
m Technical Report A-93-14 
August 1993 

us Army Corps 
of Engineers 
Waterways Experiment
 

Station ~;._
 

Aquatic Plant Control Research Program 

Submersed Littoral Vegetation Distribution: 
Field Quantification and Experimental 
Analysis of Sediment Types 
from Onondaga Lake, New York 

by	 John D. Madsen, R. Michael Smart
 
Environmental Laboratory
 

Lawrence W. Eichler, Charles W. Boylen
 
Rensselaer Polytechnic Institute
 

James W. Sutherland, Jay A. Bloomfield 
New York State Department of Environmental Conservation 

Approved For Public Release: Distribution Is Unlimited 

~
 Prepared lor Headquarters, U.S. Army Corps of Engineers 



Aquatic Plant Control Technical Report A-93-14 
Research Program August 1993 

Submersed Littoral Vegetation Distribution: 
Field Quantification and Experimental 
Analysis of Sediment Types from 
Onondaga Lake, New York 

by	 John D. Madsen, R. Michael Smart 
Environmental Laboratory 

U.S. Army Corps of Engineers
 
Waterways Experiment Station
 
3909 Halls Ferry Road
 
Vicksburg, MS 39180-6199
 

Lawrence W. Eichler, Charles W. Boylen 

Rensselaer Polytechnic Institute
 
Troy, NY 12180-3590
 

James W. Sutherland, Jay A. Bloomfield 

New York State Department of Environmental Conservation
 
Albany, NY 12233-3502
 

Final report 

Approved for pUblic release; distribU1ion is unlimited 

Prepared for U.S. Army Corps of Engineers 
Washington, DC 20314-1000 



--

.....m,
US Army Corps
 
of Engineers _.
 -'. 

N
Waterways Experiment 

'IStation 

r~~: ( ~~( ,. 

~WRI'I\ / ...  (", 

-
'-=~ 

"""-....... cn<rJCr
 
80_-'1. '1\ ___ _UlO ,oFFAlII9 OFRCE
 
~TOIn' --.lIr"" .
 1I."~_R 

.......llWAyB EzPI-.rr STATION 

..Kot.l..UIl'EIlll'l IIOAD 
"-'URO. _ .,"". 
~,llI)1~ 

~~ 
"" """. ...~ 

co 
_t#' .........TDI.,., .....
 

Waterways Experiment S1Altlon Cataloging-in-Publication Data 

Submersed littoral vegetation distribution: field quantification and experi
mental analysis of sediment types from Onondaga Lake, New York I by 
John D. Madsen ... [al al.] ; prepared for U.S. Army Corps of Engineers. 

60 p. : ill.; 28 em. - (Technical rapan; A-93-14)
 
Includes bibliographical references.
 
1. Lake renewal- New York (State) - Lake Onondaga. 2. Lake 

sediments - New York (State) - Lake Onondaga. 3. Aquatic plants
New York (State) - Lake Onondaga - Growth. 4. Lake Onondaga 
(N.Y.) l. Madsen, John Douglas. II. United States. Army. Corps of 
Engineers. III. U.S. Army Engineer Waterways Experiment Station. 
IV. Aquatic Plant Control Research Program (U.S. Army Engineer Water·
 
ways Experiment Station) V. Series: Technical repon (U.S. Army Engi

neer Waterways Experiment Station) ; A-93-14.
 
TA7 W34 noA93·14
 



Contents
 

Preface
 vi 

I-Introduction
 . 1 

The Problem
 . I 
5Purpose
 .

2--MateriaIs and Methods
 . 7 

Field Studies
 . 7 
9 
9 
9 

10 
11 
11 
12 

Greenhouse Studies
 .
General experimental setup
 _ .
Laboratory analytical methods
 .
Sediment bioassay--survey
 . 
Sediment bioassay--sediment types . ,
 . 
Sedimenl/species bioassays
 . 
Seed bank studies
 . 

3--Results and Discussion
 . 13 

Field Studies
 . 13 
13 
15 
31 
31 

Surficial sediments
 . 
Aquatic plants
 . 

Greenhouse Studies ,
 . 
Water quality of greenhouse tanks
 _ . 
Sediment survey growth bioassay greenhouse experiment
 . 31 

35Species survey growth bioassay greenhouse experiment
 . 
Onondaga Lake sediment seed bank
 . 40 

4--Conclusions and Recommendations
 . 44 

Conclusions
 . 44 
45 
45 
45 
45 

Identification of Continuing Issues
 . 
Mercury cycling
 _ . 
Expansion of current plant distributions
 _ . 
Revegetation
 . 
Sediment composition and water qUality improvements
 . 45 

46 
46 
46 
46 
46 

Recommendations
 . 
Remediation
 . 
Management
 . 
Monitoring
 . 
Research
 . 

References
 . 47 

Appendix A: Voucher Specimens of Aquatic Macrophytes Taken from 
Onondaga AI 

SF 298
 

iii 



List of Figures
 

Figure 1. 

Figure 2. 

Figure 3. 

Figure 4. 

Figure 5. 

Figure 6. 

Figure 7. 

Figure 8. 

Figure 9. 

Figure 10. 

Figure 11. 

Figure 12. 

Figure 13. 

Figure 14. 

Figure 15. 

Figure 16. 

Figure 17. 

Location of vegetation survey transects in Onondaga Lake, 
New York. 7 

Location of sediment cores in Onondaga Lake . . . . . . . . . . 8 

Surfieiallittoral zone sediments of Onondaga 
Lake. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 14 

Frequency of occurrence of the aquatic plant species 
found in Onondaga Lake . . . . . . . . . . . . . . . . . . . . . . . . . 18 

Depth distribution of aquatic plants in Onondaga Lake by 
frequency of occurrence 19 

Depth distribution of aquatic plants in Onondaga Lake 
by average percent cover in quadrats where plants are 
found.................................... 20 

Percent of Onondaga Lake aquatic plants relative to 
sediment type . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 21 

Frequency distribution of aquatic plants in Onondaga 
Lake relative to sediment type ., . . . . . . . . . . . . . . . . . .. 22 

Aquatic plant species distribution in Onondaga 
Lake 23 

Depth of colonization of aquatic macrophytes according 
to empirical relationships , . . . . . . .. 26 

Kd and maximum depth of colonization calculated from 
attenuation eoefficient . . . . . . . . . . . . . . . . . . . . . . . . . .. 28 

Growth of POlamogeton pectinatus in greenhouse studies 
using Onondaga Lake sediments and a Lewisville reference 
sediment, by sediment source ..... , . . . . . . . . . . . . . . .. 33 

Growth of POlamogeron pectinatus in greenhouse studies 
using Onondaga Lake sediment mixtures and Lewisville 
reference. as analyzed by sediment classification 34 

Growth of Potamogelon pect;natus in greenhouse studies 
using Onondaga Lake sediments. as analyzed by origin from 
sites with high. medium. or low plant abundance . . . . . . .. 35 

Shoot nitrogen. shoot phosphorus. and shoot N:P ratio 
for Potamogeron pectinatus in greenhouse studies using 
Onondaga Lake sediments from three plant abundance 
groups from which the sediments were collecled 36 

Growth of Potamogeton pectinatus in greenhouse studies 
using Onondaga Lak.e sediments and Lewisville reference .. 37 

Shoot weight of aquatic plant species grown in greenhouse 
conditions using Onondaga Lake oncolite. organic. and 
mixture sediments, and on a Lewisville reference ' 38 

iv 



Figure 18. Root weight of aquatic plant species grown in greenhouse 
conditions using Onondaga Lake oncoJite, organic, and 
mixture sediments, and on a Lewisville reference . . . . . . .. '39 

Figure 19. Total plant weight of aquatic plant species grown in 
greenhouse conditions using Onondaga Lake oncolite, 
organic, and mixlUre sediments, and on a Lewisville 
reference . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41 

Figure 20. Seedling emergence from sand, oncolite, organic, and sill 
sediments from Onondaga Lake under greenhouse 
conditions 43 

List of Tables
 

Table 1. Historical References to Aquatic Ma<:rophyte Species in 
Onondaga Lake, Compared (0 Recent Finds from 1991 
Survey. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 

Table 2. Species Richness of Submersed, Floating*leaved, Emergent, 
and All Components of Littoral Zone Aquatic Plant 
Communities of Some New York Lakes 4 

Table 3. Laboratory Analytical Methods Utilized in Water, Sediment, 
and Plant Analyses ..... . . . . . . . . . . . . . . . . . . . . . . .. 10 

Table 4. Distribution of Surficial Sediments in the Littoral Zone of 
Onondaga Lake 14 

Table 5. Laboratory Analysis of Onondaga Lake Transect Sediment 
Samples and Samples Used in Greenhouse Experiments 16 

Table 6. Algae and Macrophytes Present in Onondaga Lake. . . . . .. 17 

Table 7. Aquatic Macrophyle Species List [or Onondaga Lake, 
Nine Mile Creek, and Otisco Lake . . . . .. 23 

Table 8. Depth Distribution and Abundance of Macrophyte Species 
in Onondaga Lake at the 40 Survey Transects 24 

Table 9. Tolerance Range of Some Tolerant Aquatic Macrophytes 
for Salinity, Ctl, and Conductivity Levels in Fresh 
Water 29 

Table 10. Averages of Water Chemistry Parameters in Greenhouse 
Tanks at the BegilU1ing and End of the Poramogeton pectinatus 
Trials and Species Survey Trials. . . . . . . . . . . . . . . . . . .. 32 

Table 11. Perfonnancc of Eleven Species on Onondaga Lake 
Sediments 42 

v 



Preface
 

The worx reponed herein was performed for the Onondaga Lake Manage
ment Conference (OLMC). Syracuse, NY, with suppon from the U.S. Environ
mental Protection Agency (USEPA) Region II through Intergovernmental 
Agreement No. DW96941541-01-0 with the U.S. Anny Engineer Waterways 
Experiment Station (WES), Environmental Laboratory (EL), in cooperation 
with the New Yort State Depanmem of Environmental Conservation and the 
Rensselaer Fresh Water Institute, Rensselaer Polytechnic Institute, Troy, NY. 
Project Officer for the USEPA was Mr. Roben Vaughn; Project Coordinator 
for the USEPA was Mr. Christopher Dere. Executive Director of the OLMC 
was Mr. Timothy Mulvey. 

Publication of the repon was funded by the Aquatic Plam Control Research 
ProgliilIl (APCRP), which is sponsored by the Headquarters, U.S. Army Corps 
of Engineers (HQUSACE), and is assigned to the WES under the purview of 
the EL. Funding was provided under Department of the Anny Appropriation 
No. 96X3122, Construction General. The APCRP is managed under the Envi
ronmental Resources Research and Assistance Programs (ERRAP), Mr. 1. L. 
Decell, Manager. Mr. Robert C. Gunkel was Assistant Manager, ERRAP, for 
the APCRP. Technical Monitor during this study was Ms. Denise White, 
HQUSACE. 

