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Abstract

This investigation of the natural-human system hegiith a review of human history, is
advanced by stable isotope data, and exploredgthderough detailed systems modeling.
More specifically, it examines people as a critmamnponent of the natural system on the
Eastern Shore of Virginia during a period of ineetschnological, social, and environmental
change (1880 - 1920) and compares system dynamiioscband after the arrival of the New
York, Philadelphia and Norfolk Railroad in 1884, ialhconnected the people, agricultural
harvests, and fishing products of the Eastern Sicdeege northeastern markets. The
Natural-Human System - Eastern Shore of Virginil @NESVA) model is parameterized
with a large body of historical data from the UC&nsus and other historical resources, as
well as more traditional biogeophyical perspectiovpsystem dynamics. As such, it
simulates energy balances, human population dymsanterestrial land use and agricultural
harvests, estuarine productivity and fishing haiyegitical technological and economic
components influencing farming and fishing actastiand the links between terrestrial and
estuarine systems. Simulations of the 1880 systew a farming enterprise that generated
enough calories to feed the human population, littwoperated at a financial loss and
required financial support from fishing activitieg contrast, the 1920 simulations (after the
railroad connection to national markets) revealsgistem in which farming activities drove
an increase in profits by an order of magnitudatiet to 1880. Fishing profits in 1920
declined in relative importance due to overfishimgyket prices, and the loss of habitat in the
Chesapeake Bay because of then-unknown linkagegbetterrestrial and estuarine systems
(i.e., farming practices causing increased erosiomff, and nutrient loads, intensified
salinity gradients, eutrophication, and benthicxaao Carbon and nitrogen isotopes

corroborate evidence from historical research andehsimulations. This work is presented



ii
as an example of interdisciplinary research, inclwl@cology, isotope geochemistry, history,
and economics are incorporated. It has broad aafdins related to our understanding of
coupled natural-human systems, links between teiakand estuarine systems, and, perhaps
most importantly, as an example of the potentgificance of interdisciplinary approaches

to complex systems analysis.
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Chapter 1. Study Introduction and Background

When we try to pick out anything by itself we timak it is bound fast by a thousand invisible
cords that cannot be broken, to everything in theerse.

— John Muir, 1869

Humankind has not woven the web of life. We at®be thread within it. Whatever we do
to the web, we do to ourselves. All things arenldaiogether. All things connect.

—Chief Seattle, 1854

Introduction

This is an investigation of : ’ Eastern Shore
the complexity of the - of Virginia
natural-human system. IV ead / USA

More specifically, it l‘
examines people as a
critical component of the

natural system on the

Eastern Shore of Virginia,

a geographically isolated

neck of land at the

southern tip of the
crescent-shaped Delmarva Peninsula, laying entivighin the North American Atlantic
Coastal Plain between the Chesapeake Bay to theawdshe Atlantic Ocean to the east
(approximately 37° 30’ N latitude and longitude 7%° W) (Figure 1.1).

This geographical setting, at the interface ofet®nial and aquatic systems, is

especially suitable for the study of biocomplexitich is defined in Michener et al. (2001)
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as “properties emerging from the interplay of betal, biological, chemical, physical, and
social interactions that affect, sustain, or ardified by living organisms, including
humans.” This complex interplay between biologl#aland the physical environment
transacts at multiple spatial and temporal scaasharacteristically difficult to predict, and
must be studied both as a whole and piece by gielser and Steuerwalt 2001). This study
endeavors to address some of the key questiomgyftlee study of biocomplexity, including:
(1) How do systems with living components suchespte respond to stress? and (2) Are
these adaptations predictable? (Elser and Steue2@@il).

Answering these questions demands the integrafisaaal, economic, and cultural
aspects of the human system in addition to striethgl more traditionally studied,
biogeophysical components (Vitousek et al. 19%8cause the scale of natural-human
system dynamics is so vast, yet simultaneously tejmelevant ecological measurements are
difficult to obtain (Gallagher and Carpenter 19B&ven 2002). Moreover, by definition,
biogeophysical systems are generally too compldetfully understood through
conventional experimentation (Bonn 2005). Thus ghidy relies heavily on a rich body of
historical data to construct explanatory modelthefnatural-human system during two
distinct periods of Eastern Shore history, represkhy the years 1880 and 1920. During
both of these periods, socio-economic pressuriearidrm of farming and fishing practices
placed substantial stress on the terrestrial alese systems. These successive periods
also represent the use of distinctive (and advafid¢ioman technologies which, in practice,
affected the intensity and scale of anthropogeressure on the system and, in theory,
contributed to system dynamics that potentiallpgended conventional scales of social and
environmental study.

More specifically, in this study, the natural-hunsastem on the Eastern Shore of

Virginia is characterized, quantified, and simutbtéa a multiple commodity model structure



parameterized with historical, ecological, and ji¢tgisdata that enable the simulation of
system dynamics in 1880 and 1920. System propeatieexamined for each time
period/technological regime. A suite of determticisnodels facilitates comparison between
advancing time periods which, in turn, reflect ofiag technology regimes and socio-

economic demands on the natural-human system.

Key Philosophical References

This study was conceptualized within the framewafrkhe National Science Foundation’s
(NSF) Biocomplexity Research Program (http://www.gnsv/geo/ere/ereweb/fund-
biocomplex.cfm; research grant BCS — 030846), heiiniterdisciplinary approach to
studying coupled natural-human system dynamicanestéo other current channels of
research as well. For example Haber et al. (2p@ff)ose the extension of the NSF Long-
Term Ecological Research (LTER) network to betéfiect human dimensions in

environmental study, including a focus on coupled®&ecological systems, arguing that it is

necessary to link biophysical Ecosystems Natural Socio-
e Resource Use | Economics

processes to human governance,

- S ~ i I
communication, and “soft | Classical Ecosystem Study : :
= _ :
1 ovE 1
1 1
1 1

knowledge from the humanities” Extended Ecosystem Study

R

-
when developing both predictive and el

Long-Term Socio-Ecological Research
on Natural- Human Systems
environmental system dynamics ok 6 :

, ( = b
(Figure 1.2). | 99+<

explanatory models of

There are several key

philosophical elements that warrant emphasis irstibemary of this research given their
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prominence in the design, implementation, andlext&lal ramifications of this study. These
overarching themes contribute substantially touthigue theoretical and practical
implications of this study and include:

(1) Interdisciplinary Research ApproaclEnvironmental modeling has traditionally
relied nearly exclusively on biogeophysical dat&dentify system (model) components,
processes, and parameters. Although there is ga@at in this approach to modeling, these
physical features—biological, chemical, and otheeai-do not reflect the entire spectrum of
system properties in a human-dominated world. Téssarch was conceptualized and
developed as an interdisciplinary project fromntseption. As such, numerous sources for
socio-economic data improve our understanding @htitural-human dynamic being
examined. More specifically, this model incorpesatletailed demographic, agricultural,
fishing, and economic/market data from the U.S.ukadfpn Census, the U.S. Agricultural
Census, corollary demographic, agriculture, fishangd economic/market reports, and other
sources. These rich data sources inform the seieelsind the modeling effort and greatly
improve our understanding of both the natural anttirapogenic aspects of these systems as
well as their interactions. An extended discussibout data sources is presented in
Appendix A and Appendix B.

(2) Explanatory Modelingtt is important to note that the models constrdiatethis
study are explanatory rather than predictive inreat While many models currently
represented in peer-reviewed scientific literamnedesigned to forecast system dynamics
over time, models in this study are designed teriegs system properties and dynamics in
great detail at specific historical points in tigi880 and 1920). This period between 1880
and 1920 can, perhaps, be best characterizedtmse'af great change” on the Eastern Shore
of Virginia (Thomas, Barnes, and Szuba 2007), arydedfort to capture such transformation

in technologies, markets, and demands on natwsalrees in a single model would



inevitably face a tradeoff between breadth (attémgpib accommodate so many
fundamentally differing system properties) and ddphderstanding a specific time period in
great detail). Thus, these models are intendetbrnmiedict, but to describe, the successive
changes in people, processes, technologies andatéty, system dynamics over time. For
example, prior to 1884, there was not a railroad tonnecting the Eastern Shore and its
agricultural products and estuarine harvests tereat markets in significant volume beyond
Baltimore, Maryland to the north and Norfolk, Vinga to the south (and even those markets
were at the practical extent of geographic bouredagiven the commercial transportation
technology available in the region at the timehisTimitation is reflected in the 1880 model,
which is appropriate and necessary to understastdrsydynamics at that time, but it also
makes the analytical tool antiquated as a descrgftthe natural-human system after 1884
once the railroad had been established on thefBeSk®re. Such a limitation restricts the
predictive power of the model, but the depth ofensthnding that it provides for that single
point in time is critical given its purpose of eld&ting relationships and assessing the
properties and dynamics of that specific time/tetbgy regime. In contrast, the 1920 model
reflects the prominent role the railroad playedonnecting Eastern Shore agricultural and
estuarine products to far-reaching geographic nisrkbecause it is specifically the
economic vitality of those pre-depression 1920 reerkand 1920 agricultural and fishing
technologies that drove Eastern Shore land ussidasi conservation efforts, and, by
extension, changes to biogeophysical componentpragsses in both terrestrial and
estuarine settings. Any model that fails to exfhiencorporate those critical factors will not
adequately describe the natural-human system oBaktern Shore during that time period.
(3) Changing Technologies and Technology Usereferenced above, the period
between 1880 and 1920 witnessed tremendous charige iechnologies available to people

living on the Eastern Shore. Some of these chamges new innovations for the time,
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including improvements in commercially availabletifezer and commercial fishing tools.
Other technologies were not new in their own rigpott, only in the sense that they became
available to people on the Eastern Shore for tisetfime. The most obvious example of this
is the arrival of the railroad line down the crekthe peninsula in 1884, decades after
railroads had marched west across the rest ofatiem This significant transportation
technology connected Eastern Shore agriculturalymts and estuarine harvests to markets
throughout the vast majority of the United Stated aven Europe. Moving potatoes in
locally constructed barrels and oysters in refaged rail cars, for example, made the people
on the Eastern Shore relatively wealthy and droaeymof their decisions regarding the use
of “their” natural resources. The rail line aldtanged the human geography of the Eastern
Shore. Village life that once was centered onbidne and sea-side wharves was relocated to
towns that arose around the 28 train depots doe/péminsula. The emergence and pace of
these changing technologies framed the selectidimeofwo time periods modeled in this
study, with a goal of reflecting different techngyoregimes that contributed uniquely to the
natural-human systems in 1880 and 1920.

(4) Expanding the Definition of Ecosysteffie modern definition of an “ecosystem”
has a long and evolving history. Shugart (1998)ds its origins from the Greek naturalist
and philosopher Theophrastus (c. 370 to 285 B@utin Tansley (1935), Lindeman (1942),
Odum (1953), and others. A contemporary definibbthe ecosystem concept from Watson
and Zakri (2003) is “a dynamic complex of plantinaal, and microorganism communities
and the nonliving environment, interacting as acfiomal unit.” Throughout the evolution of
this definition, there has been an enduring comtrey related to the appropriate scale of the
ecosystem concept. Much of this discussion hasstxt on geographical size, but this study
will argue to extend the idea to include factorgdrel traditional biogeophysical components

and into more abstract concepts that nonethelses# ie tangible influences on study



systems. In this example of the Eastern Shorergin/a, competitiveness in economic
markets played a very real role in human land eséstbns and fishing intensity within the
system. More concretely, human knowledge aboutoodity prices in eastern markets
(e.g., oats in 1870) changed the crop choices stefia Shore farmers in Accomack and
Northampton counties. Subsequent land use chaiedsding the growth of fertilizer use,
contributed substantially to system change. Snhgilanformation about overfishing and
declining oyster stocks led to early conservatifores that affected the system, having an
impact on fish harvests, farming intensity (makimmgfor lost fishing revenue and food
sources), food webs, and the overall health othesapeake Bay. These and other
examples explored in this study had material effectanthropogenic pressures on the
natural system and, correspondingly, the proceggesactions, and dynamics within the
ecosystem. As such, an argument is made to inghuthe ecosystem concept socio-
economic knowledge that originates outside of #h@ggaphical area of examination when it

materially changes system properties.

Research Approach

Objectives
The objectives of this study are:

1) To characterize, quantify, and model the naturah#n system on the Eastern Shore
of Virginia in 1880 and 1920 via a single multigiemmodity model structure.

a. To parameterize the multiple commodity model wiidtdrical, ecological,
and physical data that accurately depict the 1B8€ period/technology
regime.

b. To parameterize the multiple commodity model wiistdrical, ecological,
and physical data that accurately depict the 182€ period/technology
regime.
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2) To simulate system dynamics during these two tieréogs (represented by the years
1880 and 1920).

a. To assess system properties for the 1880 periduhtdagy regime.
b. To assess system properties for the 1920 perituhtdagy regime.
c. To compare and contrast 1880 and 1920 periodsiémimregimes.
3) To establish an isotopic signature of the Eastéioré&as recorded in sediment cores
from a bayside tidal creek.

a. To assess whether this isotopic record is congistihn model simulation
findings as well as our historical understandingysftem dynamics.

Key Questions
Natural-Human System Modeling

1) For each time period/technology regime (represebyettie years 1880 and 1920)
simulated by the multiple commodity model:

a. Is the natural-human system in the Eastern Shovérginia stable and/or
heading toward an equilibrium trajectory?

b. If the system is stable, does the introductiondyaacing technologies
change system stability or equilibrium trajectopies

c. If the system is stable, how, and to what degrees dhe system demonstrate
resistance to change (i.e., the system’s intenatia relative to external
perturbations)?

d. If the system is stable, how, and to what degrees dhe system demonstrate
resilience following change (i.e., the time reqdite return to its original
state after being disturbed)?

2) How, and to what degree, do measured system piepeery between advancing

time periods/technological regimes, as assessedrparing output from models
parameterized for 1880 and 19207

Geochemistry

3) What is the geochemical signature of the studyhraént as established by sediment
cores from a tidal creek in the study area?



a. What is the °C record in the sediments?
b. What is the *N record in the sediments?

c. Are these data consistent with model simulatiors@ur historical
understanding of system dynamics?

Hypotheses
Modeling the Effects of Technological AdvancesheNatural-Human System

H1,: The 1880 simulation will demonstrate system ditghwith respect to human
populations, estuarine harvests, and farm prodtyctiv

H2,: The 1920 simulation will demonstrate system ditghwith respect to human
populations, estuarine harvests, and farm prodtyctiv

H3,: The introduction of advancing technologies wik khange measures of system
stability.

H4,: Both time period/technology regime simulatiorepfesented by the years 1880

and 1920) will produce similar measures of stahiliegardless of the time period
and technological advances.

Geochemistry

H5,: The *3C record in the tidal creek core sediments will cliange significantly
with respect to time (core depth).

H6,: The N record in the tidal creek core sediments will cleénge significantly
with respect to time (core depth).

Site Selection

The Eastern Shore of Virginia (USA) forms the seuthtip of the crescent-shaped Delmarva
Peninsula at latitude 3B0’' N and longitude 7545’ W. It is located entirely within the
North American Atlantic Coastal Plain between the&apeake Bay to the west and the

Atlantic Ocean to the east (Figure 1.1). The Viigipeninsula runs from its northern border
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with Maryland approximately 120 km to its south&gminus at Cape Charles and ranges
from 8 to 25 km wide, encompassing a total of 1,290 of surface land area.

The Eastern Shore of Virginia is comprised of twonties, Accomack to the north
(spelled as Accomac until 1943) and Northamptatihéosouth. Though politically distinct
entities, these counties share a largely commaialseconomic, and environmental history.
Much of the historical and environmental literatugéerenced in this study treats the entire
Eastern Shore of Virginia as a singular entity andiact, includes eastern Maryland and
parts of Delaware (making up the Delmarva Peninsadaa largely cohesive biogeophysical
unit, despite notable political differences andtkubocioeconomic differences described
throughout the paper
(Figure 1.3). As ,
described in the :M* (
modeling chapters, }',\ /

Appendix A, and

Appendix B, U.S.

Franktown
Enumeration
District

Census data used to (Shaded)

parameterize the 2

models in this study Northamptor

County

King's Creek
were recorded for Core Sample
(Isotopes)
the Franktown
?* = * % ' *
Enumeration District ' @;< 3 # =* & 8
] = 1 * o <A ;_< 4 #
which lies entirely in 7 * A;<% ' & A0<? 8 =4"
; 8* <A /< *B & 8 o
Northampton County < & 8, *'-99-< 6" ;"+0<

(Figure 1.4).
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Man and Nature

Like all organisms, humans modify
their environment. Assessing natural-
human dynamics demands not only an
understanding of the biogeophysical
components of the system, but also
relevant human dimensions (both
impacts and responses), including
population growth, individual resource
consumption, and technological
advances (Raven 2002). Failure to
account for these attributes can lead to
exaggerated or otherwise faulty
appraisals of system dynamics. For

example, Malthus’ famous 1798

prediction of imminent and recurring

6= 6 ' ;"+0<

vice and misery facing human societies (war, famamel disease) was predicated on the
belief that “population increases in a geometrimra while the means of subsistence
increases in an arithmetic ratio” (Landry 2001 hisTassertion famously fails to account for
human capacity to alleviate misery through lawg.(éand use), social standards (e.qg.,
sanitation), and technological advances (e.g., mgdgthproductivity through improved
farming practices).

Anthropologists, geographers, sociologists, hiatwr, and even scientists have long

studied the relationship between man and the emviemt. Davidson-Hunt and Birkes
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(2000) chronicle several prominent efforts to chteaze our place in and with nature as
human ecology (Park 1936), cultural ecology (SteMi#¥55), ethnoecology (Conklin 1957),
population dynamics (Ehrlich 1968), ecological aofiology (Bateson 1973), environmental
history (Cronon 1983), and political ecology (Greerg and Park 1994). More recently, the
term “human ecosystem” has been used to referstess in which the human species is a
central agent (Vitousek and Mooney 1997; Stepp. @083). Many now argue that that the
whole planet is a human ecosystem, in that allleecbsystems have been influenced by
humans (Vernadsky 1945; Tielhard de Chardin 1968;ahers).

Early intellectual roots for these theories arisessome part, from the concept of
environmental determinism, which postulates thatphysical environment, rather than
social conditions, determines culture. While tresidf is viewed by many to be one-
dimensional (e.g., Sluyter 2003), a refined andli@ttually more tenable version holds that
favorable geography and a temperate climate canérigignificantly to critical aspects of
human advancement and history. For example, Diar{ib®@l7) argues that the geographical
advantages and environmental stability of Eurasianjited the development of a complex
agrarian foundation from which intellectual andistagical advances arose—factors that
strengthened these societies relative to popukiimrfor example Africa, where geo-climatic
change along a broader latitudinal gradient didoootparably encourage social stability and
cultural development. A niche within this thedfglimatic determinism,” is exemplified by
the provocative, but largely unsubstantiated, “éopia paradox,” which asserts that roughly
70 percent of a country’s economic productivity tapredicted by its distance from the
equator. Such “anthropogeographics” have sometiraea applied to people who live under
advantageous environmental conditions and, acaptdisome theoreticians, are destined to
rule and control populations living in less bounitdettings—people who were, by nature,

“more lethargic, less courageous, and less inailig(Moran 1979, p. 24).
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These philosophies of man and nature have often bsed to justify prejudices,
injustices, and other rationalizations for one sty¢s dominance over another. Early Greeks,
Romans, and Arabs, along with many of the domiiEambpean countries of the 18th and
19th centuries, relied heavily on environmentaliyedministic theories, in concept if not in
name, to justify social behavior not otherwise atakle in civilized culture (Moran 1979;
Berkes et al. 2002).

Despite recent reconsideration of the social iogpions of environmental
determinism and other unjustifiably applied thesioé man and nature, there is no dearth of
evidence that people and their environment aresbldsmked. From an abstract, yet logical,
perspective, we appreciate that the Earth’s gednwdogy and climate generally determine
where people live. Where there are mountainsetaer often inclement and uninhabitable
weather conditions associated with high elevatidnd where there are fertile fields, there
are likely flood plains enriching the soils thapport productive farming and, in turn, feed
people.

Despite this logic, during the Age of Enlightenrneamans were believed to
transcend the environment (as described but natcaded in Davidson-Hunt and Birkes
2000), but most contemporary thinkers reject thtgonaf “man apart from and dominant
over the rest of the world” (Lotspeich 1995). Ratthan limiting our perspective to man’s
accommaodation to his environmental constraints,ev@wvtrue that may be, we now also
recognize the reciprocal perspective—man’s uniglein transforming his environment.
Jackson et al. (2001), for example, argue that ngrhave been transforming ecological
systems since long before modern scientific inquiag equipped to assess it. In fact, that
man has brought about substantial change to hiseoswinonment is of little debate—it is
firmly an issue of both science and history. Argumts concerning the links between man

and nature have been available in popular scietitiéirature for a very long time. As far
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back as 1874, for example, George P. Marsh adbettthe Earth was being modified by
human action (Marsh 1874). More recently, Howadii®@ describes man overpowering
nature through the use of fossil fuels (Odum 19REjd Bryson documents human land use
choices and desertification in India (Bryson anddy 1977); and Jared Diamond describes
interactions between the powerful forces of theremment and human culture (Diamond
1997). These specific examples represent a grobody of literature that confirms the
belief that man is not only influenced by his enwiment, but also, in turn, affects the
environment as well. Veldcamp and Fresco (199&enaa even stronger statement about
man'’s role by arguing persuasively that by farrtigst important factor in land cover
modification is human use rather than natural ckang

Human activities modify not only the structure dadction of ecosystems, but also
their interaction with the atmosphere, aquaticaayst and terrestrial components (Vitousek
et al. 1997; Brown et al. 2002; Kirby and Linar@92). The industrial revolution, for
example, expanded human alteration of the globat@mment to an unprecedented scale and
extent (Steffen et al. 2004). Anthropogenic atithgi, including farming, manufacturing,
pollution, and urbanization, have radically tramsfed “natural” landscapes and exerted
profound effects on the structure and functionaafsystems (Brown et al. 2002). Humans
now transform the land and sea through farmingilitear use, deforestation, and the
propagation of asphalt parking lots. We alter oarmitrogen, and water biogeochemical
cycles, and we change population and community miycgdirectly via recreational hunting,
commercial fishing, and monoculture farming, andirectly through habitat modification.
The intimate connection between people and their@mment is intensifying and our
biogeophysical system has become, at least to sgteat, a product of our economic, social,
and national security interests (Lubchenco 1998)Hds 2005; and others). The changes are

not insignificant. In addition to altering the fage properties of the Earth, land use
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modification can affect local and global climatesl @ther large scale processes (Shugart
1998).

Although this paper examines natural-human systanesigh the lens of past
history, many researchers believe that the futapact of human activity is both global and
increasing (e.g., Western 1998; Kareiva 2007; amderous others). Vitousek et al. (1997)
contribute to such a claim when highlighting thgrée of human influence on the
environment. For example, between one-third aredhaif of the Earth’s land surface has
been transformed by human action; the carbon deosahcentration in the atmosphere has
increased by nearly 30 percent since the begirmiitige Industrial Revolution; more
atmospheric nitrogen is fixed by anthropogenicvatgtthan by all natural terrestrial sources
combined; more than half of all accessible surfeegh water is used by people; and about
one-quarter of the bird species on Earth have Hdeen to extinction. Lash (2001) adds that
one-half of the world’s jobs depend on fisherieseséts, or small-scale agriculture, yet two-
thirds of the world’s fisheries are being harvediegiond sustainability, forest loss is
accelerating, and soil degradation is widespreadmrsening. Other consequences of
human activities include homogenized landscapeylgied food webs, and elevated
nutrient inputs and imbalances. By these and atserdards, it is clear that we live on a
human-dominated planet. Kareiva et al. (2007)rés#eat there is no longer such thing as
nature untouched by human influence and, perhaps disquieting, Western (1998) argues
that such human modification of ecosystems willchaemendous effects on natural systems
and biological life and may, in fact, largely detéme the future course of evolution.

With respect to the study of natural systems, 2d&063) was an early proponent of
models that incorporated both biological and sommities and processes. Lotspeich (1995)
correctly applies such a unified approach whenrildag economics as a subset of ecology.

He argues, in fact, that it is ecology that drigesnomics given that our biophysical
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infrastructure serves as the foundation for alheooic activity. In other words, ecosystems
are the natural capital necessary for mankind ist,eand it is our natural resources that serve
as the raw materials for any and all productior| far transportation, and food for the

workforce.

Complex Systems, System Properties, and Systems Mdidg

But they have only analyzed the parts and overlddke whole,
and, indeed, their blindness is marvelous.
— Dostoevsky, 1880

The Brothers Karamazov
Thinking about “systems” requires thinking abodatienships—man and nature, terrestrial
and aquatic, biotic and abiotic to name but a félmfortunately, it is often difficult to
identify the links between sometimes seemingly latee pieces of a puzzle. A holistic look
at climatology, for example, might begin with arcaent of the Earth’s eccentricity,
precision, and obliquity (the Milankovitch Cycl@rogress to an examination of the
atmospheric chemistry and a general circulationehahd end with a consideration of
ozone levels and other aerosols that pollute tmespphere—and one still couldn’t always
accurately predict the temperature in Topeka! Thus exceedingly tempting to study
complex systems like the Earth’s climate from aumidnist point of view. Grasping at the
issues one piece at a time at least appears t@abageaable. But in doing so, one risks losing
appreciation for the fact that it is, quite litdyathe interaction of the pieces that paints the
big picture. The great challenge for studentsartliesystems, therefore, is to realize that we
often need to account for more than the sum opé#rts.

Since its emergence as a field of study, a pringagt of ecology (particularly in its

early stages) has been to understand the fundalsentae use and development of natural
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resources, sometimes referred to as “natural ¢dapitéhe “economy of nature” (DiCastri
2000). But properly accounting for man’s plac@ature beyond this traditional focus on
resource extraction has been a great challengegé€a?004).

Ecologists who once sought to study pristine estesys without confounding human
influence now largely agree that there are no loagg ecosystems unaffected by human
activities (DeLeo and Levin 1997; Gallagher andp@ater 1997; Scoones 1999; O’Neill and
Kahn 2000; and others). Precisely because of teecionnectedness of man and
environment, Lacitignola (2007) argues that thdyamof socio-ecological systems requires
“an integrated assessment of ecological, social.eaonomic factors.” Haber (2006)
contends that understanding contemporary socimgimall systems requires the study of
historical sources to reconstruct past systemsstaeause past ecological conditions, social
structures, and historical events undoubtedly @rflee current structures and functions of
socio-ecological systems. Thus, socio-ecologicalet®that integrate multiple dimensions,
such as economic and ecological dynamics, ovengeraf temporal scales (e.qg., historical
legacies) are especially appropriate for analysiuman-natural systems (Ayres 2001;

Ibenholt 2002; Foster et al. 2003).

Setting Boundaries on a System

In an effort to keep ecological study tractablseggchers have traditionally endeavored to
set geographical or physical boundaries on studg.siComponents and processes that
existed within these boundaries would be considaneart of the system and studied (either
experimentally or observationally). Alternativefgatures outside the system would not be
considered. For example, a study of biogeographight look at a lizard population on an

island but, by definition, consider all lizards tiging on the island to be outside of the
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system and, therefore, beyond of the scope ofttlty s Thus, even though lizards might be
living on other islands, the system of study issidaered “closed” for practical purposes at
the physical border between the island and thesoding water. Similarly, although heat or
hours of daylight might affect the dynamics of lizard population on the island and,
therefore, be explicitly addressed in the studg,gburce of that heat and light energy (the
sun) would not be considered to any great extdrrdhan as manifested by the arrival of
sunlight (solar energy) to the island. Settinghsbiogeophysical and intellectual boundaries
often makes sense and, in many cases, is the ealigtic way to study a system without
becoming overwhelmed by the countless connectiehsd®en one set of components and
process and the rest of the systems in the uniybiseomplexity at its grandest).

One concept used by ecologist to set reasonabiledaoies on systems of study is the
“ecosystem.” Shugart (1998) traces the concepitgrar back to the Greek naturalist and
philosopher Theophrastus (c. 370 to 285 BC) andemecently, Mobius’ “biocoenosis”
(1877), Forbes’ “microcosm” (1897), and Dokuchaébi®geocoenosis” (1889), prior to the
first use of the term “ecosystem” by A.G. Tansleylp35. Since that time, Lindeman
(1942), Odum (1953), and others have extendededheitibn of an ecosystem, which has
more recently been defined as “a dynamic compledarit, animal, and microorganism
communities and the nonliving environment, intaracas a functional unit” (Watson and
Zakri 2003). Abel and Stepp (2003) contributeh® advancement of the concept with a
focus on an enduring controversy associated wibisystem concept—geographical size:
“any size so long as organisms, physical enviroripngerd interactions can exist within it... [it
can] therefore be as small as a patch of soil stipggplants and microbes; or as large as the
entire biosphere of the Earth.”

Shugart (1998) frames the definition from the pecdive of a systems modeler by

arguing that “an ecosystem is defined relativehtodbjectives of a given study.” This
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utilitarian definition enables system modelersstablish boundaries based on the scale of
interactions (system component dynamics) beingetudnother systems modeling
perspective is offered by Dale (1970), who definexystem as “a collection of interactive
entities... that need not, and in general are nainato-one correspondence with ‘real’
things... they can represent classes of processts émphasizes that a system can be
composed of subsystems, each of which can be draata system in its own right. Dale’s
systems are further classified as “open” or “cldsdxpending on whether variables that
affect the interrelationships between system estiire imported or exported. Within this
construct, the simplest and most common ecosystedehis the “black box” ecosystem that

can be conceptualized most simply as: inpugcosystem (black box) output (Dale 1970).

System Modeling

Put simply, a model is a quantitative descriptiba ceal-life process or system (Cherwell
2000a). Shugart (1998) refines the concept tof@ruecosystem models when describing
them as “mathematical expressions developed to@egous, in some sense, with an
ecosystem of interest.” Implicit in this are sinfigktion and abstraction, which are an
essential aspect of science (Shugart 1998). ,Htukeir most basic, models simplify
complexity to a level that is appropriate for dédsiog systems and advancing our
understanding of system dynamics.

Depending on the system being studied, the tsm®d to create the model, and
relevant research objectives, models can vary lgreatlesign, complexity, and scale. They
range from single species/material compartment)(bwdels to community/trophic level

models, three dimensional hydrodynamic modelshatsnodels, watershed models, land
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use/land change models, and complex ecosysteneandrce management models (for a
review of these types of modeling activities see gikample, Xu and Hood 2006; Ma et al.
2009; and Andre and Cardenet 2009).

Because the scale of natural-human system dynasmsosiultaneously universal and
subatomic, meaningful ecological measurements eatifficult to collect (Gallagher and
Carpenter 1997; Raven 2002). In fact, ecologiesh darely are adequate to measure the
impact of long-term human disturbance given thasthabservational records are “much too
short, too poorly replicated, and too uncontrolletlarify our understanding of many
environmental processes (Jackson et al. 2001;dPresid Shackelford 2002). This
realization makes systems modeling a progressimele useful tool in the study of complex
natural-human relationships. Models can incorponatessary abstractions and
simplifications that may not be feasible under ntoaditional experimental design. They can
also integrate processes across a wide range tidlsgrad temporal scales not otherwise
tractable in observational studies. Finally, mddelings can be used to help direct more
systematic, experimental analysis of a study systeritical components (Shugart 1998). For
example, compartment models (e.g., stocks and florunaterial transport) can be combined
with agent-based models to better examine theioakdtips between human decisionmaking
and biophysical dynamics (Janssen 2004).

Many early models were intended merely to absaadtsimplify complex systems.
Computational power for evaluating these models limsited and so, therefore, was the
complexity of early models. This does not meas¢rgeminal modeling efforts were
unimportant or insignificant. To the contrary, yrevanced the science of modeling and our
understanding of many of the fundamental dynamicgsses that form natural systems. By
the late 1970s, however, computational power wawigig and systems modeling was on a

trajectory toward accommodating increasingly compiatural-human systems (see, for
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example, Odum 1977; Weinstein et al. 1983; Odun61Bansing and Miller 2003; and
Zuchetto 2004).

As described above, there is an increasing neitmify and quantify the
relationships that shape the complex natural-husgatem (Brown et al. 2002). As Kay
(1991) so eloquently states, “As a science, ecoi®fly a developmental stage similar to
physics before Newton; there is little consensusiaitvhich ecosystem characteristics are
important.” Fortunately, systems science has eetetg quantitatively describe the behavior
of dynamic systems (Few 1992), and the applicaifanodeling expertise to the study of
natural-human systems is advancing at a rapid (@sdger 2000; Casagrandi and Rinaldi

2002; Abel and Stepp 2003; Jannsen and Ostrom 20@6many others).

