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Executive Summary

Volunteers from the Mill River / Lake Warner Study Group conducted a monitoring program on Lake Warner and its tributaries in 2004, continuing a program begun in 2003.  Study objectives were to assess general health of the lake, evaluate its trophic status, identify and assess potential nutrient sources within the watershed, and characterize the extent and type (e.g. native or non-native) of aquatic plant (macrophyte) growth in the lake.  Volunteers sampled temperature, dissolved oxygen, water transparency, and total phosphorus on a monthly basis in the lake; total phosphorus in five tributary locations on four occasions (covering both wet and dry weather conditions), and mapped and identified plants growing in the lake.  Chlorophyll a was sampled in-lake on one date.  2004 sampling results were similar to those found in 2003.  The lake continues to have periods of low dissolved oxygen in mid and late summer.  Water clarity showed a slight improvement over 2003.   Plant growth continues to negatively affect recreational boating.  Total phosphorus (TP) levels in tributary streams were somewhat higher at most sites in 2004 than 2003, especially on wet days.  One site, near Rocky Hill Road, exhibited slightly lower TP levels  for both wet and dry weather than in 2003.   The Knightly Road site continued to produce extremely high phosphorus levels on wet days – higher than in 2003.  The Study Group hopes to continue the sampling program in 2005, possibly with a more particular focus on total phosphorus at the Knightly Road site. 

Introduction

Volunteers from the Mill River / Lake Warner Study Group began a monitoring program on Lake Warner and its tributaries in 2003 and continued in 2004.  The study has been coordinated by staff of the Massachusetts Water Watch Partnership, who also trained volunteers, oversaw quality control, entered data and produced reports.  Financial support for laboratory analyses was provided by the town of Hadley.  The study grew out of a longstanding interest in the health of the lake by area residents. The group recognized that the lake suffered from a variety of problems, and that additional water quality information would be useful in developing strategies to protect, and restore as needed, the health of the water body and its watershed.

Background

Lake Warner is a reservoir of approximately 68 acres, located on the Mill River in Hadley, Massachusetts in the Connecticut River watershed.  See figures 1 and 10.

The Mill River watershed covers 29.9 square miles and drains into Lake Warner, encompassing portions of Amherst, Leverett, Shutesbury, and Sunderland. The watershed is 58 percent forested, 20 percent agricultural, 14 percent rural, and 8 percent urban with areas of high-density residential and commercial-industrial land use.  (Source: “Total Maximum Daily Loads of Phosphorus for Selected Connecticut Basin Lakes”, MA DEP.)

According to Massachusetts Department of Fisheries and Wildlife and Environmental Law Enforcement (DFWELE) bathymetric map and related information (1993), the lake has a “mean depth of three feet and a maximum depth of 10 feet.” 
The Massachusetts Department of Environmental Protection (DEP) Year 2002 Integrated List of Waters (impaired water bodies list) lists Lake Warner as being impaired due to nutrients, organic enrichment, low dissolved oxygen, turbidity and noxious aquatic plants.

A September 2001 DEP Total Maximum Daily Load (TMDL) study concluded that a phosphorous problem is driving an excessive growth of lake vegetation. 

A 2002 Lake Warner Assessment Project, coordinated by Department of  Fish and Game’s Riverways Program, involved a visual survey of the lower portions of the watershed to identify potential Nonpoint pollution sources and pathways that nutrients are taking to the lake.   Several volunteers from the Study Group participated in this survey.

Study objectives

The Study Group retained these objectives from the 2003 monitoring program:

1. Characterize the general health of the lake.

2. Evaluate how eutrophic the lake is (i.e. the extent to which excessive nutrients are affecting the biological balance of the lake).

3. Identify sources of nutrients and compare nutrient levels produced during wet and dry weather.

4. Characterize the extent and type (e.g. native or non-native) of aquatic plant (macrophyte) growth in the lake. 

Sampling schedule

Lake Warner and/or tributaries were sampled for chemical and physical parameters on May 10, June 14, July 23, August  10, 16 and 31, and September 9, 18, and 20. The following table provides details on sampling sites and dates. 

