Jan. – July, 1998.

Current Professional and Social Activities


Board of Editors: Plant Species Biology, Wetland Ecology and Management


Board of Directors & Vice-Chair for Science: Maryland/DC Chapter of The Nature Conservancy


Board of Directors: The Wintergreen Nature Foundation


Science Advisor: Jug Bay Wetlands Sanctuary


Science Advisor: Chesapeake Wildlife Heritage


Member: IUCN Orchid Specialist Group


Member: National Technical Review Committee, U.S. Corps of Engineers

Member: Ecological Society of America, Botanical Society of America, Torrey Botanical Society, American Institute of Biological Sciences, Association of Southeastern Biologists

Recent Publications (total of almost 200 refereed articles and 6 edited books)

King, R. S., M. E. Baker, D. F. Whigham, D. E Weller, T. E. Jordan, M. K. Hurd, and P. F. Kazyak.  In press.  Land-use thresholds and stream macroinvertebrate assemblages: influence of physiography, watershed size, and spatial arrangement.  Journal North American Benthological Society.

Shimamura, R., N. Kachi, H. Kudoh and D.F. Whigham.  2005.  Visitation of a specialist pollen feeder Althaeus hibisci Oliver (Coleoptera: Bruchidae) to flowers of Hibiscus moscheutos L. (Malvaceae).  Journal of the Torrey Botanical Society. 132: 197-203.

Hosaka, N., S.E. Gómez, N.  Kachi, J.F. Stuefer, D.F. Whigham. 2005.  The ecological benefits of clonal growth in the understory tree Asimina triloba.   Northeastern Naturalist 12: 11-22.

Huber, H., D.F. Whigham, and J. O’Neill.  2004.  Time of disturbance changes the balance between growth and survival of parent and offspring ramets in the clonal forest understory herb Uvularia perfoliata.  Evolutionary Ecology 18: 521-539. 

King, R. S., M. E. Baker, D. F. Whigham, D. E Weller, T. E. Jordan, M. K. Hurd, and P. F. Kazyak. 2005.  Spatial considerations for linking watershed land cover to ecological indicators in streams.  Ecological Applications 15: 137-153.

King, R. S., J. R. Beaman, D. F. Whigham, A.H. Hines, M.E. Baker, and D.E. Weller.  2004.  Watershed land use is strongly linked to PCBs in white perch in Chesapeake Bay subestuaries.  Environmental Science and Technology 38: 6546-6552.

Whigham, D.F.  2004.  The ecology of woodland herbs in temperate deciduous forests.  Annual Review Ecology, Evolution and Systematics 35: 583-621.

McCormick, M.K., D.F. Whigham, and J. O’Neill.  2004.  Mycorrhizal diversity in photosynthetic terrestrial orchids.  New Phytologist 163: 425-438.

Feller, I.C., D.F. Whigham, K.L. McKee, and C.E. Lovelock.  2003.  Nitrogen limitation of growth and nutrient dynamics in a disturbed mangrove forest, Indian River Lagoon, Florida.  Oecologia 134: 405-414.

Jordan, T., D.F. Whigham, K. Hofmockel, and M. Pittek.  2003.  Nutrient and sediment removal by a restored wetland receiving agricultural runoff.  Journal of Environmental Quality 32: 1534-1547.

Whigham, D.F. and T.E. Jordan.  2003.  Isolated wetlands and water quality.  Wetlands 23: 541-549.

Whigham, D.F., D.E. Weller, A. Deller Jacobs, T.E. Jordan, and M.E. Kentula.  2003.  Assessing the ecological condition of wetlands at the catchment scale.  Landschap 2: 99-111. 

Whigham, D.F., I. Olmsted, E. Cabrera Cano and A.B. Curtis.  2003.  Impacts of hurricanes on the forests of Quintana Roo, Yucatán Peninsula, Mexico.  Pp. 193-213.  In: A. Gómez-Pompa, M.E. Allen, S.L. Fedick and J.J. Jiménez-Osornio (eds.)  The Lowland Maya Area: Three Millennia at the Human-Wildland Interface. Food Products Press, Binghamton, NY. 

Kitamura, K., M. Tatsuyoshi, H. Kudoh, J. O’Neill, F.H. Utech, D.F. Whigham, and S. Kawano.  2003.  Demographic genetics of the American Beech (Fagus grandifolia Ehrh.)  III. Genetic substructuring of Coastal Plain populations in Maryland.  Plant Species Biology 18: 13-34.

Whigham, D.F. and J.H. Willems.  2003.  Demographic studies and life-history strategies of temperate terrestrial orchids as a basis for conservation.  Pp. 137-158.  In: K.W. Dixon, S.P Kell, R.L. Barrett and P.J. Cribb (eds.).  Orchid Conservation.  Natural History Publications, Kota Kinabaluk, Sabah.

Feller, I.C., K.L. McKee, D.F. Whigham, and J.P. O’Neill.  2002.  Nitrogen vs. phosphorus limitation across an ecotonal gradient in a mangrove forest.  Biogeochemistry 62: 145-175.

Whigham, D.F., M.A. Pittek, K.H. Hofmockel, T. Jordan, and A.L. Pepin.  2002.  Biomass and nutrient dynamics in restored wetlands on the outer Coastal Plain of Maryland.  Wetlands 22: 562-574.

