COMPOSITION, SEASONAL STANDING CROP BIOMASS AND ESTIMATED ANNUAL PRODUCTIVITY OF MACROPHYTE COMMUNITIES 

IN OWASCO LAKE
Bruce A. Gilman and John C. Foust
Department of Environmental Conservation and Horticulture

Finger Lakes Community College

4355 Lakeshore Drive

Canandaigua, New York 14424-8395

gilmanba@flcc.edu
foustjc@flcc.edu
Bin Zhu
Finger Lakes Institute

Hobart and William Smith Colleges
601 South Main Street
Geneva, NY 14456
zhu@hws.edu
February 2008

Introduction

Macrophyte communities characterize the littoral zone of lakes.  They are composed of aquatic plants that grow completely submerged in the water (submersed species), with leaves floating on the surface (free-floating and floating attached species) or partly submerged in the water (emergent species).  These habitats of growth are often associated with decreasing water depth, respectively.  Submersed plants spend their entire life history, with the possible exception of flowering structures, beneath the water surface.  They are typically anchored to the bottom substrate by roots, rhizomes, tubers or stolons while their vegetative shoots either never reach the surface or lie horizontal just below the surface.  Examples of submersed plants include coontail (Ceratophyllum demersum), elodea (Elodea canadensis), water stargrass (Heteranthera dubia), Eurasian water milfoil (Myriophyllum spicatum), naiads, (Najas spp.), aquatic buttercups (Ranunculus spp.), curly leaf pondweed (Potamogeton crispus), flat stem pondweed (Potamogeton zosterformis) and eelgrass (Vallisneria americana).  Free-floating aquatic plants have their leaves just above the surface and roots, when present, hang free in the water beneath them.  They are easily moved by winds and water currents.  Common examples include lesser duckweed (Lemna minor), greater duckweed (Spirodela polyrhiza) and water meals (Wolffia spp.).  Floating attached species have leaves at the water surface and are anchored to the substrate.  Floating leaves are connected to the bottom by a petiole in water lilies (Nymphaea odorata and Nuphar variegata) or by stems with leaves in some pondweeds (Potamogeton epihydrus, Potamogeton natans and Potamogeton pulcher).  Emergent species grow in the shallow, shoreline waters anchored by roots, bulbs and tubers to the substrate.  Their basal portions are submerged but most leaves and stems occur in the air.  Examples include many sedges (Carex spp.), arrow arum (Peltandra virginica), pickerelweed (Pontederia cordata), arrowleaf (Sagittaria spp.), bulrushes (Scirpus spp.) and cattails (Typha angustifolia and T. latifolia).  Most macrophyte communities are dominated by herbaceous vascular plants but they may also contain macro-algae (Chara spp. and Nitella spp.), bryophytes (Fontinalis antipyretica and Riccia spp.), ferns (Azolla caroliniana) and quillworts (Isoetes spp.). 

Correct identification of macrophytes is a necessary prerequisite to their successful management.  General guides appropriate for Finger Lakes residents include Hotchkiss (1967), Rawinski et al. (1979), Reid (1987) and Borman et al. (1999).  Regional technical references include Muenscher (1944), Fassett (1969), Ogden (1974), Ogden et al. (1976), Prescott (1980), and Hellquist and Crow (1985).  The New York Flora Association (www.nyfa.org), New York State Federation of Lake Associations (www.nysfola.org) and Finger Lakes Partnership for Regional Invasive Species Management (www.fingerlakesprism.org) are additional sources for aquatic plant information.

Diverse macrophyte communities are an essential component of healthy aquatic ecosystems.  Their anchoring structures help keep bottom substrates in place.  This reduces sediment re-suspension, thereby helping to minimize shoreline turbidity and benthic deposition that might otherwise have undesirable impacts on life stages of lake organisms, in particular, fish eggs.  Macrophyte stems and leaves can reduce wave energy thereby protecting lake shorelines from erosion.  On a daily basis, macrophytes can enhance the dissolved oxygen supply in the water through their photosynthetic activity.  Macrophytes may also improve water quality as they help control algal abundance by competitively utilizing significant portions of a lake’s nutrient budget.  Most importantly, macrophytes are a critical habitat for many lake organisms, providing both food and shelter.  Many invertebrates rely on aquatic plants during specific life history stages.  Filter-feeders attach to plants as they take their food from surrounding waters.  Insect larvae and nymphs cling to plant stems as they search for food.  Algae attached to plants are grazed upon by snails and midges.  Caddis fly and moth larvae feed directly on aquatic plant tissue.  Habitat created by aquatic plants provides food and shelter for juvenile and adult fish.  Invertebrates living on aquatic plants are a fish food source.  Some fish graze directly on submersed leaves and stems.  The structure and density of aquatic plant cover influences fish success.  For waterfowl and shorebirds, aquatic plants offer food, shelter and nesting materials.  A diversity of plants can provide food throughout the seasons.  Many birds consume invertebrates living on aquatic plants.  Mammals, too, benefit from aquatic plants.  River otters patrol the macrophyte communities hunting for food.  Muskrats feed on shoreline emergents, especially cattail.  Beaver dive down to dig out and feed on water lily tubers.  Many other examples are clearly known to wildlife managers.