	Survey type
	Indicators
	 Sample locations
	Site location rationale
	Frequency, duration, special conditions

	General lake health 
	DO, Secchi, Temp
	Mid lake (Site #2)
	Representative of lake condition
	5/10, 6/14, 7/23, 8/16, 9/20 

	Trophic evaluation
	Total Phosphorous, Chlorophyll
	Mid lake:

Site #2
	Representative of lake condition
	TP: 5/10, 6/14, 7/23, 8/10, 9/20 Chl: 8/16

	Nutrient source evaluation
	Total Phosphorous
	Tributaries: Sites #3,4,5, 6,7
	Downstream of potential sources
	6/14*, 8/10, 8/31, 9/9, 9/18 7/22, 9/2, 10/10**

	Macrophyte characterization
	Macrophytes – map, collect samples
	Entire lake 
	To ID type, location, density throughout lake
	Once: during July 29, August 3-4 period.


*  6/14, 8/10 and 8/31 were dry sample days (little or no rain  preceding 3 days).  9/9, 9/18 were wet sample days (at least 1/4 inch rain in preceding 24 hours). 

On August 15 volunteers mapped aquatic vegetation in the lake and collected plant samples along a series of south-north transects established along the lake.

Sampling sites

Site list- number and name.  Site name in bold italics
2: Mid lake.

3: Tributary crossing immediately downstream of Knightly Road.  Drains agricultural fields. 

5: Tributary crossing immediately downstream of Commonwealth Avenue.  Drains horse farm.

6: Tributary immediately downstream Rocky Hill Road, near UMass stadium.  Drains large wetland and shopping centers on University Drive and Route 9.

7: Campus Pond, UMass.  Outlet.  Large wildfowl population.  Drains Tannery Brook.

8: Tan Brook, McLelland Street, Amherst.  Drains much of downtown Amherst.

Figure 1.   Map of sampling sites

Note: Sites 1, 9, and 10 are being considered for future monitoring. They were not monitored in the 2004 survey.  Site 4 was monitored in 2003 but not in 2004.  Dashed red line indicates approximate watershed boundary.


Results, Discussion

Data tables can be found in Appendix 1.  Results are discussed in reference to the study objectives, or study questions.

Study question, #1 and #2:  General lake health, trophic status.
 

Dissolved oxygen (DO), sampled at a depth of approximately 2 meters at mid-lake, ranged from 9.22 parts per million (PPM) in June to 4.6 PPM in July- below the state minimum standard for a warm water lake (5.0 PPM).  The August sample was discarded because of suspected procedural error.  As figures 2 and 3 indicate, DO and DO saturation levels in 2004 were similar to those in 2003; slightly higher some months, slightly lower in others.  It appears that low summertime DO may continue to be a problem in Lake Warner.  Low oxygen levels can impair health and growth rates of fish and other aquatic organisms.  However, DO samples were taken at approximately 10 AM in 2004, as opposed to approximately 2 PM in 2003.  DO levels are typically lower early in the day, before aquatic plants have produced much oxygen via respiration, which occurs throughout the daylight hours.  This may indicate that 2004 levels were comparably better than 2003.  We intend to continue morning DO sampling in future years, which should help maintain a better standard of comparison.  

Figure 2.  Dissolved Oxygen Concentration Levels

Figure 3.  Dissolved Oxygen Percent Saturation Levels
Water transparency: Water transparency, recorded by Secchi disk measurement, showed improvement from 2003 – 2004; in some cases moderate, in some cases significant.  It should be noted that individual comparisons (e.g. comparing the same month in 2003 and 2004) can reflect rather short-term causes and conditions. For example, turbidity caused by heavy precipitation events or short-lived algae blooms can depress transparency readings for just a few days, and these events might not be captured with a monthly sampling program such as ours.   Nonetheless, it does seem that transparency was generally better in 2004. This may be due to the rather wet season that occurred in 2004, which might dilute nutrient concentrations in the lake and also move water through the lake faster. Both conditions might result in decreased floating algae concentrations, leading to greater water clarity.  However, the limited scope of this sampling program doesn’t allow more conclusive testing of these speculations.  

