


nigh all locations at this tree farm, suggesting a FAC 
(facultative) classification. Were this to be the case, 
the vegetation value for this Site 5 would more nearly 
approach that of its neighbors across and down the brook, 
reducing still further the presently minor differences in 
the evaluations given individually to these 3 streamside 
sites.

Site I is distinct in that, of all the sites 
examined, it is the only one with muck soil, which appears 
to be the result of nearly continuous saturation for ages. 
Fisher et al. (1996) classify such areas as “forested 
sapric peatlands" which, once drained and cleared of 
natural vegetation, produce moist-soil, high-cash crops 
such as lettuce and onions. Then, left to themselves, 
they revert to forested wetlands, in which state I plan to 
leave the Site 1 area.

Site 4 is on the edge of a glacier-formed “kettle"; 
it presents interesting similarity and interesting 
contrast with the characteristics of Sites 17 and 19. 
Similarity exists to the extent that all three sites are 
subject to groundwater; there is sharp contrast in that 17 
and 19 are subject to outflow on the surface of a 
comparatively long slope, whereas the water appears to 
reach Site 4 by wick action from beneath, and the soil at 
Site 4 exhibits higher chroma (is brighter, rather than
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darker) than the vegetation would suggest. Seelig and 
Richardson (1994) found marked contrasts in their studies 
of water and salt movement - “focused water flow" - around 
the North Dakota potholes, as had Steinwald and Richardson 
(1989).

Richardson et al. (1995) described four kinds of 
water movement to dominate soil development: 1) recharge 
or water movement to the water table; 2) flowthrough or 
lateral groundwater movement; 3) discharge or movement 
from the water table either to or near the soil surface; 
and 4) stagnation or slow water movement creating water 
mounds. It appears that the situation at Sites 17 and 19 
falls into the second class, and that at Site 4, into the 
third class.

In any event, it appears that soil conditions at all 
three Sites 4, 17 and 19 are associated with underground 
water flow which would not have become apparent to the 
layman without application of the analytical approach, 
subject of this study.

The foregoing observations as to characteristics of 
individual sites are exactly what I hoped to facilitate by 
means of applying this analytical approach to actual tree- 
farm conditions. This represents fulfillment of my second 
objective.
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SUMMARY AND CONCLUSIONS
In March of 1995 there took place in Minneapolis a

wetland conference involving participation by the US Fish
and Wildlife Service, the National Biological Service,
the National Resources Conservation Service, the US Army
Corps of Engineers, Morton Arboretum, three universities,
one state government, and three consultants representative
of thousands of other wetland practicioners. The stated
purpose of the conference was to achieve (Svobcda 1995)
“better comprehension of the technical underpinnings of
wetland delineation technology" in view of the evolving
law of the land as reported in the opening presentation:

In 1987, the US Army Corps of Engineers issued a 
procedural manual that described wetlands . . .
In 1989, after consultation and discussions took 
place between the Corps and three other agencies 
(SCS, ERA, and USFWS) , a new “unified" manual was 
issued. This manual was to be used by the four 
agencies to standardize the wetland “definition" 
process. . . This manual was determined by some 
to be overly expansive in its definition of 
“wetlands" and Congress required that the COE 
return to the use of the 1987 delineation manual.
. . To further muddy the wetland delineation 
waters. Congress ordered the appointment of a 
special blue ribbon committee of academics, 
consultants and affected stakeholders to evaluate 
the 1989 wetland delineation manual. . . The 
results of this study, originally scheduled to be 
released last September, have been delayed and are 
now expected to be made public within a month or 
two of this conference.

The Svoboda statement was issued more than three years
ago. The results of the “blue ribbon" study to which he
referred have yet to be made public.
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The analytical approach, subject of this paper, will 
have fulfilled its purpose if it can provide insight into 
the principles of wetland delineation, and thus assist 
“comprehension of its underpinnings."

The benefit which this analytical approach offers 
to the landowner is that:
1. He may make his own analysis at his own convenience and
for his own information;
2. By doing so he will learn more about his own property 
and how best to manage each area, with respect, for example, 
to the best crop for each site; and
3. He can use this information most judiciously and most 
effectively in the event of question as to impending or 
actual delineations by the constituted authorities. That 
is, the information so gained can help to facilitate mutual 
appraisal, and minimize probability of questionable 
government decision to his disadvantage.

Thus the landowner can to a large extent exercise his 
own discretion as to how he goes about his work; for
example, it would not be necessary for him to use so many
piezometers as I chose to use; generally a single 
piezometer or open bore hole should suffice. The total 
time required for hydrology studies could be substantially 
shortened by taking readings for one season only and 
comparing the results with historic rainfall pattern over 
a period of years to see how closely the selected study
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season compares with what might be considered a normal 
season. For example, I had more than three years of 
available hydrological data for many of my sites; I chose 
to average the most recent two growing seasons, one of 
which was wetter than usual and the other, drier than 
usual. Official weather station records (lES 1997) show 
that the average annual January through October 
precipitation for the three years was nearly 2 cm (9.64 
vs. 7.85 cm) greater than for the two years which I used, 
compared with the normal 85.5 cm.

With respect to the vegetation criterion, an observer 
might choose to estimate his values on the basis only of 
counting the numbers of the most dominant species, rather 
than weighting them by their respective prevalence. Also, 
he might be concerned by differences in the values arrived 
at for the different levels. To help evaluate such 
differences I examined individual layer values by site 
(Vegetation Calculations, Appendix B). At Site 5 tree 
and shrub/sapling values are 5.3 and 5.0 respectively, 
compared with that of 9.6 for the herb layer; the three 
layers are heavily influenced by Fagus graiidifolia, 
Lonlcera tatarica, and Symplocarpus foetidus respectively. 
However, the Fagus grandifolia is not truly representative 
of the species in that area, and in consideration of the 
prevalence of Lonicera tatarica at all elevations of the
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tree farm it might more properly be assigned an indicator 
value more appropriate in this locality than is the Reed 
(1988) FACU designation. Removal of the Fagus grandifolia 
from the calculation, and empirical substitution of a 
facultative (FAC) value for Lonicera tatarica results in 
tree and sapling/shrub values of 6.9 and 6.7 respectively, 
with no change in the herb layer value of 9.6.