Despite these positive attributes of aquatic plants, macrophyte management is often deemed necessary when biomass is excessive and where communities become dominated by invasive species like Eurasian milfoil and curly leaf pondweed.  To assist Owasco Lake managers, this research provides baseline information on macrophyte communities in the lake.  Specifically this report provides reliable and consistent data collected at multiple sites within the lake’s littoral zone, documents spatial and temporal patterns in biomass and productivity, tests correlations between macrophyte community structure and potential regulating environmental features (e.g., water depth, substrate conditions), brings particular emphasis on invasive species occurrences, and compares  Owasco Lake macrophyte information to similar data from other regional water bodies in central and western New York.
Methods

Historic macrophyte records for Owasco Lake (Gilman 1992), based on intensive searches of regional herbaria, were updated through personal communication with regional limnologists to create a preliminary aquatic plant checklist.  Voucher specimens of most macrophytes observed in Owasco Lake were collected during the 2007 study year, identified to species level, and placed in the herbarium at Finger Lakes Community College.  Vascular plant taxonomy follows Mitchell and Tucker (1997).

Some macrophyte communities were sampled seasonally (June, July and August) while others were sampled only in August.  Using lake bathymetry as a guide (Figure 1), seasonal macrophyte sampling sites were established in the large littoral zones at both ends of the lake basin.  At the south end, where vegetation was abundant, sites were arranged along two transect lines.  The first sample along each transect was located about 10 meters from shore, with subsequent samples at approximate 100 meter intervals.  The transect originating in the southeastern corner of the lake contained 7 sites, the transect beginning just east of the marina contained 8 sites.  All individual sites were documented by GPS readings to facilitate return to each location for additional sampling in later months.  At the north end, where vegetation was sparse, sites were clustered in three groups: off Buck Point (5 sites), off Emerson Park (4 sites) and off the outlet canal (3 sites).  Again, all individual sites were documented by GPS to facilitate return for additional sampling in later months.  Twelve additional sites, located within the narrow littoral zones along the eastern and western sides of the lake, were collected in August.  In total, 93 macrophyte community samples were taken.

At each site, the standing crop biomass of aquatic plants was hand pulled at substrate level within a weighted ½ m2 quadrat frame.  The sampling process was facilitated by the use of snorkeling and SCUBA equipment.  Each biomass sample was placed in a mesh bag underwater, rinsed in lake water, transferred to a plastic bag in the boat and labeled with site information.  Water depth was measured by staff gage or sounding line.  Substrate samples were hand collected from each site.  Substrate and biomass samples were returned to the college and refrigerated for further analyses.

In the laboratory, biomass samples were sorted by species.  During sorting, most incidental sediment and larger benthic organisms were removed from the plants.  Sorted species were placed in individual brown paper bags and then air dried in the college greenhouse.   If necessary, samples were brought to a stable weight by oven drying at 105 ºC prior to weighing on a top loading analytical balance.  Monthly standing crop biomass (g/m2) was computed by summing the dry weights of component species at each site.  Annual productivity (g/m2) was estimated at each site by summing the peak standing biomass for every species, whenever that occurred among the three sampling months.

Each substrate sample was air dried, processed into original particle sizes with a rolling pin, and then sieved to remove the fraction greater than 2 mm.  This fraction was weighed, described and discarded.  The portion passing through the sieve was analyzed with the following methods.  Substrate pH was determined by electronic meter at field capacity, the 1:1 soil-water ratio or thin paste method recommended in Peech (1965).  Percent sand, silt and clay were determined by separation in soil settling tubes (Lamotte 2007).  Each substrate was also placed into one of twelve textural classes using the USDA textural triangle system.  Organic matter content was calculated by loss on ignition at 500 ºC in a muffle furnace (Wilde et al. 1964).  Substrate samples were prepared for total phosphorus analysis by drying at 75 ºC until a constant weight was achieved.  After homogenization, 30 mg sub-samples were dissolved with 5% (w/v) potassium persulfate in a 100 ºC water bath for one hour.  Final total phosphorus concentration was determined using the spectrophotometric method (APHA 2000).

Macrophyte community structure is described by seasonal standing crop biomass values and richness, the total number of aquatic plant species found within the sample.  Macrophyte community function is described by establishing and estimating the association of annual productivity with community structural features and environmental features (e.g., water depth and substrate conditions).  This was tested by correlation analysis with coefficient of determinations (r2) and Pearson correlation coefficients (r) calculated according to Sokal and Rohlf (1995).
Results