Figure 4.   Water Transparency

Total phosphorus (TP) exhibited a similar pattern to water transparency in 2004.  Levels still commonly lake exceeded the eutrophic threshold of 24 parts per billion, but in 4 of the 5 months where comparisons were possible,  TP was lower than in 2003.  (Trophic ranges are suggested by Carlson’s Trophic State Index, as reported by Mitchell, D., 2000. “Collection and Evaluation of Ambient Nutrient Data for Lakes, Ponds and Reservoirs in New England (interim final report)”.  ENSR Corporation).

Figure 5.  Lake Warner Total Phosphorus

 

Chlorophyll a was measured on one occasion: August 16.   The value was 17.3 PPB, slightly lower than 2003’s 20.5 PPB average but well the 7.2 PPB level used in Carlson’s Trophic State index as the eutrophic threshold.  It is also well above the 3.75 PPB level listed in EPA’s ecoregion XIV nutrient criteria as protective of lake health.  We are therefore confident in stating that the Chlorophyll a, Secchi, and total phosphorus tests all indicate a eutrophic lake.   

Water transparency, total phosphorus and Chlorophyll a  measurements in 2004 all suggest that the lake continues to behave as a eutrophic water body - i.e. it has high nutrient levels that can lead to excessive productivity in plant life, with consequences for oxygen levels and aquatic animals.  But all of these indicators showed slight improvement in 2004.  Two years of data are not enough to reveal any long term trend, but it is apparent that nutrient problems have not gotten noticeably worse in 2004.

Study question #3.  Locate, assess potential nutrient sources.

Total Phosphorus was also measured on 4 tributary stream sites and the UMass Campus Pond.  Sampling sites were changed slightly in 2004.  Sites #3 (Knightly Road), #5 (below UMass Horse Farm), #6 (Rocky Hill Road) and #7 (Campus Pond) were sampled again this year.  Site #4 was eliminated because 2003 results did not seem to differ significantly from those obtained at site #5 just a few hundred yards upstream.  Instead, we added a site on Tan Brook at McClelland Street in Amherst.   Because this drains much of the urban areas of downtown Amherst, and because it drains into the UMass Campus Pond, we thought it would be a good place to evaluate the influence of runoff from Amherst center on the Campus Pond and on downstream sections of the Mill River.    In 2003 most sites were sampled 3 times during wet weather.  We originally planned to increase this to 4 or 5 wet weather samples this year to better gauge the impact of stormwater runoff. However, we were unable to do in 2004.   Ironically, this was in part due to the rather wet summer; it was difficult to find sample dates that met the criteria of having more than ¼” rain in the preceding 24 hours and that received no rain in the 3 days preceding the rain – and when volunteers were available to take the samples.  Within these constraints, we obtained tributary samples for 2 wet weather  (September 9 and 18) and 2 dry weather days (June 14 and August 10) each, and one day (August) that we considered intermediate because some rain (less than ¼ inch) fell the previous day.  Results were similar to 2003, with wet weather averages exceeding dry weather averages in all locations, wet weather averages exceeding EPA regional criteria for streams at all sites except the Rocky Hill Road site (which received only 1 wet weather sample), and exceedingly high levels obtained on one date in site #3, the small stream running under Knightly road.  Indeed, the levels found on September 9 were 6882 parts per billion, over 300 times the regional criteria.   As noted in last year’s report, this stream is very small.  The total load of phosphorus delivered to the lake may not be significant.  However, there appears to be some source of unusually high nutrient loading occurring somewhere upstream of this site.   At other sites, results were largely as expected.   It is worthwhile to note that Tan Brook, which by visual appearances seems to be a degraded site (brownish tint to water, no macroinvertebrates found in several cursory inspections, a smell to the water), does not contain particularly high phosphorus levels.  The phosphorus levels were approximately ½ the levels found in the Campus Pond, to which Tan Brook drains within a few hundred yards.  This lends credence to the belief that the large goose and duck population around the Campus Pond are significant nutrient contributors to the pond.  