System Properties

While there are many properties and characterisfisystems that can be studied, several
concepts are common to most analytical effortsaddition to system boundaries (discussed
above), the concepts of scale, stability, resikerand resistance are often critical to systems
analysis.

Scale.Peterson and Parker (1998) define scale as thsitai dimensions of
observed entities and phenomena.” Frost et al.8)18&end the application of scale to at
least three dimensions: space, time, and the éfJmblogical organization at which systems
are considered (Figure 1.5). From a researcperspective, Gibson et al. (2000) defines
the concept as “the spatial, temporal, quantitativeinalytical dimensions used to measure

and study any phenomenon.”
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Scaling is a way to System Scaling

simplify complexity so that

O = Community
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researchers can quantify and« Scale: the spatial, e
temporal, quantitative, or
X .. . analytical dimensions used
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tempos or paces (Brown et al.
2002; Paine 2002). Nelson et
al. (2006) and Rammel et al. 2 * é& ) x * *)<)
(2007) note that many of the
major factors that drive
system change are dynamic, cross-scale, and ititeracross sub-systems at a wide range of
spatial, temporal, and organizational levels. €Hasge-scale processes are difficult to
forecast and nearly impossible to control, frorheita practical resource management
standpoint or an observational/research perspe@etrson 2000).

Stability. Murdoch (1970) narrowly describes the conceptaibisty as “a
population that tends to remain constant.” Shu@®®8) presents a definition of stability
that can more readily be applied to systems: ‘timgdterm response of a system relative to
an external change or perturbation as determingteoyeturn of the system to its original
trajectories over time after the disturbance (airae approaches infinity).” Thus, a system
can be stable even in the face of external distubao long as it returns to equilibrium (i.e.,
a “steady state”) following perturbation. In a quantment model, for example, a stock is

considered to be in equilibrium and therefore gtafthen the amount of material transferred

in and out of the compartments is equal over ti8teu@jart 2000). Thus, stability is not the
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absence of change but, rather, the steady anddealdiow of energy and materials over time
even in the face of temporary change (Ludwig e1997).

Policymakers, the public, and, indeed, the sdiertommunity long believed that the
natural state of the environment was stable abyeants intervention. Marsh (1864, pg 27),
for example, held that “nature, left undisturbemlfashions her territory as to give it almost
unchanging permanence of form, outline and propoyrtxcept when shattered by geological
convulsions; and in these comparatively rare cabdsrangement, she sets herself at once to
repair the superficial damage, and to restoregasyas practicable, the former aspect of her
dominion.” But this “balance of nature,” as oftescribed by terms such as “stability,” and
“equilibria,” has more often been assumed rathan themonstrated by ecological study
(Ehrlich and Birch 1967; Pimm 1992). In fact, moeeent study asserts that the once
common belief in a balance of nature is now “de@plguestion and, with increasing
frequency, rejected outright” (Zimmerer 2000). Abatl Stepp (2003) further rebuff
traditional assumptions about equilibrium systend, & its place, recommend ecosystem
analysis focused on complexity, adaptation, rasike hierarchy, scale, nesting, nonlinearity,
irreversibility, self-organization, emergent prajes, historical precedent, chaotic dynamics,
and even surprise.

ResilienceChange is always occurring in nature and smad-large-scale
disturbances are a fundamental and continuousiigmmiocess. The response of an ecological
system to a disturbance (internal or external piressand other perturbations) is often
described in terms of resilience, which is the [y to, and time required for, a system to
return to its original state after being disturlf8teinman et al. 1992; Stone et al. 1998;
Cropp and Gabric 2002). Early definitions of resite focused on return to a “steady state”

(Webster et al. 1975; Steinman et al. 1991), whiah been revised to the return to an
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“original state” to reflect the more recent rejeantiof the “balance of nature” (see discussion
above).

Rapport et al. (1998) submit that, in general,dbégree of resilience of a system is
correlated with the health of that system, but satlassertion may be a value imposed by the
researcher. Resilience is, after all, only a pasiieature of a system if one assumes that the
system was originally stable or, more preciselgt gtability in a “pristine” state is a
desirable objective. If a system is not in a @gddée state, there is no value in it being
strongly resilient, as would be the case of a liegsi super-fund site” that returns to its
undesirable polluted state in spite of effortsharme its properties (i.e., to clean it).

Because experimental manipulation of large-scaddogical and socio-ecological
systems is difficult to conduct, measuring resiieim the real world has tremendous costs,
especially if the change that is induced provesetarreversible (Peterson 2002). Thus, the
resilience of ecological systems is generally essbby means of the mathematical analysis
of dynamic system models (Holling 1973; Ludwig etl®97; and Carpenter et al. 1999).

ResistanceWhile some argue that the resilience of a socaeggical system is
measured by the amount of change that a systerexgmnience before it is forced to
reorganize (Deutch et al. 2002; Peterson 2003 dbcept is more commonly viewed to be
a complement of the resilience concept and refdoed resistance. Locke and Sprules
(1994) define resistance as “a system’s interreatie relative to external perturbations as
measured by the magnitude of displacement frommadigturbed trajectory or by the level of
disturbance required to overcome a stable equilibri In other words, resistance reflects
the magnitude of perturbation a system can witliskagiore changing states. Like resilience,
resistance is difficult to measure in the real @anhd is most often assessed via modeling

analysis.
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System Dynamics

“System dynamics” is simply another way of sayisgstem change.” And as Heraclitus
(535-475 B.C.) stated, “nothing endures but charfgefhetimes translated as, “the only
constant in life is change”). Unstable systemglgurhange, transitioning from one state to
another. But even stable systems change in themment of materials, energy, or other
resources, albeit at levels in which inflow equalsflow.

Changes in ecosystems are usually caused by feuhieracting drivers. These
drivers can work over time or across levels of argation and, although they are often
ongoing in nature, they are rarely continuous,(iteey can occur intermittently) (Nelson et
al. 2006). A direct driver unequivocally influerscecosystem processes, whereas, an indirect
driver operates more obliquely by influencing onenmre direct drivers that, in turn, affect
the system directly. In addition to many commamgognized physical and biological
drivers, Nelson et al. (2006) identify several gatges of anthopogenic driving forces of
potentially global significance, including: demoghéc, economic, sociopolitical, cultural
and religious, and scientific and technological.

Holling (1994) presents three paradigms of chahgeare at the forefront of
contemporary systems study and analysis: (1) natup®nstant; (2) nature as
engineered/resilient; and (3) nature evolving. yLetval. (2000) describe these paradigms
(separating Holling’s second paradigm into two stheading to four paradigms in Levy) with
respect to how they have been adapted intellegtbglpolicymakers and the public to
inform our communal perceptions of natural systant system dynamics (Figure 1.6).
While both Holling and Levy agree that none of thesnceptual models is correct to the
exclusion of the others, the perspectives thesadms represent explain how many people

view ecosystems and management choices.
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These paradigms (and corresponding conceptual ls)aate simplified abstractions
of complex systems and subsystems that are comhiéetaigh a wide range of
biogeophysical structures, processes, and orgamahthierarchies. Though presented here
as examples that are qualitative in nature, theygenseparate streams of theory, experiment,
observation, and practice that are useful in utdeding basic modeling and analytical
concepts (Holling 1994).

The first paradigm (Holling 1994 and Levy et @0R),Nature as Constanassumes
that nature does not change and that there areagtigal limits to human exploitation of
natural resources. In Figure 1.6a, such a coniplstable system is illustrated by a ball that
will return to its original state no matter how rhutis disturbed.

The second viewNature as Ephemerais sometimes referred to as nature preserved.
In this paradigm, natural systems exist in sucheagrious state that any anthropogenic
perturbation will immediately, completely, and wegsibly destroy the delicate balance of
nature. In Figure 1.6b, such a system is illustrde a ball that will leave its original state no
matter how little it is disturbed.

The third view Nature as Balancedmphasizes the sustainability of natural systems
as a function of their ability to accommodate ndisturbance pressures, although large
perturbations can still lead to state changesidarge 1.6c¢, such a system is illustrated by a
ball that fluctuates within a range of relativebngparable states in response to disturbances
that do not exceed a critical threshold.

The fourth viewNature as Resilientescribes systems that are “adaptive,
evolutionary, and self-organizing.” These systenagntain their integrity even under highly
variable conditions and extreme purturbation. ijuFe 1.6d, such a system is illustrated by a
ball that meanders across a wide range of basisilijar states in response to a great variety

of external disturbances.
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Modeling Complexity

In order to understand more complex systems atten convenient to first consider simpler
systems that exhibit similar types of behavior treh explore complexity in greater depth
after a basic understanding has been establishethfy et al. 1997). For example,
Lindeman (1942) was an originator of the study atenal transport and ecosystem
energetics with his groundbreaking paper on lalséesys. Carpenter et al. (1996) extended
these core understandings when applying more congplecepts to the analysis of lake
ecosystems, which they characterized as eithenfaliror “pathological” depending on the
numbers of game fish, the effectiveness of graaimghytoplankton, and the relative

occurrence of algal blooms. Other researcherbduddvanced the study of lake systems and
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dimensions of complexity when, for example, thegnidfied that systems sometimes
gradually shift from fast growth to relative stability; yiet other cases, the shift is marked by
abruptcrashes and destruction (Odum 1973; Daly 1997wigiét al. 1997; Zucchetto
2004). Ludwig et al. (1997) further advances caxity study when reporting that these
ecological systems can sometimes exist in mulsfble states, some of which are at least
partly determined by history (e.g., they may alsove a hysteresis effect).

Modeling this type of complexity can, itself, bee® a complex endeavor; yet, there
are limits to how complicated a model can becontkyee still be tractable. Thus,
abstraction and simplification must be introducpgdrapriately. The industrial statistician,
George Box, emphasizes this theoretical limit talelmg when asserting, “All models are
wrong. Some models are useful” (Box 1979). Wherstrocted and applied appropriately,
modeling can be a useful analytical tool that ¢darim and advance our understanding of

complex dynamic natural systems and the role pgapiein them.

Stable Isotopes

Stable isotope geochemistry is a powerful tooh@dtudy of natural systems (Peterson and Fry
1987; Lajtha and Michener 1994; and others). Beedirect instrumental measurements of past
systems were not conducted over the greatestfpaarth history, current research on
antecedent systems focuses instead on identifyirey biotic and abiotic records that reflect
system states and processes—commonly referredasnaecords (Bradley 1985). In fact, a

wide range of interdisciplinary research has rafiedboth organic and inorganic geochemistry to
generate suitable proxies for source material&rssdation patterns, substrate characteristics,

food sources, vegetation, and geomorphology owentehistorical, and prehistorical periods
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(e.g., paleoecological and paleoclimatological)g&rom 1985; Marcus et al. 1991; Pasternack
et al. 2000; Jackson et al. 2001; Christianseh 2082).

Because of their ability to link sources and preessstable isotopes have been useful in
the study of food webs. Harrigan et al. (1989) gikample, traced carbon and nitrogen isotopes
to examine the gray snapper food web in both maregaod seagrass habitats, while MacAvoy
et al. (2001) used isotope analysis to derivedlaive proportions of nutritional sources for
aguatic predators. Similarly, Haramis et al. (20@lied on isotopes to assess the impact of
changes in submerged aquatic vegetation on thefdienvasback ducks in the Chesapeake
Bay. Wayland and Hobson (2001) used stable isotojpgitrogen (**N), carbon (**C), and
sulfur ( **S) to trace the movement of nutrients derived fsemvage and pulp-mill effluent in
freshwater ecosystems and riparian food webs.

More specifically with respect to this work, Homiget al. (1990) relied on stable
isotopes to confirm the seasonal cycling of nitrogethe Chesapeake Bay and Russell et al.
(1998) used stable isotopes to identify organiciaagyanic sources of nitrogen in wet
deposition that contributes to eutrophication i Bay. Zimmerman and Canuel (2002)
extended this analysis to reconstruct the progressieutrophication and hypoxia in the Bay
during the past five centuries. The stratigrapbiord of sediment cores, as examined through
stable isotopes, has extended the understandeignaitic and anthropogenic impact on the
Chesapeake Bay well beyond the availability ofdnistrecords (Cooper and Brush 1991).
Bratton et al. (2003), for example, examined tlieémce of humans on Chesapeake
eutrophication cycles over the past 2,700 yearmsdas carbon and nitrogen isotope analysis of
piston (sediment) coring in the Bay.

Jackson et al. (2001) studied sedimentation, patiesds, diatoms, and geochemistry in
sediment cores to reconstruct the ecological histbthe Chesapeake Bay watershed over the

past 2,000 years to determine that environmenthbanogical fluctuations since European
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settlement were greater than pre-settlement ratggoge. Other evidence suggests that this
environmental disturbance due to nutrient influck bt arise until late 18th century, and that the
recurring, yet periodic, eutrophication and analéap in the Bay were apparent by the early
19th century (Zimmerman and Canuel 2000). Simildfgircus et al. (1991) argues that coastal
erosion may be the dominant process driving sedimpat along many tributaries of the Bay
throughout the past several centuries. More rgédndlford (2007) presents compelling
evidence that the Chesapeake Bay has sufferedsftory history of eutrophication that has led
to increased phytoplankton biomass (Kemp et al5p@®creased water clarity (Gallegos 2001),
increases in the severity and geographic extesgagonal hypoxia (Breitburg 1990; Boicourt
1992; Hagy et al. 2004), and decreases in submargeatic vegetation (Kemp et al. 1983; Orth
and Moore 1983; and Orth et al. 2002). Thus, stsoltope geochemistry has helped
researchers to identify links between terrestaiatiluse and anoxic conditions (and the
subsequent transformation of the estuarine foodfwel primarily metazoan driven to
bacterially driven) as well as the potentially asment effects of both man and climate (Malone
et al. 1986; Malone 1992; Curtin et al. 2001; Janket al. 2001 and others).

Hoefs (1997) defines an isotope as an atom ofeamesit whose nuclei contain the same
number of protons but a different number of newgrethat is, isotopes are atoms of the same
element with different atomic mass. The key togs$sotopes to study biogeochemical
processes is fractionation, or the discriminatlmutt ot exclusion) of an isotope so that there is
either enrichment or depletion of one isotope irgddb another as a function of either isotope
exchange (the redistribution of isotopes withonoétreaction) or kinetic effects (unidirectional
change governed by physical processes or enzyFas)e(1986). Isotope fractionation occurs
because of differences in atomic weight (i.e., noifésrences) and the corresponding variation

in an atom’s vibrational energy. Put simply, heaisotopes of an element have less vibrational
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energy and greater bond strength than lighterpgsstocausing them to react (exchange) at
differing measurable rates (Hoefs 1997).

Stable isotope values are normally reported mdesf deltad), which is presented as a
per mil (%o0) value. Delta values represent theedhce between a sample reading and an
international standard. Delta values are detemnising the following equation:

[(RsampLe— Rstanparp)/Rstanparo]*[1000] = dd%o
in which the R value represents the ratio of thevies isotope to the lighter isotope. For
example, for carbon, the R value is equaf@s*<C.

Isotopes commonly used in biogeophysical studyarecicarbon, nitrogen, sulfur, and
oxygen.

Carbon occurs in three isotopic fornf€ (98.89 %);°C (1.11 %), and'C
(cosmogenic and not stable). The internationabmotstandard (&anparb)
for carbon is PDB (PeeDee Belemnite Cretaceousdiiomin South
Carolina) (how PDB-V).

Nitrogen occurs as two isotopé8y (99.64 %) and®N (00.36 %) with an
international isotopic standard4RRparp) Of atmospheric nitrogen ¢N
Sulfur has four isotope&’S (95.02 %)>S (00.75 %)>'S (04.21 %), and
%3 (00.02 %) and an international isotopic stan@@&gaoaro) from the
Canyon Diablo Troilite (CDT) meteorite.

Oxygen appears in three isotopic forfi& (99.63%) 'O (00.0375%), and
%0 (00.1995%). The international standargrkRoaro) for oxygen is
Vienna Standard Mean Ocean Water (VSMOW), a raeddid version of
Standard Mean Ocean Water (SMOW) used to asseggmxyotopes

since the 1960s.
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Summary and Anticipated Products

In addition to this introduction (Chapter 1), Che2 describes the human history of the
Eastern Shore of Virginia as it reciprocally infhees and is influenced by the biogeophysical
parameters of the region’s terrestrial and agquatstem. Chapters 3 and 4 present the
rationale, methods, results, comparisons, and asiuris of model analyses of the Eastern
Shore’s natural-human systems in 1880 and 192@pt€h5 relies on these systems analyses
to present a theoretical argument for extendingtmeept of an ecosystem to include socio-
economic information that originates outside ofgeegraphical area of examination when it
materially changes system properties. Chapterar@apresented in the form of research
papers, each of which will be submitted for pulilmain peer-reviewed journals. The titles

of these chapters (papers) are as follows:

Chapter 2. Biogeophysical Features of the EasteoneSof Virginia: The
Impact of Natural Commodities and Resource Managéme
Choices on the Peninsula’s Socio-Economic History

Chapter 3. A Model of the Natural-Human SystemlenEastern Shore of
Virginia Circa 1880: The Implications of Selecteechinology
and Socio-Economic Factors on System Dynamics

Chapter 4. The Natural-Human System on the EaSteone of Virginia: A
Comparison of Life in 1880 and 1920 Using HistdriRacords,
Isotope Analysis, and Systems Modeling

Chapter 5. Extending Ecosystem Theory to IncludemBmic Information

and Market Forces in Natural-Human Systems: A Gasdy of
the Eastern Shore of Virginia in 1880 and 1920

The thesis summary in Chapter 6 assesses the biicgaieations and intellectual
significance of this work, including detailed dission of the research value of explanatory

modeling, the use of interdisciplinary data to mficsystems modeling, and the proposed
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extension of the definition of an “ecosystem’iclude knowledge that originates outside of
the geographical area of study. The summary gt discuss logical next steps to this
approach to research, both on the Eastern Shorim dlnel field of natural-human systems
modeling in general.

Appendix A provides details about data used tamaterize the 1880 model while
Appendix B provides the same information for the@@nodel. Appendix C and Appendix
D include the code produced in ModelMaker 4.0 Far 1880 and 1920 system models.
Appendix E is a reprint of Thomas, Barnes, ando842007) and Appendix F presents
isotope data for a core sample from Nandua Creé&lcaomack County. A complete list of

references used throughout the paper is includenhiog the appendices.

References

Abel, T. and Stepp, J. R. (2003). A new ecosystecosogy for anthropology. Conservation
Ecology 7(3): 12.

Adger, W.N. (2000). Social and ecological resilienare they related? Progress in Human
Geography 24(3): 347-364.

Andre, F.J. and Cardenet, M.A (2009). Definingoght policies in a general equilibrium
model: a multi-objective approach. Socio-EconomanRing Sciences 43:192-200.

Ayres, R. U. (2001). The minimum complexity of egdaous growth models: the role of
physical resource flows. Energy 26(9):817-838.

Bateson, G. (1973). Steps to an Ecology of Mincér@da, London, UK.

Berkes, F. (ed) (2002). Navigating Social-Ecolobfgstems : Building Resilience for
Complexity and Change. Cambridge University Prégsst Nyack, NY.

Boicourt B.L. (1992). The influences of circulatiprocesses on dissolved oxygen in
Chesapeake Bay. In Smith D., Leffler M., and Maaki@ G. (eds) Dissolved
Oxygen in Chesapeake Bay. Maryland Sea Grant: @okark, MD.

Bonn, D. (2005). Biocomplexity: Look at the Wholgpt the Parts. The Lancet 357(9252):
288.



34

Box, G.E.P. (1979). Robustness in the strateggiehsific model building. In Launer, R.L.
and Wilkinson, G.N. (eds.), Robustness in Stasticademic Press, New York,
NY.

Bradley, R.S., (1985). Quaternary Paleoclimatoldgien & Unwin, Boston, MA.

Bratton, J.F., Colman, S.M., and Seal, R.R. (20B8jrophication and carbon sources in
Chesapeake Bay over the last 2700 yr: human impactntext. Geochimica et
Cosmochimica Acta 67(8): 3385-3402.

Breitburg D.L. (1990). Nearshore hypoxia in the €dmeake Bay: patterns and relationships
among physical factors. Estuar Coast Shelf Sci%:609.

Brown, J.H., Gupta, V.K., Li, B.L., Milne, B.T., R&epo, C., West, G.B., (2002). The fractal
nature of nature: power laws, ecological compleaityg biodiversity. Phil. Trans. R.
Soc. Lond. 357: 619-626.

Brown, et al. (2002). Millenium Ecosystem Assessin2003. Ecosystems and human well-
being: global assessment reports. Island Presshivi¢gisn, DC.

Bryson, R.A. and Murray,T.J. (1977). Climates ofrigar: Mankind and the World's
Changing Weather, University of Wisconsin Pressdigian, WI.

Carpenter, S., Brock W., and Hanson P. (1999).dfpchl and social dynamics in simple
models of ecosystem management. Conservation Bc8I@y: 4.

Carpenter, S. R., and Cottingham K. L.. (1997).iliRkexe and restoration of lakes.
Conservation Ecology 1(1): 2.

Casagrandi, R. and Rinaldi, S. (2002). A theorktparoach to tourism sustainability.
Conservation Ecology 6(1): 13.

Cherwell Scientific Limited (2000a). ModelMaker Regnce Guide. Cherwell Scientific
Limited, Oxford, UK.

Chesapeake Bay Program (2002). The State of theaPbhake Bay. U.S. Environmental
Protection Agency and the Chesapeake Bay ProgrdiceQAnnapolis, MD.

Chief Seattle (1854). In Young, J.W.S. (2004). ArRework for the Ultimate Environmental
Index — Putting Atmospheric Change Into Contexti/Btistainability. Journal of
Environmental Monitoring and Assessment 46(1-25-139.

Christiansen H.H., Bennike, O., Bocher, J., e2002). Holocene environmental
reconstruction from deltaic deposits in northeaste@land. Journal of Quaternary
Science 17(2): 145-160.

Conklin, H.C. (1957). Hanunoo agriculture. Repdran integral system of shifting
cultivation in the Philippines. FAO Forestry Devetoent Paper No. 5. Food and
Agriculture Organization of the United Nations, Raritaly.



35

Cooper, S.R. and Brush, G. (1991). Long-term hjstérChesapeake Bay anoxia, Science
254: 992-996.

Cronon, W.B. (1983). Changes in the Land: Indi&@dpnists, and the Ecology of New
England. Hill and Wang, New York, NY.

Cropp, R. and Gabric, A.J. (2002). Ecosystem adiapteDo ecosystems maximize
resilience? Ecology 83(7): 2019-2026.

Curtin, P. D. et al. (eds.) (2001). Discovering @feesapeake: The History of an Ecosystem.
The Johns Hopkins University Press, Baltimore, MD.

Dale, M.B. (1970). Systems Analysis and Ecologylggy 51(1): 2-16.

Daly, H. (1997). Beyond growth: The economics aftainable development. Beacon Press:
Boston, MA.

Davidson-Hunt, 1.J. and Berkes, F. (2000). Envirentrand Society through the Lens of
Resilience: Toward a Human-in-Ecosystem Perspeddreceedings: International
Association for the Study of Common Property Coerfiee, Indiana University, May
31-June 4, 2000. http://dic.dlib.indiana.edu/arefd@000244/00/davidson_hunti
041500.pdf.

De Leo, G.A. and Levin, S. (1997). The multifacetsgects of ecosystem integrity.
Conservation Ecology [online], 1(1): 3. http://httwww.consecol.org/voll/issl/art3.

Deutch et al. (2002). The critical natural capitbécosystem performance as insurance for
human well-being. Ecological Economics 44: 205-217.

Diamond, J. (1997). Guns, Germs, and Steel: Thesk#tHuman Societies. W.W. Norton &
Company, New York, NY.

DiCastri, F.D. (2000). Ecology in a Context of Eoanic Globalization. Bioscience 50(4):
321-332.

Dostoevsky, Fyodor (1990). The Brothers Karamakawrar, Straus, & Giroux, New York,
NY.

Ehrlich, P. (1968). The Population Bomb. Buccarimrks, Inc., Cutchogue, NY.

Ehrlich, P. and Birch, L. (1967). The “Balance dadthire” and “Population Control”. The
American Naturalist 101(918): 97-107.

Elser, J. and Steuerwalt, M. (2001). Biocomplex¥fhat it is and why do we need it now?
http://esa.sdsc.edu/factsheetbiocomplexity.htm)dgpcal Society of America.



36

Engstrom, D.R., Swain, E.B., and Kingston, J.C8B)9Palaeolimnological Record of
Human Disturbance from Harvey 's Lake, Vermont: ¢heonistry, Pigments and
Diatoms. Freshwater Biology 15(3): 261-288.

Faure, G. (1986) Principles of Isotope Geology,efiNew York, NY.
Few, A.A. (1992). System Behavior and System MaaglRice University, Houston, TX.

Foster, D., F. Swanson, J. Aber, |. Burke, N. BmkR. Tilman, and A. Knapp. (2003). The
importance of land-use legacies to ecology anderwasion. BioScience 53:77-88.

Frost T.M., DeAngelis D.L., Bartell S.M., Hall D,&ind Hurlbert S.H. (1988). Scale in the
design and interpretation of aquatic community aeste In Carpenter S.R. (ed).
Complex Interactions in Lake Communities. Springeriag, New York, NY.

Fulford, R.S., et al. (2007). Effects of oyster plagion restoration strategies on
phytoplankton biomass in Chesapeake Bay: a flexitideling approach. Marine
Ecology Progress Series 336: 43-61.

Gallagher, R. and Carpenter, B. (1997). Human-datethecosystems. Science 277: 485.

Gallegos C.L. (2001). Calculating optical water lijydargets to restore and protect
submersed aquatic vegetation: overcoming problearpsaititioning the diffuse
attenuation coefficient for photosynthetically aetradiation. Estuaries 24:381-397.

Geertz, C. (1963). Agricultural Innovation: The &ees of Ecological Change in Indonesia.
University of California Press, Berkeley, CA.

Gibson, C., Ostrom, E. and Ahn, T.K. (2000). Thaaapt of scale and the human
dimensions of global change: a survey. Ecologicainemics 32: 217-239.

Greenberg, J.B. and Park, T.K. (1994). Politicablegy. Journal of Political Ecology 1: 1-
12.

Haber, H. et al. (2006). From LTER to LTSER: Cortoepzing the Socioeconomic
Dimension of Long-term Socioecological Researchyl&gy and Society 11(2): 13.
[online] URL: http://www.ecologyandsociety.org/vdliss2/art13/

Hagy J.D., Boynton W.R., Keefe C.W., and Wood K2004). Hypoxia in Chesapeake Bay,
1950-2001: Long-term change in relation to nutrieatling and river flow.
Estuaries 27:634—658.

Haramis, G.M., Jorde, D.G., Macko, S.A., and Wallddr. (2001). Stable-Isotope Analysis
of Canvasback Winter Diet in Upper Chesapeake Bhg.Auk 126(2).

Harrigan, P., Zieman, J.C., and Macko, S.A. (1988 base of nutritional support for the
gray snapper (Lutjanus griseus): An evaluation td&sea combined stomach content
and stable isotope analysis. Bulletin of MarineeBice 44(1): 65-77.



37

Horrigan, S.G., Montoya, J.P., Nevins, J.L., andJdhy, J.J. (1990). Natural isotopic
composition of dissolved inorganic nitrogen in Gigesapeake Bay. Estuarine,
Coastal and Shelf Science 30(4): 393-410.

Hoefs, J. (1997). Stable Isotope GeochemistryngpriVerlag, New York, NY.

Holling, C.S. (1973). Resilience and stability abegical systems. Annual Review of
Ecology and Systematics 4: 1-23.

Holling, C.S. (1994). Simplifying the complex: Tparadigms of ecological function and
structure. Futures 1994 26(6): 598-609.

Hughes, T.P. et al. (2005). New paradigms for sttppmpthe resilience of marine
ecosystems. Trends in Ecology and Evolution 2GB8)-386.

Ibenholt, K. (2002). Material flow accounting antbeaomic modeling. In R. U. Ayres and L.
W. Ayres, editors. A handbook of industrial ecoloBgward Elgar, Northampton,
Massachusetts, USA.

Jackson, J.B.C., Kirby, M.X., Berger, W.C., et(@001). Historical Overfishing and the
Recent Collapse of Coastal Ecosystems. Science6293638.

Janssen, M.A. (2004). Agent-based models. In bfgrand P. Safonov, editors. Modelling
in ecological economics. Edward Elgar, Northampdagssachusetts, USA.

Janssen, M.A. and Ostrum, E. (2006). Empiricallgd®h Agent-based Models. Ecology and
Society 11(2): 37.

Kangas, P. (2004). Ecological economics began eif &xas bays during the 1950s.
Ecological Modelling 178: 179-181.

Kareiva, P., Watts, S., McDonald, R. and Bouche(2007). Domesticated Nature: Shaping
Landscapes and Ecosystems for Human Welfare. Scitf: 1866-1870.

Kay, J.J. (1991). The concept of ecological intiygalternative theories of ecology, and
implications for decision-support indicators. Irickr, P.A., Kay, J.J. and
Ruitenbeek, H.J. (eds.), Economic, Ecological, @adision Theories: Indicators of
Ecologically Sustainable Development. Ministry eipply and Services Canada,
Ottawa, Canada.

Kemp W.M., Boynton W.R., Adolf J.E., and Boesch DaRd 13 others (2005).
Eutrophication of Chesapeake Bay: historical treami$ ecological interactions. Mar
Ecol Prog Ser 303:1-29.

Kemp W.M., Boynton W.R., Stevenson J.C., TwilleyRR.and Means J.C. (1983). The
decline of submerged vascular plants in upper Giegdae Bay: summary of results
concerning possible causes. Mar Technol Soc J 4898



38

Kirby, M.X. and Linares, O.F. (2004). Fishing dotire Coast: Historical Expansion and
Collapse of Oyster Fisheries along Continental MexgProceedings of the National
Academy of Sciences of the United States of Ametiz(35): 13096-13099.

Lacitignola, D. et al., (2007). Modelling socio-éagical tourism-based systems for
sustainability. Ecological Modelling 206: 191-204.

Lajtha and Michener (1994). Stable isotopes in@ppobnd environmental science.
Blackwell Scientific Publications: Oxford.

Landry (2001) Biography of Thomas Robert Malthusg@-1834),
http://www.bluepete.com/Literature/Biographies/Blidphy/Malthus.htm, last
modified April 2001, Dartmouth, Nova Scotia, Canada

Lansing, J.S. and Miller, J.H. (2003). CooperatioBalinese Rice Farming, unpublished.

Lash, J. (2001). Dealing with the Tinder as weltresFlint, Science 294: 1789.

Levy, J.K., Hipel, K.W., and Kilgour, D.M. (200Q)sing environmental indicators to
guantify the robustness of policy alternativesoartainty. Ecological Modelling
130: 79-86.

Lindeman, R.L. (1942). The trophic-dynamic aspdaamlogy, Ecology 23:399-418.

Locke, A. and Sprules, W.G. (1994). Effects oElacidification and recovery on the
stability of zooplankton food webs. Ecology 75(298-506.

Lotspeich, F.B. (1995). Balancing ecology with emmiics as an objective of ecological
economics. Ecological Economics 15: 1-2.

Lubchenco, J. (1998). Entering the century of t@renment: A new social contract for
science. Science 279: 491-497.

Ludwig, et al. (1997). Sustainability, StabilityydaResilience. Ecology and Society 1(1).

Ma, H. et al. (2009). Using a fisheries ecosystemd@hwith a water quality model to explore
trophic and habitat impacts on a fisheries stockage study of the blue crab
population in the Chesapeake Bay. Ecological Mauglin press.

MacAvoy, S.E., Macko, S.A., and Garman, G.C. (20@&btopic turnover in aquatic
predators: quantifying the exploitation of migrat@rey. Can. J. Fish. Aquat. Sci.
58(5): 923-932.

Malone, T.C. (1992). Effects of water column pra@esson dissolved oxygen, nutrients,
phytoplankton and zooplankton. In Smith, D.E.,le{exds) Oxygen dynamics in the
Chesapeake Bay. Maryland Sea Grant, College Pdpk, M

Malone, T.C. et al. (1986). Lateral variation ie firoduction and fate of phytoplankton in a
partially stratified estuary. Mar. Ecol. Prog. S&2: 149-160.



39

Marcus W.A. and Kearney M.S. (1991). Upland andstalasediment sources in a
Chesapeake Bay estuary. Annals of the Associafiégmmerican Geographers 81(3):
408-424.