Macrophyte communities in Owasco Lake are dominated by aquatic plants with a basal rosette of long linear leaves, by short aquatic plants with narrow leaves, or by tall aquatic plants with flexuous stems and a concentration of reduced or finely dissected leaves.  Of the 18 species collected, 16 were vascular plants, one was a moss and the remaining plant was a macro-algae.  A species checklist with sample frequency of occurrence is presented in Table 1.  Two species are considered introduced and invasive, Eurasian milfoil (Myriophyllum spicatum) and curly leaf pondweed (Potamogeton crispus).  The first Cayuga County record of a New York State endangered plant, the spotted pondweed (Potamogeton pulcher), is reported here.  The phytogeography of spotted pondweed based on vouchered county records in the New York Flora Atlas Project is presented in Figure 2.
This research provides significant additions to the historic macrophyte records for Owasco Lake.  Bloomfield (1978) lists nine species: coontail (Ceratophyllum demersum), stonewort (Chara sp.), water stargrass (Heteranthera dubia), elodea (Elodea canadensis), water milfoil (Myriophyllum exalbescens), Eurasian water milfoil (Myriophyllum spicatum), large leaf pondweed (Potamogeton amplifolius), curly leaf pondweed (Potamogeton crispus) and eel grass (Vallisneria americana).  All except water milfoil (Myriophyllum exalbescens), now taxonomically known as M. sibiricum, were detected here.  Gilman (1992) lists 14 species based on specimens found in regional herbaria.  Three are shoreline emergent plants, water plantain (Alisma plantago-aquatica), common arrowhead (Sagittaria latifolia) and river bulrush (Scirpus fluviatilis) while another three are typically palustrine or riverine species, water smartweed (Polygonum amphibium), yellow water buttercup (Ranunculus flabellaris) and arum-leaved arrowhead (Sagittaria cuneata) that would likely not have been detected by the lacustrine sampling methods employed here.  Of the remaining eight species, water milfoil (Myriophyllum sibiricum), slender naiad (Najas flexilis), thread leaf pondweed (Potamogeton filiformis), grass leaf pondweed (Potamogeton gramineus), Illinois pondweed (Potamogeton illinoensis),
Table 1 – Percent frequency of occurrence (June [n=27], July [n=27], August [n=39], Total [n=93]) for aquatic macrophytes sampled during 2007 in Owasco Lake.

	Common name
	Scientific name
	Jun
	Jul
	Aug
	Total
	Rank

	Coontail
	Ceratophyllum demersum
	59.3
	44.4
	41.0
	47.3
	7th

	Stonewort
	Chara sp.
	40.7
	55.6
	53.8
	50.5
	6th

	Elodea
	Elodea canadensis
	81.5
	81.5
	79.5
	80.6
	1st

	Aquatic moss
	Fontinalis antipyretica
	    -
	    -
	  2.6
	  1.1
	

	Water stargrass
	Heteranthera dubia
	22.2
	29.6
	38.5
	31.2
	8th

	Eurasian water milfoil
	Myriophyllum spicatum
	66.7
	70.4
	76.9
	72.0
	2nd

	Slender naiad
	Najas flexilis
	    -
	29.6
	38.5
	24.7
	9th

	Southern naiad
	Najas guadalupensis
	    -
	    -
	  5.1
	  2.2
	

	Large leaf pondweed
	Potamogeton amplifolius
	  7.4
	  3.7
	  2.6
	  4.3
	

	Curly leaf pondweed
	Potamogeton crispus
	66.7
	48.1
	53.1
	54.8
	5th

	Leafy pondweed
	Potamogeton foliosus
	77.8
	77.8
	46.2
	64.5
	3rd

	Grass leaf pondweed
	Potamogeton gramineus
	    -
	  3.7
	  2.6
	  2.2
	

	Sago pondweed
	Potamogeton pectinatus
	18.5
	  7.4
	  2.6
	  8.6
	

	Spotted pondweed
	Potamogeton pulcher
	  3.7
	  3.7
	10.3
	  6.5
	

	Small pondweed
	Potamogeton pusillus
	11.1
	  7.4
	17.9
	12.9
	11th

	Flat stem pondweed
	Potamogeton zosteriformis
	  3.7
	14.8
	10.3
	  9.7
	

	Stiff white water buttercup
	Ranunculus longirostris
	18.5
	18.5
	10.3
	15.1
	10th

	Eel grass
	Vallisneria americana
	33.3
	55.6
	71.8
	55.9
	4th


brown pondweed (Potamogeton natans), long leaf pondweed (Potamogeton nodosus), and sago pondweed (Potamogeton pectinatus), only three were detected here (Najas flexilis, Potamogeton gramineus and P. pectinatus).  Brown pondweed (Potamogeton natans) and long leaf pondweed (P. nodosus) may yet be found at the mouths of Owasco Lake tributaries and were simply not detected by this field work.  Compared to historic records, this research lists seven aquatic plant species previously unreported for Owasco Lake: an aquatic moss (Fontinalis antipyretica), southern naiad (Najas guadalupensis), leafy pondweed (Potamogeton foliosus), spotted pondweed (P. pulcher), small pondweed (P. pusillus), flat stem pondweed (P. zosteriformis) and stiff white water buttercup (Ranunculus longirostris).