One of the study questions carried over from 2003 was the potential impact of the UMass Horse Farm on total phosphorus (TP) levels in the Lake Warner tributaries.   Unfortunately, we were only able to obtain one same-day wet weather sample at both locations.  On September 9, the Horse Farm produced TP levels of 91 PPB, to the Rocky Hill site’s 27 PPB.   On the other wet weather day, September 18, Rocky Hill was not sampled, but the Horse Farm yielded results of 157 PPB.  On the two dry weather comparisons, the Horse Farm and Rocky Hill Road sites had similar readings: average 20.5 PPB for the Horse Farm and 17.5 PPB for Rocky Hill Road.  This leads us to back off somewhat from our tentative 2003 conclusion that the Horse Farm may not contribute to excessive nutrient levels.  This is a very small sample set, and it would be prudent to gather more data before attempting to make any more definite conclusions
Figure 6. Total Phosphorus in tributaries, by date
    Notes:   6/14, 8/10 were dry days; 8/31 intermediate; 9/9, 9/18 were wet days.
Figure 7.  Total Phosphorus, Dry days vs. Wet days

Figure 7 shows average TP values for wet weather and dry weather sampling at each site.  

Lake Warner is located in the Eastern Coastal Plain ecoregion (region XIV) defined by US EPA for purposes of developing ecoregional nutrient criteria; more specifically, it is found in Level III Ecoregion 59: Northeastern Coastal Zone (source: USEPA  Nutrients: Ecoregional Criteria  http://www.epa.gov/waterscience/criteria/nutrient/ecoregions/). 

EPA has established criteria for ecoregion XIV of 9 PPB TP for lakes and 31.25 PPB TP for streams.  According to EPA, “The criteria are empirically derived to represent conditions of surface waters that are minimally impacted by human activities and protective of aquatic life and recreational uses. The information contained in this document represent starting points for States and Tribes to develop (with assistance from EPA) more refined nutrient criteria.”  The criteria shown here are given as a general guideline for interpreting data from this study.  They do suggest that most of the tributaries contain TP in concentrations that are protective of stream life and recreational uses during dry weather, but that all tributary sites exceed protective levels during wet weather.  

It should be noted that the MA DEP 2001 Total Maximum Daily Load study suggests that the majority of phosphorus available for plant growth is found in the lake sediments.  This study did not involve any sediment sampling.  Our characterization of the lake as eutrophic is very likely conservative.  Even with lower total phosphorus levels in tributary streams and the lake’s water column,  the lake would still likely function as a eutrophic lake, because of the nutrients that exist in the lake bed.

Study question #4.  Characterize aquatic plant growth in lake

Volunteers collected plants samples from 11 sites located along 4 transect lines.  This compares to collections from 28 sites along 10 transects in 2003.  Volunteers also documented location of plant beds and estimated density of each  (i.e. 0 –25% coverage, 25 – 50%, 50 – 75%, 75 – 100%). Beds were also characterized by general type (i.e. submerge ed (S), Floating (F), and Emergent (E – plants rising above lake surface).   These plant bed surveys were conducted in both 2003 and 2004 at comparable levels of effort.  2004’s smaller plant collection effort was deemed sufficient in part because of necessity (fewer volunteers were available) and in part because of the comprehensiveness of the 2003 program.  Plant populations do not change as quickly as do the other parameters sampled in this program.  Consequently, a reasonably reliable long term dataset can be obtained by intensive sampling every 3 to 5 years interspersed with more modest annual efforts.  See figure 8, in appendix.  These were preserved until identification by an aquatic biologist (Dr. Paul Joseph Godfrey).  A list of species found and frequency of occurrence of each is given in the appendix.  

