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ABSTRACT

Soil erosion and sediment delivery were estimated from 1683 to 1997 for the
Stony Creek (Tivoli North Bay) and Saw Kill (Tivoli South Bay) watersheds. It was
hypothesized that Stony Creek, originally named White Clay Kill, conveyed larger
quantities of sediment to North Bay and contributed to the development of a raised cattail
marsh. By contrast, we hypothesized that South Bay received less sediment and
Rh.uwumm a shallow embayment with floating and littoral aquatic plants. Eight historical
time periods were defined for relatively distinct and consistent agricultural land uses. For
each time period, the proportion of the watersheds used for agriculture was estimated
from a variety of sources. A GIS-based decision rule used proximity to roads, the
Hudson River, and slope gradient (a proxy for soil texture, fertility, and suitability for
agriculture) to distribute the settled areas across the landscape. Standard methods were
used to estimate soil erosion rates; a digital terrain model was used to estimate sediment
delivery. Although agricultural land use was more extensive in the Stony Creek
watershed (up to 91%), cumulative sediment delivery to North Bay (129,000 Mg) was
about one-half of the predicted loading to South Bay (258,500 Mg). This suggests tidal
exchange with the Hudson River and differing trap efficiencies, not watershed
characteristics and land use, have been the dominant influence on the current form and

function of the Tivoli Bays.

V-3




V4

TABLE OF CONTENTS

Abstract

Table OF COMEENES «...eeviiriuneeeerrrinuiiiesestaranne e e ras s sttt V-5
List 0f FIgures/Tables ........covviviuuerereeeeaiimiinnnnennini e V-6
e e T i e WP P R V-7
mno DESCIIPHON v eeeeeeeniriiineerrrnieeeertisnnrsesteessaaaenes R V-7
L 00 s - R ARARARAREIs V-9
Results and DiSCUSSION .....uvureueriiniuinrieeaenteiaiiiinraterersitanaiene V-9
Summary and ConcIUSIONS. .....ccoivriueiriiniimrii i V-28
ACKDNOWIEAZEMENES .. eeueevnriiuteiiaeeiierreieerin et ti s V-31
1o e 10 = ST T L CRCRCCRLTRLTLY: V-32




Figure 1:
Figure 2:
Figure 3:
Figure 4:
Figure 5:
Figure 6:

Figure 7:

Figure 8:

Table 1:
Table 2:

Table 3:

Table 4:

Table 5:

LIST OF FIGURES
Location map for Tivoli Bays and the Ston
: y Creekand ............... -
Saw Kill watersheds, Hudson River Valley, New York Ve
Map of land patents in Dutchess County, New York .............. V-12
Survey map of Rhinebeck in 1797 (Thompson)..............cu.n...... V-14
A New York farm in the late 1700s .............cvenennenn.... V-15
Percent of settled land during historical tim 1
e periods for the ........ V-20
Stony Creek and Saw Kill watersheds, H i .
ony I s, Hudson River Valley,
Predicted spatial and temporal distribution
. of settlement patterns .. -
in the Stony Creek watershed, Hudson River Valley, Zocw %o“._mm v
Predicted spatial and temporal distribution
. : of settlement patterns .. -
in the Saw Kill watershed, Hudson River Valley, New %www = v
Estimated cumulative sediment deliv ivoli
ery to the Tivoli Bays .......... -
from 1683 to present, Hudson River Valley, New York ¢ i
LIST OF TABLES
Historical time periods and land use in the Tivoli
e Tivoli Bays ........ -
watersheds, Hudson River Valiey, New York R Vo
Agricultural statistics for 1875 in the To i
wns
e Clommont Now o of Red Hook, Milan.... V-18
A summary of Vegetation Mana;

. : . . gement (VM) factors for.......... -
soil erosion estimates in the Tivoli Bays watersheds ' VB
Hudson River Valley, New York .

Summary of soil erosion in the Tivoli Bays .............. V-26
watersheds, Hudson River Valley, New York ]
Summary of sediment deposition in the Tivoli Bays .................. V-28

watersheds, Hudson River Valley, New York

INTRODUCTION
North Bay and Tivoli South Bay, centered at river mile 100 along the
ortunity to evaluate an unplanned natural experiment

Tivoli
Hudson River, provide a novel opp
in wetland creation. These two bays have very different present forms, despite being

geographically contiguous and connected to watersheds of similar size. Tivoli North

Bay, once an open embayment, has developed into a raised cattail marsh. Tivoli South

Bay remains an open embayment with littoral vegetation such as spatterdock and

arrowhead along with a seasonal growth of mﬁovaw.b water chestnut (Fraser and Barten

1995).
There is no definitive work on how the bays reached their present condition.

