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1.0 SCOPE AND APPLICATION

Aquatic plants represent an important part of the biota of lakes.  This SOP establishes a standard set of procedures for identifying and semi-quantitatively mapping the aquatic macrophytes of a lake or impoundment.  The maps can be used over time to document changes in species composition, including exotic plant introductions, and the density and extent of plant beds that may impair designated uses. The density, diversity, and growth patterns of aquatic plants are unique to each lake.  Therefore, many of the details concerning sample site locations and other sampling aspects should be worked out on a lake specific basis.

Described below are general procedures for mapping the distribution of aquatic plants, collecting and identifying plant species, and determining the relative density of plant beds at selected sites.  The species key is based on the earlier DWPC 1986 Aquatic Macrophyte Field Guide.

2.0 SUMMARY

A set of three maps is constructed in the field based on field observations and a frequency of occurrence list is generated.  The three maps consist of a map of species distribution, identifying the dominant species of plants at 10-30 sites within a lake. The species frequency of occurrence list is also prepared in conjunction with the first map.  The second map indicates the percent cover of the plant beds.  The third map shows the percent of the volume of the water column that is occupied by the plants.

3.0 SAFETY CONSIDERATIONS

Sampling can be conducted at anytime during daylight hours when conditions are appropriate (generally calm sunny condition offer good visibility).  Flexibility in both the day and time is allowable, especially in consideration of weather conditions.  A minimum crew of 2 persons is recommended.

Common sense and good judgment will dictate when it is appropriate to sample.  Under no circumstances should you be on the water during electrical storms, high winds or other unsafe conditions.  If such conditions exist, the trip should be postponed until the unsafe conditions subside. Check the current and forecasted weather and decide if the conditions allow for safe sampling.  [You should reconfirm this decision after personally inspecting lake conditions before launching the boat and beginning the sampling trip.]

Before leaving shore, confirm that all the needed safety equipment is on board the boat.  Boating safety is a subject that everyone needs to take seriously.  While on the water, you will be moving around the boat, leaning over the edge and working with equipment and anchors.  Wearable life preservers must be in the boat and it is recommended that a life preserver (Type 1, 2 or 3 personal floatation device) be worn at all times.  You should also understand State boating laws and the “rules of the road” before embarking on a sampling trip.

Confirm that the following boating safety equipment is on board the sampling boat.

•  
Personal floatation devices (PFDs) for each person on board.  They should be labeled as Coast Guard approved, in serviceable condition, and of proper size.

•
First aid kit.

•
Other equipment that may be required by State and local laws.  For example, some boats may be required to carry fire extinguishers and sound producing devices.  Also, the boat should be registered according to State and local laws.

4.0 SAMPLE COLLECTION, PRESERVATION AND HANDLING

See Section 9 Quality Control, below.

5.0 APPARATUS

Confirm that the following sampling equipment is on board the sampling boat.


•
Anchor


•
Depth map of lake


•
Fathometer, leadline, or calibrated anchor line



•
Weighted rake with throwing line



•
Plastic bags for plant specimens labeled with a



plant type number, the lake name, the date, and 



the site location. Newspaper for plant samples.


•
Clipboard and pencils


•
Three blank maps of the lake 


•
Macrophyte identification key


•
This SOP


•
Rangefinder or GPS (optional)


•
Digital camera  or Aqua-Vu video (optional)


•
DWM Field Sheet for Lakes.

6.0
REAGENTS

Not applicable.

7.0
CALIBRATION and TRAINING

The plant survey team leader should be trained or have extensive experience using these SOPs in aquatic plant identification and mapping.  Additional crew members require no training or experience to assist.

8.0 PROCEDURES

Although three maps are created and described separately below, it is generally best to complete all three maps simultaneously as the boat is moved from site to site around the lake.  Mapping percent cover gives a semiquantitative assessment of the general density of plants and can be used in assessment for support of aquatic life, boating and swimming.  The density of plants is related to the sediment type and nutrient conditions (generally greater densities are found in nutrient rich organic sediments, particularly terrestrial soils that have been flooded). Biovolume mapping is essentially similar to density mapping, but the addition of depth of the plant beds may help in assessment of boating and swimming uses (dense percent cover may not impair boating or swimming if the beds are located at depths below 4 feet).  The species distribution map is used for determining the type of plant community and for tracking changes in species dominance or expansion of beds across the lake over time.  Generally, if time permits a Secchi disk reading is also taken at the deepest point, and the reading recorded, along with other lake assessment observations on the Lakes and Ponds Field Sheet (see CN72.0 for further details).