Principal Investigator for the study was Dr. R. Michael Smart, Ecosystem 
Processes and Effects Branch (EPEB), Environmental Processes and Effects 
Division (EPED), EL. The report was prepared by Dr. John D. Madsen of the 
EPEB, with contributions from Dr. Smart, Drs. Jay A. Bloomfield and 
James W. Sutherland of New YorK State Department of Environmental Con
servation (Albany, NY), and Mr. Lawrence W. Eichler and Dr. Charles W. 
Boylen of Rensselaer Polytechnic Institute. Technical assistance at EPEB was 
provided by Keith Loyd, Kimberly Mauennann, Chena Owens, Julia Scott, 
Nathan Slandifer, and Bekah WesLOver of the Lewisville Aquatic Ecosystem 
Research Facility (LAERF). Robert Bombard and Tim Clear of Rensselaer 
Fresh Water Institute assisted at Onondaga Lake. Infonnation was provided by 
Dr. Bruce Gilman, Community College of the Finger Lakes, Canandaigua, NY, 
and Dr. Steven Effler, Upstate Freshwater Institute, Syracuse, NY. The repon 
was reviewed within EL by Drs. Kurt Getsinger and Robert Doyle of EPEB. 

This investigation was perfonned under the general supervision of Dr. John 
Harrison, Director, EL; Me. Donald L. Robey, Chief, EPED; and 
Dr. Richard E. Price, Acting Chief, EPEB. 

At the time of publication of this report, Director of WES was 
Dr. Robert W. Whalin. Commander was COL Bruce K. Howard, EN. 

vi 



This report should be cited as follows: 

Madsen, John D., Eichler, Lawrence W., Sutherland, James W., 
Bloomfield, Jay A., Smart, R. Michael, and Boylen, Charles W. 
(1993). "Submersed littoral vegetation distribution: Field 
quantification and experimental analysis of sediment types from 
Onondaga Lake, New York," Technical Report A-93-14, 
U.S. Anny Engineer Waterways Experiment Station, Vicksburg, 
MS. 

vii 



1 Introduction 

The Problem 

Located at the northwestern edge of metropolitan Syracuse, NY, Onondaga 
Lake is 1,192 ha in area with a circumference of 18 km. It once supported a 
productive warmwater and coldwater fishery that encouraged a thriving tourist 
trade during the late 1800's. Since that time. municipal effluent and a large 
portion of !.he region's industrial waste have been discharging to Onondaga 
Lake. creating a severely polluted body of water (Effler 1987). 

As a result of public health concerns related to the inflow of wastewater, 
Onondaga Lake was closed to swimming during the 1930's. By 1970, the 
inputs from an adjacent chlor-aLkali facility had severely impacted Onondaga 
Lake; the water was supersaruralcd with calcium salts, the Secchi disk trans
parency was less than 1 rn, and the littoral zone was covered with precipitated 
calcium carbonate concretions, or oncolites (Samff 1990; Effler 1992). By 
1972, the consumption of fish from the Lake was prohibited as a result of 
mercury contamination of flsh flesh (Effler et al. 1990). 

Other ex.amples of the highly degraded water quality of Onondaga Lake 
include high standing crops of phytoplankton (Field and Effler 1983), extended 
periods of hypolimnelic anoxia (Effler et al. 1986), a high rate of sedimenta
tion (Effler 1987), severe degradation of the littoral zone with industrial depos
its (Dean and Eggleston 1984), and contamination of the sediments with mer
cury (Effler 1987). Recently, Onondaga Lake was described as one of the 
most polluted lakes in the United States (U.S. Senate, Committee on Environ
ment and Public Works 1989). 

In addition to degraded water quality, Onondaga Lake is characterized by 
having few aquatic macrophytes. Aqualic macrophytes may be defined as 
plants that are visible to the naked eye, both vascular plants (Oowering and 
nonflowering plants with water and food-conducting tissues) and nonvascular 
plants, such as the macroscopic algal charophytes. These species are predom
inantly rooted or attached to the sediment, although some free-floating forms 
exist (e.g.• duckweed (Lemna sp.) and coontail (Ceratophyllwn demerswn). 
Aquatic macrophytes are classified as having emergem (i.e., extending out of 
the water), floating (i.e.• floating on the surface of the water), Dr submersed 
(i.e., totally under water) leaves. The reader is directed to other sources for a 
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more complete treatment of aquatic macrophyte taxonomy (Fassett 1957) and 
ecology (Wetzel 1983, Hutchinson 1975). 

Aquatic macrophytes are an important constituent in lake ecosystems. They 
produce food for other aquatic organisms. serving as the base of an aquatic 
food chain; and also provide habitat areas for insects, fish of all age classes, 
and other resident aquatic and semi-aquatic organisms. Liltoral wnes. and the 
vegetation that structures them, are a prime area for the spawning of most fIsh 
species, ineluding many species important to spon fisheries. Aquatic vegeta
tion also serves to anchor soft sediments, stabilize underwater slopes, and 
remove suspended particles and nutrients from overlying waters. All of the 
above factors indicate the imponance of naruralliUorai vegetation to the health 
of lake ecosystems. 

The absence of littoral vegetation from a lake will result in reduced diver
sity and the loss of some important species, as well as redueed production of 
desirable fish species. Loss of vegetation may contribute to silt resuspension, 
turbidity. and increased algal productivity. In addition to the biological and 
ecosystem changes, loss of vegetation will result in reduced aesthetic and 
recreational value of a lake. 

Little quantitative or observational data have been recorded for emergent. 
floaling. or submersed aquatic macrophytes within Onondaga Lake. as noted in 
the Proceedings of lhe OfWfUiaga Lak.e Remedialion Conference (Saroff 1990). 
Anecdotal evidence suggested that the lake at one time. possibly as late as 
1948, sustained extensive areas of charophytes. either Cham or NileJia. This 
is substantialed by the observation of charophyle stems at the core of oncolites 
(Dean and Eggleston 1984). Other macroscopic aquatic plants observed prior 
to 1991 were Polamogeton pectinarus (Slone and Pasko 1946), Myriophyllum 
spicatum. and Cerarophyllum demersum . 

Historical species richness estimates for the lake are difficult to detennine. 
and may have fluctuated even before any human influence. However. some of 
the historical references are summarized in Table 1. From the list compiled by 
McMullen (1991) 16 species are listed. although only 13 would definitely be 
found from the water's edge or deeper. Other species might possibly be added 
to this list; but the references are unclear and this is an anempt at a conserva
live listing. Two species can definitely be added to these 13 from voucher 
specimens at the State Museum Herbarium, bringing the total number of spe
cies to 15. In addition, it has been conjectured, without the evidence of 
voucher specimens or authoritative eyewimesses, that either or both of the 
macroalgae genera Cham or Ni/elLa were common in the lake (Dean and 
Eggleston 1984). Historical records of species richness are consistent with 
observations of other New York lakes (Table 2). 

Plant nutrition is an important factor controlling plant growth and surviVal. 
Alkalinity and inorganic carbon content, characteristics of the overlying waters, 
are one aspect of plant nutrition. Inorganic carbon is generally supplied to the 
plant by overlying water and varies with alkalinity and pH. Inorganic carbon 
is an imponant building block lO the plant. Most of the mineral nutrients 
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Table 1 
Historical References to Aquatic Macrophyle Species In 
Onondaga Lake, Compared to Recent Finds Irom 1991 Survey 

Species 1991 Survey 
McMullen 
(1991) 

Gilman 
Vouchers1 

Parsonsl 
Observ. 

Carex lIiriduaJ X 

Ceratophyllum demersum X X' 

Chara sp ?' 

Cyperos o'*'ralus X 

Heteranthera dubia X X X 

Juncus pelocarpus X 

Myriophyllum spicatum X 12
" 

Na~s lIeKilis X 

Najas marina X 

Nita/Is sp. ~ 

NuphaI Meum X 

Nymphaea odorata X 

Phragmiles communis X 

Polygonum ampflibium X 

poramogeflm crispus X 

Potamogeton pecrinaru5 X X X Xl~ 

Potamogeton robbinsi; X 

Ruppia manama X 

Sagirtaria rigida X 

SCirpus amencanus X 

ScifptJs vaJidus X 

Sporobolu5 cryptsndrus 

Typha angustifolia X 

Zannichellia palustrl& X 

1 Listing 01 voucher spedmens noted by Bruce Gilman is given in Appendix A, 
2 Jay Bloomfield and Jim Sutherland, NYS DEC, Field Notes for 31 May 199O. 
3 Dean and Eggleslon (1984). 
4 Identified at site as Myriophyllum sibiricum, later revised 10 M. spicatum. 
S Slone and Pasko (1946), 
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Table 2 
Species Rlchne99 01 Submersed, Floating-leaved, Emergent, and All Compo
nents 01 Littoral Zone Aquatic Plant Communities 01 some New York Lakes 

Lo•• 

No. 01 
Submersed 
Specie. 

No. 01 
Floallng· 
leaved 
Species 

No. of 
Emergent 
Species 

No. of 
Aquatic 
Species Rehlrence 

Brant lake 2. 4 • " Eichler (1990) 

Cayuga Lake 10 1 0 11 Miller (1978) 

Cross Lake • , 0 , Miller (1978) 

Duck Lake 6 , 1 10 Miller (1978) 

Eagle Lake (19BS) 19 2 1 22 Taggen (1989) 

Eagle Lake (1989) 23 2 , 28 Eichler & Madsen (l99OC) 

Fourth Lake ,. 4 4 23 Eichler & Madsen (l99Qa) 

Galway Lake 18 0 1 19 Eichler & Madsen (1990b) 

Honeoye LaKe 16 2 1 19 Gilman (1985) 

Lake Como , , 0 11 Miller (1978) 

Lake Lu;zeme 2' 2 1 28 Eichler & Madsen (1990a) 

Little SodIJS B , • 2 19 Miller (1978) 

Loon Lake 21 4 6 31 Taggett (1989) 

Onondaga Lake (Hislorical) • , , 20 This Report 

Onondaga Lake (Current) • 0 0 • This Report 

Otter Lake • , 0 , Miller (1976) 

ONasco Lake 14 1 0 
" 

Miller (1978) 

Paradolt Lake 12 , 4 19 Taggen (1989) 

Pariler POlld 1 , 0 4 Miller (1978) 

Skaneareles L 11 0 0 11 Miller (1978) 

Schroon Lake 18 1 2 21 Taggatt (1989) 

second Lake 22 4 4 '0 Eichler & Madsen (1990a) 

Third Lake 12 , , 18 Eichler & Madsen (1990a) 

New Yori<: Average (N=23) 13.6 2.6 2 18.2 Above rars. 