While there are a number of factors that may have contributed to the differences between

the bays, we focused on historical patterns of settlement and agricultural land use in their

watersheds. Our principal hypothesis was that the differential mass of accumulated
sediment in the Tivoli Bays was caused, in part, by differing temporal and spatial patterns

of land use and subsequent rates of soil erosion in the Stony Creek and Saw Kill

watersheds. Since the two watersheds have equivalent areas and climate, direct
comparison of their development characteristics was possible.

the changes in land use from 1683 to 1997 in
d with the relatively

To test our hypothesis we quantified
the watersheds to reconstruct how these temporal changes interacte
aracteristics (e.g., terrain features, soils, etc.) of the watersheds.

ariable allowed us to estimate soil erosion in

static physiographic ch:
The quantification of the changing land use v
the watersheds and sediment deposition to the bays. Our study focuses on agricultural

land uses, which accounted for up to 91% of land use during the study period, and does

not consider industrial, manufacturing or other small-scale land uses.

SITE DESCRIPTION

The study site (Figure 1) encompasses Tivoli North Bay and the Stony Creek

ed (5,569 hectares) and Tivoli South Bay and the Saw Kill watershed (6,882

watersh
hectares). The Tivoli Bays are located in Dutchess and Columbia Counties, New York;

and are part of the Hudson River National Estuarine Research Reserve. Cruger Island, a
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FIGURE 1: Location map for Tivoli Bays and the Stony Creek and Saw Kill watersheds
Hudson River Valley, New York. ,

peninsula, limits tidal exchange between the bays. Both bays are bordered to the west by
a railroad causeway constructed in 1851. Tidal exchange with the Hudson River occurs
through five bridge openings (Carey and Waines 1986).

The majority of the watershed system (73%) lies within the Town of Red Hook,
Dutchess County. The Saw Kill watershed lies entirely within Dutchess County, with
74.2% in the Town of Red Hook and 25.8% in the Town of Milan. The Stony Creek
watershed lies in both Dutchess and Columbia Counties with 70.8% in the Town of Red
Hook and 29.2% in the Town of Clermont.

The Stony Creek and Saw Kill flow through glacial till and glacial Lake Albany
clays and on to Normanskill Formation shales and sandstones (Carey and Waines 1986).

Soils in the Tivoli Bays watersheds are quite varied, representing some 40 different soil

types ranging across all textural classes. Yet, approximately 75% of the soils are silt
loams derived from glacial till. These may be shallow (0.8 meters to bedrock) or

moderately deep (2.3 meters to bedrock), with a relatively well-drained surface layer
underlain by a poorly-drained layer (Reichheld and Barten 1992). Climate in the mid-

Hudson River Valley is influenced by continental polar and maritime air masses. Mean

January and July air temperatures are -4 °C, and 23 °C, respectively. Annual

precipitation ranges from 900 to 1,100 mm and is relatively uniform in distribution

throughout the year.

METHODS
Historical data were collected to describe and quantify temporal changes in land

use in the Stony Creek and Saw Kill watersheds. A review of regional and local history
revealed distinct time periods during which land use patterns and agricultural practices
were relatively constant. Based on this information, we subdivided our analysis into
eight time periods. For each period we determined total area settled and proportions of
different land uses (e.g., Tow crop, pasture, woodlot, etc.). Primary data were gathered
from three sources: (1) historical references and interviews, (2) map interpretation, and
(3) analysis of census data. Because available data and information varied for many time
periods, so did our methods for estimating the total area of settled land. However, our
methods were consistent between the watersheds for each time period.

We used the estimates of settled land to create GIS layers that depict the
settlement patterns for each time period. The spatial distribution of settled areas was
predicted with a decision rule using historical patterns of access to the Hudson River and
roads, as well as terrain features. We calculated mbucm_ soil erosion for each watershed
with the Modified Universal Soil Loss Equation (MUSLE) (Brooks et al. 1997) and
sediment delivery to the bays using the Spatially Explicit Delivery Model (SEDMOD)

developed by Fraser and others (1996).