8.1
Mapping the Percent Cover and Percent Biovolume of aquatic plants
For this task you must take a tour of the entire lake and observe areas of the lake where aquatic vegetation is present; either below, near or at the surface. This task requires the use of two GIS maps of the lake printed from Arcview on 8 ½ x 11 inch paper with scale bar.   The lake should be printed as large as possible on the page allowing for at least 100 meters of surrounding shore area to be included.  Add the lakename, town and PALIS number to the map.  An third copy of the map and a species frequency of occurrence list will be used in Section 8.2. below and is recommended to be completed in conjunction with Section 8.1.

•  
Slowly move the boat across the lake in a series of transects and, using a clean copy of the lake map, draw a sketch showing the extent of the vegetation beds. Note whether plants are below or near the surface (submerged), at the surface (floating), or projecting above the surface emergent).

•
Using the scale on the map, estimate the length and
width of significant plant beds and sketch on map as shown in Figure 2.  If available, a “rangefinder” device can be useful for this exercise to determine distances from shoreline (use according to instructions).

•
For any significant plant beds estimate the areal coverage of the plants as either sparse (0-25%
cover), moderate (>25-50% cover), dense (>50-75%
cover), or very dense (>75-100% cover) as shown in Figure 1.  [NOTE: Cover is determined by imagining that all of the vegetation in the water column, at any given site, is projected to the surface and then approximating what percentage of the surface would be covered with vegetation as shown in the figure below.]

•
On the biovolume map, estimate the biovolume of the plants as either sparse (0-25%), moderate (>25-50%), dense (>50-75%), or very dense (>75-100%).  [NOTE:  biovolume is estimated with the aid of a Secchi disk and/or a viewscope to determine the volume of the water column at the site occupied by thick plant biomass.] If thick plants are present at the bottom, but most of the surface is clear, then simply record the relative height of the plant bed by lowering a Secchi disk to the top of  the plants, noting the depth, and continue lowering the Secchi to the bottom to obtain the water depth of the site. Assuming the beds are uniform, the ratio of depths expressed as a percent is the percent biovolume. Alternately, if only surface mats of plants are present, record the thickness of the surface mat to water depth.

•
Take pictures or notes of unusual vegetation, erosion or development.
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Figure 1.  Examples of 25%, 50% and 75% cover.
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Figure 2.  Example of Macrophyte Percent Cover Density Map.

[image: image7.png]Nacre phy e Brovolome ( oy Lk ok ) STEP

,‘ Vé’/y dnse (75 —706 7:.), \
j‘ Dense  (50-75%)

Lo2x]- Podecarte (45 =S¢ %)

[ )- dporse (?2-25%)

0ld Oaken Bucket Pond 94113

A ' scituate ' 80 . 0 80 160 Meters
) e  ES— ‘

. . g/ B

date: 7/3//' 200 0 200 400 Feet

- observers: De &'!th/ &}lﬂih?,«—;idﬁqu ‘

o





Figure 3.  Example of Macrophyte Percent Biovolume density map.

8.2  Mapping Plant Species Distributions

This task requires the use of a GIS map of the lake printed from Arcview on 8 ½ x 11 inch paper with scale bar and collection of plant species for identification, and listing all species on the frequency of occurrence list (see below).  The vegetation collected for this task will be sorted and immediately identified to species if possible. Species codes are written on the map to locate where each species was found, and a short key to the species code included in the margin of the map.  If it is not possible to identify the species, or suspected non-native in the field, then the species is numbered and placed in a plastic bag and the number located on the map. Unidentified specimens of each type will be returned to the DWM program biologist for identification.  Subsequent to proper identification, the maps should be amended to reflect these updates.


Elements of Species Distribution Mapping:
•
To keep a record of which species (or type) of plants are dominant in the lake first mark a series of planned observation sites on the map.  This is best done before going out in the boat. Ten to thirty  or more sites, depending on the size of the lake, should be marked at fairly uniform intervals throughout the lake (both shallow and deeper plant beds) to get a representative sampling. 