Whigham, D.F., J. O’Neill, M. McCormick, C. Smith, H.R. Rasmussen, B. Caldwell, and T. Daniell.  2002.   Interactions between decomposing wood, mycorrhizas, and terrestrial orchid seeds and protocorms.  Pp. 117-132.  In: P. Kindlmann, J.H. Willems, and D.F. Whigham (eds.).  Underlying Mechanisms of Trends and Fluctuations in Terrestrial Orchid Populations. Backhuys Publishers, Leiden, The Netherlands.

Kindlmann, P., J.H. Willems, and D.F. Whigham (eds.).  2002.  Underlying Mechanisms of Tends and Fluctuations in Terrestrial 0rchid Populations. Backhuys Publishers, Leiden, The Netherlands.

Rasmussen, H.N. and D. F. Whigham.  2002.  Phenology of roots and mycorrhiza in five orchid species differing in phototrophic strategy.  New Phytologist 154: 797-807.

Recent and Current Collaborators

A. Barendrecht, Utrecht University, The Netherlands; M. Baker, Smithsonian Environmental Research Center(SERC); D. Bilkovic, Virginia Institute of Marine Sciences; M. Brinson, East Carolina University; R. Brooks, Pennsylvania State University; T. Bruns, University of California Berkley; M. Cable Rains, University of South Florida; B. Caldwell, Oregon State University; A. Deller Jacobs, State of Delaware; C. Gallegos, SERC; I. Feller, SERC; K. Hershner, Virginia Institute of Marine Sciences; A. Hines, SERC; T. Jordan, SERC; S. Kawano, Kyoto University, Japan); M. Kentula, U.S. Environmental Protection Agency; P. Kindelman, University of South Bohemia, Czech Republic; R. King, Baylor University; K. Kitamura, Forestry and Forest Products Research Institute, Japan; H. Kudoh, Osaka University, Japan; C. Lovelock, University of Queensland; P. Marra, SERC; M. McCormick, SERC; P. Megonigal, SERC; D. Weller, SERC; Dag Inge Oien, Norwegian Technology University; Norway; Tim Filley, Purdue University; H. Rasmussen, Danish Forest and Landscape Research Institute, Denmark; R. Rheinhardt, East Carolina University; J. Shortle, Pennsylvania State University; Lee Taylor, University of Alaska; K. Thornton, FNS Associates; J. Verhoeven, Utrecht University, The Netherlands; D. Wardrop, Pennsylvania State University; M. Werger, Utrecht University, The Netherlands; D, Wijesinghe, Sussex University, UK; J. Willems, Utrecht University, The Netherlands 

Postdoctoral Advisees

Martin Cipollini, Berry College; Ilka Feller, Smithsonian Institution; Heidrun Huber Nijmegen University, The Netherlands; David Gorchov, Miami University; Ryan King, Baylor University; Hiroshi Kudoh, Osaka University, Japan; Melissa McCormick, Smithsonian Institution; Hanne Rasmussen , Denmark; Allison Snow, Ohio State University; Tim Spira, Clemson University; Joseph Stuefer, Nijmegen University; Lisa Wagner, Clemson University; Zhigang Wang, Cambridge University, UK; Jacob Weiner, The Royal Veterinary and Agricultural University, Denmark; Dushyantha Wijesinghe, Sussex University, UK; Jos Verhoeven, Utrecht University, The Netherlands; Jess Zimmerman University of Puerto Rico.

Graduate Student Advisees

Pamela Bradley (MS, Georgia Southern University), Helen Dijkstra (Ph.D., Rutgers University), Lucia Dillenburg (Ph.D., University of Maryland), Matthew Dickinson (Ph.D. Florida State University), Edu Dorland (Ph.D., Utrecht University, The Netherlands), Diane Eckels (MS, Towson State University), Mariet Hefting (Ph.D., Utrecht University, The Netherlands), Naomi Hosaka (Ph.D. candidate, Tokyo Metropolitan University, Japan), Makihiko Ikegami (Ph.D., Utrecht University, The Netherlands), Anne Innis (Ph.D. candidate, University of Maryland), Joan Maloof (MS and Ph.D., University of Maryland), Laura Mazanti (Ph.D., University of Maryland), Nancy Mick (MS, University of Florida), Maurice Paulissen (Ph.D., Utrecht University, The Netherlands), Toni Pepin (Ph.D., George Mason University), Ryoji Shimamura (Ph.D., Tokyo Metropolitan University, Japan), Susan Sollie (Ph.D. candidate, Utrecht University, The Netherlands), Sylvia Toet (Ph.D., Utrecht University, The Netherlands), Tommy van den Broek (Ph.D. candidate, Utrecht University), Isabelle van den Wyngaert (Ph.D., Utrecht University, The Netherlands).
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RESUME

Assistant Professor of Biology

Center for Reservoir and Aquatic Systems Research

Department of Biology

Baylor University

P.O. Box 97388, Waco, TX 76798-7388

Tel: 254.710.2150; E-mail: Ryan_S_King@baylor.edu
RESEARCH Aquatic community ecology (species-environment linkages, elemental imbalances

INTERESTS in food webs); Landscape ecology (effect of spatial pattern on process, watershed linkages to stream ecosystems, scaling issues); Ecological assessment (identifying ecological thresholds, developing numerical water-quality criteria, bioassessment methods); Quantitative ecology (new techniques in multivariate and spatial analysis).