RESULTS AND DISCUSSION
Land Use History and Time Periods
As noted earlier, eight time periods emerge as descriptors of land use history in
this part of the Hudson River Valley (adapted from Danhoff 1969; Ellis 1946; Hasbrouck
1909; Hedrick 1933; Kim 1978; McDermott 1986; Secor 1939; Zimmerman 1988). .H.:ow
vary in duration from 30 to 70 years and encompass the dramatic changes in the
landscape since European settlement began in 1683 (Table 1). Within each period the




nature of agricultural land use and crop types remained relatively constant. Therefore
predictions of soil erosion and sediment delivery as functions of crop type and settlement

pattern are derived from best estimates of watershed characteristics for each period. The
salient details are discussed below.

TABLE 1: Historical time peri ; :
periods and land u ;
River Valley, New York. se in the Tivoli Bays watersheds, Hudson

before 1683 pre-European Settlement

1683 - 1720 Land Patent Period

1720 - 1750 Pioneer Settlement Period

1750 - 1820 Grain Period

1820 - 1860 Transition Period

1860 - 1910 Dairy and Manufacturing Period
1910 - 1950 Population Growth Period

1950 to present Modern Era

Before 1683: pre-European Settlement

| .Hunoh. to 1683, Mahican Indians lived on the eastern side of the Hudson River in
the vicinity of what is now Dutchess County in small, permanent villages (Jeanneney and
Jeanneney 1983; Secor 1939). Land between settlements was not inhabited and only
mu.uw__ areas were cleared for crops (Secor 1939). The Dutch began to settle in the Hudson
River Valley in the early 1600s, but did not colonize Dutchess County until later in the
century (Jeanneney and Jeanneney 1983).

Several sources confirm that Native American settlement in the northeastern U.S.
was ox.ﬂobm?o, and that forest clearing for agriculture and understory burning for hunting
Swao significant (Thompson and Smith 1970; Day 1953). However, most archeological
o.<=._goo indicates that the location of villages and agricultural practices were typically
rB.:om to floodplains (Whitney 1994). Significant settlements along floodplains in the
region would have been limited to the Roeliff Jansen Kill to the north and Esopus Creek
on the west side of the Hudson River (C. Lindner, Resident Assistant Professor of
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Archeology, Bard College,. pers. comm.). The floodplain areas of the Saw Kill and

. Stony Creek are thought to be too small and dispersed to have been cleared for Native

- American agriculture. Our assumption of complete forest cover is consistent with similar

1and use studies (Davis 1976; Howarth et al. 1991) for pre-European settlement.

1683-1720: Land Patent Period
| European colonial settlement of the lands around the Stony Creek and Saw Kill

watersheds began in the late 1680s. In 1683, the Province of New York was divided into
counties and land patents were granted to “men of influence” to promote settlement
(Hasbrouck 1909). Most of the land in the Stony Creek and Saw Kill watersheds (73%)
was granted in 1688 to Colonel Peter Schuyler, henceforth known as Schuyler’s Patent
(Hasbrouck 1909). The remaining 27% of the watersheds not in the original Schulyer
Patent corresponds to the portions of the watersheds that occupy the present day Towns
of Milan and Clermont (Hasbrouck 1909). The Milan portion of the Saw Kill was part of
the Little Nine Partners Patent and the Clermont portion of the Stony Creek watershed
was part of Eibmmnou_ Manor.

Little settlement occurred in the Stony Creek and Saw Kill watersheds until 1720.
Schuyler’s Patent was held as an investment and then was sold to other interests in 1704
and 1719. Settlement on the Little Nine Partners Patent was sparse through 1737
(McDermott 1986) and began on the Livingston Patent property in Clermont in 1715 with
the arrival of a group of German Palatines (Hedrich 1933). Population and infrastructure
data confirm this lack of settlement. In 1703, only 10 to 12 families lived in all of
Dutchess County (W. McDermott, Local Historian, pers. comm.). By 1714, this number
had grown to 49 families with only nine families living in what was known as the North
Ward; a composite of Schuyler’s Patent, Little Nine Partners Patent, and Rhinebeck
Patent (Figure 2) (McDermott 1986). Except for the Post Road, no other roadways or
mills were established in this area until 1720 (Hasbrouck 1909). This period of very
limited settlement was represented in the GIS and subsequent calculations in a

completely forested condition.
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FIGURE 2: Map of land patents in Dutchess County, New York. Reprinted from
McDermott (1986).