Wood Average 
(SUbmersed, Eutrophic) 

4' 
(N=163) 

. - - Taggen et al. (1990) 

World Average 
(Submersed, Saline) 

'.2 
(N=25) 

- - - Taggen el al. (1990) 

World Average 
(Submersed, all lakes) 

6.6 
(N=439) 

- - - Taggett el al (1990) 
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are supplied by sediments. In addition to sediment nutrient content, the sedi
ment texture, composition, and physical attributes have an impact on plant 
success. Sediments are the chief souree of nutrients, panicularly nitrogen and 
phosphorus, 10 aquatic vegetation (Barlco and Smart 1981; Barko 1983), and 
the nutrient content of sediments is one imponant factor related to plant 
growth. [n addition, the composition and physical characteristics (Le., density) 
and organic matter content can influence plant growth (Bark.o and Sman 1983; 
1986). The sediments of Onondaga Lake have been heavily altered by the 
deposition of oncolites, a calcium cartxmate concretion, to the extent that most 
of the littoral zone is now covered by oncolitic material (Dean and Eggleston 
1984). Oncolites are unstable, low in nutritional value, and highly porous, but 
the potential for littoral vegetation 10 grow on this material is unknown. 

Purpose 

The primary purpose for this project is to revegetate the littoral zone of
 
Onondaga Lake, restoring a native littoral zone wetland community. Since this
 
lake is unusual in both sediment and water chemistry, some preliminary studies
 
were necessary to direct revegetation efforts. Secondary goals included:
 

•	 Elucidate environmental factors and limits to growth of plants in
 
Onondaga Lake
 

•	 Detennine the current distribution and abundance of plants in
 
Onondaga Lake in a quantitative fashion
 

•	 Detennine sediment factors limiting plant growth 
Evaluate potential remediation steps to improve the ability of sedi
ments to suppon plant growth. 

During 1991, a projeet was funded by the Onondaga Lake Management
 
Conference with the ultimate goal of revegetating the littoral wne of
 
Onondaga Lake with native plants to provide habitat for fish and wildlife. In
 
order to achieve this goal, the first step was to determine factors limiting plant
 
growth in the lake and experimentally manipulate plants in the greenhouse to
 
improve growth. The project included field survey and experimental green

house components. Field surveys were conducted at Onondaga Lake by per

sonnel from the New York. Stale Depanment of Environmental Conservation's
 
(NYSDEC) Lake Services Section and the Rensselaer Fresh Water Institute
 
(RFWI). Experimental studies and bioassays using a greenhouse tank system
 
were conducted at the Lewisville Aquatic Ecosystem Research Facility
 
(LAERF), in Lewisville, TX, a satellite research facility of the U.S. Anny
 
Engineer Waterways Experiment Station.
 

During the 1991 field surveys, the littoral zone was surveyed for the dis

tribution and abundance of submersed maerophyte species and the types of
 
sediments that occur in this region. The liUOTal lOne sediment types were
 
evaluated by plant growth bioassay at the LAERF to (1) determine the
 
potential of Onondaga Lake sedimenlS for supponing plant growth, (2) deter

mine the effectiveness of some possible sediment remediation steps, such as
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sediment amendments or mixtures, and (3) examine some of the potential 
speeies to be found in Onondaga Lake. either native species desirable for reve
gelation efforts or exotic species thal mighL colonize the lake. 

Chapter 1 Introduction 
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2 Materials and Methods 

Field Studies 

The distribution of submersed littoral vegetation in Onondaga Lake was 
examined using 40 transects placed in a stratified-random manner around the 
lake (Figure 1). The shoreline of the lake was divided into 40 equal segments, 
or strata, and a single transect was located randomly within each segment. 
Transects were placed perpendicular to the shoreline. Each transect was 
divided into 100 I-m segments and a O.1-m1 quadrat was placed at each 

17
 
16
 

21 15
, ~NONO"'GP, lAKE 
22 14
 

13
 
23 12
 

24 11 
NEW YOfll< STATE 

10 

929 
8 

30 

•
7
 

31
 
NINE MILE CR 6
SOLVAY~32 

5N WASTE 
33 4 

BEDS 
34 3 ) LEY CREEK 

I I I 235012 
km 36 .... 7 4~ >-... ONONDAGA CREEK 

38Onondaga Lake, NY 39 

METRO OUTFALL 

Figure 1. Location of vegetation survey transects in Onondaga Lake, New York 
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l-m interval. Abundance (e.g., percent cover) of each species within each 
quadrat was estimated based on a Daubenrnire scale (Daubenmire 1959; 1968) 
by SCUBA divers knowledgeable in aquatic plant identification (Madsen et al. 
1989). In addition, surficial sediment type and water depth of each quadrat 
were recorded. Transects began at the shoreline and extended out into the lake 
100 m or to a depth of 3 m, reflecting the extent of the littoral zone. Several 
transects were extended to a depth of 7 m to assure coverage of that zone. 
Sediment classification was made viSUally for each quadrat, with core samples 
collected to standardize observations by particle size analysis and other physi
cal parameters. Standardization utilized representative samples from each 
transect, with 1 to 3 sediment core samples taken per transect (Figure 2). 
Ninety-four sediment core samples were collected by dive~ using 

,.. 

• 
• 

,. ..' ~ • SEDIMENT CORE 

• •• ••• •• •• .'•• 
t ~.~N • 

I I I 

o 1 2 
km 

Onondaga Lake, NY 

Figure 2. Location of sediment cores in Onondaga Lake 

5-cm diam cores (coring to ~ depth of 30 cm) and were sent to the LAERF for 
analysis. Transects were examined in late June which exploited an early sum
mer water-column-clearing phenomenon that has been recently observed (Auer 
et al. 1990). TIris clearing phenomenon facilitated visual observations. 

Representative specimens of each submersed aquatic plant species observed 
were collected and returned 10 the RFWI facility in Bolton Landing, NY, 
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where they were mounted and preserved in a herbarium to provide a pema
nent record. 

Visual observations were used to divide the sediments into categories or 
"types," including gravel, oncolite, sand, silt, and caIbonale as well as mixtures 
of these types. A sketch map of these sediment categories was generated. 
Based on this information, locations were chosen to provide sediments for 
greenhouse studies. 

Greenhouse Studies 

General expe~mental setup 

Experimental studies were conducted using 20 large (1,200 6) growth tanks 
(95 em wide by 155 em long by 85 cm wide) in a greenhouse at the LAERF. 
Filtered lake or well water was used in these tanks, which was further 
amended with 220 g of CaC11 to corres(Xlnd to the currem chemical com(Xlsi
tion of Onondaga Lake. Water temperature was maintained at 25 ± 2°C. 
Ambient light conditions in the greenhouse were utilized without amendment 
of intensity or daylength, and approximated 50% of full sunlight. Water 
chemistry, light, and temperature conditions were monitored regularly. Plants 
were grown in I-Q containers of experimental sediment. with two plants per 
container. Each lrealment had six replicates. After the allowed growth period, 
cOlllainers were harvested, and plam material was sorted to root, shoot, 
inflorescence, and propagules. Plant material was dried al 55°C and weighed 
and analyzed for tissue nitrogen and phosphorus content. 

Onondaga Lake sediments were collected, placed in coolers with ice, and 
shipped to the LAERF. Sediments were then stored wet at 4 °C until used. 
Subsamples of each sediment were e;lOamined for panicle size distributions, 
moisture. density. organic matter, physical characteristics, and exchangeable 
nitrogen. After the experiment, sediment samples from each container were 
taken and analyzed for e;lOchangeable nitrogen. 

Laboratory analytical methods 

Water analyses. Water samples were analyzed for pH, conductivity, tem
perature, dissolved oxygen, alkalinity, calcium, sodium, (Xltassium, magnesium, 
ammonium, nitrate, and orthophosphate. Analytical methods used are indi
cated in Table 3. 

Plant tissue analyses. Plant tissues were analyzed for nitrogen and phos
phorus content, after digestion using a sulfuric acid-hydrogen peroxide method. 
A summary of these tectmiques is given in Table 3. 
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Table 3 
Laboratory Analytical Methods Utilized In Water, Sediment, and 
Plant Analyses 

, 
An_tyal. Methodrlnslrumenl Reference 

Water Analyale 

Electrometric titration Alkalinity APHA el al (1989) 

ElectrometricpH APHA elal. (1969) 

Ammonia-N Specific-ion electrode APHA al aI. (1989) 

Nitrate-N Cadmium reduction APHA at al. (1989) 

Soluble Reactive Ascorbic Acid Method APHA at ai, (1989)
 
Phosphorus (SRP)
 

Sodium AA - Spectrometric APHA at al (1989) 

Potassium AA - Spectrometric APHA at aI. (1989) 

Magnesium AA - Spectrometric APHA al aL (1989) 

Calciorn AA - Spectrometric APHA 81 aI (1989) 

Plsnt Tl••ue Analyals 

Digestion - Nand P Sulfuric Acid/Hydrogen Peroxide Allen at al. (1974) 

Nitrogen Specific-ion electrode APHA at aI. (1989) 

Ascorbic Acid Method Phosphorus APHAetal. (1989) 

Sediment Analyals 

Partida Size Analysis Hydrometer (settling) Day (1956) 

Moisture/Density Gravimetric APHA at aI (1989) 

Organic Matter Content Combustion at 550 'C APHA et aI. (1989) 

I 
CaC03 Content Combustion at 950 'C APHA et ai, (1989) 

Extraction (N) NaCI EXll'action Bremner (1965) 

Specihc-ion elecll'Ode Nill'ogen APHA el aI (1989) 

Sedimenl analyses. Sediments were analy7.ed for particle size distribution, 
percent moisture, density, percent organic malter. percent calcium carbonate, 
and extractable nitrogen. The methods used are summarized in Table 3. 

Sediment bioassay-survey 

SedimenlS collected from nine (9) sites in the lake were evaluated as to 
their plant growing potential, with sago pondweed as the study species. Sedi
ments were selected based on the relative abundance of plant material at the 
field survey transeclS (f): 

Chapter 2 Materials and Methods 
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High abundance (Mean Cover 32%): T-39. T-19, T-14 
• Medium abundance (Mean Cover 9%): T-22. T-9, T-30 
• Low abundance (Mean Cover 0.001%): T-7, T-23. T-38 

A locally available fertile sediment (Lewisville) was also used as a reference to 
potential plant growth. Replicales were randomly assigned LO tanks. The 
growing period for Ihese experiments was 6 weeks. 