Most macrophytes were widely distributed within Owasco Lake except slender naiad (Najas flexilis) which was nearly absent from the southern end of the lake, grass leaf pondweed (Potamogeton gramineus) and spotted pondweed (P.  pulcher) which were only at the northern end of the lake, and stiff white water buttercup (Ranunculus longirostris) that was only found at the southern end of the lake.  Seasonal presence of most macrophytes was variable with coontail (Ceratophyllum demersum), leafy pondweed (Potamogeton foliosus), sago pondweed (P. pectinatus) and stiff white water buttercup (Ranunculus longirostris) showing monthly declines, with water stargrass (Heteranthera dubia), naiads (Najas spp.) and eel grass (Vallisneria americana) showing monthly increases while other species remained fairly constant.

Macrophytes had overlapping tolerances of water depth (Figure 3).  Sago pondweed (Potamogeton pectinatus), stiff white water buttercup (Ranunculus longirostris) and eelgrass (Vallisneria americana) have their largest standing crop biomass in shallow water.  Conversely, coontail (Ceratophyllum demersum), large leaf pondweed (Potamogeton amplifolius) and slender naiad (Najas flexilis) were most abundant in deep water.  Due to the spring phenology of curly leaf pondweed (Potamogeton crispus), depth distribution information in this study is inconclusive.  This aquatic plant was beginning to senesce in June, was further deteriorated in July and was generally present as vegetative turions in August.  From observations of its occurrence in other Finger Lakes, it is likely that curly leaf pondweed would be most abundant in deeper waters of the littoral zone in Owasco Lake.
Physical and chemical properties of Owasco Lake water are described in detail elsewhere in this volume (see Chapters XXX).  Macrophyte community substrate properties are summarized in Table 2.  Sandy substrates predominate at the north end of the lake basin while silts typify the bottom near the southern inlet.  Cobbly materials were commonly associated with tributary mouths.  Total phosphorus concentrations were extremely high at all sample sites.  Organic matter content was highest in the macrophyte community at the south end of the lake basin, probably the result of allochthonous input from the large inlet wetland as well as the historic legacy of weedbed productivity at this location.  Substrate pH showed slight variation among sampling sites.
Table 2 – Physical and chemical properties of substrates collected from Owasco Lake macrophyte communities.  Depth of substrates below the lake surface is also provided.  Data presented as mean with range in parentheses.
	Property
	Buck Point
	Emerson
Park
	Outlet Channel
	Southeast End
	Southwest End
	East/West Sides

	Depth, cm
	243
	441
	372
	194
	137
	184

	     
	(183-312)
	(291-520)
	(274-520)
	(35-390)
	(23-300)
	(52-342)

	% Sand
	74.7
	84.2
	76.7
	31.4
	50.8
	76.7

	     
	(60-87)
	(80-90)
	(73-80)
	(20-47)
	(20-80)
	(50-90)

	% Silt
	20.0
	7.1
	14.4
	60.0
	44.2
	14.9

	     
	(5-33)
	(5-10)
	(13-17)
	(47-73)
	(17-73)
	(3-47)

	% Clay
	5.3
	8.8
	8.9
	8.6
	5.0
	8.5

	     
	(3-8)
	(3-15)
	(7-13)
	(3-20)
	(3-7)
	(2-23)

	Texture
	sandy loam
	loamy sand
	sandy loam
	silt loam
	loam
	sandy loam

	TP, µg/L
	295.1
	522.3
	412.4
	205.5
	183.3
	291.1

	
	(253-349)
	(441-636)
	(261-532)
	(118-406)
	(121-369)
	(126-661)

	% Organic
	8.3
	4.7
	6.3
	9.5
	9.6
	7.2

	
	(7-11)
	(2-7)
	(4-9)
	(6-19)
	(5-14)
	(5-10)

	pH
	7.53
	7.72
	7.69
	7.41
	7.46
	7.64

	
	(7.46-7.61)
	(7.64-7.78)
	(7.60-7.85)
	(7.32-7.64)
	(7.38-7.57)
	(7.44-7.85)


Seasonal standing crop biomass varied greatly within the macrophyte communities of Owasco Lake (Table 3).   Lower standing crop biomass was observed in the deep edge of the littoral zone, especially on coarse substrates, and near the shoreline where wave action may disrupt plant growth.  Biomass was higher in loam and silt loam substrates enriched with organic matter.
Table 3 – Changes in seasonal standing crop biomass (g/m2) for sites in Owasco Lake.   Data provided includes mean plant biomass, maximum plant biomass and mean richness (i.e., number of species accounting for biomass totals with the ½ m2 quadrat frame).

	Site
	Mean richness
	Mean biomass
	Maximum biomass

	Buck Point
	
	
	

	June
	5.6
	  426
	1263

	July
	6.4
	  505
	  793

	August
	5.0
	  761
	1143

	
	
	
	

	Emerson Park
	
	
	

	June
	3.0
	    19
	    37

	July
	4.0
	  109
	  187

	August
	6.0
	  178
	  234

	
	
	
	

	Outlet Channel
	
	
	

	June
	6.3
	    54
	    84

	July
	5.7
	  319 
	  535

	August
	7.3
	  356
	  454

	
	
	
	

	Southeast End
	
	
	

	June
	5.4
	  214
	  496

	July
	6.4
	  435
	  780

	August
	6.4
	  309
	  549

	
	
	
	

	Southwest End
	
	
	