•
During the course of the shoreline survey, stop at each of these sites and record which species appear comprise the majority of the biovolume. The site is generally defined as an area of  10m  x 10 m.  For shallow water sites include species found along the nearest shoreline. Plants may be initially collected for species identification according to taxonomic reference books (e.g. Crow and Hellquist, 2000). 

•
During the course of the shoreline survey examine all plants collected to see if any non-native plants are present.   If so, identify them and record how abundant they are in the margin of the plant species distribution map. Pay particular attention to the following list of non-native plants:

Name



Potamogeton crispus  (Curly leaf pondweed)

Myriophyllum aquaticum  (Parrot feather)

Myriophyllum heterophyllum (Variable milfoil)

Myriophyllum spicatum
(Euasian milfoil)


Cabomba caroliniana
(Fanwort)


Najas minor (European naiad)



Egeria densa  (South American waterweed)


Trapa natans  (Water chestnut)

Nymphoides peltatum (Yellow Floating Heart)

 

Marsilea quadrifolia  (Pepperwort)


Nelumbo  lutea. (American Lotus)

Lythrum salicaria (Purple Loosestrife)

Butomus umbellatus (Flowering Rush)

Phragmites australis (Reed Grass)

Hydrilla verticillata (Hydrilla)

Hydrocharis morsus-ranae (European Frog-bit)

•
For deeper water sites use the weighted rake to collect plants. Confirm that the throwing line is securely attached to the weighted rake at one end and to the boat at the other end.  Pitch the weighted rake straight ahead to a distance about 5 meters from the boat, sampling about the same size area as noted above (10m X 15m).  Allow the rake to settle to the lake bottom and then
pull the line slowly so that the teeth of the rake drag along the bottom of the lake. Bring the rake back into the boat, remove all the vegetation trapped on the teeth, and sort the different plant types into separate piles so that they can be identified.

•
Alternately, and depending on the ability of the observer, the deeper water plants can be identified and percent cover estimated by viewing them with the Secchi view scope or with an Aqua-Vu video camera.

•
As the plant bed maps are developed in Section 8.1, the three major species present in each bed should be noted on the Species Distribution map (See Figure 3 below) using the codes listed in Macrophyte Code Table below.  The dominant species code should be circled on the map.
 

•
For difficult to identify species use the following procedure. Remove a few healthy specimens from each of the sorted piles of plant types, shake off excess water and place them in a properly labeled collection bag for processing on shore as described in Quality Control section 9.0, below. Avoid collecting immature plants and, if possible, include the entire plant as the specimen (i.e., stems, leaves, roots, flowers and/or fruits). By doing the survey during the peak of the growing season the flowers and/or mature fruits can be collected.  These are important for identification of the plants.

•
If the crew is certain of the species identification, use the full species name and code. If you have a doubt about the species identification use cf. or ? to indicate the probable species.  If you are certain only of the genus, record the genus name followed by “sp.”

•
At each of the sites add new species to the species occurrence list and mark a tally for the presence of  each species at each of the sites.  Record the total number of sites visited on the top of the list as shown below.

•
Move the boat to the next sampling point and repeat the above elements

•
Keep all collected plant fragments in the boat for proper disposal on land;  many nuisance species reproduce from fragments.

•
Take pictures of unusual plant communities or conditions (if camera available).

•
Take notes in the map margin to summarize in one paragraph the dominant plant distribution in the lake and presence of invasive species.
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Figure 4.  Example of Macrophyte Distribution Map.

9.0
QUALITY CONTROL

Quality control requires packing and forwarding the plant type samples of questionable identity to a program biologist for identification. Each year survey crew leaders should cross-compare their estimates of  plant density in the field to assure uniformity in judging dense vs. very dense etc.  In addition, the data sheet with the density rating for each plant type and sampling observation must be sent to the survey coordinator for analysis.


Elements of Quality Control:

•
Prior to leading a survey the staff member should serve as crew to more experienced crew leaders (G. DeCesare or R. McVoy) to gain experience in plant identification, survey techniques and judging plant densities.