EDUCATION DOCTOR OF PHILOSOPHY, September 2001

Department of the Environment, Duke University, Durham, NC

Dissertation: Dimensions of invertebrate assemblage organization across a

phosphorus-limited Everglades landscape.

Advisor: Curtis J. Richardson. Concentration: Community and landscape ecology.

MASTER OF ENVIRONMENTAL MANAGEMENT, May 1996

Nicholas School of the Environment, Duke University

Thesis: Spatial and diel variability in the availability of flying insects as duckling

food in prairie pothole wetlands of North Dakota.

Advisor: Robert G. Qualls. Concentration: Water resources management.

BACHELOR OF SCIENCE, summa cum laude, August 1994

Harding University, Searcy, AR

Major: Biology. Honors thesis: Relationship between rainbow trout food habits

and benthic macroinvertebrates in the Greer’s Ferry Tailwater, Arkansas.

PROFESSIONAL EXPERIENCE

Assistant Professor, Department of Biology, Baylor University. 2004 

Aquatic Ecologist, Smithsonian Environmental Research Center, Edgewater, MD.

2001–2004.

Research Associate, Duke Wetland Center, Nicholas School of the Environment,

Duke University. 1996–2001

Teaching Assistant, Multivariate Analysis in Community and Landscape

Ecology, Nicholas School of the Environment, Duke University. 2000

NNEMS Fellow, Wetland Function Group, Mid-Continent Ecology Division, United

States Environmental Protection Agency, Duluth, MN. 1995.

Stream Ecology Researcher, Department of Biology, Harding University. 1993-

1994

AWARDS AND 2004-2007 – Research Associate appointment, Smithsonian Environmental Research Center, Office of Fellowships, Smithsonian Institution.

PROFESSIONAL RECOGNITION 
2001 – William H. Patrick, Jr. Award for Best Student Oral Presentation (honorable

mention). 7th International Symposium on the Biogeochemistry of Wetlands.

Durham, North Carolina

2001 – Oak Ridge Institute for Science and Education (ORISE) Postdoctoral

Fellowship (declined)

1999-2000 – Center for Transportation and the Environment (CTE) Fellowship

1997-2001 – Nicholas School of the Environment Scholarship for Doctoral Studies

1996 – Nicholas School of the Environment Conference Travel Award

1995 – National Network for Environmental Management Studies (NNEMS)

Fellowship, United States Environmental Protection Agency

1992-1994 – American Studies Program for Distinguished Students

1992-1994 – Alpha Chi National Honor Society

PROFESSIONAL ACTIVITIES 

Associate Editor, Journal of the North American Benthological Society. 2003– .

J-NABS is ranked 4th out of 74 journals in Marine and Freshwater Biology (Impact Factor of 2.37 in 2003).

Manuscript Referee: Annals of the Entomological Society of America; Archiv für

Hydrobiologie; Ecological Applications; Ecology & Ecological Monographs;

Ecosystems; Environmental Entomology; Environmental Management;

Hydrobiologia; Journal of Environmental Quality; Journal of the North American

Benthological Society; Kluwer Academic Monograph Series; Lakes and Reservoirs:

Research and Management; Limnology and Oceanography; Soil Science Society of

America Journal; Southeastern Naturalist (Guest Editor); Springer-Verlag

Ecological Monograph Series; United States Environmental Protection Agency;

Wetlands

Peer-Review Consultant, Versar, Inc., Springfield, VA


Critically reviewed wetland bioassessment “State-of-the-Science” modules


published by the United States Environmental Protection Agency. 2000–2001,


2003

Workgroup Member, Regional Technical Advisory Group (RTAG), Nutrient


Criteria, US Environmental Protection Agency Region 6. 2004 – .

Workgroup Member, Maryland Biological Stream Survey, Maryland Department


of Natural Resources, Annapolis, MD. 2003-2004.

Workgroup Member, Biological Assessment of Wetlands Workgroup


(BAWWG), US Environmental Protection Agency, Washington, DC. 1997– .
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Co-chair, contributed technical session “Bioassessment V: Lentic and Estuary” at


the 53th Annual Meeting of the North American Benthological Society, New


Orleans, LA, May 2005.

Member: Ecological Society of America; North American Benthological Society;


Society of Wetland Scientists; Texas Academy of Sciences; Texas River and


Reservoir Management Society.

PUBLICATIONS 

King, R. S., M. E. Baker, D. F. Whigham, D. E. Weller, T. E. Jordan, P. F. Kazyak,

and M. K. Hurd. 2005. Spatial considerations for linking watershed land cover to

ecological indicators in streams. Ecological Applications 15:137-153.

King, R. S., A. H. Hines, F. D. Craige, and S. Grap. 2005. Regional, watershed, and

local correlates of blue crab and bivalve abundances in subestuaries of

Chesapeake Bay, USA. Journal of Experimental Marine Biology and Ecology

319:101-116.

King, R. S., J. Beaman, D. F. Whigham, A. H. Hines, M. E. Baker, and D. E. Weller.

2004. Watershed land use is strongly linked to PCBs in white perch in

Chesapeake Bay subestuaries. Environmental Science and Technology 38:6546-

6552.

King, R. S., C. J. Richardson, D. L. Urban, and E. A. Romanowicz. 2004. Spatial

dependency of vegetation-environment linkages in an anthropogenically

influenced wetland ecosystem. Ecosystems 7:75-97 (cover photo).