Some notes on plant identification:  

· In 2003 the only non-native plant collected was Cabomba carioliniana, or fanwort, although Trapa natans (water chestnut) was known to be in the lake, having been collected by recreational boaters on the day sampling was conducted.   The absence of either specimen in the 2004 sampling effort should not be construed to mean these are absent from the lake.  The sampling protocol, which involves sampling as specified locations to obtain a representative sample of the lake’s plant population – and to be able to compare those populations over time -  is not intended to yield information on every species in the lake.  

· Decodon verticillatus, a rooted woody species, was underrepresented in the transect collections, probably due to difficulty in pulling this with the rake method we were using.  It is abundant along the shoreline of much of the lake. 

· Volunteers noted that duckweed was present in copious amounts over much of the lake’s surface.  This situation was noted on other dates as well (e.g. on monthly in-lake DO, temp, TP and Secchi sample dates, and on other days when volunteers, several of whom live on the lake, went boating on or walking along the lake).  In several cases, large areas of the lake, including entire coves, were  covered almost completely by duckweed.  

The plant bed map is shown in figure 9.  The plant bed mapping exercise confirms what is anecdotally known by lake users; the lake has heavy concentrations of aquatic plants.  Plant growth was heaviest in the shallower areas of the lake.

When plant coverage is considered in concert with chlorophyll and transparency data, it is apparent that Lake Warner suffers doubly from the effects of excessive nutrients.  Many lakes will respond to nutrient overload by supporting either large amounts of algae or extensive macrophyte communities.  Lake Warner contains both in ample quantities.  In general, it appears to exhibit fairly typical symptoms of a lake experiencing excessive nutrient loading.  The high total phosphorus levels are apt to trigger both macrophyte and algae growth.  This tends to result in reduced water clarity and in lowered DO levels.  All of these conditions in turn appear to affect recreational use of the lake in several ways.  Volunteers have first-hand knowledge of the aesthetically unpleasant experience of paddling through heavy macrophyte and duckweed beds.  There are many sections in the lake where boating is impeded by large, dense plant beds.  The lake is a popular fishery, but excessive plant growth seems to limit seasonal use of the lake for fishing or boating.  Based on anecdotal evidence, fewer people seem to use it in late summer, when plant coverage is greatest, than in spring and early summer.  It is not known whether low DO levels are in any way affecting growth or health of fish in the lake.

Recommendations

Future monitoring recommendations

The group hopes to continue the monitoring program in 2005.  By continuing regular sampling for DO, temperature, transparency and TP, and by repeating the aquatic plant identification and mapping, we hope to begin to build a long term database that will help document changes in conditions over time.   

We are considering a modification of the tributary sampling for 2005 – to focus more closely on the Knightly Road site to learn more about the nature and magnitude of the apparently excessive nutrient contribution this tributary makes to the lake.  We would like to take more frequent total phosphorus measurements at this site – at least 4 each wet and dry weather samples.  It might be worth the effort to take flow measurements at this site, particularly during times of high runoff.  This would help us get a better idea of the TP load this tributary contributes to the lake - as opposed to knowing TP concentrations only.  We would also like to explore the upstream portions of this small tributary watershed, using a visual nonpoint pollution survey technique known as “Following The Flow”.  This technique involves recording visual observations of specific sites (e.g. agricultural operations, construction sites, residential areas, parking lots, or other runoff contributors), to identify evidence of actual or potential runoff, and to note pollution transport routes as well as to observe evidence of ecosystem response (e.g. excessive plant growth in streams).   We recognize that this effort might be politically sensitive, as it may identify locations where alterations of existing operations might be recommended to reduce nutrient loading into the lake.  It would not be our intent to initiate any regulatory actions based on such a survey; rather, we would conduct this survey only after receiving permission from all potentially involved parties, including landowners and town boards.  The information obtained would be shared with all involved parties to initiate discussions on voluntary measures that might be implemented to reduce runoff.   