The fact that this modification results in nearly 
equal values for these two higher layers, and that both 
now more nearly approach the herb layer value prompted me 
to analyse the figures for vegetation at other sites which 
show relatively large differences between values at 
different layers. These difference appeared mainly 
associated not only with Lonicera tatarica, but also with 
Acer rubrum at a Reed (1988) classification of FACW+. So 
I assigned empirically a FAC classification to both, 
reflecting my evaluation of their prevalence at various 
sites. Results of doing so with other representative
sites are. in tree. shrub/sapling. and herb sequence :
Site Oriainal values EeoalGMlated values

2 9.8 6.9 9.3 5.9 6.1 9.3
3 9.4 5.3 6.0 8.2 7.2 6.0
6 9.4 7.6 10.5 7.8 8.1 10.5
7 9.3 5.7 7.9 7.2 6.6 7.9
8 10.0 5.3 8.8 6.0 6.9 8.8
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9 10.0 6.4 10.2 6.0 6.4 10.2
11 6.1 3.0 2.6 4.3 3.0 2.6

The mean difference between tree and shrub/sapling 
values at these seven sites has shrunk by more than 80% 
(0.67 compared with 3.40); there remains considerable 
difference between these and the herb layer. This fact 
suggests that growth in the herb layer could be relatively 
more influenced by recent heavier rainfall as noted above, 
with the result that the values for that layer suggest 
wetter conditions than do the values for the higher levels 
of vegetation. There is an alternative of giving greater 
weight to the herb layer observations; such a change 
would call for réévaluation of relative plot areas for the 
related levels, which presently are 1.6 m' for herbs 
compared with 28 m^ for sapling/shrubs and 255 m^ for 
trees.

Whereas Snedecor and Cochran (1980) suggest that rank 
correlation is the best known procedure when distribution 
of its variables is other than normal, I nevertheless 
performed in addition a calculation of correlation 
coefficients (based on actual criterion values). For 
soil/vegetation, vegetation/hydrology, and soil/hydrology 
relationships the latter method results in values of 0.79, 
0.95, and 0.75 respectively. These compare with 0.68,
0.84, and 0.79 resulting from rank correlation.
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Both sets of values are well within the 0.1 percent 
probability limit (SAS 1990), and I believe that an 
interested landowner may feel confident in the 
appropriateness of this analytical approach. In the event 
of need, it can place him in an informed position to 
review possible anomalies with regulatory authorities, 
possibly helping to minimize the number of occasions when 
wetland delineation is “fraught with inconsistency, chaos, 
and uncertainty." (Dennison and Berry 1993) .

58

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



LITERATURE CITED
Arndt, J.L., and J.L. Richardson. 1989. Geochemistry of 

hydric soil salinity in a recharge-throughflow- 
discharge prairie-pothole wetland system. Soil Sci. 
Soc. Am. J. 53:3(848-855).

Baker, Richard. 1992. News from Congressman Baker: the 
war over wetlands. 7 p.

Bourland, Thomas R., and Richard L. Stroup. 1996. Rent 
payments as incentives: making endangered species 
welcome on private lands. J. For. 94:4(18-21).

Brooks, W. 1991. Greenlining: backdoor to limit our use 
of land. Washington Times, Jan. 17.

Britton, Nathaniel Lord, and Addison Brown. An
illustrated flora of the northern US and Canada.
Dover. 3 V. 680, 735, and 637 pp.

Case, Roger. 1993. The Feds are coming. Columbia County 
NY Soil and Water Conservation Dist. vol. XI, Hudson 
NY.

Cobb, Boughton. 1963. A field guide to the ferns and
their related families. Houghton Mifflin, Boston 251 pp

Cowardin, Lewis M . , Virginia Carter, Francis C. Golert, 
and Edward T. LaRoe. 1979. Classification of 
wetlands and deepwater habitats of the US. USFWS OBS- 
79/31, Off. Biol. Serv. Washington DC 20240 103 p.

Cox, Donald D. 1985. Common flowering plants of the 
Northeast. State Univ. NY Press, Albany 418 p.

Davidson, Thom. 1992. Wetlands delineation criteria. US 
Army Corps of Engineers, New Orleans. 3 p.

Dennison, Mark S., and James F. Berry. 1993. Wetlands: 
guide to science, law, and technology. Noyes 
Publications, Mill Road, Park Ridge NJ.

DEC. 1980. Freshwater wetlands maps and classification 
regulations 6NYCRR part 664. NY Dept of Environmental 
Conservation, Div. Fish and Wildlife, Albany. 45 p.

DEQ. 1996. Water quality certification program. LA
Dept, of Environmental Quality, Water Pollution Control 
Div., Baton Rouge. 18 p.

59

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



EPA. 1993. Wetlands regulation guidebook for MY State. 
E-902-R-93-004, US Env. Prot. Agency, 26 Federal Plaza 
NY 10278. 50 p.

Evans, C. V., and D. P. Franzmeier. 1988. Color index 
values to represent wetness and aeration in some 
Indiana soils. Geoderma 41:353-3 68.

FICWD. 1989. Federal manual for identifying and 
delineating jurisdictional wetlands. Federal 
Interagency Committee for Wetland Delineation, Army 
Corps of Engineers, EPA, FWS, and USDA Coop. Tech. Pub. 
76 p.

Fisher, Andrew S., Gregory S. Podniesinski, and Donald J. 
Leopold. 1996. Effects of drainage ditches on 
vegetation patterns in abandoned agricultural peatlands 
in central New York. Wetlands 16:4(397-409).

Gambrell, Robert P. and W. H. Patrick, Jr. 1978.
Chemical and microbiological properties of anaerobic 
soils and sediments, pp. 375-423 In Plant life in 
anaerobic environments. D.D. Hook and R.M.M. Crawford, 
(eds.) Ann Arbor Science Publishers, Inc. Ann Arbor, MI

Gazette-Advertiser. 1994. Muesser suit defends delisted
wetland. Taconic Press, Millbrook NY 12545.