Marsh G.P. (1864). Man and Nature, or, Physicalgiguhy as Modified by Human Action.
Belknap, Cambridge, MA.

Marsh G.P. (1874). The Earth as Modified by Humatigh. Scribner, Armstrong &
Company, New York, NY.

Michener W.K., Baerwald T.J., Firth P., et al. (2DMefining and unraveling
biocomplexity. BioScience 51(12): 1018-1023.

Murdoch, W.W. (1970). Population regulation and yafion inertia. Ecology 51(3); 497-
502.

Muir, J. (1869). In Limbaugh, R.H. and Lewis, K(Eds) The John Muir Papers, 1858-1957.
University of the Pacific, Stockton, CA.

Nelson, G.C. et al. (2006). Anthropogenic Driveir&oosystem Change: an Overview.
Ecology and Society 11(2): 29.

Odum, E.P. (1953). Fundamentals of Ecology, W.BinSars, Philadelphia, PA.
Odum, H.T. (1971). Environment, Power, and Socitifey-Interscience, New York, NY.

Odum, H.T. (1973). Energy, ecology and economioyaRSwedish Academy of Science.
AMBIO 2(6):220-227.

Odum, H.T. (1977). The ecosystem, energy and hwales. Zygon 12(2): 109-133.

Odum, H.T. (1996). Environmental Accounting, EMER@Nd environmental decision
making. Wiley, New York, NY.

O’Neill, R.V. and Kahn, J.R. (2000llomo economua keystone species. Bioscience
50(4):333-337.

Orth, R.J. and Moore, K.A. (1983). Chesapeake Bag genprecedented decline in
submerged aquatic vegetation. Science 222: 51-53.

Orth, R.J. et al. (2002). Habitat quality and pseae as determinants of survival in post-larval
and early juvenile instars of the blue c@llinectes sapidusMar. Ecol. Prog. Ser.
231: 205-213.

Paine, R.T. (2002). A Conversation on Refining@umncept of Keystone Species.
Conservation Biology 9(4): 962-964.

Park, R.E. (1936). Human Ecology. American Jouof&ociology 42:1-15.



40

Pasternack, G.B., Hilgartner, W.B., and Brush, @800). Biogeomorphology of an upper
Chesapeake Bay River-Mouth tidal freshwater mangstlands 20(3): 520-537.

Peterson, B.J. and Fry, B. (1987). Stable isotapesosystem studies. Ann. Rev. Ecol. Syst.
18:293-320.

Peterson, D.L. and Parker, T. (eds) (1998) Ecolgicale: Theory and Applications.
Columbia University Press, New York, NY.

Peterson, G.D. (2000). Political ecology and edckilgesilience: an integration of human
and ecological dynamics. Ecological Economics323-336.

Peterson, G.D. (2002). Estimating resilience aciassscapes. Ecology and Society 6(1):17.

Pimm, S.L. (1992). The Balance of Nature? Ecolddgsues in the Conservation of Species
and Communities. University of Chicago Press, Giocal.

Preston, B.L. and Shackelford, J. (2002). Multigtieessor effects on benthic biodiversity of
Chesapeake Bay: Implications for ecological riskeasment, Ecotoxicology 11(2):
85-99.

Rammel, C., Stagl, S., and Wilfring, H. (2007). Mgimg complex adaptive systems—A co-
evolutionary perspective on natural resource managé Ecological Economics 63:
9-21.

Rapport, D.J. et al. (1998) Evaluating landscatheintegrating social goals and
biophysical processes. Journal of Environmental &d@ment 53: 1-15.

Raven, P.H. (2002). Science, sustainability, aedtlman prospect. Science 297: 954-958.
Russell, K.M., Galloway, J.N., Macko, S.A., Moodyi.., and Scudlark, J.R. (1998). Sources
of nitrogen in wet deposition to the Chesapeake iBgion. Atmospheric

Environment 32(14-15): 2453-2465.

Scoones, |. (1999). New ecology and the sociahseig what prospects for a fruitful
engagement? Annu. Rev. Anthropol. 28: 479-507.

Shugart, H. H. (1998). Terrestrial Ecosystems iarigfing Environments, Cambridge
University Press, New York, NY.

Shugart, H.H. (2000). Ecosystem Modelling. In OdeaE. et al (eds) Methods in Ecosystem
Science. Springer, New York, NY.

Sluyter, A. (2003). Neo-Environmental Determinidnigellectual Damage Control, and
Nature/Society Science. Antipode 4(35): 813-817.



41

Steinman, A.D., Mulholland, P.J., Palumbo, A.Vuyiil T.F., and DeAngelis, D.L. (1991).
Resilience of Lotic Ecosystems to a Light-ElimioatDisturbance. Ecology 72(4):
1299-1313.

Steffen, W., A. Sanderson, P. D. Tyson, J. Jagek, Rlatson, B. Moore I, F. Oldfield, K.
Richardson, H. J. Schellnhuber, B. L. Turner Id & J. Wasson. 2004. Global
change and the earth system: a planet under pee&puninger, Berlin.

Stepp, J.R. et al. (2003). Remarkable Propertiétunfian Ecosystems. Conservation
Ecology 7(3):11-21.

Steward, J.H. (1955). Theory of Culture Change: Mie¢hodology of Multilinear Evolution.
University of lllinois Press, Urbana, IL.

Tansley, A.G. (1935), The use and abuse of vegetatconcepts and terms, Ecology
16:284-307.

Teilhard de Chardin, P. (1959). The phenomenonasf.rtollins, London, UK.

Thomas, W. G., Barnes, B.M., and Szuba, T.A. (200f& Countryside Transformed: The
Eastern Shore of Virginia, the Pennsylvania Railf@and the Creation of a Modern
Landscape, Southern Spaces, http://www.southeraspmg/contents/2007/
thomas/la.htm

Turman, N. M. (1964). The Eastern Shore of Virgiii@03-1964. Eastern Shore News, Inc.,
Onancock, VA.

U.S. Department of the Interior (1881). Census@&urlINo. 281. Statistics of the Fisheries of
Virginia at the Tenth Census (June 1, 1880). Gawenmnt Printing Office,
Washington, D.C.

U.S. Department of the Interior (1881). Statist€she Population of the United States at the
Tenth Census (June 1, 1880). Government Printifige)\Washington, D.C.

U.S. Department of the Interior (1883). Report o Productions of Agriculture as Recorded
by the Tenth Census: June 1, 1880. GovernmentirRyi@ffice, Washington, D.C.

U.S. Department of Commerce (1925). StatistichiefRopulation of the United States at the
Fourteenth Census (June 1, 1920). Government myi@ffice, Washington, D.C.

U.S. Department of Commerce (1950). Census Desmmgpbdf Geographic Subdivision and
Enumeration Districts, 1830-1950. Government RrgnOffice, Washington, D.C.

Veldkamp, A. and Fresco, L.O. (1996). CLUE: A Cautceal Model to Study the Conversion
of Land Use and its Effects. Ecological Modelliriy 253-270.

Vernadsky, V.l. (1945). The biosphere and that phese. American Scientist 33: 1-12.



42

Vitousek, P. M., Mooney, H.A., Lubchenco, J. andile J.M. (1997). Human Domination
of Earth's Ecosystems. Science 277: 494-499.

Watson, R.T. and Zakri, A.H. (2003). Ecosystemsldathan Well-Being. Island Press,
Washington, D.C.

Wayland, M. and Hobson, K.A. (2001). Stable carbotpgen, and sulfur isotope ratios in
riparian food webs on rivers receiving sewage arng-mill effluents. Can. J.
Zool./Rev. Can. Zool. 79(1): 5-15.

Webster, J.R., Waide, J.B., and Patten, B.C. (1N&ient recycling and stability of
ecosystems. In Howell, F.G., Gentry, J.B., andt§nl.H. (eds), Mineral cycling in
southeastern ecosystems. United States EnergwniRbsend Development
Administration, Washington, DC.

Weinstein, D.A., Shugart, H.H., and Brandt, C.®83). Energy Flow and the Persistence of
a Human Population: A Simulation Analysis. Humamlggy 11(2): 201-225.

Western, D. (1998). Human-modified ecosystems anhdd evolution. Proc. Nat. Acad. Sci.
98(10): 5458-5465.

Xu, J. and Hood, R.R. (2006). Modeling biogeocheiniycles in Chesapeake Bay with a
coupled physical-biological model. Estuarine, Calbahd Shelf Science 69:19-46.

Zimmerer, K.S. (2000). The reworking of conservatyeographies: Nonequilibrium
landscapes and nature-society Hybrids. Annalseofsociation of American
Geographers 90(2): 356-369.

Zimmerman A.R. and Canuel, E.A. (2002). Sedimerdac¢aemical Records of
Eutrophication in the Mesohaline Chesapeake Baynbi. Oceanog. 47(4): 1084-
1093.

Zuchetto, J.J. (2004). Reflections on Howard T. @duwaperEnergy, Ecology and
EconomicsAmbio, 1973. Ecological Modelling 178:195-198.



43

Chapter 2. Biogeophysical Features of the Easterrh8re of Virginia: The
Impact of Natural Commodities and Resource Managenrg Choices on the
Peninsula’s Socio-Economic History

Abstract

The Eastern Shore of Virginia, which forms the keut tip of the Delmarva Peninsula, is
perhaps best defined by is its proximity to, andadyic relationship with, both the
Chesapeake Bay to the west and the Atlantic Oae#gs ¢ast. With its complex settlement
history, rich documentary resources (both histbaca scientific), and location at the mouth
of one of the world’s most productive estuarieg, Hastern Shore offers an ideal site for the
study of the complex dynamics of natural-humanesyist Like many areas, but perhaps
more than most, the economic health, social stracand core culture of the Eastern Shore
of Virginia was, and is, intimately linked to itexeronment. This paper explores the natural-
human system that evolved at this interface betwemastrial and estuarine settings, as well
as the critical role natural commodities (i.e.nfarg and fishing harvests) played in the
development of the social and environmental histditye peninsula. It also describes links
between land use practices and the health of tesaieake Bay that have degraded the
Bay’s benthic habitats and, consequently, causeflicobetween agricultural and fishing
interests in the region. This interdisciplinary exaation of the history, geography, and
ecology of the Eastern Shore of Virginia and Cheakp Bay serves as a powerful example
of man’s role as a critical component of the urifi@tural-human system.

Introduction

It is confidently believed that in no other regiafithe world can so many of
the good things of life be obtained so readily ahduch moderate cost. The
abundance of oysters, fish, wild fowl, and mangothings that are
ordinarily in reach only of the wealthy, and theied products of farm and
garden here combine to nourish a people unsurpaissedergy, vigor, and
all the higher elements of human civilization.

— F.P. Brent (1891)

Reflecting on the debate about the relationshipvbeh man and nature, H.H. Barrows
asserted in the Annals of the Association of An&riGeographers (1923, pg 3),
“Geographers will, I think, be wise to view thisoptem in general from the standpoint of

man’s adjustment to the environment, rather thamfthat environmental influence. The
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former approach is more likely to result in theagaition and proper valuation of all the
factors involved, and especially to minimide danger of assigning to the environmental
factors a determinative influence which they doexart” [italics added]

Since that time, geographers, anthropologistspkgsts, historians, and
environmental scientists from many fields of inguiave continued to study the relationship
between man and the environment. Davidson-HunBares (2000) chronicle several
prominent efforts to characterize our place inaith nature as human ecology (Park 1936),
cultural ecology (Steward 1955), ethnoecology (Qionk957), population dynamics (Ehrlich
1968), ecological anthropology (Bateson 1973), mmvnental history (Cronon 1983), and
political ecology (Greenberg and Park 1994). Meently, the term “human ecosystem”
has been used to refer to systems in which the hepecies is a central agent (Vitousek and
et al. 1997; Stepp et al. 2003). Many now argaé ttiat the whole planet is a human
ecosystem, in that all Earth ecosystems have bdleenced by humans and, in spite of Mr.
Barrows argument from 1923, Zucchetto (2004, pg tRibtes an opinion originally
expressed by Odum (1971) that is now supporteddst contemporary researchers of the
subject: “... the cultures that say only what is gémdman is good for nature may pass and
be forgotten like the rest.”

Like all organisms, humans modify their environndius, assessing natural-
human dynamics demands not only an understanditigediiogeophysical components of
the system, but also relevant human dimensionh,ibderms of human impact on, and
societal response to, the changing environmenis imbludes human population growth,
resource consumption, and technological advancagefiR2002). Failure to account for
these capacities can lead to exaggerated or oefaulty appraisals of system dynamics.
For example, Malthus’ notable 1798 prediction ofriiment and recurring vice and misery

facing human societies (war, famine, and diseass)medicated on the belief that
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“population increases in a geometric ratio... while ineans of subsistence increases in an
arithmetic ratio” (Landry 2001). This assertiomfausly fails to account for human capacity
to alleviate misery through laws (e.g., land usegjal standards (e.g., sanitation), and
technological advances (e.g., enhanced productiviugh improved farming practices).
Yet, laws, standards, and technologies targetethatiging the natural resources and
commodities can create as many problems as theg @0bstanza 2000)—as was evidenced

on the Eastern Shore of Virginia in the 19th andye20th centuries.

A History of “Natural Commodity” Use on the Eastern Shore

An Eastern Shoreman with nothing but a piece ofmraamt for a bait and
a clam-shell for a sinker can catch enough crablsug a fishing hook
and line; with this he can soon catch enough fishuy a boat; with his
boat he can soon catch enough oysters to buy angfua farm; and a
man owning a farm on the Eastern Shore of Virgisithe most
contented and independent being in the world.

— The Honorable John S. Wise, 1891

Like many areas, but perhaps more than most, threoatic health, social structure, and core
culture of the Eastern Shore of Virginia was, andritimately linked to the environment. As
the Native American populations before them, eBtyopean inhabitants of the Eastern
Shore lived off both terrestrial and aquatic researthroughout their tenure on the peninsula
(Kirkley 1997). Burell et al. (1972) assert thia fishing business of the Eastern Shore is
probably the oldest industry in Virginia. And as back as the 17and 18th centuries, life

on the Eastern Shore was focused on agricultukedldgment and commerce via the
predominant transportation technology of the timé#psto Europe (Turman 1964).
Technology and market influences continued to diiaasformations in Eastern Shore life

throughout the 19th and 20th centuries, as evidkhgeshifts in the predominant cash crops
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from oats to white and sweet potatoes. Compettbagrow these products, as well as
changing market demand, contributed to these shifigriculture. Technology and market
forces also influenced the intensity of estuariaevbsts, leading to depleted oyster stocks, as
well as dramatic shifts in finfish catches from dharvesting—all compounded by then
unknown links between land use practices and eéstubealth.

Transportation technologies were integral drivekind these dynamics. Regular
steamship service was followed by the arrival eftthilroad and, later, the improvement of
the road system, all of which broadened demanthnatural commodities of the Eastern
Shore (farming and fishing) in distant markets. rétwer, improvements to fishing
technologies increased commercial opportunitiegisbermen, whereas the delivery of
guano and, later, nitrogen fertilizers directlyngtormed agricultural production and had
indirect, yet substantial, consequences on thesstuenvironment. The lens of history and a
thorough review of the biogeophysical setting & Bastern Shore helps us to study these
technological “pacts with the devil” (Spreng et2007) that were championed as sound
economic policy, efficient resource management,tandnological innovation throughout
the 19th and early 20th centuries.

PENNSYLVANIA

A Geophysical Introduction to the Eastern Shore
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(Figure 2.1) and runs from its northern border Withryland approximately 120 km to its

southern terminus at Cape Charles, ranging from2@5tkm wide and covering 1,290 kof

surface land area (Figure 2.2).
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Chambliss (1974) correctly recognizes three plysjohic formations that
characterize the Eastern Shore of Virginia penaasul

Mainland — Generally flat and ranging in elevatioom sea level to about 20 meters;

includes nearly all the agriculturally productiwls of the region.

Coastal Islands — A loose chain with sandy soitslaw elevation; buffers the main

peninsula from the Atlantic Ocean.
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Marshes — Low-lying, wet, grass lands that servia@sransition zone between land

and water; particularly productive biological syate

More generally, the Eastern Shore has been deda®a peninsular mainland penetrated by
numerous bayside tidal creeks to the west and taaffiecom the ocean by a string of low
barrier islands and associated marshlands to gt€®arrell et al. 1972). The numerous
bays, inlets, tidal creeks, and barrier islandskiomto form over 1,200 km of shoreline,
which constitutes nearly 25 percent of the statéifinia’s total shoreline. The Eastern
Shore also contains 47 percent of Virginia’s satshes (Eastern Shore Soil and Water
Conservation District 1972).

Soils.Eastern Shore soils are primarily sands, sandydpand loamy sands (Eastern
Shore Soil and Water Conservation District 197R)s of post-tertiary formation and a
function of the alluvial marine plain beginningMassachusetts and extending along the
Atlantic coast to the Gulf of Mexico. Surface dr@ge is sluggish due to the region’s low
elevation relative to sea level.

The soil is the basis for all agricultural and &iractivities and is approximately 90
to 115 cm deep over a fine or coarse sand substr&n unconfined aquifer, the Columbia,
occurs at a depth ranging from 8 to 20 meters begl@und elevation (Reay and Lunsford
1996). Unconsolidated sediments extend to bet®wé6rto 1,350 meters at which point they
transition to various igneous and metamorphic cengs at deeper levels (Eastern Shore Soil
and Water Conservation District 1972).

Although the Eastern Shore has nho major perenrfiallying streams, surface runoff
into tidal creeks connects terrestrial and aguastems. In addition to surface water runoff,
wind and shoreline erosion deposit sediments idjoiring aquatic systems. Anthropogenic

activity contributes significantly to this terraatrerosion and estuarine sedimentation (e.g.,
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Brush 1984; Donoghue 1990; Cooper and Brush 19&dtefhack et al. 2001; Christiansen et
al. 2002; and numerous others).

Climate.With respect to climate, the Chesapeake Bay reigigenerally
characterized as temperate, yet humid, and unthstamtial influence of the warm tropical
currents of the Gulf Stream (Kutzbach and Webb 20&1gure 2.3 shows that between 1955
and 2007, the average maximum temperature for diseeEh Shore was 19.7°C, with a
monthly range between 8.2°C (January) and 30.3ip)(JThe average minimum
temperature was 9.3°C with a monthly range betwg&tiC (January) and 20.4°C (July).

An average of 110.8 cm in total annual precipitafi@l during this time, with a maximum
average monthly rainfall of 11.9 cm (July) and aimium of 7.4 cm (November). Cronin et
al. (2000) report that since 500 BP the ChesapBakeaegion has undergone no fewer than
14 wet/dry cycles, four of which have occurred eid800. Stahle et al. (1998) argue that
extreme drought conditions may have played an itapbrole in human survival during

initial European settlement of the region. Abled&hortle (2000) corroborate this notion by
persuasively demonstrating that climate is a keyofan determining the productivity of

farming activities in the region surrounding theeGapeake Bay.

Average Monthly Temperature (*C) and Precipitation (cm) for Painter, Virginia (1955-2007)

Jan | Feb March Apr  May June  July | Aug | Sept  Oct | Nov | Dec | Annual
Avg Max. Temp (°C), 8.2 94 136 192 238 281 303 296 264 209 158 104 19.7
Avg Min_ Temp (°C} 14 07 29 76 127 176 204 196 162 102 54 07 9.3
Avg Total Precip (cm) 89 83 105 &1 &6 92 119 105 91 94 74 89 110.8

Source: Southeast Reg Period of Record - 12/1/1955 to 12/31/2007
http:/fwww_sercc.com/products/historical’historical_va.html
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The Chesapeake Bay

Perhaps the most significant facto
in the biogeophysical setting of thg
Eastern Shore of Virginia is its
proximity to, and dynamic
relationship with, both the
Chesapeake Bay and the Atlantic
Ocean. The Bay has as its origing
an impact crater formed about 35
million years ago when a large

meteorite crashed into the shallow

shelf on the western margin of the _

Atlantic Ocean (Powars 2000).

The 90 km wide crater (centered

g

/8

near the town of Cape Charles,
Virginia at the southern tip of the
Eastern Shore) caused terrestrial
stream flow to converge toward the|
depression and form the mouth of
the Chesapeake Bay (Figure 2.4).

Although the Chesapeake
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glacial and interglacial periods (Fisher and Schab@1l), the current mainland-marsh-
barrier island complex that constitutes the EasBtore of Virginia is a product of a late
Holocene sea level rise that most recently inurtiite Susquehanna River valley and
formed the current boundaries of the ChesapeakéBayeen 6,000 and 2,000 BP
(Donoghue 1990; Grumet 2000; and Boesch and GB#3)2 Figure 2.5 demonstrates sea
level change that accompanied glacial formationraetling throughout the past 40,000
years (Boesch and Greer 2003).

The Chesapeake Bay watershed
covers 17 million hectares throughout /7

portions of six mid-Atlantic states, including

New York, Pennsylvania, West Virginia,

Maryland, Delaware, and Virginia (Figure
2.6). It has a water surface area (excluding
tributaries) of 650,000 hectares and an
average depth of 8.4 meters. It is nearly 300
km long and, at its widest point, almost 47

km across. It has been classified as a

“drowned river” type of estuary (Cronin ?* -+6 & 8, =
%=H 8) )
1971; Donoghue 1990)—an extension ofthe F 7 * )$ ). =) 7*
5 '6 & 8, *

traditional definition of “estuary” described ~ “99-<

by Pritchard (1967) as “semi-enclosed coastal wad€dres which have a free connection to
the open sea and within which sea water is mealguddbted with freshwater derived from
the land.” The Chesapeake is the largest estanaheiUnited States and has, throughout
human history in the region, supported some ofatbed’s most productive fishery harvests

(Dauer and Alden 1995; Jackson et al. 2001).
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Human History on the Eastern Shore of Virginia

The farmers of the Eastern Shore are the most prosis and contented
agriculturists in the United States... for safe andfitable investments, these
lands offer unsurpassed inducements to capitalists.

— F.P. Brent (1891)

Settlement and Early History

Native Americans had lived on the Eastern Shorenimre than 10,000 years when Giovanni
Da Verrazano initiated European contact with tlggare in 1524 (Whitelaw 1968; Custer
1989; Grumet 2000). By that time, indigenous pesplad established an elaborate social
complex that was intimately linked to the natuedaurces of the Eastern Shore environment,
both terrestrial and estuarine in nature (RourdreeeDavidson 1997; Grumet 2000). By
1600, an estimated 30,000 - 60,000 Native Ameritimad along the borders of the
Chesapeake Bay (Miller 2001; Ubelaker and Curti®120 These native peoples lived in
villages, had a relatively complex social organaatengaged in several languages and
subcultures, and demonstrated considerable expéotisurviving in their environment.
Barnes (1997) reports that members of the Accomddxcohannock tribes hunted
shellfish, bird eggs, and seashells on the basi@nds on the Eastern Shore. And when
Captain John Smith first visited the Chesapeak®pdserved Indians who were well
acquainted with oysters and prized them as higayrdble and nutritious food (Wharton
1957). Kennedy and Breisch (2001) describe NatineeAcan oyster harvests occurring both
on foot and by canoe, while Badger (1992) asshkaisdarly European “settlers” discovered
that the American Indians had long shared thete ths oysters, as evidenced by the huge

mounds of shells in middens adjacent to Indiarag#ls. The Nanticoke Indians raked large
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piles of fresh oysters from creek bottoms with ‘fgle@ed forked sticks” and engaged in
feasts that “sometimes lasted several days” (Weiteiar1978).

European exploration was followed by permanenteseént with the establishment
of the 500-acre Accomack Plantation between ChiemgsCreek and Kings Creek (in
current Northampton County), which was first repraed in the General Assembly in 1624
(Nordstrom 1981). As has been commonly reportedpiean exploration of the “new
world” was at least partially driven by economi@splation. The first ships to arrive in
Virginia and the Eastern Shore came in searchigrdim vitae,” the highly valued hardwood
timber used in clockworks and ten-pin balls (Turm864). After all, by the 16th century,
England’s forests had largely been cut; moreovkeof &urope had only 25 tree species
suitable for construction and timber, whereas Néutterica had close to 525, many of which
were visible from the Chesapeake Bay and its taities (Silver 2001).

Captain John Smith’s summarized his view of thedapeake with his oft-quoted
assertion: “Heaven and earth have never agreeer bettrame a place for man’s
commodious habitation” (Turman 1964 and othersgt both historians and scientists have
noted that Smith, in addition to having conveyesgase of bounty about the Bay, also
mentioned a fish-kill in his initial foray into thegion: “...the abundance of fish, lying so
thick with their heads above water as for wantetbwe attempted to catch them with a
frying pan... neither better fish, nor variety of dhfigh had any of us ever seen in any place
so swimming in the water... and some we have fourad dgon the shore” (Schubel and
Pritchard 1971).

On March 14, 1634, Accomac County (encompassingittiee Eastern Shore) was
established as one of the original eight Virgimanmties, although the name was changed to
Northampton in 1643 (Turman 1964). In additiondatime fishing and salting expeditions

(Wharton 1957), a tobacco economy blossomed as sealh supplemented by the
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production of grains, beef, and hides. Theserlattiustries seemed well suited to the
Eastern Shore, as cattle were permitted to roaetyfkeithin the natural confines of the necks
of land situated between tidal creek “fences” (Rarhi997). Coastal trade flourished, as the
Eastern Shore was generously endowed with natartd ftidal creeks) that didn't require

navigation beyond the fall line (Rouse 1968).

Terrestrial Activities
In the late 19th century, Eastern Shore farms vgetecontained
units. They grew vegetables for the table and&be, and the corn
crop subsidized the livestock and poultry businessch in turn
provided eggs, milk, cheese, butter, hams and haawsage and
scrapple, soap and lard, and a frying chicken fon&y dinner.

— Curtis Badger (1986)

The 17th and 18th centuries had proven to be a@semn of settlement, growth,
conflict, and mild prosperity for European immigrabecoming Americans (the native
American population having been largely removddke much of Virginia, the Eastern
Shore found tobacco to be an important commercigd during these years, but by 1800,
tobacco was no longer the dominant cash crop okalseern Shore due its inferior quality
relative to that grown on mainland Virginia and tbes of its primary export market in
England following the War of Independence (ThonBesnes, and Szuba 2007). Despite the
labor-intensive nature of cotton farming, it so@tédme a significant cash crop. Technology
facilitated this shift upon the invention of thettom gin in 1793 and its first widespread use
on the Eastern Shore in 1812 (Turman 1964).

Between 1840 and 1880, market demand motivateaiEEaShore farmers to plant
oats as their primary means for making a profiorg however, the oats that had once

nourished the pockets of local farmers were feethieghorses of the Union cavalry during



the Civil War—because of the
unfavorable geographic position of
the peninsula with respect to defeng
from Union armies, the Confederacy
abandoned the Eastern Shore of
Virginia at the onset of hostilities,
and the Union Army occupied the

entirety of the peninsula for the

Bushels Oats

Oats Production on the Eastern Shore

(source: U.S. Census and U.S. Department of Agricul
National Agricultural Statistics Services 1840-1970
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Although tobacco, cotton,
wheat, Indian corn, and oats had
been the staple crops at various
times throughout the 18th and early
19th centuries, the period following
the Civil War introduced a radical

transformation in agriculture on the

Bushels Corn

Corn Production on the Eastern Shore

(source: U.S. Census and U.S. Department of Agricul
National Agricultural Statistics Services 1840-1970
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Moreover, although oats and corn had been proétatwps, the digging of northern canals
and the extension of the railroads from the Easstimto the fertile agricultural lands of the

West so cheapened these commodities in major Bastnkets that Eastern Shore farmers
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could no longer competitively price these productBaltimore, Philadelphia, and New York
(Nock 1900).

Prior to the Civil War, there had been only a fegamboats transporting products
and people between Baltimore and the Eastern SAtier.Civil War occupation, the first
permanent, large-scale, steamship company begeicesr the Eastern Shore (Mason
1973), and soon landings along the bayside creqdeneled potential markets for agricultural
and estuarine resources (Boesch and Greer 2033heBL880’s nearly every bayside creek
of sufficient depth (about eight feet) was beingvided with passenger and freight services
by the Eastern Shore Steamboat Company (Mears .1961)

While rail transportation had been introduced igland as early as the 17th century
and the first North American “gravity road” had besrected for military use in 1764, the
earliest map of the United States to indicate #istence of a commercial “tramroad” did not
arise until 1809 (in Pennsylvania) (Modelski 1925) the dawn of the railroad age in
America did not arrive until 1827 with the estabiligent of the Baltimore and Ohio Railroad
Company (Chambers 2000). The Virginia frontier, degelopment of its agriculture, and
exploitation of its natural resources was genegadiiemand for new ways to move people
and goods from one place to another, and by the’'488ilroads and steam powered trains
had been introduced to help meet these transpmrtageds (Modelski 1975). But this
society-changing technology had eluded the EaS&hkare until late in the 19th century. In
fact, the region an almost entirely unknown torémt of the world because of its comparative
isolation, due primarily to the lack of rail linkeg to the great centers of population and
commerce.

In an 1879 article itdarper's New Monthly Magazinéloward Pyle described an
Eastern Shore of Virginia that slumbered in “a Rgn Winkle sleep... floating in the

indolent sea of the past, incapable of crossingythiewhich separates it from outside modern
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life” (Pyle 1879; Thomas, Barnes, and Szuba 200H)s condition applied to many aspects
of Eastern Shore life including, in large partpfiarg. Paarlberg and Paarlberg (2000) assert
that well into the 19th century, a farmer from Qlgstament times visiting America would
have recognized many of the agricultural workestsg, practices, draft power, crop species,
and common irrigation techniques; and crop yieldsile have seemed unremarkable to such
a visitor. These perspectives aptly characteiieeoh the Eastern Shore, both in terms of the
general culture and agricultural efforts, throughtbe 19th century.

But Alexander J. Cassat had a different visiortlierEastern Shore. As president of
the Pennsylvania Railroad, he recognized the uethpptential in the two isolated Virginia
counties (Clark 1950). In 1883, Cassat construtttedNew York, Philadelphia, and Norfolk
Railroad connecting the southern land terminusiefMirginia peninsula (later Cape Charles
City) with Delmar, Delaware and, by extension, thst of the nationReninsula Enterprise
January 16, 1968, Vol. 5, p 16). It was no coianitk that the rail line ran directly down the
middle of the Eastern Shore—in addition to beirg lhnd with maximum elevation, it also
minimized delivery time for the perishable goodattivould become freight (Schotter 1927).
Rail transportation soon enabled the rapid delieéfgastern Shore produce to markets as far
as Boston and, in some cases, Canada. “Freskeapding fruits and vegetables” could be
delivered to New York in 12 hours, Boston in 20 tsp@and Montreal in 30 hours (Thomas,
Barnes, and Szuba 2007). “The railroad openedettideffields of the Shore to the waiting
larders of the nation. Agricultural products itbanage undreamed of by the previous
generation of Shoremen [would roll] Northward yeger year in an increasing volume”
(Peninsula EnterpriseAugust 8, 1936 Volume 5. p. 1).

Other technologies also contributed to the rapigtyeasing productivity of the
Eastern Shore. Although land had always been ptivdu(and maintained its productivity

despite being cultivated every year in corn, catsl, “trucks” since early settlement), farm
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land was being revitalized by burned oyster stedlsvell as the Magothy Bay bedbassia
Chamaecristy which was commonly recognized to be a goodladglber (Bailey 1911).
Commercial fertilizers, largely guano and nitragpdsits from the Caribbean and South
America (brought in by steamship), were also usetsiclerably. Moreover, the Eastern
Shore enjoyed the agricultural advantages of a dhitdate, abundant rainfall, and a long
growing season (Thomas, Barnes, and Szuba 200¥3)heAVirginia Commissioner of
Agriculture said of the Eastern Shore in 1879 ({%): “Its cultivation is exceedingly cheap,
as a one-horse plough is sufficient generally, lzardes require no shoeing, and vehicles and

farm utensils will last double as long as in theumtain regions.”

It has been said that but for rice the Chinese ags@ple and nation could
scarcely exist; and it can be said with equal trtitht but for the sweet
potato the Eastern Shore of Virginia and its peapteild not be by far what
they are today. It has not only brought comfdiguries, wealth, and
population, but to it more than to all the othesoairces combined perhaps
is due the present enviable social, moral, andledttual position of the
people of this section. It has brought the monag,the money has made all
of these other facts and conditions possible.