Qian, S. S., Y. Pan, and R. S. King. 2004. Soil phosphorus threshold in the

Everglades: a Bayesian changepoint analysis for multinomial response data.

Ecological Indicators 4:29-37.

King, R. S. and C. J. Richardson. 2004. Macroinvertebrate and fish responses to

experimental P additions in Everglades sloughs. In The Everglades Experiments:

Lessons for Ecosystem Restoration, ed. C. J. Richardson. New York. Springer-

Verlag (in press).

King, R. S. and C. J. Richardson. 2003. Integrating bioassessment and ecological

risk assessment: an approach to developing numerical water-quality criteria.

Environmental Management 31:795-809.

Qian, S. S., R. S. King, and C. J. Richardson. 2003. Two statistical methods for the

detection of environmental thresholds. Ecological Modelling 166:87-97.

King, R. S. and C. J. Richardson. 2002. Evaluating subsampling approaches and


macroinvertebrate taxonomic resolution for wetland bioassessment. Journal of the


North American Benthological Society 21:150-171.

King, R. S., K. T. Nunnery, and C. J. Richardson. 2000. Macroinvertebrate

assemblage response to highway crossings in forested wetlands: implications for

biological assessment. Wetlands Ecology and Management 8:243-256.

Lemly, A. D. and R. S. King. 2000. An insect-bacteria bioindicator for assessing

detrimental nutrient enrichment in wetlands. Wetlands 20:91-100.
King, R. S. and J. C. Brazner. 1999. Coastal wetland insect communities along a

trophic gradient in Green Bay, Lake Michigan. Wetlands 19:426-437.

King, R. S. and D. A. Wrubleski. 1998. Spatial and diel availability of flying insects

as potential duckling food in prairie wetlands. Wetlands 18:100-114.

MANUSCRIPTS IN REVIEW OR PREPARATION 

Whigham, D. F., R. S. King, D. M. Bilkovic, W. V. DeLuca, P. P. Marra, A. H. Hines, and C. H Hershner. Identifying linkages between watersheds and estuaries. Submitted.
Rosenberg, D. M., V. H. Resh, and R. S. King. Use of aquatic insects in


biomonitoring. In: R. W. Merritt and K. W. Cummins (editors). An Introduction


to the Aquatic Insects of North America, 4th Edition. Kendall/Hall, Dubuque, IA,


USA. In preparation.

King, R. S., D. F. Whigham, and W. V. DeLuca. Watershed land-use linkages to

Phragmites australis abundance and foliar nutrients in Chesapeake Bay

subestuaries. In preparation.

King, R.S., M. E. Baker, D. F. Whigham, et al. Watershed urbanization and

biological thresholds in streams: influences of physiography, watershed size and

spatial arrangement of impervious cover. In preparation.

King, R. S., C. J. Richardson. Subsidy-stress response of macroinvertebrateassemblage biomass to a gradient of phosphorus enrichment in an oligotrophic wetland ecosystem. In preparation.

Baker, M.E., D. E. Weller, R.S. King, and T. E. Jordan. Quantifying effects of land

cover arrangement using distance weighting. In preparation.

Richardson, C. J., R. S. King, S. S. Qian, P. Vaithiyanathan, R. G. Qualls, and C. A.

Stow. Trophic-level responses to phosphorus in the Everglades: Estimating

ecological thresholds. In preparation.

DeLuca, W. V., P. P. Marra, M. E. Baker, R. S. King, and D. E. Weller. Land-use

factors influencing waterbird communities of the Chesapeake Bay, USA. In

preparation.

TECHNICAL REPORTS

Richardson, C. J., R. S. King, S. S. Qian, P. Vaithiyanathan, C. A. Stow, and R. G.

Qualls. 2003. A scientific basis for determining phosphorus imbalance effects in

the Everglades. Report to the Environmental Regulation Commission, State of

Florida. Duke University Wetland Center Publication 2003-03.

Richardson, C. J, N. E. Flanagan, and R. S. King. 2002. A functional assessment of

wetland ecosystem response to highways: before, during and after construction.

Final report to the Center for Transportation and the Environment, Raleigh, NC.

Duke University Wetland Center Publication 2002-08.

Richardson, C. J., P. Vaithiyanathan, R. J. Stevenson, R. S. King, S. S. Qian, C. A.

Stow, and R. G. Qualls. 2000. The ecological basis for a phosphorus (P) threshold

in the Everglades: directions for sustaining ecosystem structure and function.
Report to the Everglades Agricultural Area, Environmental Protection District.

Duke Wetland Center Publication 2000-02.

King, R. S. C. J. Richardson, and K. T. Nunnery. 1997. A functional assessment of

wetland ecosystem response to highways: Phase I macroinvertebrate community

studies. Final report to the Center for Transportation and the Environment,

Raleigh, NC. Duke Wetland Center Publication 97-02.

GRANTS AND CONTRACTS 

U. S. EPA – Regional Wetlands Grant Program via Alaska Fish and Game

Department. The functional significance of low-order streams and associated

riparian wetlands in supporting fish and invertebrate populations in the Kenai

Lowlands, Alaska: Attributing the Kenai Lowlands Wetland Management Tool.

$22,637 of $81,630 to RSK. C. Walker (PI), D. F. Whigham, R. S. King. 2005-

2006.