Hudnall, W. H., and L. P. Wilding. 1992. Monitoring soil 
wetness conditions in Louisiana and Texas, pp. 135-147 
In J. M. Kimble, ed. Proc. 8th. Intl. Soil Correlation 
Meeting(VIII ISCOM): Characterization, Classification, 
and Utilization of Wetland Soils. USDA Soil 
Conservation Service, National Soil Survey Center, 
Lincoln NE.

lES. 1997. Institute of Ecosystem Studies of the New 
York Botanical Garden, Millbrook NY 12545.

Kusler, Jon. 1992. Wetlands delineation: an issue of 
science or politics? Environment 34(2):7-li, 29-37.

Louisiana Soils Workshop. 1994. Wetland soil
classification. Louisiana State University, Baton 
Rouge, and USDA Soil Conservation Service, March 1-3.

McVaugh, Rogers. 1958. Flora of the Columbia County 
Area, NY. State Univ. NY Press, Albany, NY State 
Museum Bull. No. 360. 400 p. + separate index 33 p.

60

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Mitsch, Wm. J., and Jas. G. Gosselink. 1993. Wetlands. 
Van Nostrand and Reinhold. 722 p.

Munsell. 1992. Munsell soil color charts. MacBeth Div. 
of Kollmorgen Instruments Corp. (GretagMacBeth), 617 
Little Britain Rd. New Windsor NY 12553.

Munsell. 1995. Munsell color; the universal language. 
MacBeth Div. of Kollmorgen Instruments Corp. 
(GretagMacBeth) , 617 Little Britain Rd. New Windsor NY 
12553.

Niering, William A., and Frank E. Egler. 1955. A shrub
community of Viburnum lentago, stable for 25 years.
Ecology 36:356-360.

Niering, William A., G.D. Dreyer, F.E. Engler, and J.P. 
Anderson, Jr. 1986. Stability of Viburnum lentago 
after 30 years. Bull. Torrey Bot. Club 113:23-27.

NRCS. 1995a. National Food Security Act Manual (NFSAM), 
3rd. ed. USDA, EPA, Army COE, FWS. 528 p.

NRCS. 1995b. Field indicators of hydric soils in the US. 
(VER 2.0, June, 1995).

NRCS. 1996. Field indicators of hydric soils in the US: 
a guide for identifying and delineating hydric soils, 
version 3.2, G. W. Hirt, P. M. Whited and R. F. Pringle
(eds.), USDA, NRCS, Fort Worth TX. 27 p.

Peterson, Roger Tory, and Margaret McKenny. 1968. A 
field guide to wildflowers: northeastern and 
northcentral North America. Houghton-Mifflin, Boston. 
420 p.

Radford, Albert E., Harry E. Ahles, and C. Ritchie Bell. 
1968. Manual of the vascular flora of the Carolines. 
Univ. of North Carolina Press, Chapel Hill. 1183 p.

Reed, Porter B., Jr. 1988. National list of plant
species that occur in wetlands: 1988 national summary. 
US FWS Biol. Rep. 88(24). 245 p.

Richardson, J.L., L.P. Wilding, and R.B. Daniels. 1995. 
Recharge and discharge of groundwater in the aquic 
moisture regime, illustrated with Flownet. In Wetland 
delineation technology; past, present, and future. 
Franklin J. Svoboda and Assoc., Inc. and Minnesota 
Board of Water and Soil Resources, Minneapolis MN.

61

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



SAS Institute, Inc. 1990. SAS/STAT User's guide, version 
6, 4th ed., vols. 1 and 2. SAS Institute, Inc., Cary 
N.C.

1955. Soil survey of Dutchess County, NY. USDA Soil 
Cons. Serv., Millbrook NY 12545. 178 p., maps.

SCS. 1991. Hydric soils of the US. USDA Soil Cons.
Serv. Misc. Pub. 1491.

SCS. 1991. Soil interpretation record: NY0051, NY0052.
Nat. Coop. Soil Survey. USDA SCS. 10 p.

SCS. 1993. Personal communication. USDA Soil Cons.
Serv. Millbrook NY 12545.

Seelig, B.D., and J.L. Richardson. 1994. Sodic soil
toposequence related to focused water flow. Soil Sci. 
Soc. Am. J. 53:1(156—163).

Smith, Page. 1980. The shaping of America. Vol. 3. 
McGraw-Hill. 870 p.

Snedecor, George W. and Wm. G. Cochran. 1980.
Statistical methods, 7th ed. p. 477. Iowa State Univ. 

Press. 507 p.
Steinwald, A.L., and J.L. Richardson. 1989. Gypsum 

occurrence in soils on the margin of semipermanent 
prairie-pothole wetlands. Soil Sci. Soc. Am. J. 
53:3(836-842).

Stokes, Donald W. 1976. A guide to nature in winter. 
Little, Brown and Co. 374 p.

Svoboda, F.J. 1995. Wetland delineation: past, present, 
and future. In the volume of the same title by 
Franklin J.Svoboda and Assoc, and Minnesota Board of 
Water and Soil Resources, Minneapolis MN.

Symonds, George W. D. 1963. The shrub identification 
book. Wm. Morrow and Co. NY. 379 p.

Symonds, George W. D. 1958. The tree identification 
book. Wm. Morrow and Co. NY. 272 p.

Tiner, Ralph W. 1993. The primary indicators method - a 
practical approach to wetland recognition and 
identification in the US. Wetlands 13(l):50-64.

62

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



USACOE. 1987. Wetlands delineation manual. US Army 
Corps of Engineers, Vicksburg MS Tech. Rep. Y-87-1 
and suppl. 7 Oct. 1991 and 6 March 1992. 165 p.

USACOE. 1995. Personal conversation at Troy (NY) Lock 
and Dam of the US Army Corps of Engineers.

USFWS. 1989. National wetland inventory. Rock City NY 
quadrangle. US Fish and Wildlife Service, 1 Gateway 
Center, Ste. 700, Newton Corner MA 02158.

uses. 1991. Rock City NY Quadrangle. US Geological 
Survey, Denver CO 80225.

Vepraskas, M.J. 1992. Redoximorphic features for
identifying hydric conditions. Tech. Bui. 301, North 
Carolina Agricultural Research Service, NC State Univ., 
Raleigh NC.