We also believe that additional wet and dry weather sampling at the Horse Farm and Rocky Hill Road sites will help us get a better sense of the degree to which the Horse Farm contributes to nutrient levels in the Lake Warner Watershed.  To date, results are inconclusive.  

The above-mentioned recommendations can be implemented with approximately the same level of human and financial resources expended for this year’s program.  Project costs were approximately $1600, primarily for laboratory analysis of total phosphorus and chlorophyll samples.

The  Pioneer Valley Planning Commission (PVPC) continues to seek funding for projects that would provide more in-depth sampling in the lake itself and at tributary locations. These plans include sediment sampling of the lake itself as well as a greater frequency of sampling at additional sites, and for additional parameters (e.g. fecal coliform or E. coli bacteria, nitrate-nitrogen, specific conductance, turbidity) beyond those monitored this year.  These plans are consistent with the recommendations of the Study Group.

In addition, it might be wise to conduct a survey of anglers, boaters, and other lake users to obtain information about the amount and seasonal variation of lake use, as well as users’ perceptions about lake health and how it affects their use of the lake.  

Management recommendations

The 2002 “Lake Warner Assessment Project,” coordinated by the Riverways Program, produced a number of recommendations for installation of BMPs to protect against agricultural, residential, and urban runoff.  Those recommendations are consistent with the recommendations of the Study Group.  In addition, grants written by the PVPC reference several specific recommendations  – e.g. increased street sweeping, storm drain installations, research and installation of BMPs at the horse farm, Campus Pond, and several UMass parking lots.  Several of these recommendations have been discussed with UMass, which has expressed an interest in pursuing them.

Outreach recommendations

In early 2004, the Study Group agreed to move forward with a program to inform and educate the local public about conditions in Lake Warner, threats to it, valuable assets that the lake contributes to community quality of life, and management practices that can be implemented to protect and restore lake health.  However, this program has yet to get off the ground, in part due to difficulty recruiting volunteers to organize the effort.  Stronger outreach remains a goal of the group.  One recommendation that has been made is to work with college interns or classes to research develop an outreach plan that addresses the issue of task and workload allocation and recruitment of local individuals and organizations to carry out the identified tasks.  

Quality control discussion
The program included several quality control exercises.  

· DO quality control samples were procured from the UMass Environmental Analytical Lab (EAL).  Volunteers analyzed the samples prior to each month’s field tests, and reported back to MassWWP staff, who compared volunteer results with those expected by the EAL.  In all cases, volunteers passed the DO QC tests.  

· Replicate samples or measurements were taken for all parameters each sample date.  On August 16th, the two DO replicates tested out at 9.6 and 4.04 PPM respectively.  This was deemed unacceptable, so the results were discarded. 

· The EAL performs its own quality control tests with every run of analyses.  These include replicates, spiked samples, and blanks.  EAL reported no problems with these tests, beyond the disparate replicates discussed above.  The lab did report that any samples that contain flocculent matter can pose problems for TP analysis, particularly at low concentrations.  Dr. Peter Kerr, lab director, theorizes that this is because the suspended material may contain high amounts of TP.  It is difficult to completely mix the samples.  When sub-samples are prepared for analysis, one aliquot might contain more suspended matter than another, and consequently produce highly variable results. 

Other than the August 16 replicate disparity, quality control results were satisfactory throughout the sampling season.
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Appendix 1:  Sampling results

	Lake Warner Monitoring Program    2004
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Date
	Site  #
	Rep#
	Time
	TP
	TP avg
	DO
	DO avg
	Air Tmp
	Surf. Tmp
	Dpth tmp
	DO dpth
	Secchi
	Secchi Avg
	Lake Dpth
	Chl a 

	
	
	
	
	PPB
	PPB
	PPM
	PPM
	C
	C
	C
	meters
	meters
	
	meters
	PPB

	05/10/04
	midlake  #2
	1
	10AM
	20
	
	8.96
	
	12
	15
	12
	1.63
	1.53
	
	2.03
	 

	05/10/04
	midlake  #2
	2
	10AM
	18
	19.0
	9.2
	9.08
	12
	15
	12
	1.63
	1.53
	1.70
	2.03
	 