U. S. EPA – Water Quality Cooperative Agreement Program. Linking observational

and experimental approaches for the development of regional nutrient criteria for

wadeable streams. $155,000. Pending. R. S. King (PI) and B. W. Brooks. 2005-

2007.

Baylor University – University Research Committee. Influence of riparian wetlands

on sources and quality of food for juvenile salmon in headwater streams of

southeast Alaska. $6,000. R. S. King. 2005-2006.

Altria Group, Inc. – 2004 Environment/Water Conservation. Baylor Experimental

Aquatic Research support grant. $35,000. R. S. King (PI), B. W. Brooks, R. D.

Doyle. 2004-2005.

Baylor University – Faculty Research Investment Program. A flow-injection

autoanalysis system to support multidisciplinary aquatic research at Baylor.

15,000. R. S. King (PI), B. W. Brooks, R. D. Doyle. 2004-2005.

U.S. EPA – Science to Achieve Results (STAR) Program. A watershed classification

system for improved monitoring and restoration: landscape indicators of watershed

impairment. $869,497. S. D. Prince (PI), D. E. Weller, T. E. Jordan, University of

Maryland and Smithsonian Environmental Research Center, 2003-2006 (R. S.

King as collaborator; $20,116 to RSK for summer 2006).

U.S. EPA – Science to Achieve Results (STAR) Program. Ecological and

socioeconomic indicators for integrated assessment of aquatic ecosystems of the

Atlantic Slope. $1,300,000 of $6,000,000 to Smithsonian Environmental Research

Center. D. F. Whigham (PI) et al., 2001-2005 (R. S. King as collaborator;

$19,953 to RSK for summer 2005).

Oak Ridge Institute for Science and Education Fellowship. Assessing the causes of

impairment in aquatic ecosystems. $147,000, R. S. King. 2001-2004 (awarded but

returned).

Center for Transportation and the Environment Graduate Fellowship. A functional

and biological assessment of wetland ecosystem response to highways: before,

during, and after construction. $15,000. R. S. King. 1999-2000.
U. S. EPA — National Network for Environmental Management Studies Fellowship.

The effects of sedimentation, turbidity, and vegetation microhabitat structure on

availability of emerging insects as duckling food in prairie wetlands. $6,000. R. S.

King. 1995.

RESEARCH IN THE NEWS 

Faculty of 1000 recommended the paper “Spatial considerations for linking

watershed land cover to ecological indicators in streams”by R.S. King et al. Faculty

of 1000 is an online research service that comprehensively highlights and reviews

the most interesting papers published in biological sciences based on the

recommendation of a over 1000 selected researchers. Citation: Faculty of 1000:

evaluations for King RS et al. Ecolog Appl 2005 15:137-153

(http://www.f1000biology.com/article/nonpub96889/evaluation)

Inside Smithsonian Research: “Researchers find high levels of PCBs in some

Chesapeake Bay perch.” Spring 2005. Features results from “Watershed land use

is strongly linked to PCBs in white perch in Chesapeake Bay subestuaries” by R S.

King et al. (Environ. Sci. Tech. 38:6546-6552).

U.S. EPA technical brochure: “New tools measure Chesapeake Bay health.”

EPA/600/F-04-/203. December 2004. Features results from “Watershed land use is

strongly linked to PCBs in white perch in Chesapeake Bay subestuaries” by R S.

King et al. (Environ. Sci. Tech. 38:6546-6552)

Bay Journal: “As soon as we build roads, wildlife hits the highway.” November 2004.

Features results from “Watershed land use is strongly linked to PCBs in white

perch in Chesapeake Bay subestuaries” by R S. King et al. (Environ. Sci. Tech.

38:6546-6552) and “Regional, watershed and local correlates of blue crab and

bivalve abundances in subestuaries of Chesapeake Bay, USA” by R. S. King et al.

(J. Exp. Mar. Biol. Ecol. 319:101-116).

Smithsonian Environmental Research Center, Quarterly Newsletter: “Beneath still

waters: New study finds a strong connection between development near

subestuaries and PCB levels in fish.” Winter 2004. Article featured on cover and

highlighted results from “Watershed land use is strongly linked to PCBs in white

perch in Chesapeake Bay subestuaries” by R S. King et al. (Environ. Sci. Tech.

38:6546-6552).

Smithsonian Institution Press Release: “New study reveals strong connection

between land use in Chesapeake Bay watershed and PCBs in white perch.” 12

November 2004. Highlighted results from “Watershed land use is strongly linked

to PCBs in white perch in Chesapeake Bay subestuaries” by R S. King et al.

(Environ. Sci. Tech. 38:6546-6552).

PRESENTATIONS (FIRST-AUTHOR ONLY)

King, R. S., M. E. Baker, D. F. Whigham, et al. Watershed urbanization and

ecological thresholds in streams: influences of physiography, watershed size,

and spatial arrangement of impervious cover. INTECOL–ESA meeting, Montreal,

Canada, August 2005

King, R. S., D. F. Whigham, W. V. DeLuca, et al. Linking watershed land cover to

ecological indicators in streams and subestuaries of Chesapeake Bay. 53th Annual

Meeting of the North American Benthological Society, New Orleans, LA. May

2005.
King, R. S., M. E. Baker, D. F. Whigham, et al. Watershed urbanization and

biological thresholds in streams: influences of physiography, watershed size and

spatial arrangement of impervious cover. Texas River and Reservoir Management

Society Meeting, Waco, TX. May 2005.