1720-1750: Pioneer Settlement Period

Clearing of forest land by pioneer settlers began in earnest around 1720 under the
leasehold system. Owners of land patents actively recruited settlers who leased lands for
farming (Hedrick 1933). Farms were nearly self-sufficient, and cash crops were rare
(Secor 1939). Settlement rates during this period were slow. Population in the North
Ward of Schuyler’s Patent increased from 9 heads of household in 1714, to 121 in 1727,
and 197 in 1737 (Hasbrouck 1909).

Land settlement increased moderately during the period without ever exceeding

the degree of settlement of 1750 (McDermott 1986; Hasbrouck 1909). Unfortunately,
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these data could not be converted into a meaningful estimate of area of settled land and,
therefore, linear interpolation of more reliable estimates for adjacent time periods was

used.

1750-1820: Grain Period

The year 1750 marks a turning point in land settlement patterns and population
m&ﬂé in Dutchess County (Secor 1939). The Little Nine Partners and Great Nine
Partners Patents (Figure 2) in the middle and northeastern portions of the county were
subdivided for sale. The end of the leasehold system in these areas sparked a rapid
growth in settlement and associated population increases. The total population of
Dutchess County was 1,727 in 1731, 14,148 in 1756, and 42,566 in 1790 (Hasbrouck
1909). Because the leasehold system continued in the Rhinebeck, Schuyler and
Livingston Patents until 1840, the rate of population growth was less dramatic in the
Stony Creek and Saw Kill watersheds (McDermott pers. comm.). Nevertheless, settlers
continued to clear forest lands to grow grain. During the period of the Revolutionary
War, Dutchess County was known for its wheat production and was referred to as “the
breadbasket of the Northern Revolutionary Army” (Kim 1978). After the war, population
increases in New York City sustained huge demands for wheat and Dutchess County
farmers enjoyed prosperous times.

For this time period, we calculated the percentage of settled land by interpreting a
1797 survey map showing the roads, farms and mills in the Red Hook-Rhinebeck region
(Figure 3). By transferring the watershed boundaries to this map, we were able to
estimate the total number of farms in each watershed. The Thompson survey does not
contain the Milan portion of the Saw Kill watershed nor the Clermont portion of the
Stony Creek watershed. We estimated the number of farms in these areas with the farm
density calculated from the Red Hook-Rhinebeck portion.

To estimate the total amount of settled land in the watersheds, we multiplied the
number of farms by the typical farm size for this period. A review of historical literature
reveals a wide variance in farm size in the Dutchess County region. Average farm sizes |
for different areas of the Hudson River Valley in the 1700s include: 218 acres for
Schulyer’s Tenants, 256 acres in the Beekman Patent (Kim 1978), 171 acres as the
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FIGURE 3: Survey map of Rhinebeck in 1797 (Thompson).

average leasehold for New York State, 128 acres for the Clermont estate
the Red Hook region.

, and 150 acres in

Preliminary results of William McDermott’s (1986, 1997) ongoing research of
farm conditions in the Red Hook-Rhinebeck region in the 1700s indicate that the median
farm size during this period was 85 acres (McDermott pers. comm.). We elected to use
85 acres for our research with the view that a locally-derived estimate is preferable to
general references pertaining to a larger region. It appears that the 85 acre median farm
size is significantly smaller than other historical references because other research has
calculated the mean farm size and included large landholdings that were probably not
cleared and cultivated.

Several references establish that approximately 30% of the average farm Q_Ebm
this period was maintained in forest to provide fuelwood for heating and cooking
(Aldrich 1979; Goddard 1988; Kim 1978). Less than one percent of the average farm
consisted of house and barn structures, home gardens, and small orchards (Kim 1978).
The remaining area of the average farm (70%) was dedicated to wheat production (Kim
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1978). Smaller quantities of corn, rye, and other grains also were grown for family use
. th
and livestock feed (McDermott pers. comm.). Thus, an average 85 acre farm of the

period in the Stony Creek or Saw Kill watersheds probably retained about 25 acres of

forest with the remaining 60 acres used for crop and livestock production (Figure 4).
o

FIGURE 4: A New York farm in the late 1700s. Reprinted from Thompson (1977).

1820-1860: Transition Period o
A transition in the agricultural practices of Hudson Valley farmers began in the

years following the prosperous Grain Period. Several factors in the nommg.ooa,cwuaa wo
begin a gradual shift from wheat production and subsistence farming to dairy production
and industrial expansion in the Hudson Valley (Danhoff 1969; Whitney 1994; |
Zimmerman 1988). The year 1820 marks the beginning of this transitional period.