SedIment blo8888y-sedlment types 

In the spring, field reconnaissance of lake sediments was conducted to find 
sources of four types of Onondaga Lake sediments: oncolites, organic silt. 
exposed silt, and exposed sand ("exposed" being not covered by oncolites). A 
locally obtained source of Lake Lewisville silty sediments was also used. The 
following mixtures, prepared on a volume basis, were evaluared: 

• Oncolite (T-l1) 
• Organic (T-20) 
• Sand (T-3) 
• Silt (T-40) 
• Lewisville (LWL) 
• 1: 1 Oncolite/Sand 
• 1: 1 Oncolite/Organic 
• 1:1 Oncolite/Sil[ 
• 1: 1 Oncoli!e/Lewisville 

Trials of the Wllllixed and mixed sediments were conducred during the same 
time period as that of the sediment survey bioassay. wilh replicates of all com
binations randomly allocated to tanks with 18 containers per tank. The grow
ing period for these experiments was 6 weeks. 

sediment/species blo8888YS 

The growth of potential Onondaga Lake colonizen; or choices for direct 
replanting were evaluated by examining the growth of these species on 
Onondaga Lake oncolites, Onondaga Lake organic, a l: 1 mixture of Onondaga 
Lake oncolite and organic. and the Lewisville (e.g., locally available fertile) 
reference. Six replicates of each sedimem and species treatment were used. 
Six native and lhrec exotic plant species were selected: 

• Potamogeton peclifUltus L. (sago pondweed) PP 
• Potamogeton crispw L. (curly-leaf pondweed) EXOTIC PC 
• Vallisneria americana Michx. (water celery) VA 
• Myriophyllum spicatum L. (Eurasian watennilfoil) MS EXOTIC 
• Elodea canadensis Michx. (elodea) EC 
• Trapa na/ans L. (waterchestnut) EXOTIC TN 
• Potamogeton nodosw L. (American pondweed) PN 

Cnaplllr 2 Malllfials and Metl'.ods 
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• Typha lali/alia L. (cattail) TL 
• Sagitlaria lali/alta Willd. (arrowhead) SL 

The native species sago pondweed and waler celery were chosen in that they 
are excellent candidates for revegelalion due to lheir propagules, they are used 
at other locations for revegelation efforts, and lhey occur in abundance 
throughout lhat region of New Yon:. Stale. Walerchestnut, curly-leaf pond
weed, and Eurasian watennilfoil are common exotic, nuisance species in that 
region, and as such are likely to colonize Onondaga Lake. Arrowhead and 
cattail were selected as emergent wetland species thai could be tested for 
remediating wetland sites and are potenLial candidates for wetland transplants. 
The two emergent species were tested·in a shallower tank (depth = 40 cm) 
than the other species. In addition [0 the above tests, Sagittaria rigida Pursh. 
(rigid-leaf arrowhead; SR) and Nymphaea odorata Ail. (white water lily; NO) 
were tested on Onondaga Lake oncolites and Lewisville reference sediments. 
The growing period for these experiments was 8 weeks. 

Seed bank studies 

Four Onondaga Lake sediments were examined for the species composition 
and abundance of their seedbank. Sediments tested were: 

• Sand (1'3) 
• OncoHle (1' 11) 
• Organic (1'20) 
• Silt (1'40) 

Twenty replicates of each sediment type were examined for 12 weeks, by 
spreading sediments in a 4O-cm by 25·cm tray to a depth of 2 em. Seedlings 
were marKed as they emerged, and allowed to grow until species identi fications 
were possible. Total number of seedlings emerged were calculated from this 
marking data. 

Chapter 2 Materials and Methods 
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3 Results and Discussion 

Field Studies 

Surficial sediments 

Visual observations of the surficial sediments of the littoral zone were
 
recorded at I-m intervals on each of the 40 transects used for aquatic plant
 
evaluation. Results of I.he visual observations were then extrapolated to
 
approximate the areal extent of the sediment types within the survey area (Fig

ure 3, Table 4). A total of 3,497 discrete observations were recorded. Sedi

ments were divided into 5 eategories; gravel, sand. oncoliLe. silt and carbonate.
 
Cores were collected from each transect for later physical and chemical analy

sis of sediments. Carbonate sediments were those composed of fine particle

size precipitates forming a thick crust, often around a colored fluid.
 

Gravel sediments consisted of coarse materials occurring in the wave zone
 
within a few meters of the water mark. Gravel sediments were also common
 
adjacent to the Metro outfall (transect 40). These areas can be characterized as
 
areas of moderate to high levels of wave energy. The majority of gravels were
 
observed on the nonheast side of the lake, extending from transect 1 through
 
transect 25 (sec Figure 1). Gravels were recorded in 194 of the 3,497 qua

drats, a frequency of 6%. The areal extent of gravel sediments included
 
12.5 ha, or 7.8% of the area of the srody zone. 

Sediments were classified as oncolite if oncoliLes were readily ldentifiable;
 
however, sediments classified as sand may have had some oncolites present.
 
Sand and oncolite sediments covered 65% of the total area surveyed 003.6 ha
 
of a LolaI of 160 ha). Sand without oncolites covered 29.8 ha (18.6% of the
 
survey area) and generally was observed at the southeast margin of the lake.
 
Sand with oncolites was found at 73.8 ha (46.1 % of the survey area). Sand
 
and oncolite sediments were observed from the southeastern end of the lake
 
along the eastern shore and at the nonhwest end. Transects I through 25 (see
 
Figure 3) were dominaled by sand and oncolite mixtures.
 

Silt, soft fine-grained sediments, were observed primarily on the south

western shoreline and in the area just nonh of the Solvay waste beds. These
 
areas are represented by transects 19,21, 26, 27, 28, 32, 34, 36, 39, and 40.
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Figure 3. Surficial littoral zone sediments of Onondaga Lake 

Table 4 
Distribution of Surficial sediments In the Littoral Zone of 
Onondaga Lake 

I No.oI I No. 01 _.....Quadr81al8edlmerlt Type I ....on.IT....- I 
Oncolil9 21 1,en 73.8 46.2
 

"', 10 872 35.5 22.2
 

Sond 847 ,..• 18.6" 
Gravel 26 .94 12.5 7.•
 

earno...... 7 407 , .2
 

TOTAL 40 3,497 160.0 100.0
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Silts were recorded for 572 (16%) of the quadrats surveyed. In areal e~tent,
 

silts covered 35.5 ha (22%) of the survey zone.
 

Sediments defined as carbonates were semisolid chalky materials covered 
with a thin layer of silt. Cores in these areas indicated stratified, deeper 
chalky sediments with bluish colors and occasional layers of black oily mate
rials. Carbonate-dominated sediments were found at transects 30, 31, 33, 35, 
37. and 38. Carbonate sediments were found at 40702%) of the quadrats sur

veyed. In areal extent, 8.4 hectares of the survey zone (5.2%) consisted of
 
carbonate sediments.
 

Black oily deposits and petrochemical odors were associated with a number
 
of sediment cores and were generally present as strata within the cores. The
 
position of the strata relative to the surface of the sediments was variable,
 
Cores with petrochemical odors were collected from the southwestern margin
 
of the lake at transects 2, 26, 27, 31, 32, 34, 35, 37, 39, and 40. Specimens of
 
these oily deposits were provided to the NYS Department of Environmental
 
Conservation for later analysis.
 

Laboratory analyses of transect sediments indicated that Onondaga Lake
 
sediments are low in organic matter and high in CaCO, (Table 5). Onondaga
 
Lake sediments that were higher in organic matter were those contaminated
 
with the black oily deposits described above. Panicle size distribution in these
 
samples was not unusual for lacustrine sediments.
 

Aquatic plants 

The distribution of submersed littoral vegetaHon was surveyed between 24
 
and 26 June 1991. Five species of submersed macrophytes were found in
 
Onondaga Lake (Table 6). Three genera of filamentous algae were also
 
observed attached to hard substrates, e.g. gravel, Limber, debris (Table 6).
 

The major species in order of frequency of occurrence based on all of the
 
quadrats used for percent cover detenninations were Potamogeton pectinarus
 
(11.2% of quadrats), Heteranthera dubia. (1.8%), Ceratophyllum demersum
 
(0,3%), POlamogeton crispus (0.3%) and Myriophyllum spicatwn (0.06%). Of
 
the 465 quadrats where plants were observed (13.3% of quadrats surveyed),
 
Potamogeton pectinatus was the dominant species occurring at 391 (84%) of
 
the quadrats (Figure 4).
 

The depth distribution of these five species in shown in Figure 5, based on
 
frequency of occurrence in all quadrats. Potamogeton pecfilUJtus was present
 
from 0- to 2-m depth; however, it was substantially more abundant in the 0- to
 
l-m depth interval. Heteranmera dubia was present from 0- to 5-m depth, the
 
most e~tensive depth distribution of any species. This species reached its
 
greatest abundance in the 1- to 2-m depth interval. The remaining three spe

cies were relatively rare but reached greatest abundance in depths of 0 to 2 m.
 
Potamogeton pectilUJtus was clearly the dominant species in the 0- to 2-m
 
depth range. This species frequently occurred in dense beds in water depths
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Table 5
 
Laboratory Analysis of Onondaga Lake Transect Sediment
 
samples and samplea Used In Greenhouse Experiments
 

",caldum Eltrac. N
 
ctu.mc.
 
Transect! ""Organic.......
 ......Carbonale (mg ,r', %SIlt %Clay 

26,32.61 4
 26
 18
1
 56
 

7.04 25.0 12
 13
2
 4
 75
 

60.0 2
 875
 0 12.53 (SAN) 2.7 

aa a 2
 a a4
 

a aa a 2
 a5
 

80,4 2
 eo 75
6
 3.22 12.5 

69,9 2
 .07
 2.68 0 10
 

67.53.78 79.0 2
 27.5 5
8
 

• 2,85 2
 85
 2.5 125
60.0 

97.5a 3
 0 25
10
 a 

, 1 (ONe) 2,82 97.5 2.560.0 3
 0 

1
 a12
 a a • • 
1
 7.5 8.513
 2.87 68.4 " 

88
 6
 6
14
 1.49 33.4 1
 

78.9 25
 10
15
 2.90 1
 65
 

5
16
 a a 2.5 55
 40
 

17
 3.08 57.8 3
 85
 5
 10
 

,.19 .0 6
 4
4.15 665
 2
 

3.01 2
 92.5 4
 4.582.3 

20 (OAG) 85
 0 15
3.72 85.4 •
 
21
 1
 76
 15
a a • 

.5
 022
 4.17 86.3 I
 5
 

23
 3
a I
 88
 11
• 
24
 a 2
 77.5 17.5 5
• 
25
 398
 85
 0 15
84.0 2
 

26
 12
a 2
 51
 37
• 
27
 a 25
 61
 14
a 16
 

7.5.28
 a a 7.53
 '5 

2. 1.35 32.8 5
 12.52
 62.5 
,

I a Insufficient sample laken to perlOnTI analysis. 