	05/10/04
	midlake  #2
	3
	3PM
	
	
	 
	
	
	
	
	
	1.75
	
	2.03
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	6/14/04
	midlake  #2
	1
	10am
	29
	29.0
	9.28
	
	20
	20
	19
	2.24
	2.13
	2.13
	2.64
	 

	6/14/04
	midlake  #2
	2
	10am
	
	29.0
	9.16
	9.22
	20
	20
	19
	2.24
	2.13
	2.13
	2.64
	 

	6/14/04
	 Knightly Rd. s#3
	1
	
	64 
	
	
	
	
	
	
	
	
	
	
	 

	6/14/04
	Horse Farm s#5
	1
	
	21 
	
	
	
	
	
	
	
	
	
	
	 

	6/14/04
	Rocky Hill Rd. s#6
	1
	
	17 
	
	
	
	
	
	
	
	
	
	
	 

	6/14/04
	Campus Pond s#7
	1
	
	61 
	
	
	
	
	
	
	
	
	
	
	 

	6/14/04
	Tan Brook s#8
	1
	
	64 
	
	
	
	
	
	
	
	
	
	
	 

	6/14/04
	Tan Brook s#8
	2
	
	65 
	64.5
	
	
	
	
	
	
	
	
	
	 

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	 

	7/23/04
	midlake
	1
	9:30am
	41 
	
	4.8
	
	25
	25
	23
	2.17
	1.73
	1.73
	2.47
	 

	7/23/04
	midlake
	2
	9:30am
	36 
	38.5
	4.4
	4.6
	25
	25
	23
	2.17
	1.73
	1.73
	2.47
	 

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	 

	08/10/04
	Mid lake #2
	1
	
	30 
	
	
	
	
	
	
	
	
	
	
	 

	08/10/04
	Knightly Rd. #3
	1
	
	47 
	
	
	
	
	
	
	
	
	
	
	 

	08/10/04
	horse farm.  #5
	1
	
	22 
	
	
	
	
	
	
	
	
	
	
	 

	08/10/04
	horse farm #5
	2
	
	17 
	20 
	
	
	
	
	
	
	
	
	
	 

	08/10/04
	Rocky Hill Rd. #6
	1
	
	18 
	
	
	
	
	
	
	
	
	
	
	 

	08/10/04
	Tan Brook #8
	1
	
	9 
	
	
	
	
	
	
	
	
	
	
	 

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	 

	8/16/04
	midlake
	1
	9:30AM
	
	
	9.6
	
	18.8
	22
	21
	1.66
	1.94
	1.94
	2.06
	17

	8/16/04
	midlake
	2
	9:30AM
	
	
	4.04
	6.82
	18.8
	22
	21
	1.66
	1.94
	1.94
	2.06
	 

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	 

	8/31/04
	Knightly Rd. #3
	1
	
	55 
	55 
	
	
	
	
	
	
	
	
	
	 

	8/31/04
	Knightly Rd. #3
	2
	
	55 
	55 
	
	
	
	
	
	
	
	
	
	 

	8/31/04
	 Horse Farm #5
	1
	
	48 
	48 
	
	
	
	
	
	
	
	
	
	 

	8/31/04
	 Tan Brook #8
	1
	
	20 
	20 
	
	
	
	
	
	
	
	
	
	 

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	 

	9/9/04
	Knightly Rd. #3
	1
	
	6983
	
	
	
	
	
	
	
	
	
	
	 

	9/9/04
	 Knightly Rd. #3
	2
	
	6781
	6882
	
	
	
	
	
	
	
	
	
	 

	9/9/04
	 Horse Farm  #5
	1
	
	91 
	91 
	
	
	
	
	
	
	
	
	
	 