— N.W. Nock, 1900

Farmers on the Eastern Shore had raised sweebestas food for themselves, their
families, and their neighbors for many years, butas not until 1835 that the crop assumed
substantial commercial importance (Nock 1900)18i0, less than 300,000 bushels of sweet
potatoes were produced in Accomac and Northampiantees, whereas by 1900 over 2.5
million bushels were harvested on route to a pdailearly 4.2 million by 1920 (Figure 2.8a).
During the same period, Irish potato productioneased from 159,346 bushels (1870) to

more than 1.2 million in 1900 and over 7.5 millionl920 (U.S. Census 1870-1920) (Figure

2.8b). Although the total area of land croppedtanEastern Shore was, if anything, slightly
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(a) Sweet Potato Production on the Eastern Shore

(source: U.S. Census and U.S. Department of Agricul  ture,
National Agricultural Statistics Services 1840-1970 )
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(b) Irish Potato Production on the Eastern Shore

(source: U.S. Census and U.S. Department of Agricul  ture,
National Agricultural Statistics Services 1840-1970 )
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(C) Acres Cropland on the Eastern Shore Virginia

(source: U.S. Census and U.S. Department of Agricul  ture,
National Agricultural Statistics Services 1840-1970 )
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decreasing over these decades (Figure 2.8c), sanddtish potato acreage increased
substantially between 1880 and 1930, both in terinstal acres planted (Figure 2.8d) and
the proportion of acres planted on the EasterneStadative to the entire state of Virginia
(Figure 2.8e).

By the 1920s, the amount of freight handled aldveggeninsula was so great that 28
railroad depots were established along the 70 Imige(Clark 1951). As suggested by their
yield, sweet potatoes and Irish potatoes werequéatily valuable crops, with the Eastern
Shore becoming widely recognized as the “most faarsweet potato region in the United
States” (Brent 1891). Nock (1900) credits the pgdfom sweet potatoes, in particular, for
building the peninsula’s highways, railroads, bpstsres, schoolhouses, churches, and
homes... paying the teachers in the schools, thestamsiin the pulpits, and the lawyers at
the bar... creating banks and bankers, doctors angeta, preachers and teachers, and all
trades and conditions... healing the sick, feedimghiiingry, clothing the naked, and blessing
all the land.

In addition to crops, Eastern Shore farmers hadydwaised livestock as a matter of
standard practice. Beef, pork, lamb, poultry, ami#t, butter, and even cheese were all
“produced” to varying degrees and quantities thhmug the peninsula (Census of
Agriculture, 1840-1900). In fact, the natural bdanes of the Eastern Shore peninsula and
its tidal creeks were well suited to raising livaedt until a “no fence law” was established in
1896 (Barnes 1997). Previously, animals roameddlatryside freely, “fenced” only by the
natural confines of the necks of land between tdatks, and farmers were expected to
fence in their crops to protect them from the daineffects of grazing. After the law was
passed, livestock were required to be confinecebhgds of regulated size and construction or

else their owners would be responsible for damage do cropland (Turman 1964).
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Although there was already limited commercial iagtnn livestock farming (likely
due to limitations in transporting meat productisis change in practice placed a tangible
burden on livestock owners and most surely contieithto diminishing interest in raising
animals. Alternatively, the law’s effect of protiag crops from roaming foragers certainly
was welcome to planters. As such, and in conteastop production, data show both the
number of hogs and sheep at their apex in 1840r{wéeords were first collected) and
decreasing consistently thereafter (Figure 2.9)w£also generally decreased in number
after a peak in 1890 (Figure 2.10a). The ongomedrfor dairy production in the period
prior to refrigeration may have contributed to ttidayed decrease in the milk cow
population (compared to hogs and sheep) until tigelle of the 20th century, at which point
even most farm families probably purchased daiogdpcts from grocery stores. Although
the number of hogs, sheep, and eventually cowsdsed substantially between 1840 and
1970, active, albeit small, populations remainedugh the 1950s, perhaps because of the
realized benefits of raising animals for farm userk and food) and local commercial gain
(i.e., sale to neighbors on the Eastern Shore).

In contrast to hog, sheep, and cow populationsntimeber of horses and mules
showed little change until 1870, at which pointrtheras a steady and substantial increase in
the number of these working animals that were tdrdmute so much to the growth and
productivity of Eastern Shore agricultural actiiiigure 2.10b). Perhaps not surprisingly,
the number of horses and mules peaked in 1920\shefore the introduction of the tractor
and the truck, neither of which were reported ost&a Shore farms prior to 1930. Upon the
availability of these two new pieces of technolatipe number of horses and mules decreased
severely, presumably because the duties of thedengaanimals had been assumed by their

mechanized replacements (tractors and trucks) (&ig110c). In fact, Eastern Shore farm
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use of tractors and trucks was quite heavy, outgambmparable use throughout the rest of

Virginia quite substantially (Figure 2.10d and Fig2.10e).

Hogs on the Eastern Shore Sheep on the Eastern Shore

(source: U.S. Census and U.S. Department of Agricul  ture, National

(source: U.S. Census and U.S. Department of Agricul  ture, National
Agricultural Statistics Services 1840-1970)

Agricultural Statistics Services 1840-1970)
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Between 1870 and 1920 the average value of farmiaselfrom $16 to $137 per
acre in Accomac and $15 to $197 in Northamptonrddeer, in 1910, Accomac boasted the
highest per capita income of any non-urban counthé United States and, in 1919,
Northampton and Accomac had the highest crop vadaescre in the nation (Thomas,
Barnes, and Szuba 2007). Clearly, agriculturefleasishing on the Eastern Shore of
Virginia. Curiously, this trend toward increasifagm productivity on Accomac and
Northampton counties occurred at a time when thieedrStates was otherwise generally
shifting its economic focus away from agricultuiarestry, and fisheries and toward mining,

manufacturing, construction, utilities, and sersi¢dakicenovic et al. 2000).
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(a)

Cows on the Eastern Shore

(source: U.S. Census and U.S. Department of Agricul
Agricultural Statistics Services 1840-1970)
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(b) Horses & Mules on the Eastern Shore

(source: U.S. Census and U.S. Department of Agricul
Agricultural Statistics Services 1840-1970)

ture, National

—e— Accomack County —s— Northampton County ES VATotal
5,000 15,000
4,000 12,500
£ 10000
2 3,000 3
o Bl
§ g 7,500
E 2,000 z /
H £ 5000
€
2
1,000 2500
0 0
o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o
2858853338385 53 3838833898388 53
Year Year
Number Horses/Mules versus Tractors & Trucks
(C) Eastern Shore Virginia 1880-1970 (d) Average Number of Trucks per Fa_rm
—a— Number of Horses/Mules —e— Number of Tractors (source: U.S. Census and U.S. Department of Agricul  ture,
Number of Trucks National Agricultural Statistics Services 1840-1970 )
14,000 1600
—e—Accomack  —s— Northampton Virginia (State)
12,000 1400 2.50
» 10,000 1200 o
. ]
8 E E 200
S 1000 ©
2 8,000 b uw
g ® ¢ @
E 800 g § 1.50
5 6,000 = 5
3 600 5 =
E 4000 é [} 1.00
z 400 E g /
2,000 200 a;’ 0.50
< A———A/‘/
0 e e 0 0.00
Q ) o O
F LS F L 1920 1930 1940 1950 1960 1970 1980
Year Year
(€) Average Number of Tractors per Farm ) Farm Number versus Size in Acres
(source: U.S. Census and U.S. Department of Agricul ~ ture, Eastern Shore 1880-1970
National Agricultural Statistics Services 1840-1970 ) .
—a— Number of Farms —e— Awerage Size of Farms (Acres)
—e—Accomack  —=— Northampton Virginia (State)
5,000 250.0
450 4,500
£ 4.00 4,000 200.0
g 350 » 3,500 8
B £
g 3.00 5 3000 1500 T
= 2.50 5 2,500 8
= 2.00 g @
= 2 2,000 100.0 3
(3
S 150 2 1500 s
5 1.00 1,000 500 <
Z 050 500
0.00 4 i 0 00
1920 1930 1940 1950 1960 1970 1980 1880 1890 1900 1910 1920 1930 1940 1950 1960 1970
Year Year
2% 9> = 4 # ) =
= =8* ' ; "< 8 4
# ' = ! '"C # @3#
& 3#. * ) % * # # ) 09 :"9




64
In addition to changes in crop selection, harvestunts, the role of livestock, the
introduction of tractors and trucking technologydarofitability, other transitions occurred
in Eastern Shore farming as well. Since settleraadtthrough the early 20th century, farm
ownership had traditionally passed from fatherawss with a father dividing his farm in
shares to his male inheritors. In this way, atiagl small number of larger estates were
broken into a larger number of smaller farms, thgggromoting the growth of a healthy
middle class (Brent 1891). With access to newtgldished markets, Eastern Shore family
farming was becoming Eastern Shore family busiaesss as the productivity statistics above
demonstrate, business was good. By 1920, there4y6& farms on the Eastern Shore with
an average size of 53.7 acres, both an increabe imumber of farms (and, in fact, a peak) as
well as a decrease in size (the lowest point)ikedab 1880 (Figure 2.10f). Three issues were
to reverse this trend dramatically between 192018¥®: (1) there was a practical limit to
the size of a farm needed to support a family,iargpite of improvements in farming
technologies (e.qg., fertilizer use and machinexyfgrmer could no longer divide his land
with the expectation that the remaining parcelsaizg enough to support the families of
more than one heir; (2) an economic depressionarate 1920s and early 1930s led to
defaults on annual seed loans and a substantidderuof foreclosures; and (3) coming out of
the depression, individual farms were consolidatéunllarge-scale agrobusiness, thereby
leading to a new model for farming that focusectorporate management and efficiencies of
scale—and a smaller number of larger farms.

Eastern Shore Forestafter the arrival of European settlers, the temabt
environment of the Eastern Shore and greater ChakafBay region was significantly
altered by deforestation. While there is amplelence that Native Americans burned forests
for hunting and cleared land for settlements, tfaesof disturbance was relatively low, and

in fact inconsequential, relative to the size & ldindscape (Miller 2001). After European
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contact, however, the scale and significance adréstation increased substantially, with the

most extensive land clearance occurring betweeb a8d 1930, a timeframe that has been

referred to as “the period of commercial agricudtun the Chesapeake Bay watershed

(Brush 1989) (Figure 2.11). Schneider (1996) ahers acknowledge that natural processes

(e.g., biome shifts resulting from glacial to pdatigl periods) surely contributed to the

changing composition and pattern of forests inamodind the Chesapeake Bay throughout

history, but most scholars believe that anthropagactivity is the predominant factor in the

formation of the modern landscape (Brush 1989; BA#91; Cooper 1995; Pasternack et al.

2001; and Brush 2001). Prior to Euro eaJn
) P Deforestaton of the

settlement, the Chesapeake Bay watershed Chesapeake Region
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Aquatic (Estuarine) Activities

And what does [the Chesapeake Bay] mean? Honastlyrdelligently
managed, it means untold wealth... The people... haeber heritage

than the coal-fields of Pennsylvania or the silireruntains of Colorado.

The two latter may, they must, become exhaustgchagjoes on; while,
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with some little wise and faithful care, the Che=alge will bring, year
after year, millions of dollars... This may seem sinavagant
statement; but, if you will consider the facts, yall find that it is but
sober truth.

— B.N. Martin, 1891

Burell et al. (1972) assert that the fishing busnef the Eastern Shore is probably the oldest
industry in Virginia. In fact, the first Virginigovernment routinely sent fishing parties
around the southern tip of the Eastern Shore pelainand fishing played a substantial role
in the economy and survival of settlers since eselylement. Wharton (1957) records a
report by settler John Rolfe in 1621: “At Dalestlifeing upon the sea near unto Cape
Charles, about thirty miles from Kecoughtan [Hanmptare seventeen inhabitants under the
command of Lieutenant Cradock. All these are fedimaintained by the Colony. Their
duty is to make salt and catch fish.”

Kirkley (1997) notes that although fishing waslbatmeans for survival (food) and
commerce (profits), the commercial fishing indugtmough most of the 1800s was relatively
undeveloped with respect to Virginia’'s greater exow. In fact, commercial yield wasn’t
substantially developed until the mid 1800s anénethen, it was primarily oysters
(Quittmeyer 1957). Goode (1887) notes that fistsegreatly increased in both extent and
value after 1865, corresponding with advances th bwethods for preserving and
transporting products. The cessation of hostiif@lowing the Civil War and improved
fishing technologies likely contributed as well.

U.S. Commission of Fish and Fisheri@n February 9, 1871, the U.S. Congress
established a federal Commission of Fish and Fsfiemandating that it study “the causes
for the decrease of commercial fish and aquatimals in U.S. coastal and inland waters, to

recommend remedies to Congress and the states) amdrsee restoration efforts.” The
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purpose of the U.S. Fish Commission was statetTaskeep up, if possible, by all means in
their power, the supply of fish; to give, not forday but for years to come, food and
occupation to our peopleNew York TimedOctober 3, 1880).

For the next thirty years, the Commission deplaygdesearch vessels on the
nation's waterways and oceans, trained fisherytagemocument catches, collaborated with
scientists on biological and technical innovatianrs] established numerous fish hatcheries.
The first fishing statistics for the Eastern Shof®/irginia were reported by the U.S.
Commission of Fish and Fisheries in 1880. Evahsadescribed conditions on the Eastern
Shore as lacking suitable transportation and, theresuitable markets. They also noted the
plethora of part-time fishermen involved in East8hore fishing activities, contributing to a
total of 764 men engaged in shore fisheries in Awomand Northampton counties. These
fishermen employed 668 vessels, 17 pound-netsgill2gets, and 12 seines (Goode 1887).

Harvests and Characteristic€atch data statistics provided by the Commission f
1880 showed harvests of 2,300 dozen (27,600 inaiNg) terrapinsNlalaclemys terrapip
8,000,000 or 27,500 bushels of quahdgsrcenaria mercenariathe Atlantic round clam),
37,910 pounds of shadlpsa sapidissimi 799,663 pounds of Spanish macke@}lfium
maculatua, 1,003,167 pounds of bluefisBRgmatomus saltatr)x 1,143,000 pounds of gray
and salmon troutQynoscion regalimndCynoscion maculatjs411,000 pounds of
sheepshead\¢chosargus probatocephalysand 1,512,399 pounds of other fish, referred to
as “miscellaneous” in the 1880 Census, for a witd],893,729 pounds harvested in 1880.
The two counties also caught 15,876,000 menhadens{ Bulletin No. 281, 1991).

Kirkley (1997) presents a comprehensive descrptiomany of the finfish caught in
the waters of the Chesapeake Bay in the 19th atidc2dituries, as shown in the following
graphs and supplemented with information from thesapeake Bay Ecological Foundation

(http://www.chesbay.org), the Maryland Departmertlatural Resources
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(http://www.dnr.state.md.us/), and the ChesapealeHseld Office of the U.S. Fish and

Wildlife Service (http://www.fws.gov/ChesapeakeBay)

Shad (Alosa sapidissima )
Landings in Chesapeake Bay
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Gray trout Cynoscion regallis

also known as seatrout or weakfish
closely related to croaker, spot, and black drum

highly prized by consumers

the primary commercial gear used to harvest g@y in Virginia is the gill net

once plentiful in the Chesapeake Bay with a histdrgubstantial population

fluctuations

Striped Bass ( Morone striatus )
Landings in Chesapeake Bay
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Menhaden (Brevoortia tyrannus )
. . Landings in Chesapeake Bay
member of the herring family
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an adult fish can filter up to a million gallonswéter every 180 days
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an extremely important prey species for many pagdish, including striped bass,
bluefish, weakfish, and spanish mackerel

occur in large schools, sometimes appearing owaraksquare acres

highly vulnerable to harvesting
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the Chesapeake Bay, its tributaries, the Atlantied, and other coastal bays
a pelagic schooling species that primarily tramegioups of like-sized fish
voracious predators and sight feeders

feed primarily on anchovies, white perch, Amerisaad, alewife and blueback
herring, and striped bass in the Chesapeake Bay

can live to be 12 years old and can reach 40 inchiesigth (Figure 2.15)

Blue crabs Callinectes sapidys

Blue Crabs ( Callinecies sapidus )
likely the most prized species Landings in Chesapeake Bay

of Virginia seafood (currently) 100,000,000

highly desired by consumers 75000000 1
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although crab traps, scrapes,

and trotlines are also used (Figure 2.16)

Hard clam Mercenaria mercenaria

also known as quahog, littleneck, top neck, chéongs or chowder clams based on
differing market qualities

a highly valued Virginia species

highly desired by consumers

commonly found in shallow, high salinity waters paediverse range of bottom
types

primary harvesting areas in Virginia are the lod@mes River, the York River, and
seaside of the Eastern shore

primary gear is the patent tong



Oyster Crassostrea virginica

71

also known as the Eastern oyste
American oyster, and Virginia
oyster

the “prima donna” species of
Virginia

the oyster fishery of Virginia
once supported thousands of

people
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(Figure 2.17)

A Focus on the Virginia Oyster

The Chesapeake Bay, from which is gathered a lpoggon of the
oysters cultivated in America, is a magnificentibas which
Providence seems to have accumulated every negassadition for
forming an admirable location for the fishery.

Because of the primacy of the Eastern oyster irttitteiral and economic history of the

— M. p. de Broca, 1862

Eastern Shore of Virginia, it is appropriate tovéelleeper into the organism’s rich

relationship with humans. How important were ogsste the Eastern Shore? The oyster

beds in the waters around Accomac County were ls@bke that this one county had nearly

as many men and as much capital engaged in therimygstndustry as all the other counties
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in the Virginia combined (Brent 1891). Northamptohcourse, engaged in the commercial
enterprise substantially as well.

The Chesapeake Bay is one of the world’s mostddaod-producing estuaries, and
the Eastern oyste€fassostrea virginicpis its most valuable seafood crop (Kennedy and
Breisch 2001). In fact, when John Smith firstesdiinto the Chesapeake in 1608, he wrote
that oysters “lay as thick as stones”—so profuségct, that they made navigation difficult
(The Economis?008). Wharton (1957) quotes Francis Louis Michdfrench visitor to the
Bay in 1701, noting “the abundance of oystersasddible. There are whole banks of them
so that the ships must avoid them. A sloop, whiels t land us at Kings Creek, struck an
oyster bed, where we had to wait about two hourthiotide. They surpass those in England
by far in size, indeed they are four times as largéten cut them in two, before | could put
them into my mouth.” Ingersoll (1887) asserts thatmost prolific and valuable beds of the
19th century were nearly equally divided betweemyiéad and Virginia. In addition to
value as food, oyster shells were used in a wideyaf manners, serving as roads and foot
paths, “filling” for wharves, fortifications, anéitway embankments, ballast for boats, food
for poultry, material for lime, and as a spreadmgexhausted fields as a component in
fertilizers.

The exploitation of valuable oyster beds incredbealighout the second half of the
19th century as the population grew along the @aes$t. Dredging, which had been unlawful
in Virginia waters since 1811, was legalized in 388thout any corresponding effort to
protect stocks or prevent the destruction of oystierctures (Cronin 1986). By 1875, 14
million bushels were harvested from the Chesapéatenedy and Breisch 1983) as
oystermen, brokers, and consumers treated thevbals if they were an unlimited resource.
Oysters were dredged day after day and seasorsafison both winter and summer (Badger

1992). Such disregard of the possibility of limissupply led to the depletion of the oyster
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beds, and oyster yields peaked in the late 18@8s @ferfishing had reduced the vast oyster
beds of the Chesapeake Bay to a few percent dhatigvels (Jackson et al. 2001). Thus,
for all practical purposes, the oyster industry dissovered, exploited, and in danger of
collapse within a single century (Cronin 1986; Kedy and Breisch 1983).

Businessmen, consumers, politicians, and scismishdered whether they could
preserve existing oyster beds or make new onegifMEB91). Fortunately, there was a long
history of artificial encouragement and cultivatioihoyster beds on which to rebuild the
Chesapeake Bay oyster population. Credit for tts¢ ¢ultivated oyster beds is generally
attributed to Sergius Orata, a Greek Praetor iB.@7 Historian Valerius Maximus, writing
in A.D. 29, describes how Orata enclosed Lucrinkelta preserve the tranquility of the
waters, the oyster grounds and, ultimately, thehfreondition of the delicacy (Gunther 1897).

Pliny, the ancient author and natural philosophédds that Orata realized great profit
from the oysters he cultured (U.S. Commission shkind Fisheries 1873). Ancient Romans
prized oysters and used pack horses to carry thadked in baskets of ice, snow, and hay,
inland from northern European coasts. Orata, dstadal artificial oyster beds at Baiae, near
Naples, where he also built a palace to host miagnif parties during which thousands of
oysters were consumed (Badger 1992). The anciemiaRs ground shells for use in skin
ointments, road surfaces, and to mend baths (@raiao recognized as the inventor of the
hypocaust, a hanging thermal bath used by Rom&as}t(2003).

Like the fishermen of the Eastern Shore in thé t@ntury, the Romans had to
overcome issues of preservation and transportdttbey were to enjoy their oyster delicacy.
To accomplish this, they devised a “dérmgeze” in which oysters and other perishables were
stored during hot weather. Badger (1992, pg 92¢miges a 1949 archaeological find in
Carinthia with “a room with a close-fitting doortseithin a shaded rock wall. The ten-by-ten

room had a clay floor and white washed walls. Arstse led to a deeper rock cellar, covered



74
with hard, waterproof whitewash. During the winRosmans brought snow here and packed it
until it was the consistency of ice. In the cemtiethis room was the actual ‘ice box,” a
compartment lined with larchwood and fitted witbteainer and lid. Refrigeration was also
aided by an ice cold spring, with waters flowingedily beneath the chamber.”

Back in the 19th century, the U.S. Coast and Gio8earvey decided to commission
a study of the extensive oyster grounds in Tarmier Pocomoke Sounds. Results of this
two-year survey (1878-79), known commonly as thgl@aSurvey after the native Virginian
who was selected to chart all of Virginia’s natuwgster grounds, included descriptions of
the structural and biological differences betwelgiero(harvested) grounds and new grounds
that had yet to be fished (Kennedy and Breisch E®BBadger 1992). Winslow (1881)
concluded from the findings that an informed Consiais free from political interference
should be convened to oversee management of ther dighery, asserting that it must: (1) be
empowered to prevent exhaustive dredging; (2) pt@eunds with young oysters; (3)
enforce a closed season that included the spavpeingd; and (4) attempt to control pests

and predators (Kennedy and Breisch 1983).

Estuarine Decline

The wealth of our waters can only profit us in tiséng. It is not
expedient to restrict the taking of fish and oystexcept so far as such
restrictions are necessary to maintain supply.rdsiore our fisheries to
their former conditiorfunderline added for emphasis], to maintain
production at the largest limit compatible with pgnence, and to so
regulate the conditions as to make these indusgrieBtable to the
largest number of people who subsist by them.

— M. McDonald (1880)

Fishing and fish products had become significatibnal issues by the late 19th century and

the premier newspaper in the nation reported om thhequently, oftentimes citing the
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importance of the industry both commercially anédsod source, as well as the plight of

declining populations and diminishing harvests.

“As population augments and with it there is aaaisil want of food, unless artificial
propagation of fish is carried on, the natural sypphardly commensurate with the

increasing demandNew York Timeé~ebruary 24, 1880)

“It should be remembered that the demands forféisd increases enormously every
year.”New York TimegfOctober 3, 1880)

“People in this country are hardly familiar withetllast amounts of capital placed in
our fisheries, the number of men employed, or Hréed interests which all centre
[sic] in fish. Then the next census appears, thi#ybe amazed at the extent of the
fisheries and the important position they assuntberindustries of the country.”
New York TimefOctober 3, 1880)

“Direct fishing, whether by nets, pounds, seinest dr gill nets, so notably
increased during the last 20 years, must have asedethe number of fishNew
York TimegDecember 11, 1880)

Indeed, declines were clear. In addition to sutigtbdecreases in the Chesapeake Bay
oyster population, the late 19th century also bhbulgclines in many finfish species. Shad
catches were declining by the summer of 1879 (GA&®¥) and, by 1900, the sturgeon,
which had helped support the early colonizatioNiofinia, had all but disappeared (Kirkley
1997). Kennedy and Breisch (2001) identify severalrring and related themes in the

history of Chesapeake Bay fishing:
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The decline of the early fishery was predominaathgsult of overfishing and
ineffective conservation efforts. Nineteenth ceytields faded and catch records of

the 20th century show a sharp and enduring decline.

Political considerations, rather than limited bgital knowledge, have frequently

hampered efforts to improve fishery management.

Key management steps that have helped sustainubiie fishing grounds generally
have focused on conservation. Replanting, culslaamd expanding and protecting
natural refuges are needed to help ensure the &iondor future population

recovery.

Conflict Between Terrestrial and Estuarine Resourtikse
The men (laboring class) who ought to cultivategbig despise the
implements of the soil, because by oystering birfistwo days in the
week during “the season” they can make enough bsistithemselves
and their families without touching the plough, thattock, or the hoe
during the rest of the year.

— Fish Commissioner, State of Virginia, 1877

For many years, decreases in the harvest of conmdtgiicnportant fin- and shellfish in the
Chesapeake Bay were generally assumed to be aaéthik overfishing (Wallace 1951).
But Jackson et al. (2001) assert that the extinst@aused by overfishing only foreshadowed
other persistent human disturbances to coastaysterss, including pollution, degradation
of water quality, and anthropogenic climate change.

Although climate has undoubtedly affected watalityithroughout the history of
the Chesapeake Bay (Brush 1991), the relativeénties of climate change and
anthropogenic activities were hotly debated thraugthe 20th century with regard to

impact on the transformation of the estuarine sygteéooper and Brush 1991). Newcombe
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and Horn (1938) first reported benthic anoxia i Bay, which has since been corroborated
by many (e.g., Karlsen et al. 2000).

Links between terrestrial land use and anoxic itimme (and the subsequent
transformation of the estuarine food web from prilganetazoan driven to bacterially
driven) have been authoritatively established withdiminishing the potentially concurrent

effects of climate (Malone et al. 1986; Malone 1,984artin et al. 2001 and others) (Figure

2.18).
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and metal and toxin loads in surface runoff haeegased (Brush 1991). The byproducts of
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these trends, eutrophication, turbidity, and andxée increased in the Chesapeake Bay as
well (Cooper 1995). In addition to this “bottom”ygerturbation, overfishing can lead to an
anthropogenic “top down” disturbance to the estagystem as well (Micheli 1999).

Boesch et al. (2001) believe that the roots ofogliication began with land clearing
in the 18th century, well before the mechanizeddstrof oysters in the late 19th century. At
first, people thought the Bay would recover if patbn from municipal sewers and factories
were reduced, but the dynamics have proven todye nomplicated (Woodard 2001).

There are perceived conflicts between Eastern Stwrenunities that rely on fishing and
those that farm the land. Fishermen now believeealgural runoff—not overharvesting—
has been largely responsible for degraded fisheTiis transformation of the estuary
benthos and food web surely has had profound irptios on Bay production (e.qg., finfish
and shellfish) and resource management—many ofhwdrie potentially devastating to the

economic viability of those watermen
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of four subcategories: Habitat (Wetlands, Fore&effiers, Underwater Grasses, and
Resource Lands/Runoff Filters), Pollution (Toxibsssolved Oxygen, Water Clarity, and
Nitrogen/Phosphorous), and Fisheries (Crabs, Reltk@ysters, and Shad). As seenin
Figure 2.19, the middle of the 20th century demmastl a severe and largely unrecovered
decline in Bay health as measured by the indexreMecent efforts to manage the watershed
environment (e.g., “Chesapeake Bay Agreements98811987, 1992, and 2000) may have
contributed to the relative stabilization seerhia past thirty years, although Bay health is

still characterized as “dangerously out of balarimethe index (Baker 2008).

Conclusions

The interplay of human and environmental histonjfied as natural history, abounds with
examples of man assuming the inexhaustibility eéirs resources—there only to meet the
needs of us, the stewards of the planet. In mayswthis is the story of the people and
bountiful resources of the Eastern Shore of Vilgini

The biogeophysical setting of the Eastern ShoMimgfinia at the interface of
terrestrial and aquatic systems provided a myrfathtural resources, first, to Native
Americans and, later, to European settlers. Thegdetween 1880 and 1920, in particular,
witnessed tremendous change in the technologieklalato people living on the Eastern
Shore. Some of these changes were new innovdtotise time, while other technologies
were not new in their own right, but only in these that they became available to people on
the Eastern Shore for the first time.

Lotspeich (1995) correctly applies a unified agmtowhen describing economics as
a subset of ecology. He argues, in fact, thatéiciology that drives economics given that our

biophysical infrastructure serves as the founddtiomll economic activity. In other words,
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ecosystems provide the natural capital necessamdokind to exist, and it is our natural
resources that are the raw materials for any drt@duction, fuel for transportation, and
food for the workforce.

Precisely because of the interconnectedness ofamé environment, Lacitignola
(2007) argues that the analysis of socio-ecologigsiems requires “an integrated assessment
of ecological, social, and economic factors.” Tiiteénate connection between people and
their environment is intensifying and our biogeogibgl system has become, at least to some
extent, a product of our economic, social, andomati security interests (Lubchenco 1998;
Hughes 2005; and others).

Although this paper examines natural-human systanesigh the lens of past
history, many researchers believe that the futapact of human activity on the natural
environment is both global and increasing (e.g.st&fm 1998; Kareiva 2007; and numerous
others). Rather than limiting our perspective smim accommodation of his environmental
constraints, however true that may be, we now r@sognize the reciprocal perspective—
man’s unique role in transforming his environmeBtit more than even this, the overarching
message of the history of the Eastern Shore ofiMags the interconnectedness of man and

nature to form a single, unified natural-human eiyst
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Chapter 3. A Model of the Natural-Human System onhie Eastern Shore of
Virginia Circa 1880: The Implications of Selected Echnology and Socio-
Economic Factors on System Dynamics

Abstract

The Natural-Human System — Eastern Shore of Viagih880 (NHS-ESVA:1880) model is
presented as an interdisciplinary tool for studyengiplex natural-human system dynamics.
More specifically, it examines people as a critmamnponent of the natural system on the
Eastern Shore of Virginia, which forms the south@rrof the Delmarva Peninsula, and is
perhaps best defined by is its proximity to, andadyic relationship with, both the
Chesapeake Bay to the west and the Atlantic Oae#is €ast. Unlike many environmental
models that rely nearly exclusively on biogeophgbitata to identify system (model)
components, processes, and parameters, the iciphaiary NHS-ESVA:1880 model also
incorporates a rich set of socio-economic datawlesé self-reported to U.S. Census
enumerators by the people who lived, farmed, asttefi in the system during the 1880 U.S.
Census. NHS-ESVA:1880 was developed using Modedivialkt.0 and is comprised of a
human demographic model and four linked submodejscultural productivity, farming
costs, estuarine productivity, and fishing codtg} simulate energy balances, human
population dynamics, terrestrial land use and agitical harvests, estuarine productivity and
fishing harvests, critical technological and ecormoomponents influencing farming and
fishing activities, and the links between terregtand estuarine systems. Simulations of the
natural-human system on the Eastern Shore in 1880 a farming enterprise that generated
enough calories to feed a growing human populatigatified in the model by gender, race,
and age class. However, farms were shown to opatate annual financial loss that was
unsustainable without financial support from fighinterests. The simulation of advances in
farm technologies (e.g., more intense fertilizex)uscreased farm productivity and income,
but had a negative effect on fishing harvests andme due to then-unknown linkages
between terrestrial and estuarine systems (imnirfign practices caused increased erosion,
runoff, and nutrient loads, intensified salinityadients, eutrophication, and benthic anoxia).
The broader implications of NHS-ESVA:1880 includgroving our understanding of
coupled natural-human dynamics and, perhaps mgrertantly, serving as an example of
the potential significance of interdisciplinary apaches to the analysis of natural-human
systems.

Introduction

Like many areas, but perhaps more so, the econmsaith, social organization, and core

culture of the Eastern Shore of Virginia was, andritimately linked to the environment. In

fact, perhaps the most significant factor in baih $ocio-economic and biogeophysical
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settings of the Eastern Shore of
Virginia is its proximity to, and |
dynamic relationship with, both the ( - ans;'c?/:?g?r:gre
Chesapeake Bay and the Atlantic
Ocean (Figure 3.1).