Wilhelm, G. 1991. Technical comments on the proposed 
revisions to the 1989 wetland delineation manual, 
submitted to Gregory Peck, US EPA Washington DC. The 
Norton Arboretum, Lisle IL.

Zimmerman, R.E., G.D. Van Dyke, L.M. Shem, C.T. Hackney, 
and M.J. Gowdy. 1993. Comparison of the prevalence 
index and average wetland values for identification of 
wetland vegetation. In Mary C. Landin, ed. Wetlands: 
13th Ann. Conf. Soc. Wetland Scientists, New Orleans. 
South-central Chapter, SWS, Utica MS 39175-9351. 990
P*

63

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



APPENDIX A. SOIL OBSERVATIONS
Soil Color Calculations

I measured soil color at each site by the Evans and
Franzneier (1988) method for Cj. This is based upon
chroma only, with all “N" (gley) colors equated to zero.
Chroma is weighted on the basis of the thickness of the
respective horizons measured. Mottles are weighted as
follows :

few (0-2%) 0.01;
common (2-20%) 0.11; and 
many (>20%) 0.35.
Individual site calculations follow, each preceded by 

the thickness in cm of the horizon in which the 
respective colors were observed.

Depth fern) Munsell code Horizon weight
Site 1 0 - 3 0 N 2.5/ 0
Site 2 0 - 2 3 7.5YR 2.5/1 23

23 - 30 lOYR 3/2 § .95 13.3
II 2.5Y 6/8 @ .05 2.8

Cl = 39/30 =: 1.3
Site 3 0 - 2 5 7.5YR 4/3 75

25 - 30 5 YR 3/3 @ .8 12
N5 & N7 e .2 0

Cl = 87/30 = 2.9
Site 4 0 - 8 10YR 3/2 16

8 - 2 5 2.5Y 6/4 § .8 54
It 5Y 4/2 & 5/4 § .2 13.6

25 - 30 N 6/1 0
2.5 Y 4/2 & 5/4 § .2 3

Cl = 86.6/30 = 2.9
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ails 
site 5

Depth (cm)
0 - 2 5  
25 - 30

Mungell code Horizon weight

Site 6

Site 7

Site 8

Site 9

0 - 3 0

0 - 2 8  
28 - 30

0 - 3 0

0 - 1 0  
10 - 30

Site 10

Site 11

site 12

Site 13

0 - 2 5  
25 - 30

0 - 3
3 - 2 0  
20 - 25 
25 - 30

0 - 2 0  
20 - 28 
28 - 30

0 - 2 3  
23 - 30

2.5 YR 4/1
7.5 YR 6/2@ .95 
5/3@ .05

25
9.5
0.75

Cl = 35.25/30 = 1.2 
7.5 YR 4/1 30

Cl = 30/30 = 1
lOYR 6/3 
5/2

84
4

Cl = 88/30 = 2.9 
7.5 YR 3/2 60

Cl = 60/30 = 2
10 YR 3/2 
10 YR 2/2 § .92 
10 R 4/4 @ .08

20
36.8
6.4

Cl = 63.2/30 = 2.1
2.5 Y 4/3 
10 YR 4/3

75
15

Cl = 90/30 = 3
5 YR 4/1 

6/4 
6/6 
6/4

10 YR 4/4 
5/4 
5/6

10 YR 4/3 
5/6

3
68
30
20

Cl = 121/30 = 4
80 
32 
12

Cl = 124/30 = 4
69 
42

Cl = 111/30 = 3.7
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S±tfi D-epth-(gm) Munsell code Horizon weight

Site 14 0 -• 25 2.5 Y 3/2 @ ..98 49
7.5 YR 4/6 § . 01 1.5
2.5 Y 6/2 § .01 .525 - 30 6/2 § .30 3
10 YR 5/6 § .35 10.5
2.5 Y 5/4 @ .35 7

Cl = 71.5/30 = 2.4
Site 15 0 - 18 10 YR 3/3 54

18 - 30 4/4 48
Cl = 102/30 3.4

Site 16 0 - 20 10 YR 3/3 60
20 - 30 5/6 60

Cl = 120/30 4
Site 17 0 - 15 10 YR 4/2 30

15 - 23 2.5 Y 4/2 16
23 - 30 5/4 28

Cl = 74/30 = 2.5
Site 18 0 - 10 7.5 Y 4/3 30

10 - 30 YR 3/4 80
Cl = 110/30 =: 3.7

Site 19 0 - 8 5 YR 4/2 16
8 - 15 7.5 YR4/2 14
15 - 30 10 YR 5/4 60

Cl = 90/30 = 3
Site 20 0 - 15 2.5 YR 4/2 30

15 •- 30 7.5 YR 5/6 90
Cl = 120/30 = 4
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APPENDIX B. VEGETATION OBSERVATIONS 
Vegetation Taxonomy 

Taxonomy, unless otherwise indicated, is selected 
from McVaugh (1958) to the extent applicable. Not all 
species in this list appeared in my study plots; they all 
are, however, sufficiently close to suggest the 
desirability of including them here.

Wetland indicator values are according to Reed (1988) 
to the extent of its scope. The following five species 
are beyond that scope; so I assigned values on the basis 
of my own observations of similar areas and species: 
Chrysanthemum leucanthemum L. ox-eye daisy FACU-
Circae alpina L. enchanter's nightshade FACW
Daucus carota L. Queen Anne's lace FACU
Pinus sylvestris L. Scotch pine FACU
Pseudotsuga menziesii (Mirb.) Franco FACU-

Those that follow, arranged in sequence by grasses, 
herbs, shrubs, vines, and trees, are within the Reed 
scope:

Grasses
Anthoxanthemum odoratum L. sweet vernal grass FACU 
Carex vulpinoidea Michaux, fox sedge OBL
Dactylis glomerata L. orchard grass FACU
Juncos nodosus L. rush OBL
Phleum pratense L. timothy FACU
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Phalaris arundinacea L. reed canary grass FACW+
Scirpus cyperinus (L.) Kunth. woolgrass FACW+
Typha latifolia L. cat-tail OBL