King, R. S. Estimating ecological thresholds for the development of numerical

nutrient criteria. Special Symposium and Panel Discussion on Nutrient Criteria,

South Central Annual Meeting of the Society of Environmental Toxicology and

Chemistry, Balcones Springs, TX. May 2005. (Invited)

King, R. S., J. R. Beaman, D. F. Whigham et al. Urbanization of estuarine

watersheds is strongly linked to elevated PCBs in white perch. 4th All EaGLes

Meeting, U.S. EPA STAR Program, Duluth, MN. September 2004.

King, R. S., M. E. Baker, D. F. Whigham, et al. Land-use thresholds and stream

macroinvertebrate assemblages: influences of physiography, watershed size, and

spatial arrangement. 52nd Annual Meeting of the North American Benthological

Society, Vancouver, BC, Canada, June 2004.

King, R. S., D. F. Whigham, et al. Linking watershed land use to ecological

Indicators in streams and subestuaries of Chesapeake Bay. Versar, Inc., Columbia,

Maryland, April 2004 (Invited).

King, R. S., D. F. Whigham et al. Linking watershed land use to ecological

Indicators in streams and subestuaries of Chesapeake Bay. Maryland Stream

Monitoring Roundtable Meeting, Baltimore, Maryland. February 2004 (Invited).

King, R. S. Integrating bioassessment and ecological risk assessment for the

development of numerical nutrient criteria for surface waters. United States

Environmental Protection Agency, National Risk Management Research

Laboratory, Ada, OK, February 2004 (Invited).

King, R. S. Phosphorus enrichment in the Everglades: Linkages among vegetation

pattern, resource limitation, and aquatic consumers. Department of Biology,

Baylor University, Waco, TX, January 2004 (Invited).

King, R. S., D. F. Whigham et al. A watershed approach to linking watershed

anduse to ecological indicators in streams and estuaries. 3rd All EaGLes Meeting,

U.S. EPA STAR Program, Bodega Bay, California, December 2003.

King, R. S., D. F. Whigham et al. Linking watershed land use to ecological

indicators in streams and subestuaries of Chesapeake Bay. 6th Annual Baltimore

Ecosystem Study Meeting (Baltimore LTER), Baltimore, Maryland, October 2003.

King, R. S., M. E. Baker, D. F. Whigham et al. Spatial considerations for linking

watershed landcover to ecological indicators in streams. Special session on

ecological indicators, International Association for Landscape Ecology World

Congress, Darwin, Australia, July 2003 (Invited).

King, R. S., A. H. Hines, S. Grap, and D. F. Craige. Correlates of bivalves and blue

crabs in subestuaries of Chesapeake Bay, USA. Annual Meeting of The

Crustacean Society, Williamsburg, VA, June 2003.
King, R. S., M. E. Baker, D. F. Whigham, et al. Influence of spatial factors on

linkages among watershed landcover, environmental conditions, and

macroinvertebrate assemblages in coastal-plain streams. 51st Annual Meeting of

the North American Benthological Society, Athens, GA, May 2003.

King, R. S., and C. J. Richardson. Detecting changepoints in biological attributes:

an approach to developing numerical water-quality criteria. Special session on

diagnosing causes of impairment in aquatic ecosystems, 50th Annual Meeting of the

North American Benthological Society, Pittsburgh, PA, May 2002 (Invited).

King, R. S. Dimensions of invertebrate assemblage organization across a

phosphorus-limited Everglades landscape. Smithsonian Environmental Research

Center’s Winter Seminar Series, Edgewater, MD, January 2002 (Invited).

King, R. S., and C. J. Richardson. Evaluating subsampling approaches and

macroinvertebrate taxonomic resolution for wetland bioassessment. 49th Annual

Meeting of the North American Benthological Society, LaCrosse, WI. June 2001.

King, R. S., C. J. Richardson, D. L. Urban, and E. A. Romanowicz. Spatial

dependency of vegetation-environment relationships in an anthropogenically

influenced wetland landscape. 7th International Symposium of the

Biogeochemistry of Wetlands, Durham, NC. June 2001.

King, R. S., and C. J. Richardson. Evaluating subsampling approaches and

macroinvertebrate taxonomic resolution for wetland bioassessment. Assessing the

Health of Wetland Life: Policy, Science, and Practice, Orlando, FL. May 2001

(Invited).

King, R. S., and C. J. Richardson. Macroinvertebrate and fish responses to

experimental P additions in Everglades sloughs. Special session on Everglades

restoration, Millennium Wetland Event, INTECOL’s 6th Wetland Meeting, Quebec,

Quebec, Canada, August 2000 (Invited).

King, R. S., and C. J. Richardson. Influence of experimental P additions on

invertebrate assemblages in sloughs of the northern Everglades. Society of

Wetland Scientists 20th Annual Meeting, Norfolk, VA. June 1999.

King, R. S., and C. J. Richardson. Invertebrate assemblage response to

experimental phosphorus dosing in the Everglades. 47th Annual Meeting of the

North American Benthological Society, Duluth, MN. May 1999.

King, R. S., K. T. Nunnery, and C. J. Richardson. Macroinvertebrate community

response to highway crossings in forested wetlands: implications for biological

assessment. Connections ‘98: Water Quality, Wetlands, and Transportation, New

Bern, NC. September 1998.