	June
	4.4
	  223
	  475

	July
	5.3
	  385
	1031

	August
	3.0
	  257
	  776

	
	
	
	

	East/West Sides
	
	
	

	June
	-
	  -
	  -

	July
	-
	  -
	  -

	August
	6.5
	  301
	  807

	
	
	
	

	All Sites Lake Wide
	
	
	

	June
	5.1
	  225
	1263

	July
	5.8
	  389
	1031

	August
	5.4
	  390
	1143



Within the 2007 growing season, the relative importance of macrophyte species changed monthly.  Using biomass as a measure of relative importance, Table 4 examines the proportion of the total standing crop caused by individual macrophyte species encountered in the samples.  Elodea exhibits a mid-summer peak in importance, while stonewort, water stargrass, slender naiad, small pondweed and eel grass had their maximum importance late in the season. Conversely, curly pondweed, leafy pondweed and sago pondweed had their greatest importance early in the season.  Overall, most of the absolute standing crop biomass was produced by stonewort (40.3%), with lesser amounts from elodea (27.1%), Eurasian water milfoil (8.7%), eel grass (6.1%), leafy pondweed (5.7%) and curly leaf pondweed (2.5%).  Biomass partitioning, of course, changed at each specific sampling site within the lake.
Table 4 – Percent distribution of standing crop biomass (June [n=27], July [n=27], August [n=39], Total [n=93]) for aquatic macrophytes sampled during 2007 in Owasco Lake.  All percentages rounded to the nearest tenth.
	Common name
	Scientific name
	June
	July
	Aug
	Total

	Coontail
	Ceratophyllum demersum
	2.3
	0.6
	1.4
	1.3

	Stonewort
	Chara sp.
	36.1
	35.3
	45.8
	40.3

	Elodea
	Elodea canadensis
	25.7
	37.7
	19.8
	27.1

	Aquatic moss
	Fontinalis antipyretica
	0.0
	0.0
	0.0
	0.0

	Water stargrass
	Heteranthera dubia
	0.4
	0.4
	3.4
	1.8

	Eurasian water milfoil
	Myriophyllum spicatum
	9.8
	9.2
	7.8
	8.7

	Slender naiad
	Najas flexilis
	0.0
	0.4
	2.1
	1.1

	Southern naiad
	Najas guadalupensis
	0.0
	0.0
	0.0
	0.0

	Large leaf pondweed
	Potamogeton amplifolius
	0.2
	0.2
	0.0
	0.2

	Curly leaf pondweed
	Potamogeton crispus
	7.3
	0.9
	1.7
	2.5

	Leafy pondweed
	Potamogeton foliosus
	11.8
	9.2
	0.5
	5.7

	Grass leaf pondweed
	Potamogeton gramineus
	0.0
	0.0
	0.1
	0.0

	Sago pondweed
	Potamogeton pectinatus
	5.6
	0.0
	0.0
	1.1

	Spotted pondweed
	Potamogeton pulcher
	0.0
	0.0
	0.1
	0.1

	Small pondweed
	Potamogeton pusillus
	0.1
	0.2
	3.6
	1.7

	Flat stem pondweed
	Potamogeton zosteriformis
	0.0
	0.5
	0.3
	0.3

	Stiff white water buttercup
	Ranunculus longirostris
	0.2
	0.2
	0.3
	0.2

	Eel grass
	Vallisneria americana
	0.5
	1.9
	11.7
	6.1



Repeated seasonal sampling demonstrates species turnover during the growing season (i.e., one macrophyte replacing another in importance within the community) and can be used to estimate overall annual productivity.  With multiple species turnovers in one growing season, more biomass can be produced at a site than is present at any given time.  Estimates of annual productivity at Buck Point averaged 869 g/m2, off Emerson Park 213 g/m2, by the Outlet Channel 464 g/m2, at the southeastern end 652 g/m2 and at the southwestern end of the lake 612 g/m2.  The lake wide average annual productivity estimate, based on 81 samples, was 625 g/m2.  
Discussion

Aquatic macrophyte diversity in Owasco Lake (18 species) is similar to the richness reported for other local water bodies.  Even where sampling techniques varied (e.g., standing crop harvest, hand raking and photo-documentation) or aquatic species of interest were broader, the core number of macrophytes is remarkably consistent.  Bloomfield (1978) presents a historical summary of macrophyte diversity in Cayuga Lake where 21 species were found in 1929, dropping to 18 species in 1943 and lower yet to 10 species in 1970.  Bloomfield (1978) recently lists 8 species for Seneca Lake however, during the last century, 23 species are noted in Gilman (1992).  Bloomfield (1978) similarly lists 9 species for Keuka Lake, while Baxter (1990) notes the occurrence of 11 species and Gilman (1992) viewed herbarium sheets of 20 species.  In Waneta Lake, Johnson et al. (1999) list 15 species of aquatic macrophytes.  According to Bloomfield (1978), Canandaigua Lake supports 13 species but Gilman (1992) saw records of 29 species.  Gilman’s intensive work in Honeoye Lake revealed 18 aquatic plant species in 1984, 19 in 1994 and 20 in 2004.  Macrophyte inventory work in the Wayne County Bays of Lake Ontario (Gilman and Smith 1988) lists 13 species for East Bay, 17 species for Port Bay and 24 species for Sodus Bay.  Bloomfield (1978) lists 21 species for Conesus Lake but Makarewicz et al. (1991) only found 17 different species.  Intensive work in Otsego Lake yields a list of 23 species (Harman et al.1997).  Mills (personal communication) suggests a tally of 19 species for Oneida Lake although Zhu et al. (2006) reported only 12 submersed macrophytes in that lake..  Only heavily polluted Onondaga Lake fails to fit the pattern, with Madsen et al. (1993) finding only 5 species after intensive sampling.  It is unfortunate that thorough historic data is not available for Owasco Lake, but lacking that information, it still appears that the lake supports diverse macrophyte populations.  Most of the samples collected in this research suggest that dominance by invasive species (e.g., Eurasian milfoil and curly leaf pondweed) is lacking lake-wide however, there may be local areas, not sampled here, where that could occur.