Herbs
Alisma subcordatum Raf. water-parsnip OBL
Arisaema triphyllum (L.) Schott

Jack-in-the-pulpit FACW-
Asclepias exaltata L. poke milkweed FACU
Athyrium filix-femina (Michaux) Gray lady-fer FAC
Bidens frondosa L. beggar-ticks FAC
Boehmeria cylindrica (L.) Sw. false nettle FACU+
Conioselinum chinense (L.) BSP hemlock parsley FACW
Erigeron annuus (L.) Pers. daisy fleabane FACU
Eupatorium rugosum Houtt. white snakeroot

(Ageratina altissima Reed) FACU-
Galium aparine L. bedstraw FACU
G. mo H u g o  L. bedstraw FACW
G. triflorum Michx. bedstraw FACU
Geranium maculatum L. wild geranium FACU
Glechoma hederacea Gray ground ivy

Gill-over-the-ground FACU
Hackelia virginiana (L.) Johnst. beggar's lice FACU
Leonurus cardiaca L. motherwort FACU
Lythrum salicaria L. purple loosestrife FACU+
Mentha arvensis L. wild mint FACW
Onoclea sensibilis L. sensitive fern FACW
Osmunda cinnamomea L. cinnamon fern FACW
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Oxalis stricta L. yellow wood sorrel UPL
Parthenocissus quinquefolia (L.) Planch.

Virginia-creeper FACU
Penstemon digitalis Nutt. foxglove,

beard-tongue FAC
Pilea pumila (L.) Gray clearweed FACW
Plantago major L. plantain FACU
Polygonum pensylvanicum L.

Pennsylvania smartweed FACW
Prunella vulgaris L. self-heal FACU+
Rubus idaeus L. blackcap FAC-
Rudbeckia hirta L. black-eyed Susan FACU-
Scutteleria laterifolia L. mad-dog skullcap FACW+
Senecio aureus L. golden ragwort FACW
Solanum dulcamara L. nightshade FAC-
Spiraea latifolia (Ait.) Borkh. meadow-sweet FAC+
Symplocarpus foetidus (L.) Nutt, skunk-cabbage OBL
Typha latifolia L. cat-tail OBL
Thlapsi arvense L. (field) pennycress FACU-
Trifolium pratense L. red clover UPL
T. repens L. white clover FACU-
Viola papilionacea Pursh. meadow violet FAC

Vines
Celastrus scandens L. bittersweet FACU-
Parthenocissus quinquefolia (L.) Planch.

Virginia-creeper FACU
Toxicodendron radicans (B. & B.) Small, Rydb.

poison ivy FAC
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Vitis labrusca L. wild grape
Shrubs

Alnus serrulata (Ait.) Willd. black alder
Berberis vulgaris L. barberry
Cornus racemosa Lam. gray-stemmed dogwood
Elaeagnus umbellata L. autumn olive
Lindera benzoin (L.) Blume spicebush
Lonicera tatarica L. honeysuckle
Rosa multiflora L. multiflora rose
Rubus ideaus L. blackcap
Salix nigra Marsh, black willow
Zanthoxylum americanum Mill, prickly ash

Trees
Acer rubrum L. red maple
Carya cordiformis (Wang.) K. Koch pignut
C. glabra (Mill.) Sweet hickory
Fagus grandifolia Ehrh. American beech
Fraxinus americana L. white ash
F. pennsylvanica L. green ash
Juglans nigra L. black walnut
Ostrya virginiana (Mill.) K. Koch hornbeam
Picea glauca (Muench.) Voss white spruce
Platanus occidentalis L. sycamore
Prunus serotina Ehrh. black cherry
Ulmus americana L. American elm

FACU

FACW+
FACU
FAC

FACU+
FACW-
FACU
FACU
FAC-

FACW+
FAC

FACW+
FACU+
FACU-
FACU
FACU
FACW
FACU
FACU-
FACU
FACW-
FACU
FACW-
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Vegetation Calculations 
Calculation of vegetation criterion values by site, 
extrapolating from Reed (1988):
Site 1
Trees

Herb

Site 2 
Trees

Sapling/shrub

Herbs

Acer rubrum 5 e 10 cm DBH 
Indicator value = 10.0

Scirpus cyperinus 40 %
Juncos nodosus 30
Alisma subcordatum 10
Impatiensis capensis 10
Polygonum

pensylvanicum 10
Scuttelaria

laterifolia 10
Indicator value = 10.2 

Site vegetation indicator value = 10.1

Acer rubrum 1 @ 10 
1 @ 100 
1 @ 120

Carya cordiformis 1 @ 30
Indicator value = 9.78

Ulmus americana 1 @ 4
Lonicera tatarica 1 @ 4
Zanthoxylum

americanum 1 @ 4
Indicator value = 6.86

Osmunda cinnamomea 80 %
Symplocarpus foetidus 20 
Onoclea sensibilis 20

Indicator value = 9.33
Site 2 vegetation indicator value = 8.65
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site 3 
Trees Acer rubrum 1 e 15

2 @ 20

Sapling/shrubs

Herbs

Fraxinus pennsylvanica
2 @ 10 
3 g 15 
1 g 20
Indicator value = 9.4

Alnus serrulata 1 g 8 
Fraxinus p. 1 g 12
Lindera benzoin 1 g 4 
Lonicera tatarica

10 g 4
Indicator value = 5.3

Athyrium filix-femina 50 %
Geranium maculatum 30
Pilea pumila 30

Indicator value = 6.0
Site 3 vegetation indicator value = 6.9

Site 4
Sapling/shrubs Salix nigra 1 g 6 

1 g 4
Indicator value = 10.0

Herbs Carex vulpinoidea 
Juncos nodosus 
Mentha arvensis 
Penstemon digitalis 
Senecio aureus 
Spiraea latifolia

40
20
20
20
20
20

%

Indicator value = 9.1 
Site 4 vegetation indicator value = 9.6
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Site 5
Trees Fraxinus p . l @ 10

3 e 15
1

Ostrya virginiana
e 20

1 @ 10
1

Fagus grandifolia
§ 20

1 § 35
Indicator

Sapling/shrubs Acer rubrum 1 § 12
Carya glabra 1 § 12
Fraxinus p . 2 § 12
Lindera benzoin 4 
Lonicera tatarica

@ 4
20 @ 4
1 @ 8

= 5.3

Indicator value = 5.0
Herbs Polygonum pensylvanicum 60 %

Symplocarpus foetidus 50
Circae quadrisculata 20
Galium mollugo 20
Arisaema triphyllum 10

Indicator value = 9.6

Site 6
Site 5 vegetation indicator value = 6.6

Trees Acer rubrum 
Fraxinus p.