The hilly, thin soils of eastern New York were quickly becoming aoﬁoﬁm after
decades of intensive wheat production (Jeanneney and Jeanneney 1983). Depletion of the |
soils was exacerbated by the infestation of black stem rust and the Hessian fly, both of
which served to further deteriorate the quality of Hudson Valley wheat (Ellis 1946).

With the opening of the Erie Canal in 1825, already struggling wheat farmers of eastern




New York were faced with ever increasing competition from western farmers. Wheat
produced from the virgin, fertile soils of western New York and the Ohio Valley quickly
upstaged the eastern wheat farmers and initiated the shift from wheat to dairy production.

Derivation of the amount of land settled during the time period 1820-1860 relied
primarily on historical references. Macauley (1829) recorded the number of improved
acres within each county in the State of New York in 1829. Improved land was
Eﬁ%&ﬁm to include all lands where forest cover had been removed. The fraction of the
Stony Creek watershed in Columbia County was multiplied by the value of settled land
for the county and summed with the similar product from the Dutchess County fraction of
the watershed. The improved acreage in the Saw Kill watershed was calculated directly
from Dutchess County data.

1860-1910: Dairy and Manufacturing Period

The completion of the railroad in 1851 allowed farmers to ship fresh milk to New
York City. This solidified the vaonmbom of dairy production in the region and
accelerated the transition from wheat production to dairying. Diverse farms that formerly
maintained sheep and swine now added more cattle and cleared still more land for pasture
(Jeanneney and Jeanneney 1983).

Increased demand for dairy pasturage led directly to increased rates of forest
clearing. The development and commercialization of steamboats and locomotives also
increased the demand for fuelwood, railroad cross-ties, and oak for shipbuilding. By the
late 1800s, the clearing of land had peaked (Ellis 1946) and the landscape was a
patchwork of small fields separated by stone walls and split-rail fences. The woodlot on
the average farm had decreased in size from 30% of total farm area in the late 1700, to
approximately 12% of total farm area in 1875. The mean farm size in the Stony Creek
and Saw Kill watersheds was approximately 115 acres (Hough 1877).

Detailed state census data exist for the years 1855, 1865, and 1875 and was
organized by town, as well as by county. The state census data from these years is much
more reliable than in previous years because it was conducted by appointees of the

Secretary of State, as opposed to groups of people appointed by local town authorities.
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This helped to minimize errors by standardizing the approach of census takers (Hough
1867).

The inclusion of town data in the census was particularly helpful for our study
since it allowed the compilation of separate statistics for portions of the watersheds in the
Towns of Milan, Red Hook and Clermont. By differentially weighting the state census
statistics according to the amount of the watershed within each town, we were able to
ooH.u@mHo land use conditions in the Saw Kill watershed with those in the Stony Creek
watershed and develop accurate estimates of both the percent of each watershed that was
settled and the profile of land use on the average farm.

Our main reference point for the 1860-1910 time period was 1875 because it
contained the most detailed agricultural statistics (Hough 1867). The 1875 census lists
the total area of land contained in farms in each of the towns in the state. Total farm area

was divided by the total number of acres of land in each town to derive the total

- percentage of settled land in each town for the year 1875. To arrive at the estimate of

settled land in each watershed for the time period, the relative proportions of the
watershed within each town were used to estimate weighted averages and the total settled
area.

Following the calculation of settled land for each watershed in 1875, we turned to
the categories of the census data that detailed the relative proportions of land use on the
farms in each town to generate a profile of the average farm per watershed. In particular,
we concentrated on the proportion of improved land (number of acres plowed, pasture,
mowed for hay, or other) versus unimproved land, which includes areas reserved for

woodlot and areas labeled as “other” (presumably including wetlands, rocky areas, and

other “unusable” land). Table 2 summarizes the data that we compiled for Milan, Red

Hook and Clermont. To estimate conditions on the average farm in the Stony Creek and
Saw Kill watersheds from these statistics, we again used a weighted mean. For each
watershed, the percentage of a particular land use (e.g., 18% for plowed land in Red
Hook) was multiplied by the relative size of both towns in that watershed (e.g., 71% for
Red Hook and 29% for Milan in the Saw Kill watershed). These products were summed

to produce the overall percentage of that land use for each watershed.
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