Regional macrophyte community studies suggest that nutrient enrichment and aquatic plant introductions contribute to increases in annual productivity (Stewart and Markello 1974, Baston and Ross 1975, Oglesby et al. 1975, Gilman 1976, Bloomfield 1978, Gilman 1985).  The Owasco Lake data provides further scientific support for that observation.  The concentrations of a critical nutrient, substrate total phosphorus, are extremely high and although only a portion of that is readily available to support plant growth at any given time, an adequate supply appears to be present.  Coupled with dissolved nutrients delivered to the lake by tributary streams (see Chapter XXX in this volume), it is not surprising that estimated annual productivity lake-wide was 625 g/m2.    By comparison, annual estimates from Otsego Lake were 204 g/m2 (Harman et al. 1997), from Conesus Lake ranged between 205 and 400 g/m2 (Makarewicz et al. 1991) and in Cayuga Lake ranged between 133 and 400 g/m2 (Bloomfield 1978).  The maximum standing crop biomass determined by this Owasco Lake research was 1263 g/m2.  That falls just below the maximum value of 1470 g/m2 in Conesus Lake (Makarewicz et al. 1991) and just above the maximum value of 1217 g/m2 for Sodus Bay (Gilman and Smith 1988).  Other local water bodies have much lower standing crop biomass than Owasco Lake macrophyte communities at comparable times of the year.  The maximum value for Canandaigua Lake was 719 g/m2 (Gilman, unpublished data), for Port Bay it was 579 g/m2 (Gilman and Smith 1988), for Honeoye Lake it was 513 g/m2 (Gilman 1994), for East Bay it was 512 g/m2 (Gilman and Smith 1988) and for Waneta Lake it was only 218 g/m2 (Johnson et al. 1999).  Owasco Lake rates high in macrophyte abundance both in terms of standing crop biomass and estimated annual productivity.

Variation in estimated annual productivity of macrophyte communities involves environmental, competitive and successional interactions.  To test the importance of these factors, simple linear correlation coefficients (r) and coefficients of determination (r2) were calculated between annual productivity and other characteristics of the sampling sites.  Results are presented in Table 5.  Annual productivity is significantly correlated to a number of factors.  While it is tempting to interpret these correlations as causation, the test statistic is designed to only detect where two patterns co-vary in a similar way.  It may be a third factor, perhaps not studied, that is causing the similar response in the first two factors.  Ecological interpretation of correlations should be approached with care and caution, and will likely require controlled experimentation to verify.
Table 5 – Statistical correlations between estimated annual productivity and other characteristics of the aquatic macrophyte communities in Owasco Lake.  A single asterisk (*) indicates association at the p=0.05 level, a double asterisk (**) indicates association at the p=0.01 level.
	
	r
	r2

	Community Structure
	
	

	June standing crop
	 0.689
	0.475**

	July standing crop
	 0.836
	0.698**

	August standing crop
	 0.773
	0.598**

	
	
	

	June richness
	 0.110
	0.012

	July richness
	 0.038
	0.001

	August richness
	-0.073
	0.005

	annual richness
	-0.112
	0.013

	
	
	

	Water Regime
	
	

	mean depth
	-0.119
	0.014

	
	
	

	Substrate Conditions
	
	

	total phosphorus
	-0.301
	0.091

	% organic matter
	 0.534
	0.285**

	% sand
	-0.201
	0.041

	% silt
	 0.205
	0.042

	% clay
	-0.018
	0.000

	pH
	-0.486
	0.237*



The strong positive correlation between estimated annual productivity and seasonal standing crop was expected, with July data being most similar, and accounting for nearly 70% of the variability in annual estimates.  This suggests that more macrophyte species achieve their maximum biomass during July than any other month sampled.  No association was detected between estimated annual productivity and sample richness.  While seasonal species turnover can enhance richness, minimize interspecific competition and contribute to higher annual production, several compensatory mechanisms may help explain why more species doesn’t necessarily mean more biomass.  First, some species are small by nature and tolerant to the shade of deeper waters where they often co-occur.  Clearly, stonewort and slender naiad occurrences in Owasco Lake fit this description.  In shallow depths, wave erosion regularly and repeatedly creates open patches in macrophyte communities where pioneers can re-establish.  Continued disturbance leads to continual recruitment and helps to maintain the diversity along shorelines.  Conversely, some extremely productive plants have morphological adaptations that effectively reduce the opportunity for other aquatic plants.  The canopy forming capability of Eurasian milfoil as well as the early phenology and dense growth of curly leaf pondweed often results in monospecific patches.