•
Once a year crew leaders with less field experience should go out in the field with experienced crew leaders to compare survey techniques and identify plant species.

•
Once you have returned to shore, remove each specimen from the collection bag and carefully wrap it in several layers of paper (newspaper should be satisfactory). Submerge the wrapped specimen in water and return it to the collection bag, ensure that the bag is properly marked, and seal the bag securely.

•
Refrigerate bags in the interim before delivery to a program biologist.  They may be kept for several days in this manner.

•
Deliver the specimens as soon as possible to a program biologist for identification.

•
Send copies of the sampling information data sheets
to the survey coordinator for analysis.

10.0
INTERFERENCES
Solar glare may interfere with observations (polarized sunglasses or viewscopes may be used).

11.0
PREVENTIVE MAINTENANCE
The only maintenance required is regular maintenance of the boat, motor and related operating equipment.

12.0
CORRECTIVE ACTIONS

If incorrect plant identifications are found the survey leader should go through retraining of identification of plants as required.  If there is a question of plant densities (i.e. disagreement of two crew leaders on different field trips during the same year), the survey leader should conduct additional site visits with the more experienced staff member or program biologist to “recalibrate” the classification of plant densities.  Any corrections to the plant density maps should be made with the later survey date noted.

13.0
WASTE MINIMIZATION AND POLLUTION PREVENTION  

NOTE:   For all equipment, care must be taken to avoid transporting aquatic vegetation to other locations within waterbodies and to other waterbodies.  This is done by thoroughly inspecting and cleaning boats and equipment of all plant fragments both before launching and after take out.   This is standard DWM practice.

14.0
REFERENCES
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Appendix 1

AQUATIC PLANT IDENTIFICATION AND MONITORING ASSISTANCE

Program Biologist:

Rick McVoy 



Dept. of Environmental Protection



Division of Watershed Management



627 Main Street, 2nd Floor

Appendix 2.

Table 1. MACROPHYTE CODES.

Plant species (common name)





Code

Macroscopic algae (mats, clumps, etc.) and misc.
Δ
Bryozoan
▲
Chara sp.     “Muskgrass”
C1
Nitella sp.     “Stonewort”
C2