Situated at the southern tip of
the crescent-shaped Delmarva
Peninsula at latitude 3B0’ N and

longitude 758 45’ W, the isolated neck

of land known as the Eastern Shore of

Virginia runs approximately 120 km ?* 64 # T7* ; <
from its northern border with ) . ' . 3_#
Maryland to its southern terminusat & 8., *° ?'199'_< 6" ;"™+0<
Cape Charles at the mouth of the Chesapeake Blag.p@ninsular mainland is generally flat,
with a peak elevation of about 20 meters and ahwiaihging from 8 to 25 km, encompassing
a total of 1,290 kfof surface land area. Its numerous bays, intietsl, creeks, and barrier
islands combine to form over 1,200 km of shorelimeich accounts for nearly 25 percent of
Virginia’s total shoreline and approximately 47 gt of the state’s salt marshes (Eastern
Shore Soil and Water Conservation District 1972).

This proximity to a myriad of natural resourcessvagparent to John Smith upon
arrival in the region in 1608, as evidenced bydfisjuoted assertion: “Heaven and earth
have never agreed better to frame a place for nemmsnodious habitation” (Turman 1964

and others). In the Chesapeake Bay, Smith and Btivepean explorers “discovered”

30,000 to 60,000 Native Americans engaged in dvoedde social complex grounded in the
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abundance of the terrestrial and estuarine sydRaar(tree and Davidson 1997; Grumet
2000; Miller 2001; Ubelaker and Curtin 2001).

Like the Native American populations before thewswly European inhabitants lived
off both aquatic and terrestrial resources througktizeir tenure on the peninsula (Kirkley
1997). In addition to routine fishing and saltexpeditions, life on the Eastern Shore in the
17th and 18th centuries focused on agriculturattigpment and commerce (Turman 1964).
Although dependence on natural resources nevegelatechnology and market-driven
influences transformed the natural-human systepoutiivout the 19th and 20th centuries, as
evidenced by shifts in the predominant cash crogs bats and corn to white potatoes and
sweet potatoes. These changes in crop selectimmnoe a function of local taste or changes
in growing conditions; rather, they were motivabgdmprovements in transportation
technology and its effects on competition with Mastern farmers to deliver products to
eastern urban centers like Baltimore, Philadelria, New York (Nock 1900).

Seafood harvests, themselves driven in largelgyachanging market forces and
advancing transportation technologies, showed diarshifts in finfish yields and oyster
stocks as the 19th century ended (and since)jrikgt between terrestrial land use and the
degradation of the estuarine habitat were hothatebthroughout the 20th century (Cooper
and Brush 1991).

Boesch et al. (2001) believe that several unreizegriinkages between the
terrestrial and estuarine systems began with l@ating in the late 18th century and were
amplified by the introduction of more intensiverfang practices during the 19th century and
increased fertilizer use in the"™6entury, although many terrestrial/estuarine dogpl

processes in the Chesapeake watershed have oattlyeloeen established authoritatively
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(see, for example,

Malone et al. 1986;

Cultivation » Deforestation

Malone 1992; Curtin ef] \ l

Plow pans

al. 2001; and others).

Increased nutrients Increased erosion & runoff
Since the introduction l
of European land use ,

Eutrophication Increased freshwater discharge
practices (i.e.,
deforestation plough Bloomideath in water column; Changes in salinity gradients
’ seftling and decay at bottom & vertical stratification

pans, fertilizer use, Berthic anoxia

erosion, and runoff), l
Transformation from a metazoan to microbially dominated food web
the system now (i.e., the oysters die)

demonstrates greater

. 2% -
freshwater discharge & 8. 6
(Bosch and Hewlitt 0)
1982), increased . ) x = ?:
sedimentation rates o = -( 1), :-99 <) I ;_)99 <

(Pasternack et al.

2001), and higher nutrient loads from fertilizersurface runoff (Cerco et al. 2002). The

consequences to the estuary include increasedropbication, turbidity, vertical

stratification, and benthic anoxia, thereby transiag the benthos from a metazoan to

microbially dominated food web (Cooper 1995). @leaerrestrial land use choices

influenced the health of the Chesapeake Bay (Figte

Although both farming and fishing contributed sfgrantly to the region’s once

flourishing socio-economic system, there is a Inystd tension between Eastern Shore

farming practices and fishing interests. While ‘tingprovements” in agricultural
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technologies and operations were vital to the prodo of commercial crops on the Eastern
Shore, the resulting transformation of the estimnthos and food web had profound
implications on finfish and shellfish harvests, @fhhas had a devastating effect on the
economic viability of those watermen and commusitteat depend on Bay production for
their livelihoods (in addition to being environmalhy distressing to the Chesapeake Bay
ecosystem).

A thorough assessment of this biogeophysical sysiteough this lens of human
history permits us to examine the rich and comgdidanatural-human system on the Eastern
Shore of Virginia, including the complex procesded connect terrestrial and estuarine
systems. Set at the interface of terrestrial aptc systems, the region and its inhabitants
are especially suitable for the study of biocomiyexvhich has been defined by Michener et
al. (2001) as “properties emerging from the int@ypf behavioral, biological, chemical,
physical, and social interactions that affect, @nstor are modified by living organisms,
including humans.” Investigation of this historicgistem allow us to examine the unintended
consequences of human action as well as some &etheoncerns facing the study of
biocomplexity including, for example, how systemiiwmiving components such as people

respond to stress (Elser and Steuerwalt 2001).

Review of Related Modeling Efforts

Models, at their most basic, simplify complexityadevel that is appropriate for describing
systems and advancing our understanding of sysymiamndgics. Depending on the system
being studied, the tools used to create the madelrelevant research objectives, models can
vary greatly in design, complexity, and scale. yftange from single species/material

compartment (box) models to community/trophic laweldels, three dimensional
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hydrodynamic models, airshed models, watershed Isidded use/land change models, and
complex ecosystem and resource management modebs rgview of these types of
modeling activities see Xu and Hood 2006; Ma e2@09; and Andre and Cardenet 2009).

Environmental modeling has traditionally reliecarig exclusively on biogeophysical
data to identify system (model) components, pragsnd parameters. Although there is
great value in this approach to modeling, thesesichl features—biological, chemical,
geological, and otherwise—do not reflect the ergpectrum of system properties in a
human-dominated world. Human activities modify anly the structure and function of
ecosystems, but also their interaction with theosiphere, aquatic systems, and terrestrial
components (Vitousek et al. 1997; Brown et al. 200eby and Linares 2004). These
changes are not insignificant. In addition toratig the surface properties of the Earth,
human actions can affect local and global climaig @her large and small scale processes
(Shugart 1998).

Precisely because of the interconnectedness ofamguenvironment, the analysis of
socio-ecological systems requires “an integratsdssnent of ecological, social, and
economic factors” (Lacitignola 2007). Social stigts now recognize the impact of ecology
on human behavior (Keller 1997; Evans and Morar22Q@st as ecologists have begun to
recognize the importance of the history of huméiviig as a critical component of
ecological study (e.g., Harding et al. 1998). HgR606), for example, contends that
understanding contemporary socio-ecological systeqpgires the study of historical human
and natural antecedents to reconstruct currergmsystates because past ecological
conditions, social structure, and historical evemtdeniably influence structures and
functions in contemporary socio-ecological syst¢higure 3.3). Thus, socio-ecological

models that integrate multiple dimensions, suchasmomic and ecological dynamics over a
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range of temporal scales, are
_ _ _ Ecnsyﬁtemﬁ Natural Socio?
especially appropriate for analysis ' Resource Use Economics
: e _ I :
of human-natural systems (Ayres ' Classical E;‘;ystem Study i !
| N _ l
2001; Ibenholt 2002; Foster et al. SN |
: Extended Ecosystem Study i
- sl
2003). —~
Kunstadter et al. (1963) Long-Term Socio-Ecological Research
: : on Natural- Human Systems
were recognized as developing the
?* 6 '

first computer simulation in the field ( *

! ;-99+<
of anthropology—a model of the
probability of human survival based on demographigability and mating rules (Dyke
1981). Others followed suit and extended purepagraphic models to incorporate
environmental characteristics such as settlem&sd EThomas 1972) and subsistence patterns
(Zubrow 1975). By the late 1970s, computationabgowas growing and systems modeling
was on a trajectory toward accommodating increfgicgmplex natural-human systems
(see, for example, Odum 1977; Weinstein et al. 1@8Rim 1996, Lansing and Miller 2003;
Zuchetto 2004; etc.).

One early human ecosystem model was NUNOA, whidhlated a hypothetical
population of individuals, families, and extendadflies in an agricultural and herding
community in the high Andes. This model focusedmp and livestock productivity,
environmental events (e.g., frost and droughtsyjlfaenergy balances, and their effects on
births, deaths, marriages, and resource sharintl®Jintegrated a family submodel, crop
submodel, and herd submodel to assess how regiomaibnmental factors and social
choices interacted to affect population dynamicgiftein et al. 1983).

More recently, Lansing and Miller (2003) presema@hematical game theory model

to explore the effects of cooperative agricultymactices and other social conventions (water
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temples) employed by modern Balinese rice farmethe face of varying environmental
conditions (droughts and outbreaks of crop pestg)pablic policy (government mandates to
introduce new crops). The model helps researétientify and assess critical components of
this natural-human system that is effectively maablgy farmers without centralized control
in spite of highly fragile social and environmentahditions.

With respect to the Chesapeake Bay region, Xu-bowt (2006) illustrate the power
of relatively simple biogeochemical models for gtind the processes and interactions of
biological communities in the Chesapeake Bay. Stow Scavia (2009) model bottom-water
hypoxia in the Bay, while Ma et al. (2009) useshéries ecosystem model to explore trophic
interactions, habitat degradation, fish stocks, lslog crab population dynamics. Of
particular interest to educators, Crouch et al08@lescribe an interactive model designed to
permit non-expert users to parameterize physicgigaties such as wind speed and direction
to evaluate circulation patterns in the Bay. Linkeal. (2000) describe efforts by the
Chesapeake Bay Program to develop cross-media mti@ztlestablish and predict nitrogen
and phosphorous allocations for each of the ninemtdbutaries to the Bay. This project
culminated in an integrated watershed model (witlor@-point source submodel, river
submodel, and hydrology submodel), estuary moaelgsfed on water quality, and airshed
models for tracking atmospheric nitrogen emissidhss hoped that these geophysical
models will inform policymaking and land use chai¢e help reduce nutrient and sediment
load delivery into the Bay.

The introduction of human activities to geophykinadels often produces
particularly complex dynamics that can, perhapddst analyzed through coupled natural—
human systems models. These models often endemgocount for interactions between
human stakeholders and the natural landscapeadti@ns among human stakeholders, and

the responses of those human stakeholders to pedcehanges in the natural environments
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(Acevedo et al. 2008). With advances in compupioger, the development of better
modeling tools, and improvements in our understandf natural-human dynamical
processes, systems science has only recently ednerggantitatively describe the behavior
of complex dynamic systems (Few 1992). And wiik,tthe application of modeling
expertise to the study of natural-human systeragiigncing at a rapid pace (see Adger 2000;
Casagrandi and Rinaldi 2002; Abel and Stepp 2083)sken and Ostrom 2006; and many
others).

Although there is an increasing need to identifgt guantify the relationships that
shape the complex natural-human system, estaldisinks between sometimes seemingly
unrelated pieces of the puzzle can prove to bdesigihg (Brown et al. 2002). Because the
scale of natural-human system change is so vassjrgaltaneously minute, relevant
ecological measurements are often difficult to mb{&allagher and Carpenter 1997; Raven
2002). More so, by definition, the natural-humgstem, with its socioecological and
biogeophysical subsystems, is generally too comgldse fully represented within the
confines of conventional experimentation (Bonn 200Bhus, explanatory models that
describe dynamics in human populations, sociatsiras, economic activities, and
biogeophysical processes have proven to be amtatgdool for the study of complex

natural-human system dynamics.

A Natural-Human Model of the Eastern Shore of Virgnia in 1880

Overview
This Natural-Human System Model of the Eastern SlobiVirginia: 1880 (NHS-
ESVA:1880) simulates energy balances, human pdpuldiynamics, terrestrial land use and

harvest, estuarine productivity, critical technabadjand economic components influencing



98
farming and fishing activities, and the links besénderrestrial and estuarine systems on the
Eastern Shore of Virginia circa 1880. It refleatal incorporates detailed demographic,
agricultural, fishing, and economic/market datarfrihve 1880 U.S. Population Census, and
corollary reports such as the 1880 Census AgrirllfReport, the 1880 Census Fishery
Industries Report, the 1880 Census Report on Muyriahd Vital Statistics, the 1880 Census
Report on Statistics of Wages, and other primawyces of data from the period.

NHS-ESVA:1880 was parameterized with 1880 datdaHerFranktown Enumeration
District (Figure 3.4), a politically defined geoigal unit in northern Northampton County,
Virginia, that included 225 farms (84 owner-opeda®l rented, and 50 share-cropped) and
2,610 people at the time of the 1880 U.S. Cen¥ukile many models currently represented
in peer-reviewed scientific literature are desigtetbrecast system dynamics over time, this
model is parameterized to describe system

properties and dynamics in great detail at a

specific historical point in time (1880), an appba (= ¢ "MH&N*’/“’;"—:Z:@“
referred to here as “explanatory” rather than rw‘g /;7'770"
“predictive” modeling. NHS-ESVA:1880 helps to j 2 y
improve understanding of both the natural and : I . f ¢
N 7 ‘-f
e/

anthropogenic aspects of this natural-human systgm/(%a
(as well as their interactions), but it cannot jred ’
how the system actually evolved over time because
the period between 1880 and 1920 was “a time of
great change” on the Eastern Shore of Virginia

(Thomas, Barnes, and Szuba 2007), and any effort ! *, )

. . . 4 6
to capture such transformation in technologies, 6
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markets, and demands on natural resources in ke siragglel would inevitably face a tradeoff
between breadth (attempting to accommodate so fuaakamentally differing system
properties) and depth (understanding a specifie figriod in great detail). Thus, NHS-
ESVA:1880 is not intended to predict, but to ddserihe successive changes in people,
processes, technologies and, ultimately, systerardigs over time. For example, prior to
1884, there was not a railroad line connectingghstern Shore and its agricultural products
and estuarine harvests to external markets infgignt volume beyond Baltimore, Maryland
to the north and Norfolk, Virginia to the southhid limitation is reflected in this 1880
model, which is appropriate and necessary to utatesystem dynamics at that time, but it
also makes the analytical tool antiquated as arig¢gcof the natural-human system after
1884 when the New York, Philadelphia, and Norfoldl®ad connected the Eastern Shore to
the nation’s greater transportation infrastrucfamed markets in Philadelphia, Pittsburgh,
New York, Boston, and beyond). Such a limitatiestricts the predictive power of the
model, but the depth of understanding that it gtesifor that single point in time is critical
given its purpose of elucidating relationships amsgessing the properties and dynamics of
that specific time/technology regime.

Although NHS-ESVA:1880 is designed to describeBastern Shore of Virginia in
1880, this limitation is based on the data usquatameterize the model rather than model
structure. In other words, the core structurenefNHS-ESVA model could be applied to
other natural-human systems at the interface bettereestrial and estuarine or marine
settings. It can also be readily reparameteripedifferent time periods, as has been
presented in Chapter 4 to describe and comparersystoperties and dynamics in 1880 and
1920.

NHS-ESVA:1880 enables modelers to study a widgeaf factors that influenced

the properties and processes of the natural-hugsamn on the Eastern Shore of Virginia in
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1880. This includes assessing the effects of @olical advances and socio-economic
change introduced to the 1880 system during sinaulat-or example, increased fertilizer
use (a technological advance) had the potentiakcte@ase farm productivity on the Eastern
Shore (an economic advantage), but it also hadgterm negative impact on seafood
production (an economic disadvantage) due to liaRdmptween excess nutrient loads in
terrestrial runoff, eutrophication, benthic anoarad, ultimately, transformation from a
metazoan to microbially dominated food web in Igpgets of the Chesapeake Bay (Figure
3.2). Modelers can also examine the potential inphother key system components, such
as factors that affect crop production or fish leats (e.g., the effects of extreme weather
events and disease), changes in market priceg/fimuétural and estuarine products,
variation in age-gender-race based mortality sclesdand birth rates (e.g., as a function of
nutritional distress), and/or the introduction afearying capacity concept for any of a variety

of reasons (e.g., immigration and emigration).

Modeling Environment

NHS-ESVA:1880 was created using ModelMaker Verdidhy a commercial product
developed by Cherwell Scientific Ltd. (http://mokiaktix.com). Modelmaker is a windows-
based object-oriented modeling program commonlyiegpo many areas of modeling
science, including environmental science, ecologgmistry, sociology, and economics.
Modelmaker enables users to conceptualize andrdeggiems that include compartments,
flows, variables, conditional and unconditional gmments, dependent and independent
event triggers, random number generators, lookafjdables, and other useful tools found
in many modeling programs. Modelmaker establishathematical relationships between

these components based on intuitive numerical ndsttiwat include conventional
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mathematical operations as well as Boolean relsligs. In addition to choosing the size of
time steps, users select from several integratiethauds (Euler’s, mid-point, Runga-Kutta,
Burlirsch-Stoer, and Gear’s) to numerically sol¥edential equations depending on the
scale of system interactions and rates of chaiipe. program permits sensitivity analysis,
optimization, minimization, and Monte Carlo anasydepending on the nature of the study.
Output is readily available in both tabular andpdpiaal formats, with users selecting the

number of output points as well as a wide rangemfatting choices.

Submodels, Structure, and Components

NHS-ESVA:1880 is comprised of a human demograptudehand four linked submodels

that simulate terrestrial land use and agricultprabluctivity, farming costs, estuarine

productivity, and fishing costs (Figure 3.5).



Human Demographic Submodel

— Popalation stratified by

- gemnder (male and fermale); race (biack and while), a0e grupeg (new balihs, under 1, 1-4, 5-14, 1549, 5064, 65+, aml deceased)

— Hath ates desved fiom stale level stahishcs.
— Mostalty rates by gender, ace, and age.

- Calone suaplus and deficiencies, based on mguet from agnculihee and fishing submodels, are conditonal vanables that mfleence a
bathrate/mostality adjuster to raise or lower bath and mortalily rales as a function of energy balances and levels of nuinional siress.
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Agriculture Submodel
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Agriculture Costs Submodel

— 1 year costs (wages and feshlirer)
— 10 year costs (fences, and machanes)
— 30 year costs (Fammniand)
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Fishing Submodel

— Fm- and shelifish {oysters, crabs, clams, temapens, shad,
Spanish mackersd, bluefish, gray trout, sheepshead, and
menhaden)

=  Harvest {pouis, eic as appopiaie
=  Converiedin:
—  calores (pey pouiyin people
—  markel value (price pey poundin penerale ncome)

N

Fishing Costs Submaodel
— 1 year costs {(gear and oyster planting)
— 3 year costs {pound nels, gill nels, semes, fykes)
— 3 year costs (vessels, fish houses, oyster
cannenes, and oyster basldings)
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Description of the Human Population Dynamics Subshod

NHS-ESVA:1880 reflects data from the 1880 U.S. Pagjion Census, which shows a total of
2,610 human inhabitants in the Franktown Enumandiistrict, 1,421 of which were black

or mulatto and 1,189 who were white. There weB2@ males and 1,284 females, 576 of
whom were in the 15-49 year old age class and deresil to be of child bearing age for the
purposes of the demographic model (Figure 3.6gfallt birth rates reflect 1880 statistics

for Virginia and identify the proportion of malefgpring (0.4702 for white women and
0.4991 for black and mulatto women) as well as 34¥ths per thousand females age 15-49.
Mortality rates are specific to age class, genaded, race as identified in the 1880 U.S.
Census and range from 0.5% (white females age $01%5.8 % (black males under 1) (U.S.

Census Report on Mortality and Vital Statistics @88

Description of the Farming Submodel

The farming submodel in NHS-ESVA:1880 reflects\attion 225 farms in the Franktown
Enumeration District, totalling 22,904 acres ofhfidand (48.4% of Northampton County and
17.4% of farmed land on the entire Eastern Shate§.(Census of Agriculture 1880). These
farms raised both crops (e.g., oats, corn, peaclpgdes, corn, oats, wheat, Irish potatoes,
sweet potatoes, and tobacco) and livestock (eitk cmws, oxen, other cows, sheep, hogs,

horses, mules, and poultry) (Figure 3.7).
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Calories from crops, livestock slaughter, and ofiteducts (e.g., eggs, milk, butter) were
allocated to human consumption (16.0%), livestamkseimption (73.5%), and market
(10.5%) based on data from the period (U.S. CeosAgriculture 1880) although these
proportions can be altered in the model. Crompetion and livestock slaughter designated
for human consumption are converted to caloriessange as input to the human
demographic model, as does monetary income fromiyete allocated for sale to market.

Data to parameterize the farming submodel weredan information self-reported
by farmers to enumerators during the 1880 U.S. @eaBAgriculture. For example, a total
of 6,389 acres of corn were planted on 223 of @&farms in the model (averaging 28.7
acres per farm and ranging from 2 to 110 acreles@ efforts yielded 50,780 bushels
(averaging 227.7 bushels per farm and ranging ftérto 1,200 bushels). Of this harvest,
16.0% was allocated for human consumption (8,12héls or 568,736 pounds at 1,655
calories per pound for a total annual yield of 288,080 calories to people), 10.50% was
sent to market (5,332 bushels at $0.39 per bushel fotal annual value before costs of

$2,079), and 73.50% was used to feed farm livestock

Description of the Farming Economics Submodel

The farming economics submodel captures costs iassdavith farming activities as
reported by the 225 farms in the Franktown Enuni@nddistrict. All costs were annualized
for model use over a period of thirty years (fananghase value), ten years (machines and
fences), or one year (wage and fertilizer costguife 3.8). Annualized costs were then
input to the Farming Submodel (see above) and actied from income generated from the
sale of farm products. For example, farmers regaattotal of $6,660 in machinery costs and

$3,122 in fencing costs, which were aggregate®t@8® worth of ten-year costs based on
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the anticipated useful life of these materials tiresh converted to $978 in annualized costs

(one tenth of ten-year costs).
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Description of the Fishing Submodel

The first fishing statistics for the Eastern Shof®/irginia were reported by the U.S.
Commission of Fish and Fisheries in 1880. The figlsubmodel in NHS-ESVA:1880

reflects these data for a wide range of finfish ainellfish (Figure 3.9).
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Catch data for the Eastern Shore provided by tl%e Commission of Fish and Fisheries in
1880 show harvests of 2,300 dozen (27,600 indiV)daerapins Malaclemys terrapip
8,000,000 or 27,500 bushels of quahdgsrcenaria mercenariathe Atlantic hard shell
clam), 37,910 pounds of sha@lldsa sapidissimia 799,663 pounds of Spanish mackerel
(Cybium maculatugn 1,003,167 pounds of bluefisRgmatomus saltatr)x 1,143,000
pounds of gray and salmon tro@yposcion regali@sndCynoscion maculatjs411,000
pounds of sheepsheatir¢hosargus probatocephalysnd 1,512,399 pounds of other fish,
referred to as “miscellaneous” in the 1880 Cenfus total of 4,907,139 pounds harvested
in 1880. The two counties also caught 15,876,@0thds of menhaden (Census Bulletin No.
281, 1881). These harvest amounts were proratedddel use based on the population of
working and part-time fishermen in the FranktownuBeration District relative to the entire
Eastern Shore of Virginia.

Like agricultural products, fish and shellfish vests were converted to food calories
and market-generated income (money) during eachdstep in the model prior to input in the
human demographic model. Local consumption ofesehharvested was calculated to be
19.73% (Census Bulletin No. 281, Statistics offisheries of Virginia, 1881), leaving the
balance for sale at market. For example, a téta88,943 pounds of bluefish were
calculated to be the harvest by fishermen in tlaaktown Enumeration District, producing
37,470 pounds for human consumption (19.73%) a2#¥3 pounds for sale. Bluefish
yields 560 calories per pound (U.S. Departmentgriculture 2009) and, therefore, such a
harvest produced 20,983,200 calories (food) tdhthrman demographic submodel. Similarly,

152,473 pounds of bluefish at $0.02/pound genei®d¢@¥9 before fishing costs.
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Description of the Fishing Economics Submodel

The fishing economics submodel captures costs $sdavith fishing activities for the
approxiately 91 fishermen in the Franktown EnumenabDistrict. All costs were annualized
for model use over a period of thirty years (thlugaof fishing structures), three years (pound
nets, gill nets, seines, and fykes), or one yegstén planting and gear costs) (Figure 3.10).
Annualized costs were then input to the Fishingrsadiel (see above) and subtracted from
income generated by the sale of seafood. For exanmpl880 fishermen incurred a total of
$4,278 in pound net costs, $110 in gill net cdB®90 in seine costs, and $57 in fyke costs,
which were aggregated to $5,345 worth of three-geats based on the anticipated useful
life of these materials and then converted to $jA&nnualized costs (one third of three-

year costs).
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Connections Between Submodels

All farming and fishing activities, including cr@gnd livestock production as well as fish
harvests, are converted to either energy or monbkg-two primary units of currency in this
multiple commodity model. These conversions oaethe farming and fishing submodels
to yield net calories and net income that are impathe human demographic submodel (see
Figures 3.5 — 3.10 above).

In order to establish energy balances criticiluman demographic change, NHS-
ESVA:1880 calculates a ratio of human calorie dedrtarcalorie avialability based on the
aggregate number of calories needed to suppoexiséng human population (Figure 3.11).
This demand by human inhabitants on the EasterneShéfiects the number of people in
each age class (age <1, 1-4, 5-14, 15-39, 40-@8b6%a#) and the number of calories needed
by each individual, which, in turn, is dependeniage, gender, and activity level (sedentary,
moderately active, and active), and ranges fror@QL{@ 2,300 calories per person per day
depending on an individual's gender and age-ap@teplifestyle and responsibilities

(Pediatrics Calorie Calculator 2009).
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Calorie availability reflects the number of calarigroduced by farming and fishing activities
and allocated for human consumption (see Farmiddg-gshing Submodels above).
When there is a net surplus in the derived caligimand/supply ratio, the population is able
to grow unrestricted based on actual birth and aliortrates for the population as identified
in historical resources. In the case of a caloeigcd (i.e., not enough calories to sustain the
population at a healthy level), birthrates decreaskmortality rates increase as a function of
nutritional stress (Stein and Susser 1975; HobelGuihane 2009). Additional capacity
limitations can be introduced to the human popaoilaéis desired (e.g., a ceiling on the
number of habitable home sites).

Modelers may also use NHS-ESVA:1880 to investigaimplex terrestrial-estuarine
linkages including, for example, surface runofbitiie Bay that carries excess nutrients from
fertilizers and contributes to eutrophication, béntnoxia, and decreased productivity

(Figure 3.12).

Introducing Variability

In addition to a deterministic version of NHS-ES\1880, ModelMaker 4.0 enables model
users to introduce variability to system dynamisochastic versions reflect the introduction
of several potentially random events in the natbwahan system that transcend submodels
and affect the entire natural-human system. Thedede, for example, variability in
weather, the outbreak of disease, market forceschanges in fish populations (Figure
3.13). Introducing variability in this manner rés substantial computing power and is not

included in this introduction of NHS-ESVA:1880 mdde
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Interface permits users to toggle fertilizer use on or off during simulations.
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Results and Discussion

NHS-ESVA:1880 was used to simulate 200 years (8§taps) of natural-human system
dynamics on the Eastern Shore of Virginia basesgaain-economic, ecological, and physical
data circa 1880. Figure 3.14 demonstrates thahtweporation of historical birth and
mortality rates for the Franktown Enumeration Distwithout any carrying capacity
limitations results in both white and black popidas growing exponentially. Interestingly,
although the white population was less numerous tha black population in 1880, it
surpasses the black population within sixty yeaiden simulated conditions, presumably due
to lower mortality rates in all age group classspecially in males and females <1 and males

and females 1-4 (Table 3.1).
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Table 3.1 Mortality Rates for the Franktown Enumeration District
by Age Class, Gender, and Race
White White Black Black
MALE FEMALE MALE FEMALE
Under 1 0.11239 0.11231 0.15860 0.15503
1-4 0.02166 0.02164 0.03056 0.02987
5-10 0.00618 0.00617 0.00872 0.00852
5-14 0.00503 0.00502 0.00710 0.00694
15-49 0.00770 0.00769 0.01087 0.01062
50-65 0.01610 0.01609 0.02272 0.02221
65 + 0.05600 0.05597 0.07903 0.07725

Figure 3.15 shows the combined number of caloe®ated by the terrestrial system
(farming) and estuarine system (fishing) relativéhie calorie demands of this exponentially
growing human population. As simulated, it is cldwat the nutritional needs of the human
population are not being met under this scenagayihg three logical alternatives to explain
potential system response and dynamics. The hpowauation will decline unless: (1)
calories are imported to feed the human populat@niarge numbers of the growing human
population emigrate beyond system boundaries;)dni{® rates decrease and/or mortality

rates increase (i.e., nutritional stress leadsavation, decreased fertility, or both).
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Calorie Demand and Availability
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In an effort to incorporate these logical altervedi, NHS-ESVA:1880 introduces a carrying
capacity function through the concept of nutritiostaess (Stein and Susser 1975; Hobel and
Culhane 2009) and its effects on birth and moytadites. When there is a net surplus in
available calories relative to human caloric demainel population is able to grow
unrestricted (and, perhaps, unrealistically) basedctual birth and mortality rates identified
in historical resources (Figure 3.14). When thei calorie deficit (i.e., not enough calories
to sustain the population at a healthy level), hewgebirthrates decrease and mortality rates
increase as a function of nutritional stress. FdtI16 shows the relationship between
human calorie demand and calorie availability (oieitbn for human consumption) when
nutritional stress is applied in the model. Thesalata are redisplayed as a ratio of calories

demanded to calories produced in Figure 3.17.
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Calorie Demand and Availability - Nutritional Stres s Applied
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These dynamics result in a relatively stable hup@pulation in terms of total number of
people supported (approximately 2,700), but difiees in black and white mortality rates
(Table 3.1 as discussed above) result in drambtinges in the racial characteristics of that

population—the white population grows at the exdo®f the black population (Figure
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The denominator in the ratio of human calorie destancalorie production increases or
decreases in NHS-ESVA:1880 as a function of farnsinfishing productivity. For example,
agricultural production increases with fertilizeseuon farms. However, as described in
Figure 3.2, a link between terrestrial and est@asystems exists in the form surface runoff,
which transports excess nutrient loads (from fedti) and leads to increased eutrophication,
benthic anoxia and, finally, transformation frormatazoan to microbially dominated food
web in the Chesapeake Bay. Thus, increase ifiZerthot only affects the terrestrial system,
but also has substantial repercussions on estuaealéh and system dynamics. For example,
calorie production allocated to human consumptromfBay harvests decreased even though

overall calorie production increases (Figure 3.19).
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Moreover, in spite of increased agricultural praduty, overall profitability of Eastern
Shore agricultural and estuarine harvests decresasssantially following the introduction of
fertilizer use in the model. This perhaps surpggiynamic reflects disparities in the amount
of agricultural and estuarine products allocatechéwket (versus human consumption and
farm use) as well as market pricing for these petaluPut simply, although farming
generated substantially more calories for humamswaption than fish harvests (Figure
3.19), farming was a net financial loss, made ewucally worthwhile only by the food it
produced (i.e., offsetting the costs of food ca&sthat would otherwise need to be
purchased). Profitability was driven by estuatiaevests which, when diminished, had a

corresponding effect on income (Figure 3.20).
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The application of nutritional stress and fertifizse in NHS-ESVA:1880 also combines to
produce more a more complex relationship betweemanucalorie demand and calories
produced from farming and fishing. Total calorieduction increases with fertilizer use at
such a fast pace (Figure 3.18) that simulated @ojonl growth cannot take full advantage of
the bountiful food calories until close to the aridhe 200 year simulation—in other words,
there is a noticeable surplus of calories throughouch of the simulation following the
introduction of advances in fertilizer technolodyiqure 3.21). It is likely that much of this
surplus would be diverted to market for additiciaaming income or, alternatively, that
birthrates might increase in the absence of othetations on the capacity of the human

population.
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Population by Race (and Total) - Nutritional Stress and Fertilizer Applied
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Figure 3.22 demonstrated the effects of nutritici@ss and fertilizer use on the simulated
human population, which approaches an equilibriwjectory of 8,000 people—effectively a
carrying capacity reflective of increases in cagroduction because of fertilizer use. This
capacity is much greater than the 2,700 persorglieshown in Figure 3.18 (without
advances in fertilizer use). Interestingly, tinisrease in the total population is driven by

gains in both white and black populations, althotighwhite population grows at a faster
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rate. As indicated in Table 3.1, there are diffeesnin mortality rates between the white and

black populations, which lead to these differerinegemographic trajectories.