2 @ 35 
1 § 10
3 @ 20
4 e 25
Indicator value = 9.4

Sapling/shrubs Lindera benzoin 2 @ 12 
4 e 2

Lonicera tatarica 5 @ 2
Indicator value = 7.6

Herbs Symplocarpus foetidus 100 %
Onoclea sensibilis 30

Indicator value = 10.5
Site 6 vegetation indicator value = 9.2
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Site 7
Trees

Sapling/shrubs

Herb

Acer rubrum

Fraxinus p.

Ulmus americana

Acer rubrum 
Ulmus americana 
Cornus foemina 
Lindera benzoin
Lonicera tatarica

2 e 30 
1 @ 35
1 @ 10 
1 § 15 
1 § 20 
1 § 25
1 § 10 
1 § 15 
1 @ 20 
1 § 25
Indicator value = 9.3
1 § 12 
1 § 12
3 § 2 
6 § 2

5 0 2
5 0 6
Indicator value = 5.7

Onoclea sensibilis 80 %
Parthenocissus

cinquefolia 20
Pilea pumila 10

Indicator value = 7.9
Site 7 vegetation indicator value = 7.6

Site 8
Trees Acer rubrum

Fraxinus p.

1 0 15 
1 0 20 
1 0 30 
1 0 75
1 0 10
Indicator value = 10.0

Sapling/shrubs Lindera benzoin 10 0 4
Lonicera tatarica

6 0 8
Indicator value = 5.3
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Herbs

Site 9 
Trees

Onoclea sensibilis 90 %
Symplocarpus foetidus 3 0 
Toxicodendron radicans 3 0

Indicator value = 8-8
Site 8 vegetation indicator value = 8.0

Acer rubrum 1 § 10
Indicator value = 10.0

Sapling/shrubs Cornus racemosa
Lindera benzoin

1 @ 10 
1 § 4
1 § 4
Indicator value = 6.4

Herb

Site 10 
Herbs

Site 11 
Trees

Sapling/shrubs

Symplocarpus foetidus 100 %
Arisaema triphyllum 10
Athyrium filix-foemina 10
Impatiens capensis 10
Pilea pumila 10

Indicator value = 10.2
Site 9 vegetation indicator value = 8.9

Phalaris arundinacea 100 %
Indicator value = 10.0

Site 10 vegetation indicator value = 10.0

Juglans nigra 2 § 15 
Acer rubrum 3 @ 25
Prunus serotina 2 § 20 
Ostrya virginiana

1 e 20
Indicator value =  6.1

Prunus serotina 1 § 12 
Lonicera tatarica

10 § 6 
Indicator value = 3.0
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Herbs Eupatorium rugusom 
Oxalis stricta 
Glechoma hederacea 
Rubus ideaus 
Berberis vulgaris

20 %
20
15
15
10

Site 12 
Trees

Indicator value = 
Site 11 vegetation indicator value

Pinus sylvestris 2 § 25
Indicator value =

2.6 
= 3.9

Sapling/shrubs Juglans nigra 4 § 12
Pinus sylvestris 2 @ 12

Indicator value =

Site 14 
Trees

Herbs

3.0

3.0
Herbs Dactylis glomerata 100 %

Indicator value = 3.0
Site 12 vegetation indicator value = 3

Site 13
Herbs Dactylis glomerata 40 %

Galium aparine 40
Glechoma hederacea 30
Trifolium repens 30
Leonurus cardiaca 15

Indicator value = 
Site 13 vegetation indicator value

2.8 
—  2.8

Platanus
occidentalis 

Ulmus americana
1 e 35
2 ë 25
Indicator value = 8.0

Onoclea sensibilis 90 %
Lythrum salacaria 15
Impatiens capensis 10
Typha latifolia lo

Indicator value = 8.3
Site 14 vegetation indicator value = 8.2
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Site 15 
Trees

Sapling/shrubs 

Herbs

Site 16 
Trees

Herb

Site 17 
Trees

Sapling/shrubs

Juglans nigra 1 @ 25
Indicator value = 3.0

= 4.0
Elaeagnus umbellata

1 @ 8
Indicator value

Phleum pratense 80 %
Galium aparine 40
Parthenocissus

cinquefolia 40
Conioselinum chinense 10 
Glechoma hederacea 10

Indicator value = 3.3
Site 15 vegetation indicator vaqlue = 3.4

Juglans nigra 2 @ 15 
1 § 30

Indicator value = 3.0
60 %Rubus ideaus 

P arthenocissus
cinquefolia 40

Anthroxanthum
odoratum 40

Rosa multiflora 10
Celastrus scandens 10

Indicator value = 3.4
Site 16 vegetation indicator value = 3.2

Prunus serotina 1 § 10 
Fraxinus americana

1 e 10
Indicator value = 3.0

Picea glauca 
Prunus serotina

1 e 12
2 § 12
Indicator value = 3.0
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Herb Galium aparine 60 %
Daucus carota 40
Plantago major 20
Parthenocissus

cinquefolia 20
Rudbeckia hirta 20

Indicator value = 2.9
Site 17 vegetation indicator value = 3 . 0

Site 18
Sapling/shrubs Prunus serotina 1 § 12

Picea glauca 1 § 12
Fraxinus americana

1 § 12
Indicator value = 3.0

Herb Galium aparine 80
Toxicodendron radicans 40 
Plantago major 20
Trifolium pratense 10
Erigeron annuus 10

Indicator value = 3.6
Site 18 vegetation indicator value = 3.3

Site 19
Sapling/shrubs Prunus serotina 1 0  4

2 § 12
Picea glauca 1 § 10

Indicator value = 3.0
Herb Galium aparine 90 %

Trifolium pratense 20
Chrysanthemum

leucanthemum 10
Erigeron annuus 10
Vitis labrusca 10

Indicator value = 2.7
Site 19 vegetation indicator vallue = 2
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site 20
Sapling/shrubs Prunus serotina 1 @ 12

Fraxinus americana
1 e 12

Picea glauca 3 ê 12
Indicator value = 3.0

Herb Galium aparine 80 %
Plantago major 50
Trifolium pratense 30
Daucus carota 2 0
Erigeron annuus 20

Indicator value = 2.7
Site 20 vegetation indicator value = 2.9
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APPENDIX C. HYDROLOGY OBSERVATIONS

Table C4. Piezometer readings in cm from ground level 
for years by days beginning 1 May at Site l at 

Oriole Hill Tree Farm, Dutchess County, New York.