Moss

□


Riccia fluitans     “Slender Riccia”
□ 


Ricciocarpus natans     “Purple-fringed Riccia”
□ 
Other aquatic ferns
■

Osmunda regalis     “Royal Fern”
■1

Marsilea quadrofolia   “Pepperwort”
■2

Azolla caroliniana     “Water-velvet”
■3

Salvinia rotundifolia     “Floating Moss”
■4

Isoetes sp.     “Quillwort”
I


I. tuckermani     “Quillwort”
I1

Typha latifolia     “Common Cattail”
T

Typha angustifolia     “Narrow-leaved Cattail”
T1

Typha glauca     “Hybrid Cattail”
T2

Sparganium sp.     “Bur Reed”
S


S. fluctuans     “Water Bur Reed”
S1


S. eurycarpum     “Giant Bur Reed”
S2


S. americanum     “Bur Reed”
S3

Potamogeton sp.     “Pondweed”
P


P. amplifolias     “Largeleaf Pondweed”
P1


P. crispus     “Curlyleaf Pondweed”
P2


P. richardsonii     “Richardson Pondweed”
P3


P. robbinsii     “Flatleaf Pondweed”
P4


P. epihydrus     “Ribbonleaf Pondweed”
P5


P. sp.     “Thin-leaved Pondweed”
P6


P. gramineus     “Grassleaf Pondweed”
P7


P. natans     “Floatingleaf Pondweed”
P8


P. vaseyi     “Vasey’s Pondweed”
P9


P. capillaceus     “Pondweed”
P10


P. folisus     “Leafy Pondweed”
P11


P. tenuifolius     “Pondweed”
P12


P. perfoliatus     “Redhead Grass” or “Thorowort Pondweed”
P13


P. pusillus     “Slender Pondweed” or “Baby Pondweed”
P14


P. spirillus     “Snailseed Pondweed”
P15


P. pectinatus     “Sago Pondweed” or “Fennelleaf Pondweed”
P16


P. illinoensis     “Illinois Pondweed”
P17


P. pulcher     “Heartleaf Pondweed”
P18


P. bicupulatus     “Snailseed Pondweed”
P19


P. zosteriformis     “Flatstem Pondweed”
P20


P. nodosus
P21


P. oakesianus
P22

Najas sp.     “Bushy Pondweed” or Naiad”
J

Ruppia maritima     “Widgeon Grass”
J1

Najas flexilis     “Slender Naiad”
J2

Najas minor     “European Naiad”
J3

Najas guadalupensis    “Naiad”
J4

Najas gracillima
J5

Alisma sp.     “Water-Plantain”
A1

Echinodorus sp.     “Burhead”
A2

Sagittaria sp.     “Arrowhead” or “Duck Potato”
A3

Sagittaria sp. (submerged form only)
A4


S. latifolia     “Common Arrowhead”
A5


S. rigida     “Stiff Arrowhead”
A6


S. teres     “Dwarf Wapato
A7


S. graminea     “Grassy Arrowhead”
A8

Vallisneria americana     “Wild Celery” or “Tape Grass”
H1

Elodea sp.     “Waterweed”
H2



E. nattallii     “Waterweed”
H3


E. canadensis     “Canadian Waterweed”
H4

Egeria densa
“Brazilian elodea”





H5

Gramineae (Grass Family)
G

Cyperus sp.     “Flat Sedge”
Y1

Dulichium arundinaceum     “Three-way Sedge”
Y2

Fimbristylis sp.     “Fimbristylis”
Y3

Rynchospora sp.     “Beak Rush”
Y4

Cladium sp.     “Twig Rush” or “Sawgrass”
Y5

Carex sp.
X

Scirpus sp. “Bulrush”
B


S.  validus     “Softstem Bulrush”
B1


S. cyperinus     “Woolgrass Bulrush”
B2


S. americanus     “American Bulrush”
B3


S. atrovirens     “Dark-green Bulrush”
B4


S. subterminalis
B5

Eleocharis sp.     “Spike Rush”
E


E. acicularis     “Needle Spike Rush”
E1


E. smallii     “Spike Rush”
E2


E. palustris     “Common Spike Rush”
E3

Peltandra virginica     “Arrow Arum”
a1

Calla palustris     “Water Arum”
a2

Orontium aquaticum     “Golden Club”
a3

Acorus calamus     “Sweet Flag”
a4

Spirodela polyrhiza     “Big Duckweed”
L1

Wolffia sp.     “Watermeal”
L2

Wolffiella floridana     “Florida Wolffiella”
L3

Lemna sp.     “Duckweed”
L4


L. minor     “Common Duckweed”
L5


L. trisulca     “Star Duckweed”
L6

Xyris sp.     “Yellow-eyed Grass”
e

Eriocaulon sp.     “Pipewort”
e1


E. septangulare     “Pipewort”
e2

Heteranthera dubia     “Mud Plantain”
W1

Pontederia cordata     “Pickerelweed”
W2


P. cordata forma taenia     “Pickerelweed”
W3

Iris sp.     “Iris”