In many ways, the Eastern Shore was an economitotriacy with respect to race. Any
man, regardless of color, who was willing to waskd hours on a fishing line could earn
enough money to buy better fishing equipment, reebmat, crew, and, perhaps someday,
enough land to farm as well. But other social fetstms facing blacks throughout the South
still applied: they had separate schools, neighdimatl, and living conditions (Thomas,
Barnes, and Szuba 2007). During good times, rarat stress and social pressures were
manageable, and the black population grew on tiseeEaShore by 78% between 1870 and
1910 (but by only 24% in the rest of Virginia). tBuand when times became lean, the black
population was likely to feel it more intensely (eamonstrated in Figure 3.18). It is possible
that conditions such as these contributed to thatgdorthern Migration of black people,
albeit less severely on the Eastern Shore until@woic times grew tougher during the Great

Depression (Hahn 2003).

Conclusions

This Natural-Human System Model of the Eastern SlobiVirginia: 1880 (NHS-
ESVA:1880) simulates energy balances, human pdpuldiynamics, terrestrial land use and
harvest, estuarine productivity, critical techrgt@l and economic components influencing
farming and fishing activities, and links betweerrastrial and estuarine systems on the
Eastern Shore of Virginia circa 1880. It refleatsl incorporates detailed demographic,
agricultural, fishing, and economic/market datal parmits in-depth analysis of these

components and their interactions.
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NHS-ESVA:1880 is a tool for exploring how peoptéapt to and shape natural
systems—forming a truly natural-human system. Rolakers, the public, and, indeed, the
scientific community long believed that the natistalte of the environment was stable absent
man'’s intervention. Marsh (1864, pg 27), for exéempeld that “nature, left undisturbed, so
fashions her territory as to give it almost unchiaggermanence of form, outline and
proportion, except when shattered by geologicalatsions; and in these comparatively rare
cases of derangement, she sets herself at onepai the superficial damage, and to restore,
as nearly as practicable, the former aspect ofibeninion.” But this “balance of nature,” as
often described by terms such as “stability,” aeddilibria,” has more often been assumed
than demonstrated (Ehrlich and Birch 1967; Pimm2)9%lthough human populations
plateau upon the application of nutritional stresSIHS-ESVA:1880, there is no indication
that the system is stable with respect to humanilptipn, farm production, estuarine
harvests, or profitability. In fact, linkages be®wn terrestrial and estuarine systems highlight
the tenuous relationship between farming and fgghais well as the substantial ramifications
of increasing farming or fishing intensity.
Although not presented in this overview of NHS-E81880, other potential

avenues of extended analysis of the natural-hurysters on the Eastern Shore of Virginia
include: (1) long and short-term variation oftemidcteristic of natural populations (e.g., in
the form of cyclically “good” and “bad” fish harviss (2) extreme events that arise
periodically (e.g., the outbreak of disease affectiumans, agricultural crops, fish, or
shellfish); (3) long and short-term conservatioiors (e.g., replanting sea grasses and other
efforts to improve the health and habitats of thesapeake Bay); and (4) additional
sensitivity analyses to identify the implicatiorfssmall or large changes to model parameters

(e.g., birthrates, mortality rates, market priceg] fertilizer strength).
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As Cale, O’'Neill, and Shugart (1983) correctlymaut, desirable models are
sufficiently applicable over a range of “ecologipabblems.” In other words, when suitably
constructed and parameterized, good models haygotkatial to generate and integrate
useful information for multiple settings. AlthoutHS-ESVA:1880 is parameterized
specifically to describe the Eastern Shore of Viiain 1880, this limitation is based on
model data rather than model structure. In othende; the core structure of the NHS-ESVA
model could be applied to other natural-human systat the interface between terrestrial
and estuarine or marine settings. It can alseadily reparameterized for different time
periods, as seen in Chapter 4.

It should be noted, however, that while NHS-ES\@8Q incorporates the
degradation of the Chesapeake Bay benthos duereased nutrient loads in the water
column (e.g., originating from terrestrial fertéizuse), it does not account for all source of
nitrogen that contribute to the process, includiaggzage and atmospheric deposition.
Similarly, NHS-ESVA makes no formal distinction iveten Bay dynamics at its upper and
lower reaches, although seasonal benthic anoxiare@t much higher rates and over larger
areas in the upper reaches that are closer tairiflmm the Susquehanna River. Future
versions of the model may more explicitly address account for these and other
components of water quality.

Because of the interdisciplinary nature of thighkve a true synthesis of historical,
sociological, and economic data to describe a cexnpistorical natural-human system —
NHS-ESVA:1880 is designed for use by researchatsstudents from across the disciplines
who seek to explore and explain the complex andgihg natural-human system. Most
numerical models of complex system dynamics rdigjhly quantitative interfaces and
output that limit utility to only the most sophistited users (Crouch et al. 2008). Moreover,

many models are “discipline-driven,” meaning thatavanced understanding of highly
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specialized topics, language, protocols, statistezniques, and conceptual models is
required. This object-oriented model enables ngeexusers (including students) not only to
comprehend the meaning of the simulation, but @lsese the descriptive tool to study the
natural-human system on the Eastern Shore of \fdginelsewhere upon modification with

high-quality data).
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Chapter 4. The Natural-Human System on the Eastershore of Virginia: A
Comparison of Life in 1880 and 1920 Using HistorideRecords, Isotope Analysis,
and Systems Modeling

Abstract

This investigation of complexity examines people@asitical component of the natural
system on the Eastern Shore of Virginia duringréopeof intense technological, social, and
environmental change. Like many areas, but perhgwe than most, the economic health,
social structure, and core culture of the Eastéior&was, and is, intimately linked to its
environment. The interdisciplinary Natural-Humays®m — Eastern Shore of Virginia
(NHS-ESVA) model relies on both historical and l@oghysical data to compare and
contrast natural-human system properties in 18801820. The introduction of a railroad
connection to large northeastern markets for atjual and fishing products in 1884 appears
to have had a substantial impact on system dynarfibe ensuing intensification of farming
practices led to large increases in system pradfittgtbut also contributed to the degradation
of the Chesapeake Bay benthos and conflict withdEas$hore fishing interests.

Introduction

1 Eastern Shore
) of Virginia

The period between 1880 and
1920 was a time of great
change on the Eastern Shore of
Virginia—the southernmost tip
of the Delmarva Peninsula,
running 120 kilometers from

its northern border with

Maryland to a southern

terminus at the mouth of the

Chesapeake Bay (Figure 4.1).
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In 1870s, this isolated neck of land slumberedifiRip Van Winkle sleep... incapable of
crossing the gulf which separates it from outsideenn life” (Pyle 1879). But by 1920 it
had modernized technologically, economically, andadly, and, in doing so, had altered the
natural-human system on numerous scales and diomen&ihomas, Barnes, and Szuba
2007). The pace, scale, drivers, and implicatafrthis change reflect the complexity of the
natural-human system on the Eastern Shore, and aarintellectually tractable example of
biocomplexity, where the interplay between bioladjitfe and the physical environment
transacts at multiple spatial and temporal scaasharacteristically difficult to predict, and
must be studied both as a whole and piece by giEser and Steuerwalt 2001).

Because of the interconnectedness of man andosmént, Lacitignola (2007)
argues that the analysis of socio-ecological systeoch as the Easter Shore of Virginia,
requires “an integrated assessment of ecologigeials and economic factors.” Put simply,
study that is limited to traditional physical fess—Dbiological, chemical, and otherwise—
does not reflect the entire spectrum of systement@s in a human-dominated world. In
response to this awareness, this paper examinegféoes of this period of great change on
the natural-human system through the complemepingpectives of historical records,
systems modeling, and isotope geochemistry. Tiegiation of these often separate
disciplines (encompassing history, economics, $0gyo chemistry, ecology, and systems
modeling) enriches our understanding of the compiestem and the reciprocal influences of

people and the environment that so greatly affesystem dynamics.

Human History

Set at the interface of terrestrial and estuanséesns, inhabitants of the Eastern Shore of

Virginia in the late 19th century relied heavily e seemingly inexhaustible resources of
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the natural system to support their existence.eBat al. (1972), for example, asserts that
the fishing business of the Eastern Shore is piglibb oldest industry in Virginia, providing
ample food and income to Eastern Shore fishernreae ¢he earliest settlements in the 1620s.
Similarly, agricultural life was ubiquitous, butdesed largely on raising enough crops and
livestock to feed people and farm animals, althcaigiominal amount of farm products
reached regional markets and generated enough entmoffset some costs of farming
operations.

Between 1880 and 1920, however, a host of techigalbadvances arose that led to
dramatic changes in the natural-human system. Sdithese changes were new innovations
for the time including, for example, improvementdartilizer use. Although soil on the
Eastern Shore had always been productive (and spay natural fertilizers), farm land
was now being rejuvenated by larger amounts ofdalioyster shells as well as the Magothy
Bay bean Cassia chamaecrisfawhich was commonly recognized to be a goodisdiltier.
Moreover, commercial fertilizers, largely guano anitlate deposits from the Caribbean and
South America, were also used in considerable atadBailey 1911). By 1919, in fact,
farmers on the Eastern Shore reported substampahelitures on fertilizer products, making
them the second highest farming expense behinddaddbuildings (exceeding even the costs
of hired labor). And although the Eastern Shopgesented only 1.34% of farmed land in
Virginia, it consumed over 19% of all fertilizer ithe state (U.S. Census 1925).

Other technologies were not new in their own ridot only in the sense that they
became available to people on the Eastern Shoteddirst time. The most obvious
example of this was the arrival of the railroaclgiown the crest of the peninsula in 1884,
decades after railroads had marched west acroseghef the nation. The rail line changed
both the local and national perspectives of inlzedté of the Shore. Village life that once was

centered on the bay- and sea-side wharves wasatetbto towns that arose around the
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twenty-eight train depots down the peninsula. Buddition to this change in local
geography and culture, the greater effect of tiidima was the connection it offered the
Shore to national economic markets. Rail tranggiort in refrigerated cars soon enabled the
rapid delivery of Eastern Shore fruits, vegetaldes] seafood to New York in twelve hours,
Boston in 20 hours, and Montreal in 30 hours (ThenBarnes, and Szuba 2007). This
access to national markets changed farming ondiseesEh Shore in dramatic ways. For
example, although oats and corn had been profifednie the 1840s to the 1880s, the
extension of the railroads from the Eastern citis the fertile lands of the West so
cheapened the commodities that Eastern Shore faugneatd no longer sell their “staple”
crop in Baltimore, Philadelphia, and New York (Nd&00). They responded by planting
white and sweet potatoes in an effort to becomeerpoofitable. In 1870, less than 300,000
bushels of sweet potatoes were produced in AccamddNorthampton counties, whereas by
1900 over 2.5 million bushels were harvested otertma peak of nearly 4.2 million by
1920. During the same period, Irish potato prodadncreased from 159,346 bushels
(1870) to more than 1.2 million in 1900 and ovés fillion in 1920 (U.S. Census 1870-
1920). Market opportunity also influenced the msii¢y of estuarine harvest (and
overharvest), contributing to substantially depdetgster stocks by the late 19th century as
well as dramatic shifts in finfish catches. Oystarvests in the Chesapeake Bay, for
example, decreased from close to 125,000,000 padari30 to 50,000,000 in 1920 and
continued a downward trend throughout the balafitieec20th century (Cronin 1986).

The emergence and pace of these changing techeslmgd market factors
contributed to making the people on the EasterneéStaatively wealthy. Between 1870 and
1920 the average value of farmland rose from $18L8¥ per acre in Northampton County
and $16 to $137 in Accomac (compared to an avesh§B5 per acre in the state of

Virginia). Moreover, Accomac boasted the highestqapita income of any non-urban
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county in the United States in 1910 and Northampiah Accomac had the highest crop
value per acre in the nation in 1919 (Thomas, Baraed Szuba 2007). While access to
national markets fueled much of these gains, fasrased technology to increase productivity
as well—Eastern Shore farms yielded 29.1 bushetswf per acre in 1919 compared to 7.9
in 1880 (a 368% increase in productivity). Simiains were seen in Irish potatoes (a 300%
increase), sweet potatoes (a 294% increase), aad58¥% increase), although fewer acres
of oats were being planted in response to marlestspires. Interestingly, total acreage
planted on the Shore did not change substantitiya point between 1880 and 1920
(ranging from 128,775 to 140,562) (National Agrtouhl Statistics Services 1840-1970).

These technological and market changes fueled macigions on the Eastern Shore
regarding the use of “their” natural terrestriatl@stuarine resources. In some cases, early
conservation efforts were undertaken to presergéeowtocks (e.g., surveys of private and
public grounds) and wood for barrel making (becausas less expensive to make barrels
than to buy them). Having acknowledged these emmeathe era more is more accurately
recognized as ushering in a new business modé&hriaity farming with a focus on

profitability rather than subsistence and sustalityb

Stable Isotope Geochemistry

Stable isotope geochemistry is a powerful tooh@dtudy of natural systems (Peterson and Fry
1987; Lajtha and Michener 1994; and others). [st@re especially valuable as proxy records
when direct instrumental or observational recordshat otherwise available, as often occurs
when examining past systems (Pasternack et al) 200¢hen linking or tracing source
materials and dynamic processes (Harrigan et 8P;19acAvoy et al. 2001; Wayland and

Hobson 2001; and numerous others). In fact, a widge of biogeophysical and ecological
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research has relied on stable isotope geochertodtigntify and quantify source materials,
sedimentation patterns, substrate characteriftiog,sources, vegetation, and geomorphology
over recent, historical, and prehistorical perifietsgstrom 1985; Marcus et al. 1991; et al. 2000;
Jackson et al. 2001; Christiansen et al. 2002).

Stable isotopes have been particularly valualdeanech tools with respect to
establishing and assessing critical terrestrialaggte linkages in the Chesapeake Bay
watershed, as well as other biogeophysical prosdhse¢ influence the physical properties
and ecological dynamics of the Bay. Horrigan e{l#90), for example, relied on stable
isotopes to confirm the seasonal cycling of nitrogethe Chesapeake Bay and Russell et al.
(1998) used stable isotopes to identify organiciaadyanic sources of nitrogen in wet
deposition that contribute to eutrophication. 3acket al. (2001) examined sedimentation,
pollen, seeds, diatoms, and geochemistry in sedinwas to reconstruct the ecological
history of the Chesapeake Bay watershed over t5ie2p@00 years and concluded that
environmental and biological fluctuations since &gagan settlement were greater than pre-
settlement rates of change. Other evidence sugtiedtenvironmental disturbance due to
nutrient influx from the terrestrial system did matcome substantial until the late 18th
century, and that the recurring, yet periodic, @pitication and anoxia deep in the Bay were
apparent by the early 19th century (Zimmerman azau€l 2000).

More recently, Fulford (2007) presents compeliwgdence that the Chesapeake Bay
has suffered from a long history of eutrophicatioat has led to increased phytoplankton
biomass (Kemp et al. 2005), decreased water cl@iglegos 2001), increases in the severity
and geographic extent of seasonal hypoxia (Braithh@©0, Boicourt 1992, Hagy et al. 2004),
and decreases in submerged aquatic vegetation (€ealp1983; Orth and Moore 1983;

Orth et al. 2002)—all with substantial implicatioms the natural-human system.



140
These and other studies have extended our uadenst) of climatic and

anthropogenic impacts on the Chesapeake Bay wgihbethe availability of historic records
(Cooper and Brush 1993) and raised awareness pbtkatially concurrent effects of both
climate and man on the Chesapeake Bay system (Klaloal. 1986; Malone 1992; Curtin et
al. 2001; Jackson et al. 2001 and others). Sisdiigpes have also helped researchers to
identify links between terrestrial land use (efertilizer use), eutrophication, and anoxic
conditions, and the subsequent transformationeggtuarine food web from primarily

metazoan driven to bacterially driven.

Systems Modeling

Systems modeling, by definition, attempts to sifgpdomplexity to a level that is appropriate
for describing systems and advancing our understgrad system dynamics (Shugart 1998).
Environmental modeling has traditionally relied rig@xclusively on biogeophysical data to
identify system (model) components, processespanaimeters. Cerco (1995), for example,
created a mathematical model to examine trend$i@s&peake Bay eutrophication based
largely on nutrient load data and hydrodynamic psses. Similarly, Crouch et al. (2008)
produced an interactive model that assessed phys@zerties such as wind speed and
direction to evaluate circulation patterns in treeyBand Stow and Scavia (2009) used a
similar approach to model bottom water hypoxia.afhore integrated systemic level, Linker
et al. (2000) describe efforts by the ChesapealeHBagram to develop cross-media models
that incorporate watershed inputs (comprised arapoint source submodel, river
submodel, and hydrology submodel), estuarine dycs(fiocused on water quality), and

airshed processes for transporting atmospheriog@tr emissions. It is hoped that these
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types of geophysical models will inform both sciermnd policy—potentially influencing
resource use choices and helping to reduce nuaiimhsediment load delivery into the Bay.

Although there is great value in this approachhtmeling, these physical features do
not represent the entire spectrum of system priggdrt a human-dominated world. In this
study, numerous sources of socio-economic datagegrated into system models to
improve our understanding of the natural-human dyoa More specifically, these models
incorporate detailed demographic, agriculturahifig, and economic/market data from, for
example, the U.S. Population Census, the U.S. Alju@l Census, corollary fishing reports,
economic/market reports, and other sources. Tieseata records inform the science
behind the modeling effort and greatly improve onderstanding of both the natural and
anthropogenic aspects of these systems.

The interactions between natural and human syspeodiice particularly complex
dynamics that can, perhaps, be best analyzed througpled natural-human systems
models. These types of models generally attematt¢ount for interactions between human
stakeholders and the natural landscape, interactiorong the human stakeholders, and the
responses of those human stakeholders to percegetes in the natural environments
(Acevedo et al 2008). On the Eastern Shore ofiMigsystem complexity is illustrated
through the history of tension between farming fistiing, each of which contributed
substantially to the region’s once flourishing sseconomic system. While “improvements”
in agricultural and transportation technologiesewétal to the production and sale of
commercial crops on the Eastern Shore, increadesmmng intensity contributed
substantially to the transformation of the estusgthos and food web—nhaving profound
implications on finfish and shellfish harvests (@munded by overfishing) which, in turn,

had devastating effects on the economic viabilitthose watermen and communities that
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depended on Bay productivity for their livelihoodBhese processes proved to be
environmentally devastating to the Chesapeake Bagystem as well.

Due to advances in computing power, the developwianetter modeling tools, and
improvements in our understanding of biogeophysaocal anthropogenic processes, systems
science has recently begun to quantitatively deedtie behavior of complex natural-human
systems (Adger 2000; Casagrandi and Rinaldi 2002] And Stepp 2003; Jannsen and
Ostrom 2006; and many others). This assessméhé aich and complicated natural-human
system on the Eastern Shore of Virginia begins witbview of human history, is
corroborated by stable isotope evidence, and esglor depth through detailed systems
modeling (Figure 4.2). Such an investigation &f tiistorical Eastern Shore of Virginia
system allows us to examine the complex process¢sbdnnect terrestrial and estuarine
systems, the intended and unintended consequehbaman actions, and many of the

pressing questions facing the study of biocompyeaditd natural-human systems.
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Methodology

Historical Data

Historical data for this study reflect a wide rarmfe
primary and secondary sources, but focused
substantially on data available from the 1880 U.S.
Census and the 1920 U.S. Census, including
numerous reports derived from these Census

collections (e.g., 1880 Census Report on Mortality

S

Commission of Fish and Fisheries (1871-1903) and
Reports of the U.S. Commissioner of Fisheries

(1919-1925) were also of great value. Data were

identified in these national collections and/or

6=
6 1

"+0<

derived for the Franktown Magisterial District, a

politically defined geophysical unit in northern fftampton County on the Eastern Shore of

Virginia. According to the Census DescriptiongGgfographic Subdivision and Enumeration

Districts, 1830-1950, Franktown included all of Hrea between the Accomac County
boundary (to the north) and the Eastville Towndiopndary (to the south). Hog Island was
also included in the District, as was the roaddiing Franktown Township and Eastville

Township (Turman 1964) (Figure 4.3).



Coring and Isotope Methods

of Virginia (latitude 37° 16’ 47 N
and longitude 075° 59’ 29 W)
(Figure 4.4). Cores were
extracted using 10 cm diameter = -

plexiglass tubing fitted to a
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cool until returned to laboratories
at the University of Virginia for
carbon and nitrogen isotope analysis. Followingaeshfrom the core tube, the sediments
were cut into 1 cm sections. Outer perimetersachesection were excised to remove any
portion of the sample potentially disturbed phylychy the coring operation. Each sample
was dried at 40°C and ground into a fine powdencedry, 40% HCI acid was added to each
sample to remove carbonate. The samples werecedtri40°C and analyzed for isotope
compositions using a GV OPTIMA stable isotope rat@ss spectrometer (IRMS) connected
to a Carlo Erba elemental analyzer (EA).

Stable isotope findings are normally reportededtad ) values, which are presented
in terms of per mil (%0). Delta values represewmt difference between the sample and the
relevant international standard, in this case PD®\tarbon and atmospheric nitrogenN

for nitrogen. Delta values are determined usimgftiiowing equation:
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[(RsampLe — Rstanparp)/Rstanparo][1000] = d%o

where the R value represents the ratio of the be&adtope to the lighter isotope. For

carbon, the R value is the ratio’&€/*°C and for nitrogen, it represents the ratidsf /*N.

Systems Modeling Methods
The Natural-Human System—Eastern Shore of Virgimael (NHS-ESVA) is a single model
of the natural-human system on the Eastern Shovérgihia that has been parameterized to
reflect two different time periods (1880 and 1920dhe history of the Franktown
Enumeration District in Northampton County (Figdt8). NHS-ESVA is comprised of a
human demographic model and four linked submodthelissimulate energy balances, human
population dynamics, terrestrial land use and tsinestuarine harvest, critical technological
and economic components influencing farming anurig activities, and the links between
terrestrial and estuarine systems (Figure 4.5 mbdel reflects and incorporates detailed
demographic, agricultural, fishing, and economickatdata from the U.S. Population
Census, and corollary reports such as Census AmriglReports, Census Fishery Industries
Reports, Census Reports on Mortality and VitaliSias, Census Reports on Statistics of
Wages, and other primary sources of historical.data

NHS-ESVA: 1880 refers to a version of the modebp#eterized with 1880 data.
NHS-ESVA:1920 refers to a version of the same mpdehmeterized to reflect the 1920
system. The two models are structurally identiaéh the only difference being the data
used to parameterize them (i.e., data that reffed880 system versus data that reflect the
1920 system). All monetary values in NHS-ESVA: @%32e converted to U.S. Dollars
(1880) by means of a consumer price index adjustioeiacilitate comparison with NHS-

ESVA:1880 values.
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As more thoroughly described in Chapter 3, NHS-BSVas created using
ModelMaker Version 4.0, a windows-based objectrigd modeling program commonly
applied to many areas of modeling science, inclweimvironmental science, ecology,
chemistry, sociology, and economics. Modelmakeibéss users to conceptualize and design
systems that include compartments, flows, varialdesditional and unconditional
components, dependent and independent event siggedom number generators, lookup
(data) tables, and other useful tools found in maongeling programs. More information
about this commercial product is available from Qe Scientific Ltd.
(http://modelkinetix.com).

It is important to note that the models constrdiétethis study are explanatory rather
than predictive in nature. While many models auityerepresented in peer-reviewed
literature are designed to forecast system dynaaviestime, models in this study are
designed to describe system properties and dynamgreat detail at specific historical
points in time (i.e., 1880 and 1920). For exampt@r to 1884, there was not a railroad line
connecting the Eastern Shore and its agricultuadycts and estuarine harvests to external
markets in significant volume beyond Baltimore, Mand to the north and Norfolk, Virginia
to the south. This limitation is reflected in th@30 model, which is appropriate and
necessary to understand system dynamics at that Itiat it also makes the analytical tool
antiquated as a descriptor of the natural-humatesyafter 1884 once the railroad had been
established on the Eastern Shore. In contrasf, 986 model reflects the prominent role the
railroad played in connecting Eastern Shore agticail and estuarine products to far-
reaching geographic markets—because it is speltjfitee economic vitality of those pre-
depression 1920 markets and 1920 agricultural ishthf) technologies that drove Eastern
Shore land use decisions, conservation efforts, landxtension, changes to biogeophysical

components and processes in both terrestrial dndrage settings. While this time-specific
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limitation restricts the predictive power of the SHESVA model, it provides a richer and
more detailed description of system propertiesdyrghmics during those specific historical
periods. Thus, although NHS-ESVA:1880 and NHS-ESMRO are structurally identical
and, therefore, comparable, the models are noépted as tools to forecast or predict system
dynamics. NHS-ESVA can, however, be parameteffizedther time periods on the Eastern
Shore of Virginia (or other geographic settingteatestrial-estuarine interfaces) to assess the
impact of, for example, new farming and fishinghiealogies, the abrupt transition from
early 19th century boom markets to a 1930 deprassarket, or the growing awareness of
resource scarcity that influenced land use andagsticonservation decisions in the latter

part of the 20th century.

Results and Discussion

NHS-ESVA:1920 was used to simulate 200 years (§taps) of natural-human system
dynamics on the Eastern Shore of Virginia in theesaanner described in Chapter 3 for
NHS-ESVA:1880. Many of the results of the initsainulations of NHS-ESVA:1920 are
strikingly similar to findings from the NHS-ESVA:88 model. For example:
Figure 4.6 — In the absence of explicitly structucarrying capacity limitations such
as nutritional stress, the human populations éaés and genders) simulated in NHS-
ESVA:1920 and NHS-ESVA:1880 appear to grow expdabntased purely on
birth and mortality statistics from the U.S. CenBugthe respective years. Note that
the actual starting population in 1920 (5,109) wearly double the initial 1880
population (2,610).
Figure 4.7 — As seen in NHS-ESVA:1880, the 1920upatjipn shows more black

people (2,759) than white people (2,350) undeiainibnditions, but differences in
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birth rates and mortality rates for the two raesilt in the white population
surpassing the black population within about 70yea
Figure 4.8 — As was the case with the 1880 simariathe nutritional needs of the
increasing human population in the NHS-ESVA:1920uation are not met by

calorie production allocated for human consumptiom farming and fishing.

With respect to calorie demand and production,ufation will decrease when the
demand for food calories exceeds total calorie ypectidn unless: (1) calories are
imported; (2) large numbers of the growing popolatgmigrate beyond system
boundaries (effectively still a decline in the plgtion within the system); or (3)
reproduction rates decrease and/or mortality iatease (e.g., nutritional stress leads to
starvation, decreased fertility, or both). BecalNstS-ESVA represents a closed system
with respect to calorie importation and populatioobility, nutritional stress is
introduced as a carrying capacity mechanism fohtivean population (Hobel and
Culhane 2003). Figure 4.9 demonstrates how blabke, and total population growth is
altered (in contrast with Figure 4.6) by the apdiien of nutritional stress on birth and
mortality rates in NHS-ESVA:1920. Figure 4.1@gtrates the calorie demand and
availability data that fuel these dynamics, whilgufe 4.11 presents the same data as a
ratio of human calorie demand to farming and figtgalorie production allocated to
human consumption. Nutritional stress is triggeasdhis ratio approaches and exceeds
1.0 (i.e., as calorie demand approaches and exsepg@$y, birthrates decrease, and

mortality rates increase).



Figure 4.6. Simulated Population Growth
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Figure 4.8. Simulated Calorie Demand
and Availability (1920)
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Figure 4.10. Calorie Demand and Availability (1920)
Nutritional Stress Applied
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Until this point in the simulations, calorie prodion allocated to human consumption has
remained constant—based on 1920 data, a totaP®i.4,72,959 calories were produced for
human consumption, 3,898,163,990 calories (90.8486) farming with the remaining
393,608,969 attributable to fishing. Because #modhinator in the ratio of human calorie
demand to calories produced (i.e., calorie produagtincreases or decreases in NHS-ESVA
as a function of farming or fishing productivithanges in harvests determine the size of the
human population that can be supported. For ex@nmprovements in farming technology,
such as fertilizer use, increased productivity saitsally between 1880 and 1920: Eastern
Shore farms yielded 7.9 bushels of corn per aci880 compared to 29.1 in 1920 (a 368%
increase in productivity) while similar gains weseen in Irish potatoes (a 300% increase)
and sweet potatoes (a 294% increase) (Nationat@igmral Statistics Services 1840-1970).

As similar three-fold increases in productivitg aimulated in NHS-ESVA:1920, the
number of calories generated from farming increases step function to reflect these
improvements in farming technology. While overifighin the late 19th century contributed
substantially to decreased estuarine harvestindistields also decreases as a function of
increased fertilizer use because of then-unknomkalies between the terrestrial system and
the estuary system by means of increases in sutdiaoéf and nutrient loads leading to
eutrophication and, ultimately, benthic anoxia ahdnges in the food web. Despite this
decrease in estuarine production, fertilizer effext farm production result in a substantial
increase in calorie production allocated for hurmansumption (Figure 4.12) and support a
larger human population (Figure 4.13). Note, hasvethat a new population limit (carrying
capacity) appears to have been established ind@ dystem at just under 20,000 people
because technology (fertilizer)-driven increasesailorie production were only introduced
three times in the simulation and human calorieataireventually reached this calorie

availability boundary. A similar, though loweniit was reached in the 1880 simulation.



Figure 4.12. Calories Produced for Human Consumption from

Farming and Fishing: 1920 Nutritional Stress and Fertilizer Applied
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Increases in farm productivity also had profounglications on farming economics. While
fertilizer use increased farming costs, income gagwven greater levels and net profitability
increased substantially. Figure 4.14 demonstthtese increases as well as declines in
fishing profits as a function of the damaging efifean the estuarine benthos from fertilizer
use. By 100 years into the 1920 simulation (follmythe third increase in productivity
attributable to improved farming technologies)rarg income represent 99.5% of system
profits. Note that all financial data are reporiederms of 1880 U.S. Dollars to facilitate
comparison with NHS-ESVA:1880 simulations. Acttaiming net profits in 1920 USD
(rather than 1880 conversions) were $1,329,00@20 Ithe base year in the model) and

exceeded $7,500,000 at the peak of technologylifer) enhancement.

Figure 4,14, Profits from Farming and Fishing (1920)
Nutritional Stress and Fertilizer Applied (reportedin 1880 UDS)
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In stark contrast, Figure 4.15 shows that farmiefdgd a net financial loss in the 1880
system even with fertilizer enhancement, offsey dayl fishing profits (and the avoidance of
human and livestock food expenses). Because mdases in overall farm production, more
harvest could be allocated to market in 1920 that8B80 without triggering nutritional stress
in the human population. Figure 4.16 simplifies tbenparison of 1880 and 1920 economics,

showing large differences in system profitabiligtiween the two time periods.

Figure 4.15. Profits from Farming and Fishing (1880)
Nutritional Stress and Fertilizer Applied
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Figure 4.16. Profits from Farming and Fishing: 1880 and 1920
Nutritional Stress and Fertilizer Applied
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Isotope data corroborate findings from these hisibresearch and system modeling results.
Figure 4.17 shows carbon and nitrogen isotopefdata 72 cm sediment core taken from
King's Creek, a bayside tidal creek in Northamp@ounty (37 16’ 47 N and 07559’ 29

W). These data are interpretable based on theipienof superposition, which implies that,
absent disturbance of sedimentary layers, timeedileposition increases with core depth
(i.e., deeper sediment layers represent older dspo#\ccepting sedimentation rates in the
lower Chesapeake Bay at 0.22 crii gwer the past 200 years (and 0.02 cihbefore that)
(Cooper and Brush 1993), this 72 cm core then septs the period from 2006 (the top layer

from the year the core was extracted) until welbbethe turn of the 19th century at 72 cm.
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%C becomes progressively enriched from the basieeofdre (72 cm depth) to about 23 cm
from the surface (1900) and stays this way unti¢iBfrom the surface (1938). This
signature can be used to infer the presence aativeeproportions of Cand G
photosynthetic plants (Fry et al. 1978), with thgp@otosynthetic pathway characteristically
in the range of —8 to —18 %0 and thephotosynthetic pathway between —20 to —30 %. (Fogel
and Cifuentes 1993). Using these ranges, Figuieéshaws a record of predominance gf C

crops that slowly becomes more enriched witlpl@nts until peak £presence between 1900
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(23 cm at 0.22 cm ) and 1938 (15 cm), followed by another periodedétive depletion

(although not as severe). Figure 4.18 presentsrital crop data that show the same trend—

a predominance of oats (@ plant) decreasing precipitously through the I&# entury

and being replaced by corn (g @ant)

Oats Production on the Eastern Shore
W|th a peak in corn pI‘OdUCtion from (source: U.S. Census and U.S. Department of Agricul  ture,
National Agricultural Statistics Services 1840-1970 )
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(+10 to +20 %o) (McClelland et al. 1997). Most madeommercial fertilizers have'aN
value of 0 %o (i.e., there is no fractionation dgrihe Haber process that converts
atmospheric N to ammonium) (Fogel and CifuentesS18cko and Ostrom 1994) although
they can commonly range from =3 to +3 %o (McClellandl. 1997). N values begin at
+2.6 %o at the core base and trend toward moretsdigalues (and a peak of +7.9 %o) at a
depth of about 20 cm (1915). This progressiomissistent with agricultural soils in general
and a fertilizer technology prior to the discovefythe Haber process in 1909 (Hager 2008).
The signal is also likely increasingly influencedhuman waste in the surface runoff as the
population on the Eastern Shore increased thro@88 (Figure 4.19). At 18 cm (1925),
there is a sharp depletion in tH&N signal from +7%o to +4%o, which is consistent wiite
introduction of nitrogen fertilizer produced by tHaber process when commercially

factories first appeared in the United States énglarly 1920s (Sheridan 1979).