I
 
(Continued) 1
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Table 5 (Concluded) 

Trensect' %Organle %Calcium Extrac. N 
CI"..lflc. N.... Carbonale (mg g") ...... %Slit %Clay 

31 , , 6 60 32.5 7.6 

" 10,4 65.6 2 36 63 1 

33 9.14 63.2 27.5 72,5 0 

34 13.2 33,3 1 47.5 40 12.5 

36 8.69 60.8 2 

36 , , 1 

64 

, 
38 

, 
8 

, 
37 6.99 72.3 2 68 26 6 

38 8.26 66.8 1 

39 3.64 39.8 4 

40 (SILl 1.65 '9.3 2 

70 

82.5 

90 

22.5 

• 
0 

75 

12.5 

10 

LWL 8.64 37 , 45 27.5 27,5 

Tl1+LWL 5.29 33.0 , 
(ONC+LWL) 

70 17.5 12.5 

T11+T2O 2.78 67.9 , 
(ONC..ORG) 

97.5 2.' 0 

T11+T3 2,76 57.5 , 
(ONC+SAN) 

eo 5 15 

T11+T4O 1.83 330 , 
(ONc.sIL) 

I 11 Insufficient sample \aJl.en 10 per10rm analysis 

8. 0 15 

I 

Table 6 
Algae and Macrophytes Present In Onondaga Lake 

I Sclentlflc "'-me I Common Name I 
Cladophora 6pp. Green alga 

Clo&lerium 6PP. Gmen alga 

PsdiastrtJm spp. Gmen alga 

Cerarophyllum demarsum Coontail 

Heteranthara dubia Water stargra5S 

Myriophyllum spicatum Eurasian wal8lTTlilfoil 

poramogeron aispus Curly-leal pondwued 

Poramogeron pec:tinafUs Sago pondweed 
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Figure 4.	 Frequency of occurrence (out of a total of 3,498 quadrats) 01 the aquatic plant spe
cies found in Onondaga Lake 

of from 0.3 to 1 m. Occasional beds of Heteranchera dubia were observed at 
the deep margin of beds of Potamogeton pectinarus. Beyond a depth of 2 m 
the distribution of all plants was Limited. Abundance of each species in the 
quadrats where they occurred is presented in Figure 6. TIris figure indicates 
that, where found, PotamDgeton pectinatus tends to form dense colonies. 
Heteranthera dubia is occasionally found as denser stands. but often is also 
found as individual plants. The other species were only found as scattered 
plants. never in any great abundance. 

As with abundance. the diversity of submersed macrophyte species varied 
with depth. All five species observed in Onondaga Lake were present in 
depths of 0 to 2 m. In water depths of between 2 and 3 ID, only Heteranthera 
dubia and CeralophyLJum demersum were observed and beyond a depth of 
3 m, only Heteranlhera dubia was still present 

Sediment characteristics playa major role in the distribution of aquatic 
plants within Onondaga Lake. Figure 7 shows the frequency of occurrence of 
aquatic plants related to each of the five sediment types recorded. Gravel 
sediments were least likely to suppon aquatie plant populations, followed 
closely by oncolite-dominated sediments. With the exception of areas of 
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Figure 5.	 Depth distribution of aquatic plants in Onondaga Lake by frequency of occurrence: 
pp, Potamogelon pectinatus; PC, P. crispus; MS. Myriophyllum spicatum; HD, 
Heteranthera dubia; CD, Ceratophyflum demersum 

trameet 40,	 all gravel sediments were found at the waters edge, where wave
induced turbulence and water level changes combine to severely limit aquatic 
plant growth. Sand. sill, and carbonate type sediments were more likely [0 

support plant populations with from 18 to 21 % of quadrats containing at least 
one plant	 A comparison of the frequency of the different species to sediment 
types is presented in Figure 8. Potanwgeton pectinatus occurred in all sedi
ment types, but occurred significantly less often on oncolites and gravel than 
other substrates. On oncolite-dominated sediments, Potamogecon pecnnatus 
and Heteranlhera dubia were equally iikely to occur. All other species had 
very limited distributions with no apparent relation to sediment type. These 
analyses indieate that plants have difficulty in establishing and remaining on 
oncolile sediments, with fewer problems establishing on other sediment types. 
It may be that oncolites, like the grnvel sediments, are highly disturbed from 
wave action, or more prone to instability due to lower density. However. 
plants can occur in dense patches and, as seen in the greenhouse experimenlS, 
can grow to the same abundance on oncolites as on the other sediment types of 
Onondaga Lake. 

Five species of subme~ macrophytes were observed in Onondaga Lake
 
(Table 7). Interestingly, no species of either floating-leaved or emergent plants
 
were observed, growth foons typical of the transition from the linoral
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quadrats where plants are found: PP, Potamogeton pectinatus; PC, P. crispus; MS, 
Myriophyllum spicatum; HD, Heferanthera dubia; CD, Ceratophyllum demersum 

zone to wetlands. The lack of these species may be related to waler level 
changes or water chemistry, as well as shoreline changes associated with 
urbanization and wave scouring of unstable sediments. 

Individual sites (transects) exhibited very limited species diversity, with an 
average of slightly more than t species per transect (mean = 1.3). The number 
of species at each site ranged from 0 to 3 (Figure 9). Potamogeron pectinatllS 
was lhe most common, occurring at 27 of the 40 transects (68%). The remain
der of speeies were found in the following order: Heuranthera dubia (10 of 
the 40 transects, 25%), Ceratophyllum demersum (7, 18%), Potamogelon 
crispus (5, 13%), and Myriophyllum spicatum (2, 5%). 

Species richness of all groups of aquatic plants is very low for New York 
lakes, as indicated in Table 2. Typically, a New YorK lake will have an aver
age of 18 species of aquatie plants: 14 submersed, 2 floating-leaved, and 
2 emergent species. Even the historical estimate of 15 species of vascular 
plants from the lake's edge and deeper is low for a eutrophic lake of this type 
(Table 2). Of the 15 species listed, 8 are submersed species. For 31 eutrophic 
lakes from around the world, the average number of submersed 
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species was 4.4, and an average of 6.6 for all 439 lakes examined (Taggett 
et aI. 1990). With no floating-leaved or emergent species and only 5 sub
mersed species, Onondaga Lake observations from 1991 are below the 
New York average but similar to the world average. Many factors can con
tribute to this low species diversity, including degree of eutrophication, salin
ity, size of lake, and degree of urbanization. Oligo- and me50trophic lakes 
tend to have the highest species diversity of submersed plants, with eutrophic 
lakes of substantially lower diversity (Taggett et al. 1990). Saline lakes tend 
to have even lower diversity of submersed species. since only a few plants 
tolerate highly saline conditions. The probable factors in the decline of species 
richness for Onondaga Lake may have been the increased salinity of the lake. 
and the increased cultural eutrophication resulting in low transparency. As 
salinity or chemical content of the water decreases. species diveRity should 
increase; but abundance and diversity will continue to be limited by sediment 
quality. Also. improvements in other water quality parameters, such as 
increased transparency and decreased algal growth. should result in higher 
species diveRity as well. 

The abundance of the five submersed species around the lake is evidenced 
by the number of transects at which each was observed (Table 8. Figure 9). 
Of the five species observed. Potamogelon pectinaoo was common and locally 
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abundant, Heteranthera dubia was present at many locations. and the remain
ing three species were infrequently observed, or rare, and never common or 
abundant at any site. 

Ceratophyllwn demerswn (Caonlail) was observed at only 7 transects, or 
18% of sites. Coomail is a nonrooted submersed aquatic plant that was typi
cally found intenningled with other dense growths of aquatics, and was not 
found in great abundance. Most occurrences were in less than 2 m of water, 
among growths of POlamogewn peclinarus. 

Hereranthera dubia (Water stargrass) was observed at 25% of the sites. It 
had the deepest range. occurring out to 4-m water depth in the nonheastem 
part of the lake. Generally, it was found adjacent to stands of P. pectinalus in 
1- to 3-m depth. 

Myriophyllum spicatum (Eurasian watermilfoil) was observed as small 
colonies at only two locations. in 0- to 2-m water depth. Eurasian watennilfoil 
is a nonnative species that creates nuisance problems in many lakes 
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Table 7 
Aquatic Macrophyte Species List lor Onondaga Lake, Nine Mile 
Creek, and Otisco Lake 

Nine 

Specl•• Common HIIme 
Onondlllilil 
Lake 

Mile 
C.-

OIleco 
Lake 

Ceratophyllum demersum Coontail X 

Heteranthera dubia Water stargrass X 

Myriophyllum spicatum Eurasian walermilloil X X X 

PotamO(j8lOn ctispus Curly-leaf pondweed X X X 

Poramogeton nociJsus American pondweed X X 

Poramogeton pec1inafUs 5a.gopondweed X 

PLANT SPECIES OCCURRENCE: Is;
0 C. demersum• * 
0 H, dubia•6'

•• 6 M. spicatum 
P. crispus-.8 • 
P. peetinatus 

•fJ • 
* > 10% cover 

• 
t 

*' ••N 

I I 
o 1 2 

km .'* 
Onondaga Lake, NY * 

'* 

Figure 9. Aquatic plant species distribution in Onondaga Lake 
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Table 8 
Depth Dlatrlbutlon and Abundance of Macrophyte Species In 
Onondaga Lake at the 40 Survey Tranaects' 

Depth Range (m) 

,..0<1Species Tolal'.2 2" 

,Cerarophyllum demersum 5 1 0 0 7 

,Heteramhera dubia B 1 101• 
Myriophyllum spicatum 1 1 0 0 0 2 

,,POfamogelon crispus 00 0 5 

Poramogeton pec:linatus 22 12 0 270 0 

1 Numbers indicate raw frnCfJency of occurrence, as the number 01 transects in a specific 
depth interval at which this species was found. 

throughout North America, including New Yort. (Nichols and Shaw 1986). 
This species bears continued monitoring in Onondaga Lake. 

Potamogelon crispus (Curly~leaf pond weed) is another exotic species that 
creates nuisance problems in New York (Nichols and Shaw 1986; Tobiessen 
and Snow 1984). It was found in larger quantities at five locations from 0- to 
2·m depths around the lake, and may actually be more widespread and more 
abundant than noted since its growth cycle is such that it often senesees by late 
June or early July. 

Poramogeton pecnnatus (Sago pondweed) was the most abundant species in 
Onondaga Lake, often occurring as large dense beds in shallow areas from 0 to 
2 m, though some plants were found as deep as 3 m off of the transects. 
Potamogeton pectinatus was found at 27 (68%) of the 40 transects. 
Potamogeton pectinatlLS is widespread in lakes and streams Uu'oughout North 
America, often dominant in eutrophic streams and in alkaline lakes of the 
prairies. This species has great value for waterfowl and wildlife and as habitat 
for fish and benlhic organisms. 

Patterns in lllkewide distribution. TrnnsecES without aquatic macrophytes 
were largely restricted to those areas with the greatest feteh, or exposure (Fig
ure 9). These transects were predominantly in the southeastern and northwest
ern areas of the lake. 