Year
Day 1994 1995 1996 1997

0 0 0 0
18 -3 0 0
27 -3 0 0
34 -3 0 -3
41 -8 0 —5
48 -13 0 -8
55 -18 0 -10
62 -25 0 -10
70 -38 0 -15
77 -48 0 -13
84 -51 0 -18
90 -25 0 -31
95 -31 -3 -43

103 -41 -3 -46
116 —66 -10 -33
123 -74 -10 -38
129 -10 -84 -10 -46
141 -13 -69 -8 -48
150 -10 -66 0 -48
160 -8 -33 -3 —51
169 -5 -31 -3 —64
177 -3 -20 0 -56
183 -8 -15 0 -28
194 —5 -10 0 —5
201 -3 -3 0 -3
208 -3 0 0 0
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Table C5. Piezometer readings in cm from ground level
for years by days beginning 1 May at Site 2 at

Oriole Hill Tree Farm, Dutchess County, New York.

Year
Day 1994 1995 1996 1997

1 0 -5 0
18 -8 -3 0
27 -10 -8 -5
34 —15 -8 -8
41 -18 -8 -10
48 -20 -8 -15
55 —41 -13 -18
62 -56 -13 -18
70 -69 -8 -41
77 -75 0 -31
84 -75 -8 -58
90 -28 -3 -64
95 -41 -8 -75

103 -58 -10 -75
116 -75 -20 -61
123 -75 -23 -74
129 -20 -75 -15 -75
141 -18 -75 -15 -75
150 -8 -75 -10 -75
160 -8 -33 -8 -75
169 -8 -41 -8 -75
177 -18 -18 -5 -75
183 -10 -15 —5 -75
184 -10 -15 -3 -15
201 -5 -8 —5 -15
208 -5 -8 -5 0
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Table C6. Piezometer readings in cm from ground level
for years by days beginning 1 May at Site 3 at

Oriole Hill Tree Farm, Dutchess County, New York.

Year
Day 1994 1995 1996 1997

1 0 -5 -5
18 -10 0 -5
27 -20 —5 -10
34 -20 0 -15
41 -23 —5 -20
48 —25 -10 -28
55 -71 -13 -30
62 -76 -13 -38
70 -89 -8 -56
77 -89 -13 -41
84 -89 -13 -84
90 -89 -10 -89
95 -74 -13 -89

103 -89 —15 -89
116 -89 -8 -89
123 -89 -25 -89
129 -89 -25 -89
141 -89 -20 -89
150 -89 -13 -89
160 -41 -10 -89
169 -28 -8 -89
177 —5 -20 -8 -89
183 -20 -16 —5 -89
194 -18 -15 -3 -18
201 -18 —5 -15 0
208 -15 -15 -10 0
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Table Cl. Piezometer readings in cm from ground level
for years by days beginning 1 May at Site 4 at

Oriole Hill Tree Farm, Dutchess County, New York.

Year
Day 1994 1995 1996 1997

1 0 0 0
18 —5 0 0
27 —5 —5 0
34 -8 0 0
41 -8 -3 0
48 -13 -3 0
55 -18 0 -8
62 -25 0 -10
70 —25 0 -13
77 -30 0 -13
84 -30 0 -18
90 -28 -3 -20
95 —36 -5 -20

103 —3 6 0 -30
116 -51 0 -30
123 -48 0 -30
129 -58 0 -36
141 —5 -56 0 -41
150 -3 —46 0 -43
160 -3 -38 0 -43
169 —5 -38 0 -46
177 —5 -30 0 -41
183 -13 -20 0 -41
194 -8 -20 0 -13
201 -8 —8 0 0
208 -10 0 0 0
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Table C8. Piezometer readings in cm from ground level
for years by days beginning 1 May at Site 5 at

Oriole Hill Tree Farm, Dutchess County, New York.

Day 1994 1995 1996 1997
1 0 -5 -8

18 -20 0 -10
27 -23 -10 -15
34 -25 -8 -18
41 -28 -13 -20
48 -30 -18 -23
55 -61 -20 -25
62 -61 -18 -33
70 -89 -10 -46
77 -89 -5 -28
84 -89 -15 -89
90 -89 -13 -89
95 -91 -15 -89

103 -89 -20 -89
116 -89 -10 -89
123 -89 -25 -89
129 -89 -23 -89
141 -89 -18 -89
150 -89 -15 -89
160 -43 -13 -89
169 -15 -25 -8 -89
177 -10 -20 -5 -56
183 -15 -15 -8 -18
194 -13 -15 -5 -5
201 -15 0 -13 0
208 -13 -10 -15 0
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Table C9. Piezometer readings in cm from ground level
for years by days beginning 1 May at Site 6 at

Oriole Hill Tree Farm, Dutchess County, New York.

Year
Day 1995 1996 1997

1 0 -3 -3
18 0 0 -3
27 0 -8 -8
34 0 -5 -10
41 —5 -8 -15
48 -28 -10 -25
55 -71 -13 -33
62 -89 — 15 -38
70 -89 -3 -53
77 -89 -3 -41
84 -89 —5 -74
90 -89 —5 -89
95 -89 -10 -89

103 -89 -10 -89
116 -89 -8 -89
123 -89 -28 -89
129 -89 -28 -89
141 -89 -18 -89
150 -89 -10 -89
160 -89 -10 -89
169 -56 -8 -89
177 -38 -3 -89
183 -23 -3 -89
194 -23 -3 -23
201 -8 -3 0
208 -8 -10 0
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Table CIO. Piezometer readings in cm from ground level
for years by days beginning 1 May at Site 7 at

Oriole Hill Tree Farm, Dutchess County, New York.