An association undoubtedly exists between annual production and water depth, the factor that partly describes the volume of water available for the growth of stems, leaves and reproductive structures.  The problem here is that the association is not linear over the full gradient of water depth in the littoral zone.  In shallow water, production is not only limited by volume but also by disturbance created by wave action and fish spawning activities.  Typically macrophytes with short stems and microphyllous leaves (e.g., sago pondweed, eel grass) dominate in a mosaic of vegetated and non-vegetated, disturbed patches.  In deep water, despite the volume available, plant production is limited by low light intensity.  Species tolerant to low light and capable of rapid growth upward into improved light conditions will occur.  During the spring, curly leaf pondweed is present, followed by Eurasian milfoil and large leaf pondweed during the summer.  In the middle depths of the littoral zone, where available volume plays a key role, the association between annual production and depth would likely be significant.
Some substrate conditions were associated with estimated annual production while others were not.  Percent organic matter, largely the result of in situ growth, was positively correlated with estimated annual production.  The variable pattern in total phosphorus was not correlated to estimated annual production probably due to adequate amounts of this nutrient being available for aquatic plant growth even at the lowest concentrations detected.  Particle size classes of the substrate (i.e., percent of sand, silt and clay) did not correlate with estimated annual production.  The remaining substrate condition tested here, pH, was negatively correlated with estimated annual production over the narrow range of pH values measured.  This pH effect may be indirect, as pH is well known to influence availability of several nutrients.  

Inability to explain most of the variability in estimated annual productivity is due to not being able to assess the influencing role of several complex yet likely significant factors.  In terms of the aquatic plants, it may be critical to know the nature and density of overwintering structures.  Very few macrophytes are annual species that rely on seed production. Most form vegetative propagules that rest, waiting on the bottom substrates for the opportunity to grow.  Coupled with the timing of ice melt off the littoral zone, this may significantly affect plant biomass during the growing season.  Additionally, holistic lake managers understand the close relationship between excessive macrophyte growth and watershed activities that release sediment and nutrients to a water body.  Many best management practices have been implemented across the Finger Lakes watersheds to reduce these causes of cultural eutrophication.  These include agricultural environmental management practices, waste water treatment plant improvements and educating watershed residents about the collective impact of their individual actions.  Some of the most productive macrophyte communities were found where contaminated streams entered Owasco Lake.
Acknowledgements


This fieldwork and report were sponsored by a New York State Legislative Grant secured by Senator Nozzolio.  Finger Lakes Community College and Hobart and William Smith College provided administrative assistance, document reproduction and help with acquisition of supplies.  Many individuals helped during this study and special thanks belong to our students Meredith Eppers, Matt Lilly, Jason Schenandoah and Joseph Sullivan.
References
APHA (American Public Health Association).  2000.  Standard methods for the examination of water and wastewater.  15th edition, American Public Health Association.  Washington, D.C.

Baston, L. and B. Ross.  1975.  The distribution of aquatic weeds in the Finger Lakes of New York State and recommendations for their control.  New York State Assembly, Public Service Legislature Studies Program.  Albany, New York.

Baxter, P.J.  1990.  1987 program report – aquatic vegetation management.  Steuben County Soil and Water Conservation District.  Bath, New York.  35p.

Bloomfield, J.A.  1978.  Lakes of New York State.  Volume 1: Ecology of the Finger Lakes.  Academic Press, Inc.  New York, New York.  499 p.
Borman, S., R. Korth and J. Temte.  1999.  Through the looking glass: A field guide to aquatic plants.  Wisconsin Lakes Partnership.  Reindl Press.  Merrill, Wisconsin.  248 p.

Fassett, N.C.  1969.  A manual of aquatic plants.  University of Wisconsin Press.  Madison, Wisconsin.  405 p.

Gilman, B.A.  1976.  Wetland plant communities along the eastern shoreline of Lake Ontario.  M.S. thesis, College of Environmental Science and Forestry.  Syracuse, New York.  188p.
Gilman, B.A.  1985.  An inventory of the aquatic weedbeds of Honeoye Lake with suggestions for their management.  Community College of the Finger Lakes.  Canandaigua, New York.  68p.

Gilman, B.A.  1992.  A history of aquatic plant distribution in upstate New York.  Federation of Lake Associations, Inc.  Cazenovia, New York and Water Resources Board, Finger Lakes Association.  Penn Yan, New York.  65p.

Gilman, B.A.  1994.  Weedbed communities of Honeoye Lake: ten years later.  Finger Lakes Community College.  Canandaigua, New York.  69p.
Gilman, B.A. and F.W. Smith.  1988.  An inventory of macrophyte communities in the Wayne County bays of Lake Ontario, New York.  Community College of the Finger Lakes.  Canandaigua, New York.  49p.