Human Population on the ES VA
(source:U.S. Census 1800-1980)
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Synthesis

The period between 1880 and 1920 Oysters ( Crassostrea virginica )
Landings in Chesapeake Bay

was, indeed, a time of great change

125,000,000

on the Eastern Shore of Virginia. 100,000,000 -

During this window, the human 75,000,000

50,000,000 +

Total Pounds

population increased by 75%,

_ _ 25,000,000 -
advances in transportation

0

technology (eg, the rallroad) 1880 1900 1920 1940 1960 1980
Year

connected the previously isolated " 091 N

peninsula to national economic v e < & 8,) 9,> " &

markets, and advances in farm

technology (e.qg., fertilizer) improved agricultupbductivity by upwards of 300% for many
important crops. By 1920, harvests of the moggaricatch from the Chesapeake Bay, the
Virginia Oyster, was already deep in decline (F&gdr20); yet, Northampton and Accomac
counties boasted the highest value of crop periadhe nation.

The NHS-ESVA:1880 simulation and the historicaldased to parameterize it (as
well as isotope data that corroborate its findirdggcribe a system of subsistence farming
supported financially by fishing income. To beesuagricultural efforts generated enough
calories to feed the people and livestock, but $aoperated at a net financial loss. Farm
production certainly helped to defray costs of pasing food, but the economics of farming

in this manner were not sustainable without anatberce of income—and on the Eastern

Shore in 1880, this source was fishing.
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In contrast, historical data

Farm Number versus Size in Acres
and simulation output for 1920 Eastern Shore 1880-1970
. —a— Number of Farms —e— Awerage Size of Farms (Acres)
suggests that a new economic 5,000 2500
. 4,500 +
model had arisen on the Eastern
4,000 + + 200.0
Shore, driven nearly entirely by o 3507 g
53,000 ¢ 11500 <
. . = 4 q')
profits from farming. In fact, o 200 =
-; 2,000 + + 100.0 o
. . =1 9
during the forty year window = 1500 e
1,000 + 1500 <
between 1880 and 1920, “family 500 +
0 f f f f f f f f f 0.0
farming” appears to have been 1880 1890 1900 1910 1920 1930 1940 1950 1960 1970
Year
transformed into “family ok 0- 6 . 4 #

. 8 "9 'C-= =
businesses.” The number of farms )

on the Shore peaked in 1920, although their sizzati#ts smallest in recorded history
(Figure 4.21). Similarly, by 1920 fertilizer expbtures had surpassed labor costs—and a
period of intense farming and agricultural prodwuityimarked the times. “Back in 1907,” a
railroad official was quoted in the a 1919 issu¢hef Eastern Shore’s local newspafére
Peninsula Enterprisé'we used to get a little chill of joy up and dowar spinal columns if
we could see a million barrels of white potatoeswsed at harvest, if we don't get
3,000,000 barrels now we feel sick” (Dean 1919hild/data for the 1880 simulation show
farmlossesf $20,859, farming was generatingrafit of $1,329,000 (or $606,000 in 1880
U.S. Dollars to facilitate comparison between pesjo

Fishing economics, however, had taken another. gatth880, fishing profits (before
costs) approached $85,000 prior to decreasingeifNtiS-ESVA:1880 simulation as a
function of fertilizer use and overfishing. By I)aistorical data for the model showed

profits of only $35,377 (in 1880 Dollars). Wherds80 fishing profits had underwritten
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farm losses and served as the primary source ofmaan the system, they represented less
than 6 % of income in 1920 and decreased to less@tb% throughout the NHS-
ESVA:1920 simulation. Fish harvest weight had aexdtreased dramatically, but the species
being caught (e.g., menhaden) were not nearly lagivig at market as oysters had been 40

years earlier.

Conclusions

The economic history of the Eastern Shore has besatly affected by both its
natural characteristics and its location. Each leasd good and bad effects, with the
very advantages carrying with them serious disath@es in a bewildering
juxtaposition. For instance, the sea and bay pte\a boundless resource of
commercially desirable species; yet in these ddyseodominance of terrestrial
transportation, they lead to isolation from majoarkets in the area.

J Burrel et al. 1972

The social, economic, and natural history of thet&a Shore of Virginia did, indeed, reflect
a bewildering juxtaposition of advantages and diaathges resulting from its geographically
location, which simultaneously isolates its peapid yet provides them with an abundance
of natural resources.

The Natural-Human System: Eastern Shore of Vieg{NHS-ESVA) model is
presented as a tool for helping to clarify soméhefrelationships between people and their
environment. It integrates historical recordstope data, and systems modeling to explore
the intended and unintended consequences of huctigityawithin the natural-human
system. Through the use of structurally identinatlels that are parameterized for different
time periods during a particularly intense winddwleange (1880 and 1920), NHS-ESVA
describes the impact of advances in transportééian, the railroad) and farming (e.qg.,

fertilizer use) technologies on system dynamickis €xplanatory model enables in-depth
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analysis and description of system properties @aodgss which, hopefully, can contribute to
larger-scale biogeophysical models of the ChesapBaly watershed and enlighten policy

and personal choices for resource use.
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Chapter 5. Extending Ecosystem Theory to Include Eanomic Information and
Market Forces in Natural-Human Systems: A Case Stuglof the Eastern Shore
of Virginia in 1880 and 1920

Abstract

Ecosystems have traditionally been defined basexpatial boundaries that enclose
interacting biotic and abiotic entities in “a dynamomplex of plant, animal, and
microorganism communities and the nonliving envinent, interacting as a functional unit”
(Watson and Zakri 2003). This paper proposes tansbon of the ecosystem concept to
incorporate intangible, but critically importanspects of human information sharing that
factor substantially into system dynamics. An egknof this type of information exchange
occurred in a geographically isolated natural-husystem on the Eastern Shore of Virginia
between 1880 and 1920. In this example, the naturaan system was substantially
affected by human awareness of external marketsgiacultural commodities—and
although there was no physical flow of materialthwdistant economic competitors,
information about competition in a shared marketplaad profound implications on crop
selection, farming intensity, and system dynamidgse “externalities”, which might not be
considered a part of an ecosystem by traditionadyiggohic and material-transport
definitions, nonetheless, had a significant eftecboth the biotic and abiotic components of
the ecosystem—and raise the question of wheteaytbe necessary to extend the definition
of the ecosystem concept to include information ¢hides human decisionmaking.

The Ecosystem Concept

In an effort to keep ecological study tractablseggchers have traditionally endeavored to
set geographical or physical boundaries on thedyssites. Components and processes that
existed within these boundaries would be considengdrt of the system and studied either
experimentally or observationally. Alternativefgatures outside the system would not be
considered. For example, a study of biogeographight look at a lizard population on an
island but, by definition, consider all lizards tiging on the island to be outside of the
system and, therefore, beyond of the scope ofttlty s Thus, even though lizards might be

living on other islands, the system of study issidered “closed” for practical purposes at
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the physical border between the island and th@soding water. Similarly, although heat or
hours of daylight might affect the dynamics of lizard population on the island and,
therefore, be explicitly addressed in the studg,gburce of that heat and light energy (the
sun) would not be considered to any great extdrdhan as manifested by the arrival of
sunlight to the island. Setting such biogeophysicd intellectual boundaries often makes
sense and, in many cases, is the only realistictvatudy a system without becoming
overwhelmed by the countless connections betweersenof components and process and
the rest of the systems in the universe.

One concept used by ecologist to set reasonabiledaoies on systems of study is the
“ecosystem.” Shugart (1998) traces the concepitgrar back to the Greek naturalist and
philosopher Theophrastus (c. 370 to 285 BC) andemecently, Mobius’ “biocoenosis”
(1877), Forbes’ “microcosm (1897), and Dokuchaébiegeocoenosis” (1889), prior to the
first use of the term “ecosystem” by A.G. Tansleyl935. Since that time, Lindeman
(1942), Odum (1953), and others have extendededheitibn of an ecosystem, which has
more recently been defined as “a dynamic complexarit, animal, and microorganism
communities and the nonliving environment, intaracas a functional unit” (Watson and
Zakri 2003). Abel and Stepp (2003) contributedhi® advancement of the term with a focus
on an enduring controversy associated with ecosystacept—geographical size: asserting
that an ecosystem can be “any size so long asisrganphysical environment, and
interactions can exist within it...[It can] theredde as small as a patch of soil supporting
plants and microbes; or as large as the entirgpbare of the Earth.”

The wide range of scales at which systems intdérasfurther complicated the recent
evolution of the ecosystem concept. Elser andestealt (2001) define “biocomplexity” as
the “complex interplay between biological life afe physical environment [that] transacts

at multiple spatial and temporal scales, is charatically difficult to predict, and must be
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studied both as a whole and piece by piece.” Thieeaty, depth, and density of such a
concept invites new ways of viewing system properéind dynamics and, in a human
dominated world, requires the incorporation of ah@conomic, and cultural aspects of
human activity in addition to strictly, and moraditionally studied, biogeophysical

components of natural systems (Vitousek et al. 1997

Economics and Ecosystems

Since its emergence as a field of study, a pringaa} of ecology (particularly in its early
stages) has been to understand the rational usgesetbpment of natural resources,
sometimes referred to as “natural capital” or teechomy of nature” (DiCastri 2000).
Similarly, modern economics traces its originsht® matural sciences when early thinkers
began deliberating the many dimensions of natesdurce use, management, and efficiency
(Norgaard 2000). Thus, it is not surprising thenomics has long been recognized as a
factor in ecological and systems study (e.g., Odtal. 1959), but properly accounting for
man'’s place in nature beyond traditional foci osorgce extraction has been a great
challenge (Kangas 2004). Anthropogenic activitiesluding farming, fishing,
manufacturing, pollution, and urbanization, hawically transformed “natural” landscapes
and exerted profound effects on the structure andtion of ecosystems (Millenium
Ecosystem Assessment 2003).

Precisely because of the interconnectedness ofamguenvironment, Lacitignola
(2007) argues that the analysis of socio-ecologigsiems requires “an integrated assessment
of ecological, social, and economic factors.” GbaB and Chapter 4 present just such an
approach to studying natural-human system dynaamidhe Eastern Shore of Virginia, a

unique geophysical location and social structutesthe interface of terrestrial and estuarine
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systems and, perhaps, best defined by is its proxtoy and dynamic relationship with, both
the Chesapeake Bay and the Atlantic Ocean. Thaupt®f this research is the Natural
Human Systems: Eastern Shore of Virginia (NHS-ES¥gel, an analytical tool that
integrates historical data (e.g., U.S. Census dsjpisotope analysis, and systems modeling
to clarify some of the complex relationships betwpeople and their environment, terrestrial
and estuarine systems, and biotic and abiotic gsa=eon the geographically isolated
peninsula. NHS-ESVA was used to explore the intdrghd unintended consequences of
human activity within the natural-human system dgrwo different time periods that
represent a particularly intense window of chari@80 and 1920). It examines the impact of
advances in farming technologies (e.g., fertilizbat greatly multiplied agricultural
productivity as well as the introduction of newrsportation technologies (e.g., the railroad)
that, for the first time, enabled the rapid deljwvef Eastern Shore fruits, vegetables, and
seafood to markets in New York in twelve hours, 80sn 20 hours, and Montreal in 30
hours (Thomas, Barnes, and Szuba 2007). Thisstoceational markets changed farming
on the Eastern Shore in dramatic ways. For examafileough oats had been profitable from
the 1840s to the 1880s, the extension of the mmlkdrom the Eastern cities into the fertile
lands of the West so cheapened the commodity thsteEh Shore farmers could no longer
sell their “staple” crop in Baltimore, Philadelpha&nd New York (Nock 1900). They
responded by planting white and sweet potatoenr iffart to become more competitive. In
1870, less than 300,000 bushels of sweet potatess pvoduced in Accomac and
Northampton counties, whereas by 1900 over 2.5anilbbushels were harvested on route to
a peak of nearly 4.2 million by 1920. During tlzer® period, Irish potato production
increased from 159,346 bushels (1870) to more ihamillion in 1900 and over 7.5 million

in 1920 (U.S. Census 1870-1920).
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The economic incentive driving land use decisiomshe Eastern Shore were
substantial: Between 1870 and 1920 the average wlfarmland rose from $15 to $197 per
acre in Northampton County and $16 to $137 in Acoiicompared to an average of $55
per acre in the state of Virginia). Moreover, Ag@ax boasted the highest per capita income
of any non-urban county in the United States in01l&id Northampton and Accomac had the
highest crop value per acre in the nation in 19t®(nas, Barnes, and Szuba 2007). While
access to national markets via the railroad fuetadh of these gains, farmers used fertilizer
and other technologies to greatly increase prodtgt-Eastern Shore farms yielded 29.1
bushels of corn per acre in 1919 compared to 71880 (a 368% increase in productivity).
Similar gains were seen in Irish potatoes (a 3008tease) and sweet potatoes (a 294%
increase). Finally, and not insignificantly, tipgriod of increased farming intensity was
tightly linked with changing dynamics in the Chesalge Bay. Although not authoritatively
established until late in the 20th century, theodtiction of European land use practices (i.e.,
deforestation, plough pans, fertilizer use, erasémd runoff), generated greater freshwater
discharge (Bosch and Hewlitt 1982), sedimentatiies (Pasternack et al. 2001), and
nutrient loads from fertilizers in surface runaffgrco et al. 2002). The consequences to the
estuary include increases in eutrophication, tutyigertical stratification, and benthic
anoxia, thereby transforming the benthos from aag@sn to microbially dominated food
web (Cooper 1995).

Clearly, the Eastern Shore of Virginia had fewortangible links with Midwestern
farmers (i.e., no materials flowed directly betwées two regions), yet sharing a
marketplace in the large Eastern cities led diyaaticompetition-driven land use decisions
on the peninsula and, as described above, lesgldi(but significantly nonetheless) to

ramifications on the estuarine system as well.
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Extending the Ecosystem Concept

Assessing natural-human system dynamics demandashoan understanding of the
biogeophysical components of the system, but &levant human dimensions (both impacts
and responses), including population growth, resmaonsumption, land use decisions, and
technological advances (Raven 2002). Failure toaat for these capacities can lead to
exaggerated or otherwise faulty appraisals of systgnamics. For example, Malthus’
famous 1798 prediction of imminent and recurringevéind misery facing human societies
(war, famine, and disease) was predicated on therggion that “population increases in a
geometric ratio... while the means of subsistenceeases in an arithmetic ratio” (Landry
2001). This assertion famously fails to accountiaman capacity to think—i.e., to alleviate
misery through laws (e.g., land use), social stedglge.g., sanitation), and technological
advances (e.g., enhanced productivity through ingmtdarming practices). In a similar way,
a comprehensive understanding of land use decisiotise Eastern Shore between 1880 and
1920 (and ever since) demands an awareness offtieation about market competition
that informed decisions by individual farmers. Tamifications of using this information
(e.g., changing crop selection and farming intghsiot only affected the terrestrial system,
but also had an impact on estuarine propertiepearzksses.

Stepp et al. (2003) advocate consideration okttgses of “remarkable properties”
of human ecosystems, including the integrationedieh systems, into ecological analysis.
The history of the Eastern Shore of Virginia isgeeted here as an intellectual tractable
example of how such an intangible concept can hasugbstantial impact natural-human
system dynamics. Other examples of human thodgatsng to activities that modify the
structure and function of ecosystems include: [@baization that integrates the flow of

trade, capital, labor, and information as welllas policies that facilitate such flow in the
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form of reduction of barriers on trade, financransactions, and migration (Aggarwal 2006);
and (2) sustainability initiatives that modify resoe extraction and use to reflect beliefs
about the balance between the current use of hats@urces and the preservation of

resources for future use (Lambin 2005).

Conclusions

Most researchers believe that the future impabuofian activity is both global and
increasing (e.g., Western 1998; Kareiva 2007; amderous others). Vitousek et al. (1997)
contribute to such a claim when highlighting thgmrée of human influence on the
environment. For example, between one-third aredhaif of the Earth’s land surface has
been transformed by human action; the carbon déogihcentration in the atmosphere has
increased by nearly 30 percent since the begirmiitige Industrial Revolution; more
atmospheric nitrogen is fixed by anthropogenicvagtithan by all natural terrestrial sources
combined; more than half of all accessible surfeegh water is used by people; and about
one-quarter of the bird species on Earth have Heeen to extinction. Lash (2001) adds that
one half of the world’s jobs depend on fisheriese$ts, or small-scale agriculture, yet two-
thirds of the world’s fisheries are being harvediegiond sustainability, forest loss is
accelerating, and soil degradation is widespreadmorsening. Other “side effects” of
human activities include simplified food webs, h@enized landscapes, and high nutrient
inputs and imbalances. By these and other stasdiaid clear that we live on a human-
dominated planet. In fact, Kareiva et al. (20059eat that there is no longer such thing as
nature untouched by human influence and, perhaps disquieting, Western (1998) argues
that such human modification of ecosystems willchaemendous effects on natural systems

and biological life and may, in fact, largely detéme the future course of evolution.
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In other words, the information that guides huraativity is a critical component of
a human dominated and richly complex Earth systénst as ecosystems change, so too
should our definition of the ecosystem conceptteBaing the definition to include
information that guides human decisionmaking ispynthe acceptance of yet another

dimension and scale of ecosystem study.
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Chapter 6. NHS-ESVA (1880 and 1920): Summary, Imptations, and Next Steps

Introduction and Overview

This investigation of complexity examines peoplaasitical component of the natural
system on the Eastern Shore of Virginia duringrégopeof intense technological, social, and
environmental change: 1880 - 1920. During thiyd& period, socio-economic pressure in
the form of farming and fishing practices placedstantial stress on the terrestrial and
estuarine systems. These successive time penieddsa characterized by the use of
distinctive (and advancing) human technologies tvhit practice, affected the intensity and
scale of anthropogenic pressure on the systemiratitgory, contributed to system dynamics
that potentially transcended conventional scalesofal and environmental study. The most
obvious example of this transformation was thevarf the railroad down the spine of the
peninsula in 1884. This significant transportatiechnology connected Eastern Shore
agricultural products and estuarine harvests tketsithroughout the vast majority of the
United States, and changed both the local andmadtierspectives of inhabitants of the
Shore. The emergence and pace of changing techeslivgmed the selection of the two
time periods modeled in this study, with a goalaffecting different technology regimes that
contributed uniquely to the natural-human systems380 and 1920.

Overcoming barriers to interdisciplinary studyitl to the study of complex
natural-human systems (Lele and Norgaard 2005; &wooyand Baer 2005) because the
interconnectedness of man and environment demamdsitegrated assessment of
ecological, social, and economic factors” (Lacitign2007). In addition to reflecting
biogeophysical data characteristic of traditiomalimnmental modeling efforts, this project

incorporates highly detailed demographic, agrigaltufishing, and economic/market data
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from the U.S. Census of Agriculture and the U.Subation Census in both 1880 and 1920.
It also relies on a wide range of corrollary higtal sources for data and descriptions of
socio-economic dynamics during the period of stu@lgese data are the foundation of this
analysis and serve as an example of overcominghakenges of identifying empirical data
when studying complex systems as described by Beivah (2008).
As such, this assessment of the rich and com@axa-human system on the

Eastern Shore of Virginia:

begins with a review of human history;

is advanced by stable isotope evidence; and

is explored in depth through detailed systems miog€Figure 6.1)

7r o+ ) ) -
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More specifically, in this study, the
natural-human system on the Eastern
Shore of Virginia is characterized,
guantified, and simulated via a
multiple commodity model structure
parameterized with historical,
ecological, and physical data that
enable the simulation of system
dynamics in 1880 and 1920. The
Natural-Human System - Eastern
Shore of Virginia (NHS-ESVA) model
was parameterized for 1880 (NHS-
ESVA:1880) and 1920 (NHS-
ESVA:1920) for the Franktown
Enumeration District, a politically ;
defined geophysical unit in northern
Northampton County, Virginia (Figure
6.2). The NHS-ESVA model simulates energy balaneesian population dynamics,
terrestrial land use and harvest, estuarine prodgiygtritical technological and economic
components influencing farming and fishing actastiand links between terrestrial and

estuarine systems on the Eastern Shore of Virgigure 6.3).
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Research Approach Conclusions

Tables 6.1 — 6.3 document the findings of thisaederelative to its original objectives, key
guestions, and hypothesis.

Table 6.1. Study Objectives

Study Objectives Summary of Analysis

1) To characterize, quantify, and model the
natural-human system on the Eastern Shore ACCOMPLISHED
of Virginia in 1880 and 1920 via a single NHS-ESVA represents a single model
multiple commodity model structure. structure that, when parameterized by
time period/technology regime (1880 and
1920), characterizes, quantifies, and

a. To parameterize the multiple simulates complex dynamics of the
commodity model with historical, natural-human system on the Eastern
ecological, and physical data that Shore of Virginia.

accurately depict the 1880 time

periodftechnology regime. Methods for constructing and

parameterizing NHS-ESVA:1880 and

b. To parameterize the multiple NHS-ESVA:1920 are discussed in
commodity model with historical, Chapter 3 and Chapter 4, with supporting
ecological, and physical data that documentation about data sources
accurately depict the 1920 time presented in Appendix A and Appendix B.
period/technology regime. Source code is provided in Appendix C

and Appendix D.

2) To simulate system dynamics during these
two time periods (represented by the years
1880 and 1920).

ACCOMPLISHED

) The findings of the NHS-ESVA:1880 and
a. To assess system properties forthe  NHS-ESVA:1920 model simulations are
1880 period/technology regime. presented in Chapter 3 and Chapter 4.

b. To assess system properties for the
1920 period/technology regime.

c. To compare and contrast 1880 and 1920
periods/technology regimes.

3) To establish an isotopic S|gr?ature_of the ACCOMPLISHED
Eastern Shore as recorded in sediment cores
from a bayside tidal creek.
o ) _ Carbon and nitrogen isotope data and
a. To assess whether this isotopic record ISanalysis are presented in Chapter 4.
consistent with model simulation
findings as well as our historical
understanding of system dynamics.
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Table 6.2. Key Questions

Key Questions Summary of Analysis
1) For each time period/technology regime :
simulated by the multiple commodity model: A. Although the human. populanon
plateaus upon the application of

a. Is the natural-human system in the Eastern Phu;r'st'c;rt':#]s.t;esstzbtlgeretésrgg eevc':??;ﬁe rt]:]:rt]
Shore of Virginia stable and/or heading toward )I/at'on Ifarm roc\iNlct'on F()ast ar'n:
an equilibrium trajectory? ﬁopu on, f.p b'I'u lon, estuar

b. Does the introduction of advancing arvests, or profitabiiity.
technologies change system stability or B. Findings and analysis from NHS-
equilibrium trajectories? ESVA demonstrate how changing

c. If the system is stable, how, and to what technologies (e.g., the introduction of the
degree, does the system demonstrate resistancailroad in 1884 and the intensification of
to change (i.e., the system’s internal inertia  fertilizer use) lead to substantially
relative to external perturbations)? different system dynamics.

d. If the system is stable, how, and to what .
degree, does the system demonstrate resiliencg & D There was no e\{|dence of
following change (i.e., the time required to stability, so these questions were not
return to its original state after being assessed.
disturbed)?

2) How, and to what degree, do measured system Findings from the 1880 and 1920
properties vary between advancing time simulations are presented in Chapters 3
periods/technological regimes, as assessed by and 4. With respect to particularly critical
comparing output from models parameterized  system properties, simulations show that:
for 1880 and 19207 (1) 1880 calorie production for human

consumption is more than doubled in the
1920 system. (2) 1880 profits were driven
by fishing while farming activities were a
net financial loss; 1920 system profits are
driven nearly exclusively by farming and
demonstrate an increase over the 1880
simulation by an order of magnitude.

3) What is the geochemical signature of the study

c. Are these data consistent with model

) ) . 13C becomes progressively enriched
catchment as established by sediment cores from, . core base to 23 cm from the surface

a tidal creek in the study area? (1900) and stays this way until 15 cm
(1938), which suggests;€rop

a. What is the 13C record in the sediments? predominance (e_g_’ oats) that S|ow|y

becomes more enriched with flants

b. What is the "N record in the sediments? (e.g., corn) until peak presence between

1900 and 1938.

B. N values begin at +2.6 %o at the core

base and become more enriched to +7.2

%o until about 20 cm (1915). At 18 cm

(1925), there is a sharp depletion in the
>N signal from +7%o to +4%o.

simulations and our historical understanding
of system dynamics?

C. As discussed in Chapter 4, both carbon
and nitrogen corroborate historical data
and model simulations.
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Table 6.3. Hypotheses

Hypotheses

Summary of Analysis

H1,: The 1880 simulation will demonstrate system

stability with respect to human populations,
estuarine harvests, and farm productivity.

Rejected: Although human population
plateaus upon the application of
nutritional stress, there is no evidence
that the system is stable with respect to
human population, farm production,
estuarine harvests, or profitability.

H2,: The 1920 simulation will demonstrate system

stability with respect to human populations,
estuarine harvests, and farm productivity.

Rejected: Although human population
plateaus upon the application of
nutritional stress, there is no evidence
that the system is stable with respect to
human population, farm production,
estuarine harvests, or profitability.

H3,: The introduction of advancing technologies
will not change measures of system stability.

Because system stability was not
indicated, this hypothesis could not be
assessed.

H4,: Both time period/technology regime
simulations (represented by the years 1880 and
1920) will produce similar measures of stability,
regardless of the time period and technological
advances.

Because system stability was not
indicated, this hypothesis could not be
assessed.

H5,: The °C record in the tidal creek core
sediments will not change significantly with
respect to time (core depth).

Rejected: The'C record was
interpreted to change over time (core
depth) in a meaningful manner.

H6,: The N record in the tidal creek core
sediments will not change significantly with
respect to time (core depth).

Rejected: The™N record was
interpreted to change over time (core
depth) in a meaningful manner.

Janssen and Ostrum (2006) describe the difficdltpliecting and analyzing data about
social systems over time and present four criferi@valuating efforts to do so. These

criteria are appropriate for assessing the valub@NHS-ESVA model:
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(1) Is the model plausible given our understandinghefgrocessesRHS-ESVA was
developed based on a large body of historical datare than 55,000 individual data
points and over 300 aggregate items from the UeBs(s of Agriculture and the
U.S. Population Census in 1880 and 1920. Thesevaate self-reported to Census
enumerators by the people living, farming, andifighin the system during the
period of study. Interpretation of these dataeareanced by a deep and thorough
review of additional historical resources that diggcmany facets of the time periods
of study. In turn, historical data are corroboddby isotope data for the study
setting, which increases confidence in the intégpi@n of findings and conclusions.
As such, conclusions from model simulations tha¢es our understanding of

system dynamics appear to be credible and defensibl

(2) Can we understand why the model is doing so welthfidence in NHS-ESVA
simulation results is based largely on confidemctéhé quality of the data used to
construct and parameterize the model. As descabete, the model relies heavily
on U.S. Census data, which Moceri et al. (20019gaize to be a source of high
guality socioeconomic data from historical periddsing as far back as 1920 and
earlier. The model also reflects detailed dataiaftdmation from a wide range of
research perspectives (e.g., human history, ecasostable isotope geochemistry,
ecology, and systems modeling) which, when integrata model simulations,
provides a rich and broad perspective through wiodssess system dynamics and

properties.
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(3) Did we derive a better understanding of our empirmbservationsTensus data
used in this study have been available to reseexrdhedecades. While many
historians have used Census data to study a wide raf socio-economic topics, the
understanding of these pieces of data is enriale@deindously through the
integrative power of the NHS-ESVA model. Simulasgresented in this study have
helped to improve our understanding of the compimamics of the natural-human
system in a way that cannot realistically be acd@hed through the analysis of

individual data elements in Census records.

(4) Does the behavior of the models coincide with tieeustanding of the relevant
stakeholders about the systeffitte strongly interdisciplinary approach to thisjpct
permits a wide range of dynamic processes to l@ppocated into the construction
and interpretation of NHS-ESVA simulations, incluglifeatures from traditionally
independent disciplines such as ecology, hydrolggggraphy, isotope
geochemistry, history, demographics, and economéadkirtegrated through the use
of advanced systems modeling. Although additioeaspectives may be
incorporated in greater detail in future applicai@f NHS-ESVA, the existing

model reflects a broad spectrum of relevant rebeand stakeholder perspectives.

Summary of Project Findings

Findings from historical research that help to featime interpretation of NHS-ESVA

simulation results include:
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The period between 1880 and 1920 was a time ot gheange on the Eastern Shore
of Virginia
o the human population increased by 75%
o advances in transportation technology (e.g., theea in 1884) connected
the previously isolated peninsula to national ecoicanarkets
o advances in farm technology (e.g., the intensitiedflizer use) improved
agricultural productivity during the 40 year perioidstudy by upwards of
300% for many important crops
o by 1920, substantial declines had already beeizegdior the harvest of the

most prized catch from the Chesapeake Bay, thanf@@yster

As described in much greater detail in Chapterd@napter 4, some of the major

conclusions of the NHS-ESVA simulations for 188@ 4920 include:

With respect to the NHS-ESVA:1880 simulation:
o agricultural efforts generated enough calorieetalfthe people and
livestock
nutritional stress had disproportionate effectsvbite and black
populations
o farms operated at a net financial loss, eventualighing -$8,700 annually in
the 200 year simulation
farm production defrayed costs of purchasing fdd the
economics of farming were not sustainable withawttler source of

income



189
o despite evidence of overfishing prior to 1880, tistivests were the primary

source of system profits, approaching $32,000énstmulation

With respect to the NHS-ESVA:1920 simulation:

o calories for human consumption from agriculturadurction more than
doubled between the 1880 and 1920 simulations—g&ngrenough
calories to fully support the human population &rdh livestock, while still
allowing farmers to send a greater percentageadf llarvests to market

0 anew economic model was established on the EaSterre, driven nearly
entirely by farming profits, which exceeded $3,&00, (in 1880 USD) in the
200 year simulation

family farming had become family business (and ihess was good)

o fishing profits declined to just over $11,000 (88D USD) in the simulation

due to pressures from estuarine habitat loss tgeestrial-estuarine

coupling), as well as overfishing and declining kedprices

But perhaps the greatest change on the Eastere 8hwirginia between 1880 and 1920 was
the introduction of the railroad down the spinealef peninsula in 1884—connecting the
Eastern Shore culture as well as its farming asturig commodities to Delmar, Delaware,
and, by extension, the rest of the nation. Histdniecords describe great changes on the
Eastern Shore following the arrival of the railraaduding, for example, village life that
once was centered on the bay- and sea-side whaagerelocated to towns that arose around
the 28 train depots down the peninsula. Moredwerproducts of the region’s farming and
fishing harvest could now be transported to larggheastern markets quickly and in great

quantity (e.g., to New York in 12 hours, Bostor2hhours, and Montreal in 30 hours)
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(Thomas, Barnes, and Szuba 2007). Historical @adaNHS-ESVA model simulations show
that this advance in transportation technology appt have provided a market that drove
increasingly intense farming practices (includifay,example, increased fertilizer use) which
had significant direct and indirect effects on sysdynamics. While unknown (at the time)
terrestrial-estuarine couplings resulted in habitss and decreased fishery production in the
Chesapeake Bay over time (compounded by overfighiagn production and profitability
increased tremendously. With respect to systemaunms, for example, the 1920 system
generated increases in income by more than an ofaeagnitude relative to the 1880
system. Moreover, the primary source of incom&880 had been fishing, which had
supported otherwise unsustainable losses from faymBy 1920, farming was the primary

source of income. Thus, a comparison

of the 1880 and 1920 system

simulations shows not only great ECOSYST&IHS Natural SOCIO:
Resource Use | Economics

change in the magnitude of productiori
|

5 |

but also an exchange of the primacy q'f A : :

 Classical Ecosystem Study ! |
farming and fishing in driving : - P :
economic productivity | ki |

| Extended Ecosystem Study :

il
Implications

Long-Term Socio-Ecological Research

Haber et al. (2006) challenged the on Natural- Human Systems
scientific community to extend system8 * +(? 6 =8 | >
research beyond traditional foci of > 3= *" '

! -99+<
ecology and natural resource use and to * ('
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incorporate socio-economic components (Figure 6Bhis call to broaden the scope of
systems study is not achieved when socio-econoatid simply added to biogeophysical
models but, rather, when it is fully integratechasessary to incorporate humans as critical
components of the natural-human system—as accdmepliss NHS-ESVA.