Ceratophyllum demersum was found predominantly along the western 
shore, with H. dubia found predominantly on the eastern shore. Myriophyllum 
spiwtum was found at two nearly adjacent transects northwe!.1. of the marina 
on the northeastern shore. POlamogeton crispus was distributed sparsely 
around the entire lake. 
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In most locations, existing P. pectinatus populations were very small. Two
 
locations, nonhwest of the ouUel (T19) and southwest of Onondaga Creek
 
(T39), had large beds of Potamogeton pectinatus (Figures 1, 9). Only once
 
did a site have macrophytes without P. pectinatus being present. At all other
 
transects, beds of P. pectinatus were small, which seems to indicate that their
 
establishment has been recent. The total areal coverage of P. pectinatus was
 
much less than typical lakes, or than depth conditions should allow. The pop~
 

ulations at individual sites are generally small, with a large amount of space
 
yet available for expansion. The scarcity of other species would also suppon
 
the idea that their establishment has been recent, as well. Potamogeton
 
pectinatus, being more tolerant of high salinity than most species, probably
 
recolonized the lake first or has existed in the most favorable locations, such as
 
the two listed above. Rccstablishment at other locations has been reccnt. New
 
species are probably slow to recolonize due to the persistent high salinities and
 
the low transparency and small window of opponunity of higher traruiparency
 
conditions.
 

The factors that appear to limit plant distribution and abundance are trans

parency, salinity, water level, wave action effects on U1l.1i[able sediments, and
 
the ability of new species to colonize this newly available littoral zone. These
 
factors are discussed below.
 

Transparency. Light is a major limiting factor for submersed aquatic 
plants (Barko et al. 1986). These limitations are expressed both in the maxi
mum depth to which plants may grow, as well as different species that may 
colonize and thrive under differing regimes of light. Light penerration is typi· 
cally measured with a Secchi disk, though more accurate measurements can be 
made with an underwater irradiomeler (from which light attenuation coefficient 
estimates are generally made). 

Secchi disk depth. As light transparency increases, submersed aquatic
 
plants can colonize deeper areas. TItis relationship has been explored by sev

eral investigators using Secchi disk depth as a measure of light penetration.
 
Two such empirical relatiornhips are shown in Figure 10. For over 100 nOM
 
temperate lakes, Canfield et al. (1985) developed the following expression:
 

log(z) = 0.6] .. [ogzso + 0.26 (I) 

in which ze = maximum depth of macrophyte colonization (m), and zm = 
Secchi disk depth (m). For 90 lakes, Chambers and Kalff (1985) found the 
relationship: 

Z, = (1.33 • log(z'D) + 1.40! (2) 

This relationship was found to be funher moderated by other optical properties
 
oflakes, such as color (Chambers and Prepas ]988).
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Figure 10.	 Depth of colonization 01 aquatic macrophytes according to empirical relationships 
by Canfield et al. (1985) and Chambers and KalM (1985) 

Based on the summer average value of ZSD (in m) for the period 1978 to 
1990 (Effler 1992), these two models predict a maximum depth of plant colo
nization in Onondaga Lake of 1.8 and 2.6 m, respectively. The average Secchi 
disk depth in Onondaga Lake has increased in recent years (1987 to 1990) to 
aboul 2.0 m (Effler 1992), which would correspond to a maximum depth of 
colonization of 2.8 to 3.8. This depth interval essentially corresponds to the 
maximum depth of colonization of 3 to 4 m observed in 1991. Funher 
increases in Seeehi disk depth should be expected to result nOI only in a 
greater maximum depth of colonization but also in increased species diversity 
as a wider range oflighr and other habitat factors (discussed subsequently) 
create more habitat for plant growth. Other aspeclS of increased ma:-;imum 
depth of colonization include the importance of water level fluctuations and 
disturbance, which will be discussed in greater detail later. 

Attenuation coefficient (Kd ). Another approach to examining the relation
ship between light transparency and the depth of plant colonization utilizes the 
attenuation coefficient (K,,) rather than Secchi disk depth. Using data from 
15 New Zealand lakes of a wide range of transparencies, Vant et aI. (1986) 
derived the follOWing empirical relatiom.hip: 
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z • 4.34 (3) 
, K, 

The summer average K J for Onondaga Lake for 10 years in the interval 1978 
to 1990 is indicated in Figure 11, with the bars indicating minimum and maxi
mum values (data from Effler 1992). Using these values in equation 3, the 
JX)teotial for plant colonization is indicated in Figure 11. Although the calcu
lated mean maximum depth has changed linle (approximarely 2.5 m), the 
timing of the clearing period during the summer in recem years, as exemplified 
for 1988 in Figure 11, indicates that there may be a window of DpJX>rtunity for 
some species to grow deeper. Beginning in 1987, a window of clearing trans
parency appeared early in the growing season, which some macrophyte species 
might be able to exploit. These species would be early season plants, or spe
cies that are fully grown and senesee by midsummer. Ex.amples of species thar 
might do well WIder these conditions, and are presently fOWld in the lake, 
include Potamogeton crjspus, P. pecnnatus, and possibly Myriophyllum 
spicatum. Conversely, some species with a perennial growth fonn or ones that 
dominate later in the growing season would not have an advantage, such as 
Elodea canadensis or Potalnogeton robbinsii. Other species, such as Najas 
spp., might not be able to complete their life cycle before reduced transparency 
would cause parent plant mortality. The first few years, this "window" was 
approximately 4 weeks long, but the "window" in 1990 was almost 6 weeks 
long. It may take several more years to understand this clearing event, and to 
see if it is changing. The potential impact of the timing and duration of clear
ing on macrophyte growth and colonization warrants further investigation. 
Undoubtedly, this event is significant to aquatic plant growth and can only 
assist aquatic plants in growth and revegetation. 

Water chemistry. Onondaga Lake is more similar in water chemistry to 
many of the inland saline prairie lakes than lakes fOWld in upstate New York.. 
Not only does the water chemistry itself undoubtedly limit a large number of 
aquatic macrophytes from inhabiting the lake, but many of the species adapted 
to saline freshwater environments have no avenue of access to this lake. 
Although salinity (also Cl" and conductivity) has decreased from earlier levels 
(Effler 1992), past high concentrations of solutes may have been sufficient 
alone to prohibit many common emergent and floating-leaved species, due to 
increased stress from evapotranspiration. Although many submersed macro
phytes are not tolerant of high salinities, some species show a surprising 
degree of tolerance (Table 9). Many of these species may in general be toler
ant of high salinity, while for others selected populations may develop a toler
ance to saline conditions. Several submersed species are notable for being 
tolerant to high solute concemrations, such as P. pectinatus. The dominance 
of P. pectinatus in Onondaga Lake is probably in pan due to its tolerance to 
high solute concentrations. Its current dominance may continue as it has 
preempted many habitats from other species, although as solute concentrations 
continue to decrease, other species may increase in abWldance. Decreased 
concentrations of solutes may also encourage the growth of emergent and 
floating-leaved species. 
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Table 9 
Tolerance Range 01 Some Tolerant Aquatic Macrophytes lor salinity, cr" and 
Conductivity Levels In Fresh Water 

Salinity Conduct. cr 
Species (mScm"') (mg 1"') Reference(g r') 

BrBSfHlia schraberi <238 <255 Kadono (1982) 

Ceratophyl/um demersum <5790 Kadono (1982) <16200 

Hydrilla verricil/atB <10 Haller el al. (1974) 

H. verticiNata <10900 <3910 Kadono (1962) 

Lerona minor Haller al al. (1974) ±16.65 

Lemna minor Hammer & Haseltine (1988) <'0 

Myriophyllum spicatum <16.65 Haller at al. (1974) 

Myriophyllum spicatum Hammer & Haseltine (1998) <'0 

M. spicatum <15100 <4830 Kadono (1982) 

M. verticillatum <183 <83.3 Kadono (1982) 

Najas guadaJupensis <13.32 Haller al al. (1974) 

N. marina <10900 <3910 Kadono (1982) 

Phragmifes australis 10-20 Hammer & Haseltine (1988) 

Potamogeton pectinafUs <58 Hammer & Haseltine (1988) 

P. richardsonii Hammer & Haseltine (1988) <'0 

Ruppia maritima <70 Hammer & Haseltine (1998) 

R. occidenlalis <58 Hammer & Haseltine (1988) 

Trapa natans <219 <255 Kadono (1982) 

Typha latifoiia Hammer & Heseltine (1998) <'0 

Ulricularia vulgaris Hammer & Heseltine (1988) <'0 

Vallisneria amen'cana <13.32 Haller et al. (1974) 

V. asiatica <9800 <330 Kadono (1982) 

The tolerance data presented in Table 9 may be somewhat misleading, in
 
that these data are either observed ranges of conditions at which the species is
 
found, or may result from experimental studies in which competition and other
 
factors are eliminated. For Onondaga Lake, there is no avenue (other than
 
human intervention) for most tolerant species or ecotypes to reach this lake, so
 
the native colonizing IXlol of species are not typically tolerant of saline condi

tions (save P. pectinatus). Also, salinities of even one-tenth to one-hundredth
 
the range observed in Table 9 may be sufficient to reduce the growth and
 
production of aquatic plants. In these instances, plants may survive under
 
experimental conditions. but would nOl be able to compete with other species
 
or survive the disturbances common in natural settings. The addition of salin

ity stress may be sufficient to prevent submersed species from surviving in
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Onondaga Lake against algal competition for light and other environmental 
stresses. 

Another aspect of increased concentrations of calcium chloride in Onondaga 
Lake waters is the production of calcium caroonate precipitates to the lake 
bottom and onto plant surfaces. Under high concentrations of dissolved cal
cium, precipitation of calcium carbonate can occur onto plant surfaces resulting 
in "mari" fonnations (Wettel 1960). This proeess can be passive, with the 
plant being a catenation point for precipitation, or active through bicarbonate 
use in photosynthesis (Sman and Bar1<o 1988; Sman 1990; Wetzel 1983). If 
the rate of marl formation exceeds the rate of plant growth, the plant could 
become buried in marl. In fact, this mode of mortality has been a point of 
conjecture for the disappearance of Chara from Onondaga Lake (Dean and 
Eggleston 1984). In addition, this mechanism may also be effective against 
other species, such as P. pectinatus and M. spiCatum. 

The levels of calcium in the water column were sufficient in the past to 
produce large amounts of marl, adequate to bury plants by calcium carbonate 
encrustation (Effler and Driscoll 1985). As calcium concentrations have 
dropped, the rate of deposition has also decreased (see Effler 1992). This 
change in deposition rate is another factor which may be operating Lo allow 
expansion of aquatic plant populations within the lake. 

Water level. Variations between years and within a given year appear to 
be less than 1 m (Effler 1992). Even these minor variations in water level 
may have a significant effect on the littoral zone vegetation of the takE:, since 
light penetration restricts the depth of macrophyte growth to such shallow 
depths (Figure 11). Combined wi!h !he impacts of water level on the upper 
limit of plant growth are the added impacts of wave action and ice scour. 
Water level, wind-generated waves, ice scour, and low transparency may have 
acted in concert to greatly restrict plant distribution and abundance in the past 
However, recent improvements in solute concentrations and transparency may 
be allowing macrophyte recolonization and expansion. 