Year
Day 1994 1995 1996 1997

1 0 -5 0
18 -36 0 0
27 -38 0 —5
34 -43 -3 -18
41 -61 -5 —36
48 -87 -15 -56
55 -89 -28 —66
62 -89 -20 -71
70 -89 -8 -89
77 -89 0 -89
84 -89 0 -89
90 -89 0 -89
95 -89 0 -89

103 -89 —15 -89
116 -89 -30 -89
123 -89 —51 -89
129 -89 —64 -89
141 -89 -38 -89
150 -89 -28 -89
160 -89 -30 -89
169 -53 -89 -20 -89
177 -51 -89 -5 -89
183 -23 -53 0 -89
194 -23 -23 0 -89
201 -23 -5 -10 -23
208 -23 -8 -15 0
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Table Cil. Piezometer readings in cm from ground level
for years by days beginning 1 May at Site 8 at

Oriole Hill Tree Farm, Dutchess County, New York.

Year
1994 1995 1996 1997

1 0 0 0
18 -3 0 0
27 -10 0 0
34 -20 0 0
41 -28 0 -10
48 -36 -3 -15
55 -61 —5 -25
62 -76 -8 -38
70 -89 -8 -53
77 -89 -3 -53
84 -89 0 -89
90 -89 0 -89
95 -89 -3 -89

103 -89 0 -89
116 -89 -3 -89
123 -89 -23 -89
129 -89 -23 -89
141 -89 -18 -89
150 -89 -13 -89
160 -89 -8 -89
169 -15 -89 -3 -89
177 -28 —66 -3 -89
183 -13 -33 0 -61
194 -8 -23 0 -23
201 -10 -5 0 0
208 -8 —5 0 0
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Table C12. Piezometer readings in cm from ground level
for years by days beginning 1 May at Site 9 at

Oriole Hill Tree Farm, Dutchess County, New York.

Year
Day 1994 1995 1996 1997

1 0 0 -3
18 -18 0 —5
27 -18 —5 -5
34 -23 -3 -13
41 -25 —5 -15
48 -25 -10 -20
55 —36 -13 -20
62 -46 -13 -23
70 -53 -10 -28
77 -58 -10 -23
84 -48 -10 -41
90 -36 -10 -43
95 -33 -10 -36

103 —51 -8 -46
116 -58 -8 -23
123 —66 -18 -30
129 -74 -18 —46
141 —51 -15 -53
150 -28 -13 -51
160 -20 -13 -48
169 -20 -20 -15 —66
177 -38 -18 -3 -48
183 -18 -15 -3 -25
194 -18 —15 -3 -10
201 -15 -8 -8 0
208 -15 -15 -8 0
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Table C13. Piezometer readings in cm from ground level
for years by days beginning 1 May at Site 10 at
Oriole Hill Tree Farm, Dutchess County, New York.

Year
Day 1994 1995 1996 1997

1 0 0 0
18 -46 0 0
27 -74 0 0
34 -89 0 -5
41 -89 0 -28
48 -89 —5 —66
55 -89 -3 -89
62 -89 -13 -89
70 -89 -8 -89
77 -89 -3 -89
84 -89 —5 -89
90 -89 0 -89
95 -89 0 -89

103 -89 -3 -89
116 -89 -33 -89
123 -89 -71 -89
129 -89 -89 -89
150 -89 —5 -89
160 -89 0 -89
169 -89 0 -89
177 -81 -89 0 -89
183 -86 -71 0 -89
194 -89 —5 0 —66
201 -89 -3 -3 0
208 -81 -3 -5 0
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Table C14. Piezometer readings in cm from ground level
for years by days beginning 1 May at Site 14 at
Oriole Hill Tree Farm, Dutchess County, New York.

Year
Day 1996 1997

1 —5 —5
5 0 -5

14 0 -15
22 —5 -10
29 —15 -13
35 -3 -18
46 —15 —3 6
55 -23 -51
66 -20 -61
75 0 —61
84 -13 -69
88 -8 -74
96 -13 -79

102 -18 -89
109 -53 -89
115 -53 -61
116 —25 —66
122 -43 -71
131 -58 -84
137 -25 -89
144 -25 -89
151 -8 -89
159 -33 -89
166 -25 -89
171 -33 -89
179 -15 -61
186 -23 -51
194 -13 -15
201 -33 0
208 -30 0
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Figure Cll. Piezometer readings in cm for years by days 
beginning 1 May at Site 1 at Oriole Hill Tree Farm, Dutchess

County, New York.
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Figure C12. Piezometer readings in cm for years by days beginning 1 May
at Site 2 at Oriole Hill Tree Farm, Dutchess County, New York.
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Figure C13. Piezometer readings in cm for years by days beginning 1 May
at Site 3 at Oriole Hill Tree Farm, Dutchess County, New York.
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Figure C14. Piezometer readings in cm for years by days beginning 1 May

at Site 4 at Oriole Hill Tree Farm, Dutchess County, New York.
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Figure CIS. Piezometer readings in cm for years by days beginning 1 May
at Site 5 at Oriole Hill Tree Farm, Dutchess County, New York.
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Figure C16. Piezometer readings for years by days beginning 1 May at Site
6 at Oriole Hill Tree Farm, Dutchess County, New York.
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Figure C17. Piezometer readings in cm for years by days beginning 1 May
at Site 7 at Oriole Hill Tree Farm, Dutchess County, New York.
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Figure CIS. Piezometer readings in cm for years by days beginning 1 May

at Site 8 at Oriole Hill Tree Farm, Dutchess County, New York.
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Figure C19. Piezometer readings in cm for years by days beginning 1 May

at Site 9 at Oriole Hill Tree Farm, Dutchess County, New York.
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Figure C20. Piezometer readings in cm for years by days beginning 1 May
at Site 10 at Oriole Hill Tree Farm, Dutchess County, New York.
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Figure C21. Piezometer readings for years by days beginning 1 May at Site
14 at Oriole Hill Tree Farm, Dutchess County, New York.
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