Harman, W.N., L.P. Sohacki, M.F. Albright and D.L. Rosen.  1997.  The state of Otsego Lake, 1936-96.  Biological Field Station, Occasional Paper No. 30.  Cooperstown, New York.  311p.

Hellquist, C.B. and G.E. Crow.  1985.  Aquatic vascular plants of New England, Parts 1-8.  Bulletins 515, 517, 518, 520, 523, 524, 527 and 528.  New Hampshire Agricultural Experiment Station, University of New Hampshire.  Durham, New Hampshire.

Hotchkiss, N.  1967.  Common marsh, underwater and floating-leaved plants of the United States and Canada.  Dover Publications, Inc.  New York, New York.  124 p.

Johnson, R.L., A.C. Colby, J.A. Toner and K.L. Belinsky.  2000.  Occurrence and abundance of aquatic macrophytes and associated Eurasian milfoil herbivores in Lamoka and Waneta Lakes.  Cornell University Research Ponds.  Ithaca, New York.  44p.

Lamotte Company, Inc.  2007.  Soil texture test kit.  Chestertown, Maryland.

Madsen, J.D., R.M. Smart, L.W. Eichler, C.W. Boylen, J.W. Sutherland and J.A. Bloomfield.  1993.  Submersed littoral vegetation distribution: field quantification and experimental analysis of sediment types from Onondaga Lake, New York.  U.S. Army Corps of Engineers, Technical Report A-93-14.  Washington, D.C.  50p.

Makarewicz, J.C., T.W. Lewis, R. Dilcher, M. Letson and N. Puckett.  1991.  Chemical analysis and nutrient loading of streams entering Conesus Lake, N.Y.  Center for Aquatic Science and Aquaculture.  Brockport, New York.  62p.

Mitchell, R.S. and G.C. Tucker.  1997.  Revised checklist of New York State plants.  New York State Museum Bulletin 490.  Albany, New York.  400 p.

Muenscher, W.C.  1944.  Aquatic plants of the United States.  Comstock Publishing Company, Inc.  Ithaca, New York.  374 p.

Ogden, E.C.  1974.  Potamogeton in New York.  New York State Museum Bulletin 423.  Albany, New York.  20 p.

Ogden, E.C., J.K. Dean, C.W. Boylen and R.B. Sheldon.  19796.  Field guide to the aquatic plants of Lake George, New York.  New York State Museum Bulletin 426.  Albany, New York.  65 p.

Oglesby, R., W. Schaffner and E. Mills.  1975.  Nitrogen, phosphorus and eutrophication in the Finger Lakes.  Cornell University Water Resources and Marine Science Center, Technical Report No. 94.  Ithaca, New York.

Peech, M.  1965.  Hydrogen ion activity.  In: C. Black (ed.) Methods of soil analysis.  Agronomy Series Number 9, American Society of Agronomy.  Madison, Wisconsin.

Prescott, G.W.  1980.  How to know the aquatic plants.  Wm. C. Brown Publishing.  Dubuque, Iowa.

Rawinski, T., R. Malecki and L. Mudrak.  1979.  A guide to plants commonly found in the freshwater wetlands of New York State.  Community Environmental Program, Department of Natural Resources, Cornell University.  Ithaca, New York.  29 p.

Reid, G.K.  2001.  Pond life: A guide to common plants and animals of North American ponds and lakes.  St. Martin’s Press.  New York, New York.  160 p.
Reimer, D. N.  1984.  Introduction to freshwater vegetation.  AVI Publishing Company, Inc.  Westport, Connecticut.  207 p.

Sokal, R.R. and F.J. Rohlf.  Biometry: The principles and practice of statistics in biological research.  W.H. Freeman and Company.  New York, New York.  887p.

Stewart, K. and S. Markello.  1974.  Seasonal variations in concentrations of nitrate and total phosphorus, and calculated nutrient loading for six lakes in western New York.  Hydrobiologia 44(1):61-89.

Wilde, S., G. Voight and J. Iyer.  1964.  Soil and plant analysis for tree culture.  Oxford Publishing Company.  Calcutta, India.

Zhu, B., D.G. Fitzgerald, C.M. Mayer, L.G. Rudstam and E.L. Mills. 2006. Alteration of ecosystem function by zebra mussels in Oneida Lake, NY: impacts on submerged macrophytes.  Ecosystems 9:1017-1028.

Figure Legends

Figure 1 – Bathymetric map of Owasco Lake.  Seasonal sampling (June, July and August) occurred in wide littoral zone at the northern and southern ends of the basin.  The narrow littoral zone along the east and west sides of the lake was only sampled in August.
Figure 2 – Previously known county occurrences of spotted pondweed (Potamogeton pulcher) in New York State.  Its discovery in Owasco Lake, Cayuga County, is a new record.
Figure 3 – Depth distribution of sampled aquatic macrophyte biomass in Owasco Lake.  Note change in y-axis scale between major producers (upper chart) and minor producers (lower chart).  Lines smoothed by running average technique.
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