King, R. S., K. T. Nunnery, and C. J. Richardson. A comparison of methods and

metrics for assessment of wetland macroinvertebrate community response to

highways. 45th Annual Meeting of the North American Benthological Society, San

Marcos, TX. June 1997.

King, R. S., and D. A. Wrubleski. Diel and spatial variability in the availability of

flying insects as duckling food in prairie pothole wetlands. 44th Annual Meeting of

the North American Benthological Society, Kalispell, MT, USA. June 1996.
King, R. S., and D. A. Wrubleski. Diel and spatial variability in the availability of

flying insects as duckling food in prairie pothole wetlands. U. S. Environmental

Protection Agency, Duluth, MN, USA. May 1996 (Invited).

STUDENT PRESENTATIONS 

Back, J. A., and R. S. King. Response of stream macroinvertebrate assemblages to

nutrients within the tiered aquatic life use (TALU) framework. Special session on

developing nutrient criteria for aquatic ecosystems, 53rd Annual Meeting of the

North American Benthological Society, New Orleans, LA. May 2005 (Invited)

Back, J. A., and R. S. King. Response of stream macroinvertebrate assemblages to

nutrients within the tiered aquatic life use (TALU) framework. Texas River and

Reservoir Management Society Meeting, Waco, TX. May 2005.

Grap, S., R. S. King, A. H. Hines, and F. D. Craige. Factors influencing the

distribution of blue crabs and bivalves in subestuaries of the Chesapeake Bay, USA.

Annual Benthic Ecology Meeting, Groton, CT, March 2003.

Vecere, R., D. F. Whigham, and R. S. King. Estimation of recent expansion of

Phragmites australis in marshes of three Chesapeake Bay subestuaries.

Smithsonian Environmental Research Center, August 2003.

STUDENTS MENTORED 

Advisor:

Jeffrey Back. Ph.D., Biology, Baylor University (Advisor). Effects of nutrient

enrichment on aquatic food webs. 2004 – .

Nick Harrel, B. S., Biology, Baylor University (3V90 student). Spatial pattern of

wetland macroinvertebrate community composition along a nutrient gradient.

Spring 2005.

Rebecca Vecere, B.S., Biology, Rutgers University. Smithsonian work/learn intern.

Estimation of recent expansion of Phragmites australis in marshes of three

Chesapeake Bay subestuaries. 2003

Sarah Grap, B.S., Biology, Coastal Carolina University. Smithsonian REU intern.

Factors influencing the distribution of blue crabs and bivalves in subestuaries of

the Chesapeake Bay, USA. 2002.

William Jackson, B. S., Biology, Morgan State University. Smithsonian work/learn

intern. Project title: Effects of watershed land use on benthic invertebrate

communities in Chesapeake Bay subestuaries. 2002.

Graduate and honors thesis committee member:

Thad Scott. Ph. D., Biology, Baylor University. Dissertation: Periphyton and

nutrient dynamics in a freshwater marsh: factors affecting spatial variability in a

gradient dominated ecosystem. 2004 – .

Michelle Nemec. Ph.D., Biology, Baylor University. Dissertation: A systematic

comparison of three bacterial source tracking methods for determining the

potential sources of fecal contamination in a watershed. 2005 – .
Samir Moussa. M.S., Biology, Baylor University. Thesis: Determining the potential

sources of Escherichia coli in the South Bosque watershed using antibiotic

resistance analysis and carbon utilization profiling. 2005.

Robin Bare. M.A., Biology, Baylor University. Aquatic invasive plant ecology. 2005.

Laura Gallant. M.A., Biology, Baylor University. Wetland macroinvertebrate

ecology. 2005 – .

Dayo Fadelu. B. S., Biology, Baylor University. Honors Thesis: Individual and

mixture toxicity of selective serotonin reuptake inhibitors to Vibrio fischeri and

Daphnia magna

COURSES TAUGHT 

Aquatic Biology (BIO 4406). Baylor University. Lecture/lab, 4 credits (9 contact

hrs/week). Spring 2005.

Advanced Ecological Data Analysis (BIO 5313). Baylor University. Lecture/lab,

3 credits (4.5 contact hrs/week). To be taught Fall 2005.

Foundations of Ecology (BIO 5100-2). Baylor University. Graduate seminar. 1

credit (1.5 contact hrs/week). To be taught Fall 2005.

Stream Ecology (BIO 5405). Baylor University. Lecture/lab. 4 credits (6 contact

hours/week). To be taught Fall 2006.

RESEARCH COLLABORATORS 

Baylor University: R. D. Doyle, B. W. Brooks

Ducks Unlimited Canada: D. A. Wrubleski

Duke University: C. J. Richardson, D. L. Urban, S. S. Qian

East Carolina University: Mark M. Brinson, R. D. Rheinhardt

Maryland Department of Natural Resources: R. Klauda, P. F. Kazyak, M. K. Hurd

Maryland Department of the Environment: J. R. Beaman

Pennsylvania State University: R. P. Brooks, D. H. Wardrop, G. P. Patil

Smithsonian Environmental Research Center: D. F. Whigham, D. E. Weller, M. E.