	9/9/04
	Rocky Hill Road   #6
	1
	
	27 
	27 
	
	
	
	
	
	
	
	
	
	 

	9/9/04
	Campus Pond  #7
	1
	
	157 
	157 
	
	
	
	
	
	
	
	
	
	 

	9/9/04
	Tan Brook #8
	1
	
	31 
	31 
	
	
	
	
	
	
	
	
	
	 

	9/18/04
	Knightly Rd. #3
	1
	
	681 
	681 
	
	
	
	
	
	
	
	
	
	 

	9/18/04
	Horse Farm #5
	1
	
	150 
	150 
	
	
	
	
	
	
	
	
	
	 

	9/18/04
	Campus Pond  #7
	1
	
	100 
	100 
	
	
	
	
	
	
	
	
	
	 

	9/18/04
	Tan Brook #8
	1
	
	103 
	101 
	
	
	
	
	
	
	
	
	
	 

	9/18/04
	Tan Brook #8
	2
	
	99 
	101 
	
	
	
	
	
	
	
	
	
	 

	9/20/04
	midlake
	1
	10:40 AM
	29 
	29.5
	6.4
	
	9
	13
	14
	2.05
	1.35
	
	2.45
	 

	9/20/04
	midlake
	2
	10:40 AM
	30 
	29.5
	6.2
	6.3
	9
	13
	14
	2.05
	1.24
	1.30
	2.45
	 


Depth tmp = temperature at depth dissolved oxygen (DO) measurement was taken.

TP = total phosphorus

Total P and DO averages represent the average of 2 replicates taken on particular dates, sites.

 Plant Mapping data

Numbers indicate the number of sampling points where a species was collected. 

	2004 Lake Warner Aquatic Plant Sampling Results
	15-Aug-04

	Species
	Common name
	Section:
	Lake total
	Frequency

	
	
	C
	B
	A
	
	

	Elodea canadensis
	American Waterweed
	7
	0
	0
	7
	13%

	Potamogeton epihydrus
	Ribbon-leaf Pondweed 
	0
	3
	1
	4
	7%

	Sparganium eurycarpum
	Giant Burreed 
	1
	0
	0
	1
	2%

	Pontedaria cordata 
	Pickerelweed
	1
	0
	0
	1
	2%

	Potamageton pulcher
	Spotted Pondweed
	5
	3
	3
	11
	20%

	Nuphar variegate (listed as 

nuphar advena  in 2003 report)
	Bullhead Lily
	1
	0
	1
	2
	4%

	Nymphaea odorata
	Fragrant waterlily
	0
	1
	1
	2
	4%

	Alga: Spirogyra, Cladophora, Wollfia borealis
	Alga
	5
	
	9
	14
	25%

	Lemna minor
	Lesser Duckweed
	4
	
	
	4
	7%

	Spirogyra & Mougeotia, Wollfia borealis
	Filamentous algae, Northern water-meal
	
	8
	
	8
	14%

	Ceratophyllum demersum 
	Common Hornwort
	
	2
	
	2
	4%

	
	
	
	
	
	56
	100%


Figure 8.  Lake Warner Plant Mapping Sections, Transects, Sampling Points

Transects T2, T6, T8 and T9 were sampled in 2004, at all sampling points on each transect. 

Figure 9.  Lake Warner Plant Bed Maps:   2004 and 2003
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Figure 10 Selected images of plants collected in the 2004 survey
Appendix 2  LakeWarner / Mill River Watershed map

Figure 11. Watershed Map


Source:  Massachusetts Riverways Program, Lake Warner Watershed Survey Report 

Appendix 3  Volunteers
The following individuals volunteered their efforts to this survey.   Our apologies to anyone left off of this list.  Thanks also to Lucy Eckert and Smith College.  Ms. Eckert worked for the program as a Smith Praxis intern.  

Jim and Gerry Harvey, volunteer leaders.

Jim Freeman

Paul Joseph Godfrey

Ginger Goldsbury

Micki Sanderson

Tom Clark
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