Watershed effects and invasive plants. For the most part, Onondaga 
Lake is an improving, yet largely open, habitat for aquatic plants. Warer com
position, mostly as salinity, is improving to levels more generally tolerated by 
aquatic plants. Light penetration is improving to levels acceptable to a large 
number of submersed plants. The existence of few large beds and limited 
distributions of most plants suggest that colonization is largely recent and, at 
this point, reLatively slow. 1be composition of the future macrophyre com
munity is largely dependent on the plant propagules that can make it to the 
lake environment. It is commonly presumed, without much sUp(X)ning data, 
that waterfowl carrying seeds in their digestive tracts is the single most impor
tant mode of transport for aquatic plants propagules, particularly seeds. 
Although this is a viable method of distribution, the two most important mech· 
anisms for plant dispersal are water movement and man (not necessarily in that 
order). Human introduction of plants to new environments may be ei!her 
intentional, such as planting, or inadvertent. The most common mooe of 
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aquatic plant dispersal by man is the transport of plant fragments or propaguJes
 
on boats and boat trailers (Johnstone el al. 1985).
 

Downstream water movement is the most powerful and consistent carrier of
 
plant propagules. Therefore, we can expect the upstream water bodies from
 
Onondaga Lake to have a heavy impact on the composition of plants in it In
 
Table 7, some plant species observed in Nine Mile Creek and Otisco Lake are
 
recorded (this is by no means an exhaustive list). Two of those species,
 
M. spicatum and P. criSpILS, are already found in small numbers in Onondaga
 
Lake. As salinity decreases, the abundance of these two species could possibly
 
increase-eventually leading to a more typical composiIJon for a eutrophic
 
New yort. lake. Since these species are found in abundance upstream of
 
Onondaga Lake, it is unlikely that their continual introduction can be pre

vented. The other species sighted in Nine Mile Creek. P. nodosus, probably as
 
yet eannO\ tolerate water conditions in the lake. However, it is vel')' likely that
 
it has been introduced repeatedly to the lake.
 

Greenhouse Studies 

W8ler quality 01 greenhouse tanka 

As indicated in Table 10, the water qUality of the tanks varied Little during
 
the two test periods. In both trials. nitrate anq ammonium concentrations
 
began at relatively high levels and were depleted, mostly by the growth of
 
algae in the tanks and on the tank. filters. This algal growth did not interfere
 
with the tests, since algal growth was actively removed through the use of
 
diatomaceow; eanh filters.
 

sediment survey growth blOB88By greenhouse experiment 

Sediment types. Growth of PotQ11lOgeron pectinatlLS was significantly
 
higher on the Lewisville reference sediment than on all of the Onondaga Lake
 
sediments (Figure ]2). Growth was no differem on the four basic sediment
 
types. This may be due to the fact that, although sediments appeared different,
 
analysis of these sediments indicated that all were high in CaC03, or of
 
oncolitic origin. Sediment visual classes alone did not differentiate significant
 
growth potentials of sediments. All Onondaga Lake sediments produced less
 
growth than the Lewisville reference sediment; thus, sediments either lack
 
critical nutrients, or possibly have some stressful or slightly toxic substance.
 
There were no statistically significant differences between visual classes, but
 
sites no and 17 were exceptionally low in growth. Incidentally, neither site
 
supported aquatic plants in Onondaga Lake.
 

Sediment mixtures. It was hypothesized beforehand that mixing sediments 
of other types with an oncoLite sediment would increase the growth potential of 
oncolite sediments. Three of the four mixtures tried (oncolites with Lewisville, 
organic, and sand) did perfonn better than oncolites alone. All mixtures 
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Table 10 
Averages (±1 S.E.) of Weter Chemistry Parameters In Greenhouse Tanks st 
the Beginning and End 01 the Po/amoge/on pec/lns/us Trials (I) and Species 
Survey Trials (II)' 

Par.me.. Begin TrIal I End Tr"l t Begin Trial/I End T,.IIJ 

Temperature (Oe) 24.3±O.14 24.1 ± 0.42 24,8 ± 0.40 250 ± 0,20 

pH (units) 8.1 ±O.04 8.5 ± 0.01 7.8 ± 0.09 8.2 ± 0.02 

Dissolved' Oxygen 8.5 ± 0.07 8.3±O04 8.5 ± O.OQ 9.4±O.13 
(mgn) 

Conduclivif)l 1.06 ±O.OO2 1.l6±O,DOe 143 ± 0.008 1.13±OO22 
(mSJcm) 

Alkalinity 339 ± 3.4 342 ± 2.9 322:t3,7 405 ± 9.8 
(mg CaeO,.lI) 

NO.-N (mgll) a.OS±O.Dog 0.01 fO.OOS 010 ± 0,028 0.01 ± 0.004 

NH.-N (mgll) 0.427 ± 0.043 0.049 ± 0.015 0.748 ± 0.043 0.030 ± 0.002 

SAP (mg'l) 0.0065 ± 0.0019 0.0028 ± 0.0005 0.0033 ± 0.0006 0.0051 ± 0.0012 

Ca" (mgll) 9.17±1.24 2.76 ± 0.07 9.20 ± 1,05 11.33 ± 1.28 

Mg.t (mgl1) 0.34 ± 0,014 0.55 ± 0.028 0.42 ± 0.027 0.60 ± 0.069 

Na' (mgll) 224±1.6 272 ± 12.6 212 ± 9.2 217 ± 6.6 

1(0 (mQII) 0.69 ± 0.023 0.44 ±0.100 0.99 ± 0.060 0.89 ± 0.266 

1\ 1 Six tanks were used in 'lI1e first trial. and nine lanks wero used in the second trial. 

produced growth similar to, or intermediate to, thal obtained by their individ
ual components, except for the oncolile-sand mixture (Figure] 3). It does 
appear that mixing of sediments in situ, such as through the use of a rotovalor, 
might improve plant growth. 

Survey of lake sediments. Nine other sedimems were selected, with three 
sediments each from areas of high, intennediate, and low observed plant abun· 
dance. Growth on these sediment types tended to reflect those perceived 
in situ abundance relationships (Fi~ 14). However, the exact mode of 
growth limitation is not evident. Sediment characteristics are not significantly 
different between these sites. An examination of plant tissue nutrients between 
high, medium, and low abundance sediment growth assays indicates that shool 
nitrogen concentrations increase with decreasing growth, yet phosphoms con
tem remains constant (Figure 15). Likewise, Shoot nitrogen to phosphorus 
(N:P) ratios increase in the tissue of plants grown on low-abundance sedi
ments. This might indicate that phosphorus, rather than nitrogen, is limiting in 
the low abundance sediments. The extremely high CaC03 content of sedi
ments may be acting to tie up sediment phosphorus in the low-abundance 
sediments. 

The mean nitrogen content of bioassay plants ranged from 15 to 35 mg/g 
and that of phosphorus from 1.5 co 5 mgtg (Figure 16). Some of these values 
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Figure 12.	 Growth of Potamogeton pectinatu5 in greenhouse studies using Onondaga Lake 
sediments and a Lewisville reference sediment, by sediment source: A. Shoot 
growth, B. Total weight. LWL, Lewisville; ONe, oncolite; SAN, sand; ORG, organic; 
SIL, silt; O+LWL, oncolite and Lewisville mixture; O+ORG, oncolite + organic; 
O+SAN, oncoHte + sand; O+SIL, oncolite + silt; T#;;: Iransect number for sediment 
origin. Means with different letters are significantly different using a least significant 
difference comparison on a one-way ANOVA 
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Figure 13.	 Growth of Potamogston pectinatus in greenhouse studies using Onondaga Lake 
sediment mixtures and Lewisville reference, as analyzed by sediment c1ass~ication; 
A. ShoOI weight; B. Total plant weight. Comparison by ANOYA includes ALL (all 
sediments), LWL (ANOYA to Lewisville bUi not Oncolite), ONC (ANOYA with 
Oncolite but not Lewisville). Sediment source as above. Means with dif1erent let
ters are significantly different using a least significance difference comparison on a 
one-way ANOYA 

Chapter 3 Results and Discussion 
34 



___

a 
6 [ SHOOTS	 TOTAL] 6I ROOTS 

I ~ ~55 ~ 

- _,---,	 1 I~-
Cl 

4 I--r-l I I 4 
Ul 
Ul «	 ~3 

::;: 3~_ = I	 I 
f-
Z 
~ 2 I-- fzJ;,~ L,iiSl ~ I 0	 I' 1~ 2~ 

0.. 

t••• I III	 1h 
1 - I •• 

I r:'"p;! 1o	 0 

~ MEAN D +1 SE 

HI MED LO HI MED LO HI MED LO 
ESTIMATED PLANT ABUNDANCE 
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dance. Three srtes per abundance class. Means with different letters are signifi
cantly different using a least significant difference comparison on a one-way 
ANOVA 

are low and within a rnnge of observed critical concentrations, suggesting 
nilTOgen or phosphorus limitation of growth (Madsen 1991; 1992). In particu
lar. the phosphorus contems of plants grown on the tr.msect 30 sediments, a 
carbonate sediment type sileo were below critical concentrations for phosphorus 
limitation (Figure 168). Plants grown on this sediment showed a markedly 
higher N:P ratio (Figure 16C) and had a markedly higher root to shoot ratio
 
(Figure 16D) than other treatments. Most of the sediments exhibited polenlial
 
nitrogen limitation, including the Lewisville sediment. Five sediments (T3, 
1'22,1'39, Tll+T3, and Tll+1'20), which exhibited tissue concentrations
 
above the nitrogen arxJ phosphorus crilical IilIlges, may be limiled by other
 
nutrients or environmental factors. 

Species survey growth bioassay greenhouse experiment 

Eleven species were investigated on Onondaga Lake sediments: Elodea
 
canadensis (Be), Myriophyllum spicatum (MS), Nymphaea odorata (NO),
 
Potamogeton crispus (PC), P. nodosus (PN), P. pectinatus (PP), Sagittaria
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abundance class. Means with different letters are signiticanlly different using a 
least significant difference comparison on a one-way ANOYA 

tati/olia (SL), S. rigida (SR), Trapa narans (TN), Typha !ari!olia (TL), and 
Vallisneria americana (VA). All but two species were examined on Onondaga 
Lake oncolites (ONe), organic sediments from transect 20 (ORG), and a mix
lure of lhe two (ONC+ORG). The remaining two species (NO and SR) were 
only examined on oncolites. Three species (TN, NO and SR) were also cul
tured on a Lewisville sediment (LWL) (Table 11). 