j1

Juncus sp.     “Rush”
j2

Saururus cernuus     “Lizard’s tail”
j3

Rumex sp.     “Dock”
Q1

Polygonum sp.     “Smartweed”
Q2

Salix sp.     “Willow”
b1

Myrica gale     “Sweet Gale”
b2

Alnus sp.     “Alder”
b3

Nyssa sp.     “Sour Gum” or “Tupelo”
b4

Cornus sp.     “Dogwood”
b5

Chamaedaphne calyculata     “Leatherleaf”
b6

Fraxinus sp.     “Ash”
b7

Cephalanthus occidentalis     “Buttonbush”
b8

Ilex verticillata     “Virginia Winterberry” or “Black Alder”
b9

Clethra alnifolia     “Sweet Pepperbush”
b10

Ceratophyllum sp.     “Coontail”
K

Ceratophyllum demersum     “Coontail”
K1

C. echinatum 
K2

Nymphaea sp.     “Water Lily”
N1


N. odorata     “Fragrant Water Lily”
N2


N. tuberosa     “White Water Lily”
N3

Nuphar sp.     “Yellow Water Lily”, “Cow Lily”, or “Spatterdock”
N5


N. variegatum     “Painted Cow Lily”
N6

Brasenia schreberi     “Water Shield”
n1

Nelumbo lutea     “American Lotus”
n2

Cabomba caroliniana     “Fanwort”
n3

Caltha palustris     ”Marsh Marigold”
R1

Myosurus minimus     “Mousetail”
R2

Ranunculus sp.     “Buttercup” or “Crowfoot”
R3

Subularia aquatica     “Awlwort”
M1

Neobeckia aquatica     “Lake Cress”
M2

Cardamine sp.     “Bitter Cress”
M3

Rorippa sp.     “Water Cress”
M4

Podostenum sp.     “River Weed”
r

Callitriche sp.     “Water Starwort”
k1

Elatine sp.     “Waterwort”
k2

Viola sp.     “Violet”
k3

Hypericum sp.     “St. John’s-wort”
k4


H. boreale f. callitrichoides     “St. John’s-wort”
k5

Decodon verticillatus     “Swamp Loosestrife”
V1

Trapa natans     “Water Chestnut”
V2

Ludwigia sp.     “False Loosestrife”
V3

Lythrum salicaria     “Purple or Spiked Loosestrife”
V4

Rhexia virginica     “Virginia Meadow-beauty”
V5

Hippuris vulgaris     “Mare’s-tail”
h1

Prosperinaca sp.     “Mermaid Weed”
h2

Myriophyllum sp.     “Water Milfoil
h3


M. heterophyllum     “Broadleaf Water Milfoil”
h4


M. humile     “Water Milfoil”
h5


M. tenellum     “Leafless Milfoil”
h6


M. spicatum
h7

Sium suave     “Water Parsnip”
f1

Hydrocotyle sp.     “Water Pennywort”
f2

Cicuta sp.     “Water Hemlock”
f3

Hottonia inflata     “Featherfoil”
m1

Samolus sp.     “Water Pimpernel”
m2

Lysimachia sp.     “Loosestrife”
m3


L. ciliata     “Loosestrife”
m4

Nymphoides cordatum     “Floating Heart”
g1

 Asclepias sp.     “Milkweed”
g2

Myosotis sp.     “Forget-me-not”
g3

Stachys sp.     “Hedge Nettle”
t1

Scutellaria sp.     “Skullcap”
t2

Physostegia sp.     “False Dragonhead”
t3

Lycopus sp.     “Water Horehound”
t4

Mentha sp.     “Mint”
t5

Solanum dulcamara     “Nightshade”
t6

Utricularia sp.     “Bladderwort”
U


U. vulgaris     “Common Bladderwort”
U1


U. purpurea     “Purple Bladderwort”
U2


U. radiata     “Floating Bladderwort”
U3


U. intermedia     “Flat-leaved Bladderwort”
U4


U. gibba     “Creeping Bladderwort”
U5
Bacopa sp.     “Water Hyssop”
F1

Limosella sp. “Mudwort”
F2

Veronica sp.     “Speedwell”
F3

Chelone sp.     “Turtlehead”
F4

Mimulus sp.     “Monkey Flower”
F5

Lindernia sp.     “False Pimpernel”
F6

Gratiola sp.     “Hedge Hyssop”
F7


G. virginiana     “Hedge Hyssop”
F8

Lobelia sp.
O


L. cardinalis     “Cardinal Flower”
O1


L. dortmanna     “Water Lobelia”
O2

Megalodonta beckii     “Water Marigold”
Z1

Eupatorium sp.     “Joe-pye Weed”
Z2

Bidens sp.     “Bur Marigold”, “Beggar-ticks”, or “Pitchforks”
Z3

Helenium sp.     “Sneezeweed”
Z4

Solidago sp.     “Goldenrod”
Z5

Aster sp.     “Aster”
Z6

Coreopis rosea     “Pink Tickseed”
Z7

Equisetum sp.     “Horsetail”
i 


E. fluviatile     “Swamp or Water Horsetail”
i1

Drosera rotundifolia     “Roundleaf Sundew”
D

Vaccinium sp.      “Cranberry”
d

Phragmites sp.     “Reed Grass”
q
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Appendix III.  Aqua-Vu Video Scope Care Use and Maintenance.

To be completed.
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