Baker, A. H. Hines, T. E. Jordan, C. L. Gallegos, P. P. Marra, W. V. DeLuca

SUNY–Plattsburgh: E. A. Romanowicz

U. S. Environmental Protection Agency, NHEERL-Duluth: J. C. Brazner

University of Maryland, College Park: S. D. Prince

Virginia Institute of Marine Sciences: K. Havens, C. Hershner, D. M Bilkovic
Mark Cable Rains, Ph.D.

a. Professional Preparation

	UC San Diego
	Ecology, Behavior, & Evolution
	B.A., 1990

	University of Washington
	Forestry
	M.S., 1994

	UC Davis
	Hydrologic Sciences
	Ph.D., 2002

	UC Davis
	Ecohydrology
	Postdoctoral, 2002-2003


b. Appointments

Assistant Professor of Ecohydrology, 2003 to date, Department of Geology, University of South Florida

Postgraduate Researcher, 2002-2003, Department of Land, Air, and Water Resources, UC Davis

Research Assistant, 1997-2002, Department of Geology, UC Davis

Staff Scientist, 1997-2002, David Magney Environmental Consulting, Ojai, California

Senior Associate, Associate, & Technical Assistant, 1993-1997, L.C. Lee & Associates, Inc., Seattle, Washington

Research Associate, 1995-1996, Smithsonian Environmental Research Center, Edgewater, Maryland

Research Assistant, 1991-1993, College of Forest Resources, University of Washington, Seattle, Washington

c. Selected Publications

Nadeau, T.-L., and M.C. Rains.  In Press.  Hydrological connectivity of headwaters to downstream waters: State-of-the-science and future directions.  Journal of the American Water Resources Association.

Rains, M.C., G.E. Fogg, T. Harter, R.A. Dahlgren, and R.J. Williamson.  2006.  The role of perched aquifers in hydrological connectivity and biogeochemical processes in a vernal pool landscape near Sacramento, California.  Hydrological Processes 20:1157-1175.

Rains, M.C., J.F. Mount, and E.W. Larsen.  2004.  Local shallow groundwater drawdown and baseflow cessation due to regional groundwater pumping.  In Lowrance, R. (Ed), AWRA’s 2004 Summer Specialty Conference “Riparian Ecosystems and Buffers: Multi-Scale Structure, Function, and Management.”  American Water Resources Association, Middleburg, Virginia, TPS-04-2, CD-ROM.

Rains, M.C., J.F. Mount, and E.W. Larsen.  2004.  Simulated changes in shallow groundwater and vegetation distributions under different reservoir operations scenarios.  Ecological Applications 14:192-207.

Rains, M.C., and J.F. Mount.  2002.  Origin of shallow ground water in an alluvial aquifer as determined by isotopic and chemical procedures.  Ground Water 40:552-563.

d. Synergistic Activities

(1)  Principal investigator on a study of the structure and function of mangroves and the roles that mangroves can play in supporting fishing and ecotourism economies on the Costa Alegre, Mexico which addresses basic science questions as well as ecological conservation and economic development; fully integrates multiple physical, chemical, and biological science disciplines; and fully integrates research, education, and community service.

(2) Co-convened and co-moderated a two-part special session at the American Water Resources Association 2005 Annual Conference and am co-editing a subsequent special issue of the Journal of the American Water Resources Association.

 (3) Participated as one of approximately 20 invited scientists from a variety of physical and biological scientific disciplines in the Streamside Vegetation-Hydrologic Interactions Workshop held in 2003 in Tucson, Arizona.

(4) In collaboration with national scientists and policymakers, assisted in the development and implementation of the Hydrogeomorphic Approach to Functional Assessment (HGM), now a standard methodology for functional assessment of waters of the U.S., including wetlands, in numerous federal and state regulatory programs.

(5) Provided technical support to the U.S. Environmental Protection Agency and the U.S. Department of Justice in a judgment ultimately upheld by the U.S. Supreme Court on December 16, 2001 (Borden Ranch Partnership and Angelo K. Tsakopoulos, Petitioners v. United States Army Corps of Engineers and Environmental Protection Agency).

e. Collaborators & Other Affiliations

(i) Collaborators

Sudeep Chandra, University of Nevada, Reno

Randy Dahlgren, UC Davis

Graham Fogg, UC Davis

Thomas Harter, UC Davis

F. Richard Hauer, University of Montana

Zeb Hogan, University of Nevada, Reno

Jerry Keir, Great Basin Institute

Eric Larsen, UC Davis

Michael Marchetti, California State University, Chico

Jeffrey Mount, UC Davis

Tracie-Lynn Nadeau, U.S. Environmental Protection Agency

Kai Rains, Three Parameters Plus, Inc.

Mark Ross, University of South Florida

Mark Stewart, University of South Florida

John Trommer, U.S. Geological Survey

Ken Trout, University of South Florida

Len Vacher, University of South Florida

Jos Verhoeven, University of Utrecht 

Dennis Whigham, Smithsonian Environmental Research Center

(ii) Graduate and Postdoctoral Advisors

Kern Ewing, University of Washington (M.S. Advisor)

Jeffrey Mount, UC Davis (Ph.D. Advisor)

Graham Fogg, UC Davis (Postdoctoral Advisor)

Thomas Harter, UC Davis (Postdoctoral Advisor)

(iii) Graduate Students

Mike Kittridge, University of South Florida

Bruce LaFrenz, University of South Florida

Kathryn Murphy, University of South Florida

Christina Stringer, University of South Florida
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