Growth patterns for species response to Onondaga Lake sediments included 
species growing best on oncolites, organic, or lhe mixture, or showing no 
preference for a given type of Onondaga Lake sediment (Figure 17). Species 
performing best on oncolites include P. peclinatus, E. canadensis, and 
P. crispus. These three species typically prefer coarser sediments. Vallisneria 
americana was lhe only species preferring either the organic sediment or mix
ture. The remaining five species tested on more than one Onondaga Lake 
sediment (pN, SL, MS, TL, and TN) exhibited no preference for sediment 
type. Of these. P, nodosus. S. lilli/olia, and M. spicatum grew well on lhe 
sediments. Typha lalifolia had high shoot growth relative to other species, 
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Figure 16.	 Growth of Potamogeton pectinatus in greenhouse studies using Onondaga Lake 
sediments and Lewisville reference: A, shoot tissue nitrtlgen versus shoot weight; 
e, shoot tissue phosphorus versus shoot weight; C, shoot tissue N:P versus shoot 
weight; 0, root weight versus shoot weight. T30 CAL represents plant growth on 
sediment from transect 30 with high calcareous content. Critical range represents a 
range 01 clitical concentrations observed 10 limit plant growth 

but performed poorly for cattail and exhibited chlorosis and other evidence of 
stress. Trapa natans grew poorly in the tanks, and had extremely poor growth 
on Onondaga Lake sediments. All three species grown successfully on Lewis
ville sediments had significantly higher growth on the Lewisville sediment 
relative to Onondaga Lake sediments, with N. odorata doing well on the 
Lewisville sediment but poorly on the Onondaga Lake sediment, and T. natans 
and S. rigida doing poorty in the reconstructed Onondaga Lake waler on all 
sediments, bUl even worse on the Onondaga Lake sediment. 

Root growth showed even less variability than shoot growth (Figure 18).
 
Only V. amerjcana showed increased roOl growth on one Onondaga Lake
 
sediment relative to another, showing a growth preference for the mixture, and
 
a trend to performing better on the organic sediment. Vallisneria americana is
 
lypically thought of as a coarse sedimenl plant, but will grow well
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on fine sedimems. All other species showed no preference fOf one sedimem 
versus another in root growth. All three species successfully grown on Lewis
ville sediments exhibited significantly higher growth Dn Lewisville sedimems 
relative [Q Onondaga Lake sediments. ToW plant growth, being a sum of 
shoot and root growth. showed identical panems to that of shoot growth 
(Figure 19). 

Using both shool growth and notes on the general condition of the plant, a 
relative estimate of success can be made to summarize our findings (Table 11). 
Of the eight native species to be considered for transplanting. two (P. nodosus 
and S. Jalijolia) grew well on all sediments. PotanwgelOn pecnnatus grew 
well on oncolites and fair on the organic sediments. These d1ree species are 
the first choice for any Lransplant efforts, both because of good growth and 
because they are easily propagated and have a resistant tuber or tunon that is 
easy to handle for transplanting. Vallisneria americana grew poorly on onco
lites, fair on the organic, and good on the mixture. This species might be 
selected for revegetation on either fine sediments as an alternate to P. peclina
tus, or for sites where rototilling of sediments might be anempted. Small 
rosettes to initiate studies on Vallisneria were used in the greenhouse, but 
Vallisneris also produces a donnant winter bud (tuber). which would be a 
convenient and hardy propagule for transplant purposes. Elodea canadensis 
had only fair growth on oncolites and mixed sediments, poor growth on the 
organic sediment. Since this species is more difficult to handle and Lransplant, 
it is not recommended for transplant efforts. However, it is a common species 
that may be introduced to the lake naturally. Nymphaea odorala, S. rigida, 
and T. latijolia all did poDrly on Onondaga LilR sediments and/or water. and 
are not recommended for transplant efforts. As water chemistry and sediments 
improve. these species or ones similar may naturally invade. 

The three nonnative invasive species were examined to evaluate the poten
tial for invasion and dominance. Two of these species (M. spicatum and 
P. crispus) are already found in the lake in low abundance. Myriophyllum 
spicatum grew fair [0 well on the sediments. Initial probability of massive 
invasion and dominance at current water chemistry and sediment COnditions are 
low, but conditions may not need to change much for rapid expansion to 
occur. Therefore. this species bears monitoring in Onondaga Lake. 
Poramogeton crispus grew fair on oncolite sedimems, poor on the organic and 
mixture; it will tend to increase on oncolite sediments before it increases in 
abundance on fine sediments. Trapa natans grew very poorly on Onondaga 
Lake sediments in reconstructed Onondaga Lake water. Conditions in 
Onondaga Lake are far from conducive to the growth of this species, and water 
chemistry will need to improve considembly before this species would become 
a threat to Onondaga Lake. 

Onondaga lake sediment seed bank 

Of the four sediments examined. the two coarse sediments (sand, T3: onco
lite, Til) exhibited significantly higher seed emergence (29 and 
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Table 11
 
Performance 01 Eleyen Species on Onondaga Lake sediments
 

I Spec. \ Code I Oneollta I Org8nle \ Onc+Org I 
Poo, FairFairElod6B canadensis EC 

Fair Fair
 

Nymphasa oclonH8
 

Myriophyllum spica/urn MS Fair 

PoorNO 

Poor PoorPotamogeron crispus FairPC 

GoodPOlamogerDn nodosus Good GoodPN 

pp fair GoodPotamogeton pectinarus Good 

GoodSilgittaria latifolia Sl Good Good 

5agirraria rigida SR Poo, 

Poo, Poor Poorrrapa natans TN 

Fair' Fair'Typha /amalia Tl Fair' 

Fair Good 

1 Allhough Typha farifolia had higher biomass than many other species, Ihe plants were
 
chlorotic and !he response was poor relatiw 10 whal should be expecl9d for this species.
 

VaHisneria americana VA Poor 

27 seedlings m·2, respectively) than the two fine sediments used (organic, T20; 
silt, T40). whieh both had only 3 seedlings m-2 emerge (Figure 20). Seedling 
mortality was very high; not all seedlings could be identified. The majority of 
seedlings on the sand sediment were identified as Juncus gerardii, although 
some Typha sp. were also idemified. The opposite was observed for the 
oncolite sediment. most seedlings identified as Typha sp. Seedlings did not 
grow large enough for positive identification in the two fine sediment samples. 

Seedbank densities are low for the coarse sediments. and very low for the 
fine sediments. The fact that few seedlings survived in the greenhouse, and 
the species observed are not found in the lake at this time, indicates that 
recruitment from the seed bank is very low. As water quality improves, these 
species may begin to recruit in the lake in areas of low wave energy. 
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4 Conclusions and 
Recommendations 

Conclusions 

The diversity of submersed macrophyte species in Onondaga Lake is very 
low and plant distribution in the littoral zone is very paLChy. Plants established 
in the bottom substrate appeared stressed, Le., mOl structures were not large or 
well-established in the bottom substrates. and plant leaves and stems, in almost 
all areas of the littoral zone, were covered with carbonate panicles. II appears 
that the combination of low transparency and moderate fluctuations of water 
level in Onondaga Lake severely restrict the extent of the littoral zone. Within 
this wne, wave action and characteristics of the bottom substrate have a signif
icanl effect on plant colonization. Even more striking during the 1991 survey 
was the absence of floating-leaved and emergent aquatic plants forming 
defined wetlands along the shoreline of Onondaga Lake. 

Scattered, locally abundant submersed aquatic macrophyte communities 
dominated by PoramogefOn pecrinatus were documented in a 1991 survey. 
Although no quantitative data are available from even the recent past, it scems 
likely that the e:-;pansion of these submersed species is largely a recent phe
nomenon, and that submersed plants have e:-;isted in the lake for some time in 
quiet. protected areas. TIle major factors limiting submersed species have lx:en 
water transparency, water chemistry (e.g., high solute concentrations), water 
level. and natural disturbance acting in concert, with the first two predominat
ing. No emergent or floating-leaved species at or below the waterline were 
noted. which is a significant gap in the aquatic community. No single factor 
alone is responsible for the current distribution or past lack of aquatic plants, 
but many factors of varying significance or impact may be working in concert 
to control plant distribution and abundance. However. there are a few signifi
cant factors over which there is some control. By reducing water column 
salinity and reducing nutriem loadings. substantial improvemems in water 
transparency will occur that will greatly benefit plant growth and survival. 
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Identification of Continuing Issues 

Several areas for further research are noted, including mercury cycling, 
revegetation, expansion of existing plant IXlpulatioru; (both native and exotic 
species), and the importance of continued improvements in sediment compo
sition and waler quality. 

Mercury cycling 

Expansion of the macrophyte community will have general beneficial habi
tat results, buL one possible negative impact is that macrophytes might make 
sedimentary mercury available to the aquatic food chain. This potential has 
nOl been adequately addressed, and most mercury models are pelagically ori
ented and ignore littoral woe contributions. 

Expansion 01 current plant distributions 

Many areas of Onondaga Lake have only small populations of aquatic 
plams. or none at all; yet these areas should support dense growths of naLive 
plants. Therefore. Onondaga Lake could provide a largely unique opportunity 
to monitor and model the natural reestablishment and early expansion of 
aquatic macrophyte communities. In addition to the expansion of native 
plants, it would provide an opportunity of studying two exotic nuisance plants 
at early stages of colonization. 

Revegetation 

The revegetation of freshwater linoral zone wetlands is still in experimemal 
stages. Onondaga Lake vilally needs wetlands contiguous to the littoral zone 
to provide spawning areas for warmwater fish. This site provides an oppor
tunity to develop methods applicable nationally and to create a needed habitat 
locally. 

Sediment composition and water quality Improvements 

As solute concentrations decrease and sediment chemistry changes, plant 
communities and their interactions also will change. However, there is inade
quate infonnation to predict what will happen beyond the fact that changes 
will occur. 
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Recommendations 

Remediation 

Based upon the results of the 1991 studies presented here. the primary 
objectives for remediation of the macrophyte community in Onondaga Lake 
can be stated as follows: 

•	 Establish greater diversity, density, and distribution of rooted aquatic 
plants in the littoral zone of Onondaga Lake. 

•	 Establish wetland areas along the shoreline of Onondaga Lake. or in 
areas adjacem to the shoreHne and accessible from the lake. 

Management 

Alter the bottom substrate in selected areas of the littoral zone to stabilize 
existing sediment and to promote the establishment of aquatic macrophytes in 
areas where plants do not occur at the present time. Ex.amples of alterations 
include the creation of anificial reefs or gravel beds to reduce the effect of 
wave action and promote establishment, and covering ponions of the existing 
bottom substrate with geotextiles. such as TexeiDI, AquascreenThl 

, or other 
material. to reduce sedimem or slope instability and provide an area for estab
lishment of plants.. These experimental plots could be "seeded" with several 
different species of aquatic macrophytes and the performance of the plants 
compared with plants transplanted to existing, unaltered bonom substrate. 
Associated with this effort would be a review, evaluation, and selection of 
appropriate species for weiland establishment on the basis of food preference 
for wildlife, effectiveness for shoreline stabilization, habitat improvement for 
fish and wildlife, growth habit, and availability. 

Monitoring 

Continue to monitor aquatic macrophytes in the lake during each growing 
season. In particular. monitor the expansion and decline of Potamogeron peeri· 
notus (sago p:mdweed) colonies to evaluate the factors that influence growth 
and distribution. 

Research 

Conduct experiments to determine the role of submersed macrophytes in the 
transfer and cycling of mercury in Onondaga Lake. 
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