In addition to responding to Haber’s challengés tork achieves many of the goals
set forth by the National Science Foundation f@bibcomplexity research initiative. More
specifically, and quite significantly, NHS-ESVA acuplishes the following goals stated by
NSF for advancing the study of the complex dynarafasoupled natural and human systems

(http://www.nsf.gov/about/budget/fy2007/pdf/9-NSHa&Investments/39-FY2007.pdf):

synthesize environmental knowledge across dis@plinubsystems, time and space;
discover new methods, models, theories, and conakphd computational strategies
for understanding complex environmental systems;

develop new tools and innovative applications af a@d existing technologies for
cross-disciplinary environmental research;

integrate human, societal, and ecological factuis investigations of the physical
environment;

improve science-based forecasting capabilitiesegriince research on decision-
making and human environmental behaviors; and

advance a broad range of infrastructure to supptatdisciplinary environmental
activities such as collaborative networks, inforimasystems, research platforms,
international partnerships, and education actwitigat enhance and diversify the

future environmental workforce.
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While the specific findings about the natural-humnsgstem on the Eastern Shore are
important to improving our understanding of dynasriit the Chesapeake Bay watershed,
NHS-ESVA can also be applied to other settingbatterface of terrestrial-
estuarine/marine/aquatic settings. After all, ynproperties, dynamics, and trends discerned
about the natural-human system on the Eastern Sfidfieginia during the course of this
research apply throughout the modern natural-huaradscape across the planet, which

faces comparable issues, such as:

one-half of the world’s jobs depend on fisherieseséts, or small-scale agriculture,
yet two-thirds of the world’s fisheries are beiray\ested beyond sustainability,
forest loss is accelerating, and soil degradasomidespread and worsening (Lash

2001)

commonly recognized consequences of human acsivitdude homogenized
landscapes, simplified food webs, and elevatedenitinputs and imbalances

(Kareiva et al. 2007)

Another substantial implication of this work is taeample that the interdisciplinary NHS-
ESVA model can become to researchers currentlygathen more traditionally focused
academic study. If the research community is tresbk key questions arising from the
growing awareness of complex dynamics in the nkturaan system, it will, as Haber et al.
(2006) contend, demand the integration of biogesiglay and historical data to reconstruct
past system states—because past ecological cargjisocial structures, and historical events

undoubtedly influence current structures and fumdtiof socio-ecological systems.
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Future Directions of Study

As Cale, O'Neill, and Shugart (1983) correctly gadnt, desirable models are sufficiently
applicable over a range of “ecological problemin"other words, when suitably constructed
and parameterized, good models have the poteotg@rierate and integrate useful
information for multiple settings. Although NHS-E8\s currently parameterized
specifically to describe the Eastern Shore of Viigin 1880 and 1920, this limitation is
based on data input rather than model constructiomther words, the core structure of the
NHS-ESVA model could be applied to other time pasias well as other natural-human
systems set at the interface between terrestrthéatuarine or marine settings. For example,
historical evidence suggests that technologicalsaib-economic change on the Eastern
Shore in the period between 1930 and 1950 mayriod avenue for additional analysis

using the NHS-ESVA model (Figure 6.5).

< 6 %MH>4#7
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Although not presented in this research, otherrgiateavenues for using NHS-ESVA to
extend analysis of the natural-human system ofz#tstern Shore include: (1) long and short-
term variability often characteristic of naturaksyms (e.g., in the form of climate change and
cyclically “good” and “bad” fish harvests); (2) e@tne events that arise periodically (e.qg., the
outbreak of disease affecting humans, agricultnagbs, fish, or shellfish); (3) long and
short-term conservation efforts (e.g., replantieg grasses and other efforts to improve the
health and habitats of the Chesapeake Bay); arat@lional sensitivity analyses to identify
the implications of small or large changes to mguéghmeters (e.g., birthrates, mortality
rates, and market prices).

It should also be noted that the structure ands@f the NHS-ESVA model may be
improved during future study. For example, NHS-BBSWcorporates the degradation of the
Chesapeake Bay benthos due to increased nutraatg Ia the water column (e.g., from
increased terrestrial fertilizer use), but it daesaccount for all sources of nitrogen that
contribute to the process, including human wastem@ewage) and atmospheric deposition.
Similarly, NHS-ESVA makes no formal distinction ¥eten Bay dynamics at its upper and
lower reaches, although seasonal benthic anoxiar®et much higher rates and over larger
areas in the upper reaches that are closer tairifmm the Susquehanna River. Future
versions of the model, or future efforts to integridlHS-ESVA with other models of the
Chesapeake Bay system (e.g., Cerco 1995; Linkar 2000; Crouch et al. 2008; and Stow
and Scavia 2009), may address these issues mdretixpnd incorporate other components

of water quality, nutrient input, and related bioghkysical dynamics.
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Appendix A. Data Sources and Values for the 1880 Mkl of the Natural-Human
System on the Eastern Shore of Virginia

Agriculture Data

The following is a description of 1880 U.S. Censtidgriculture procedures and practices
as originally described by the U.S. Departmenhefihterior (1883).

The statistics of agriculture in a United Statessies are obtained through
the personal visitation by the enumerators of papoh to each and every
farm, in succession, within their respective dittri Required information is
obtained on a farm-schedule, just as the returnsopiulation are made
upon a distinctively family-schedule. The datsaoi®d do not embrace any
operations connected with the soil that are notiearon through the
occupation and cultivation of a farm in the usuahse of the term—thus
excluding the production of meat, hides, and wibobugh the grazing of
cattle and sheep over extensive ranges of publprigate lands.

A canvas of the agricultural interests of a coyrthirough a farm-
to-farm visitation has advantages and disadvantadesch farmer,
“whether intelligent or ignorant,” becomes a censeporter with the
assistance of a skilled census enumerator, whogeagrally be relied
upon to check gross errors of intention or inadeade. One of the primary
benefits of farm-to-farm canvassing and interviewth proprietors is that
these farmer knows the main facts relating to s tand and the
operations upon it far better than can be conjeetlin a general way by
even the most accomplished agricultural statisticiand even if the
farmers of any region feel no indisposition to th# truth, the aggregation
of their individual statements will yield a restdt more closely
approaching the facts than any enumerator’s eseémat

It should be noted that if every bit of planteddahowever small,
\were enumerated, the figures would lose all sigaifce whatsoever.
Given the impracticalities of enumerating the potpatch, tilled at odd
hours by the factory hand, or the vegetable gamfahe village
shopkeeper, lawyer, or blacksmith, it is imperativémpose some
definition upon the word “farm.”

According to the U.S. Department of the Interidd&3), the definition of a farm used by

enumerators was:
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Farms, for the purpose of the agricultural schedutelude all considerable
nurseries, orchards, and market-gardens, whichaweed by separate
parties, which are cultivated for pecuniary profind employ as much as the
labor of one able-bodied workman during the yelsliere cabbage and
potato patches, family vegetable gardens, and oamah houses, not
constituting a portion of a farm for general agrittural purposes, will be
excluded. No farm will be reported of less thared¢hacres, unless five
hundred dollars’ worth of produce has actually besid off from it during
the year. The latter proviso will allow the indois of many market-gardens
in the neighborhood of large cities, where, althlotige area is small, a high
state of cultivation is maintained and considerala&les are produced. A
farm is what is owned or leased by one man andvadtd under his care. A
distant wood-lot or sheep-pasture, even if in aapgubdivision, is to be
treated as a part of the farm; but wherever thera resident overseer, or a
manager, there a farm is to be reported.

From 1850-1880, a separate agricultural censusasfmade at the same time as the
population census, and the farm records are alaitabmicrofilm at the National Archives
Building in Washington, DC (700 Pennsylvania AvenN&/, Washington, DC 20408-0001).
The 1880 U.S. Census of Agriculture was the fosise multiple enumerators and to
be completed in only one month (June). Ten farmsewecorded on each page of the
agricultural census schedule. The order of the gamithin each district represents a
systematic inventory within the enumeration distioig the census taker. Farms in close
geographical proximity within an enumeration digtare generally close together in the
census records as well. For each farm, the enuangetorded data in 101 columns as

describe in table A.1.
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Table A.1. Descriptions of Column Headings in the Bumeration Schedule
of the 1880 Agricultural Census (after Moore 2003)

Column
Number

Of the Person who Conducts this Farm

Column
Short Label

Full Explanation

Farm The operator is usually the same as the head alyfamthe
1 Operator population census. The alphabetical index followtimegy
Name data includes all names in col. 1.
Tenure
2 Owner Tenure = (O) owns the land
Rents for
3 Fixed Mone| Tenure = (R) rents for cash
Rental
Rents for
4 Shares of Tenure = (S) rents for share of farm production
Products
Acres of Land
Improved
. Area (in acres) of tilled land, including fallowdangrasses
5 Tilled ; .
in rotation.
6 Permanent | Area (in acres) of permanent meadows, permanemirgas
meadows orchard, and vineyard.
Unimproved
7 g}%ogﬁggt Area (in acres) of wetland and forest.
Area (in acres) of other unimproved land, includohd
8 Other . :
fields not growing trees
Farm Value
Value (in dollars) of farm, including land, fencesd
9 Farm Land buildings (housing and outbuildings).
10 Elzrcr:?ﬂnery Value (in dollars) of farming implements and maeinyn
11 Livestock Value (in dollars) of Livestock
Fences
12 Fence Cost| Cost (in dollars) of building andaiepg fences.
13 (F:irst![hzer Cost (in dollars) of fertilizers purchased.
Labor
14 Wages Amount (in dollars) paid for wages, includinglue of roor
and board.
15 Weeks Hire{ Weeks of hired labor upon the farm (and dairy) edirlg
Labor housework.
Estimated
16 Value of All| Value (in dollars) of all farm production (sold,rgumed,
Farm or on hand).
Production
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Grass Lands

Acreage
17 Mown Grassland (in acres) mowed.
18 Not Mown Grassland (in acres) not mown.
Products Harvested
19 Hay Tons of hay harvested.
20 Clover Seed Bushels of clover seed harvested..
21 Grass Seed Bushels of grass seed harvested.;.
22 Horses Number of horses, all ages, on hand.
23 Mules Number of mules and asses on hand
Neat Cattle and their Products
24 \(/)Vorklng Number of working oxen on hand.
xen
25 Milk Cows Number of milk cows on hand.
26 Other Cattlg Number of other cattle, all ages, on hand.
Calves
27 Dropped Number of calves dropped.
Cows
28 Purchased Number of cattle purchased.
29 C.OWS Sold Number of live cattle sold.
Living
Cows
30 Slaughtered Number of cattle slaughtered.
31 Cows Died Number of cattle that died, strayed, and stolen not
recovered.
32 Milk Gallons of milk sold or sent to butter acloeese factories.
33 Butter Pounds of butter made on the farm.
34 Cheese Cheese made on the farm.
Sheep
35 Sheep Number of sheep and lambs on hand.
Lambs
36 Dropped Number of lambs dropped.
Sheep
37 Purchased Number of sheep and lambs purchased.
38 S'hgep Sold Number of sheep and lambs sold living.
Living
Sheep
39 Slaughtered Number of sheep and lambs slaughtered.
40 g'{l)lgg by Number of sheep and lambs killed by dogs.
41 D!ed of Number of sheep and lambs that died of disease.
Disease
Died of
42 Stress of Number of sheep that died of weather stress.
Weather
43 Fleeces Number of fleeces clipped.
44 Wool Weight (pounds) of fleeces.
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Swine
45 Hogs | Number of swine on hand.
Poultry
46 Barnyard Number of adult barnyard poultry (chickens, turkeysd
Poultry ducks) on hand.
Other
47 Number of other adult poultry on hand.
Poultry
49 Eggs Number (in dozens) of eggs produced.
Cereals
49 Barley Acres Area (in acres) of barley farmed.
50 Barley Crop Bushels of barley produced.
51 Buckwheat Area (in acres) of buckwheat farmed.
Acres
52 (B:lrjglgwheat Bushels of buckwheat produced.
53 Indian Corn Area (in acres) of Indian corn farmed.
Acres
54 I(r;::l(;gn Corn Bushels of Indian corn produced.
55 Oats Acres Area (in acres) of oats farmed.
56 Oats Crop Bushels of oats produced.
57 Rye Acres Area (in acres) of rye farmed.
58 Rye Crop Bushels of rye produced.
59 Wheat Acres Area (in acres) of wheat farmed.
60 Wheat Crog Bushels of wheat produced.
Pulse
Canada Peas
61 (Dry) Bushels of Canada peas (dry) produced.
62 Beans (Dry) Bushels of beans (dry) produced.
Fiber
63 Flax in Crop Area (in acres) of flax farmed.
64 Flax in Seed Bushels of flax in seed.
65 Raw Flax Tons of raw flax.
66 Fiber Flax Pounds of flax fiber.
67 Hemp Acres Area (in acres) of hemp farmed.
69 Hemp Crop| Tons of hemp produced.
Sugar
69 g%ghum N Area (in acres) of sorghum farmed.
70 Sorghum Pounds sugar produced.
Sugar
71 sorghum Gallons molasses produced.
Molasses
72 E:/Iaple n Area (in acres) of maple farmed.
rop
73 Maple Sugar Pounds maple sugar produced.
74 Maple | Gallons maple molasses produced.
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| Molasses |
Broom Corn
75 Broom Corn Area (in acres) of broom corn farmed.
Acres
76 Broom Corn Pounds broom corn produced.
Pounds
Hops
77 Hops Acres| Area (in acres) of hops farmed.
78 Hops Crop Pounds hops produced.
Potatoes (Irish)
Potatoes . i
79 (Irish) Acres Area (in acres) of potatoes (Irish) farmed.
Potatoes .
80 (Irish) Crop Bushels potatoes (lIrish) produced.
Potatoes (Sweet)
Potatoes
81 (Sweet) Area (in acres) of potatoes (Sweet) farmed.
Acres
Potatoes
82 (Sweet) Crop Bushels potatoes (Sweet) produced.
Tobacco
Tobacco ,
83 Acres Area (in acres) of tobacco farmed.
84 'I(;obacco Pounds tobacco produced.
rop
Orchards
Apple
85 Apple Acreg Area (in acres) of apple farmed.
Apple
86 Bearing Number of apple bearing trees.
Trees
Apple
87 Bushels Bushels of apples produced.
Peach
88 Peach Acrep Area (in acres) of peach farmed.
Peach
89 Bearing Number of peach bearing trees.
Trees
Peach
90 Bushels Bushels of peaches produced.
Total Value . .
91 of Orchard Total value (in dollars) of orchard products oflaids sold
or consumed.
Products
Nurseries
92 Nursery Area (in acres) of nurseries.
Acres
93 Nurseries Value (in dollars) of all nursery puots.
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| Value |
Vineyards
94 Vineyard Area (in acres) of vineyards.
Acres
95 Grapes Solgd Pounds of grapes sold.
96 Wine Made| Gallons of wine produced.
Market Gardens
Value of
97 Products Value (in dollars) of market garden products sold.
Sold
Bees
98 Honey Production (in pounds) of honey.
99 Wax Production (in pounds) of beeswax.
Forest Products
100 Cvrgggn(t;ﬁf Amount (in cords) of wood cut from forests.
101 \F/slrléitOf Total value (in dollars) of all forest productscéolr
consumed.
Products

An enumeration district is a geographical areaga®sl to each census taker, usually
representing a specific portion of a city or countyhen the Bureau of the Census assigned
areas for census takers to collect data, it diviodhties, cities, towns, villages, Indian
reservations, and even hospitals and jails interemation districts (ED). Heavily populated
areas like major cities would have dozens or ewsrdieds of EDs while rural counties and
places would have only a few. Each county was assi@ number, and each ED within it

was then numbered consecutively (National Archases Records Administration 2009).
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The Franktown Magisterial
District, in the county of Northampton
and state of Virginia, was identified as
Enumeration District #84 (Virginia) in
the June 1880 U.S. Census of
Agriculture. According to th€ensus
Descriptions of Geographic Subdivision
and Enumeration Districts, 1830-1950
John Addison, the enumerator, was
based out of the Concord Wharf Post
Office, west of Eastville along the
Occohannock Creek. Franktown

included all of the area between the

Accomac County boundary (to the north) ;' < = o
& 1% )
and the Eastville Township boundary (to ' & 4
6= 6 "' ;"+0<

the south). Hog Island was included, as
was the road dividing Franktown Township and Edst¥iownship (Turman 1964) (Figure
Al).

The 1880 Census of Agriculture reports a totel18,517 farms in Virginia, a 60.5%
increase over the 1870 Census of Agriculture, athwvtime 73,849 farms were reported in
Virginia. Nationally, there was a 73.7% increaséhe number of farms between 1880 and
1870. Total farm acreage in Virginia during thésre period increased by only 9.3%. This
larger increase in number and smaller increasesia suggest movement in the direction of
more, but smaller, farms which is consistent withiseconomic norms of the period: a father

(farmer) divided his farm to be inherited by eathis sons.
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The Franktown Enumeration District (Northamptoru@ty) contains records for 225
farms. Eighty-four were owner occupied (37.3%)w&ke rented for cash (40.4%), and 50
were rented for a share of farm production (22.2%)us, farms in the Franktown
Enumeration District (Figure A.1) accounted for&8.of the total farms in Northampton

County (781) and 7.7% of the farms on the entirgt&a Shore of Virginia (2,926) in 1880.
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These farms managed a total of 22,904 acres,.8%@18f the 47,227 acres of farmed
land in Northampton County, and 17.4% of the 13, &res farmed on the entire Eastern
Shore. Of this, 11, 382 acres were classifiechbyfarmer and enumerator as “improved”
and 11,522 acres as “unimproved.” The land wabéuidentified as 10,069 acres tilled,
including fallow land and grasses in rotation at®ILB acres in permanent meadows,
permanent pastures, orchard, and vineyard. 1@&&#&2 were recognized as wetland or
forest, while another 1,150 acres were designatedther,” including old fields not growing
trees. The mean size of these farms was 101.%,aehéch is larger than the mean farm size
on the entire Eastern Shore at that time (86.6adikely attributable to several particularly
large farms that may have skewed the statistice\vd@dence of this assertion, the ten largest
farms accounted in themselves for 3,274 acresdgueg 327.4 acres) or 14.3% or the total
land managed by the 225 farms in the enumeratitriati This assertion is warranted even
when acknowledging that the ten smallest farm&éndistrict averaged only 7.4 acres.

The average farm value, including all land, hogsand outbuildings, was $1,627,
again perhaps skewed by the large farms, one affwhas valued at $12,000. The average
value for machinery and equipment reported by 22m$ was only $31.60, with most farms
reporting less than $10 worth of machinery. Live&tvalue totaled $39,828 or $177 per
farm in the enumeration district. These farms regzban average of $19.40 spent building
and repairing fences that year and another $3%6€apm on fertilizer purchases.

The estimated value of all farm production (salohsumed, or on hand) was $67,938
for the 225 farms, or just over $300 per farm oerage. This value was derived from a wide
range of products produced, harvested, slaughteoedumed, or sold on the farms as
described below.

A total of 6,388 acres of corn were planted on @2the 225 farms (averaging 28.7

acres per farm and ranging from 2 to 110 acreles@ efforts yielded 50,780 bushels
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(averaging 227.7 bushels per farm and ranging ftérto 1,200 bushels). Additionally,
1,715 acres of wheat were planted on 68 farmsjipigl9,060 bushels (averaging 133.2
bushels per farm and ranging from 8 to 650). Gimtge farms planted a combined total of 9
acres of wheat, producing 117 bushels, and makingaonsequential to Eastern Shore
productivity.

Grassland farming, including hay and clover, watically inconsequential in the
Franktown Enumeration District, with only one fareporting production of these crops from
a total of 6 planted acres. Several other crope weeluded in the 1880 U.S. Census of
Agriculture but not reported grown in the Franktogmumeration district. These included
cereals (barley, buckwheat, and rye), pulses (pd@aans), broom corn, hops, maples sugar,
grapes, and fibers such as flax and hemp. Twaafreorghum were harvested on a single
farm to produce 130 gallons of molasses. One faodyred 30 pounds of honey and 3
pounds of wax from beekeeping. And although thegkpof tobacco farming on the Eastern
Shore had long since passed, six farms plantedr®&s and produced 1,975 pounds.

In contrast, the agricultural census shows thsi land sweet potatoes were grown in
great quantity. In 1880, 212 farms planted 70ésof Irish potatoes, yielding 33,845
bushels, or nearly 160 bushels per farm (rangiogn f2 to 900). Another 622 acres were
planted with sweet potatoes, which produced 37Hi&bels (an average of 174.7 bushels,
ranging from 12 to 1,300, on the 212 farms withi@pi.

With respect to orchards, 24 farms managed a ¢6th481 apple trees on 57 acres.
The largest apple orchard covered 200 acres arshih#est 10 acres. A total of 1,578
bushels of apples were produced. Likewise, 3,4%ZIp trees were harvested from 46 acres
on 22 farms, producing 1,202 bushels. The totlalevaf these orchard products was $1,013.
The only other arboreal production identified ie #gricultural census stemmed from wood

cut from forests, which was reported at a valu§f548.
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With respect to livestock, the 212 farms owned B@i&es and 52 mules, presumably
as working animals. Seventy-nine (79) working oxeme reported on 68 farms and 370
milk cows were reported on 183 farms, which liketgvided dairy products for use by the
farmer and family, as evidenced by a total of &2§ gallons of milk sold or sent to butter
and cheese factories from the entire enumeratgtniati Pre-20th century dairy statistics for
Virginia estimate that each milk cow produces alaiit gallons of milk per year, suggesting
that approximately 54,000 gallons of milk were progld but not sold on these farms.
Likewise, on average three gallons of good milk enade pound of butter during this time
(Cylcopedia of Households 1881). Thus, the 4,7@éps of butter that were reported
produced on the farms accounts for roughly 14,40@gs of milk, with the remainder likely
consumed in another manner (except for home usehewse was produced). Farmers
owned another 331 other (beef) cows and bulls ds vi&¥2 calves were dropped and 33
were purchased compared to 84 sold living, 57 $isrgd, and 41 that died during the
enumeration yeatr.

Thirty-seven farms owned a total of 431 sheeguiling one farm with 63. In
addition to 124 lambs dropped during the enumenatear, 22 were purchased, 11 sold
living, 9 slaughtered, 45 killed by dogs, 20 dieahfi disease and 38 from weather stress.
These sheep produced 245 fleeces weighing 933 pdandiarket. A total 2,243 hogs were
reported on 211 of the 225 farms in the distriatdserage of 10.6 hogs per farm reporting
hogs with a minimum of one and a maximum of 47 hamgs single farm). Barnyard poultry,
including chickens, turkeys, and ducks, were regaban 222 of the 225 farms in the district.
The number ranged from 2 to 100 with an averader’df per farm for a total of 3,917. An
additional 842 “other” adult poultry were reportebotal egg production was 17,280 dozen

(207,360 individual eggs). The Cylcopedia of Hdwdds (1881) estimates that poultry
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produce 88 eggs per individual per year, whichoisststent with the population and

production when accounting for the fact that sorfnd@ adult poultry are males.

Fishing Data

In addition to its agricultural interests, the [Basn Shore] bears a
peculiar relation to the salt water, and many & thhabitants, having
no interesting the land, are largely dependent ughanfisheries for a
livelihood, while a considerable percentage of fédmeners give more or
less attention to fishing, oystering, and clammahgeriods of the year
when their crops do not require their attention.

— G.B. Goode, 1887

On February 9, 1871, the U.S. Congress establigtiederal Commission of Fish and
Fisheries, mandating that it study “the causeshferdecrease of commercial fish and aquatic
animals in U.S. coastal and inland waters, to renend remedies to Congress and the states,
and to oversee restoration efforts.” For the tieixty years, the Commission deployed its
research vessels on the nation's rivers, lakesesahs, trained fishery agents to document
the catches, collaborate with scientists on bigalgand technical innovation, and establish
fish hatcheries. The first fishing statistics foe tEastern Shore of Virginia were reported by
the U.S. Commission of Fish and Fisheries in 1&887fe year 1880.

In this inaugural report, a special section watuitded on especially significant
fishing regions throughout the nation. One sucdhice focused on Virginia’s Northampton
and Accomac counties. Evaluators described camditbn the Eastern Shore as lacking
suitable transportation and, therefore, suitablekata. They also noted the plethora of part-
time fishermen involved in Eastern Shore fishintivéges, contributing to a total of 764 men
engaged in shore fisheries in Accomac and Northampbunties. These fishermen

employed 668 vessels, 17 pound-nets, 125 gill-aeid,12 seines (Goode 1887).
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Catch data for the Eastern Shore provided by trar@ission for 1880 show harvests
of 37,910 pounds of sha@lipea sapidissima799,663 pounds of Spanish mackerel
(Cybium maculatuagn 1,003,167 pounds of bluefisRgmatomus saltatr)x 1,143,000
pounds of gray and salmon tro@ynoscion regali@ndCynoscion maculatjs411,000
pounds of sheepsheafir¢hosargus probatocephalysnd 1,512,399 pounds of other fish,
referred to as “miscellaneous” in the 1880 Cenfus total of 4,893,729 pounds harvested
in 1880. Additional harvests included 2,300 dogf 600 individuals) terrapins
(Malaclemys terrapij 8,000,000 individuals (27,500 bushels) of quah®ercenaria
mercenariathe Atlantic round clam). The two counties ataoght 15,876,000 menhaden
(Census Bulletin No. 281, 1881).
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Appendix B. Data Sources and Values for the 1920 Mel of the Natural-Human
System on the Eastern Shore of Virginia

But for the sweet potato the Eastern Shore of Niagand its people
would not be by far what they are today. It hasordy brought
comforts, luxuries, wealth, and population, buittmore than to all the
other resources combined perhaps is due the presefable social,
moral, and intellectual position of the peoplela&tsection. It has
brought the money, and the money has made alkesétbther facts and
conditions possible. It enhances all values, buitgshighways,
railroads, vessels, steamboats, stores, schooldguhurches, and
homes of this country. It pays the teachers irstf®ols, the ministers
in the pulpits, and the lawyers at the bar. Ithe treator of banks and
bankers, doctors and lawyers, preachers and teaglzard all trades
and conditions of men are dependent upon it. ltdhee sick, feeds the
hungry and clothes the naked, and blesses allathe. lIt is true that this
land is greatly favored in other natural advantagis oysters, its fish,
its fruit, its soil and its climate, all of whiclootribute to make this the
favored spot of the country; but it cannot be dérfeat the sweet potato
is the keystone to the arch upon which almostisd gests.

— N.W. Nock, 1900

The 1920 U.S. Federal Census was the fourteentinenation of the United States
population, initiated on January 1, 1920. It indd a detailed population survey, as well as
collections concerning occupations, agricultunégation, drainage, manufactures, and mines

and quarries.

Agriculture Data

For the purposes of the 1920 Census, the definiti@enfarm used by enumerators was:

A “farm” for census purposes is all the land whishdirectly farmed by one
person managing and conducting agricultural opeyas, either by his own
labor alone or with the assistance of members $hbusehold or hired
employees. The term “agricultural operations” isadl as a general term,
referring to the work of growing crops, producintper agricultural



products, and raising domestic animals, poultryd feees. A “farm” is thus
defines may consist of a single tract of land oa oumber of separate and
distinct tracts, and these several tracts may e hieder different tenures,
as where one tract is owned by the farmer and ardtlact is hired by him.
When a landowner has one or more tenants, rentepppers, or managers,
the land operated by each is considered a “farnm”applying the foregoing
definition, enumerators were instructed to repateefarm” any tract of 3
or more acres used for agricultural purposes, atgbany tract containing
less than 3 acres which produced at least $250mafrfarm products in the
year 1919, or required for its agricultural operatis the continuous services
of at least one person.

An enumeration district is a geographical areagagsl to each census taker, usually

representing a specific portion of a city or countyhen the Bureau of the Census assigned

areas for census takers to visit when collectifigrmation from residents, it divided

counties, cities, towns, villages, Indian resexvai and even hospitals and jails into

enumeration districts (ED). Heavily populated ad#a@smajor cities would have dozens or

even hundreds of EDs while rural counties and glaceuld have only a few or one. Each

county was assigned a number, and each ED witkwastthen numbered consecutively (U.S.

National Archives and Records Administration 2009).

Franktown Magisterial District, in the county obithampton and state of Virginia,

was identified as Enumeration District #127 (Viliginin the Fourteenth Census of the United

States, undertaken on January, 1, 1920. AccorditigetCensus Descriptions of Geographic

Subdivision and Enumeration Districts, 1830-19bfanktown included all of the area

between the Accomac County boundary (to the nantk)the Eastville Township boundary

(to the south). Hog Island was included, as wagdad dividing Franktown Township and

Eastville Township (Turman 1964).
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The 1920 Census Agricultural Report states th&3P2.of the total land area in Virginia was
recognized as farm land. There were 186,242 fanriérginia, a 1.21% increase over 1910
and a 57% increase over 1880. In spite of thihslitcrease in the number of farms, total
land farmed in the state actually decreased 4.76f6 1910 to 1920 (19,495,636 versus

18,561,112 acres). This increase in farm numbermdaarease in farm area reflects property
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inheritance norms of the period in which a fattiarrier) divided his farm to be inherited by
each of his sons.

Northampton County, Virginia (the southern counitythe Eastern Shore of
Virginia) had 1,259 farms, 77.68% of which contai®® or less acres. Total farmed area in
Northampton County was 82,892 acres. 54.25% ofdamere operated by tenants, while
44.72% of farms were operated by owners, and et 5.03% by managers. The average
value of a Northampton farm, including land, builgls, and property, was $14,433, more
than double the state average of $6,425. Moredaen value per acre in Northampton
County was $197.26, compared to $136.53 in Accaanalc$55.19 for the state of Virginia.

The Franktown Enumeration District population (f@® represented 28.62% of the
Northampton County total population of 17,852. sTfigure was used to calculate farming
and fishing data that, in many cases, were repaittéte county level rather than the
enumeration district level. Thus, the Franktowntiés was calculated to have 360 farms
over 43,775 acres, 23,723 of which were activelyngd at an average of 65.8 acres per farm.

A total of 6,589 acres of corn were planted. Ehefforts yielded 191,645 bushels
(averaging 29.08 bushels/acre with a value of $bh&hel). Seventeen (17) acres of oats
were planted with a yield of 529 bushels (an ave@30.83 bushels/acre with a value of
$1.10/bushel). Wheat was planted on 110 acred &3 bushels were harvested (15.96
bushels/acre at $2.34/bushel). Only 25 acres oivere planted, producing 80 bushels (an
average of 3.18 bushels/acre with a price of $higiel). Eleven acres of soy beans
produced 60 bushels (5.20 bushels/acre at a prfs4.65/bushel). Nine acres of dry peas
yielded 67 bushels (7.77 bushels/acre with a vef@a.25/bushel).

The great bulk of crop production came from paatoln 1920, 6,484 acres of Irish

potatoes were planted and 929,562 bushels harvEt8B7 bushels/acre with a market
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value of $2.20/bushel). Similarly, 1.387 acresweéet potatoes produced 242,309 bushels
(174.65 bushels/acre at a price of $1.60/bushel).

With respect to fruits, 6 acres of strawberriesdpiced 6.257 quarts with a market
price of $0.20/quart. Farmers reported that 89¥eatrees of bearing age generated 1.303
bushels at a price of $1.60/bushel, while thereevé®7 peach trees that produced 300
bushels at a price of $2.00/bushel. Similarly, B8dr trees generated 1,090 bushels with a
price of $1.60 and 68 plum trees produces 52 bssiigllums (and prunes) with an average
price of $1.90/bushel. Cherry trees yielded 5hbiswith a value of $2.50/bushel. Finally,
56 grape vines produced 479 pounds of grapes witthue of $0.09/pound.

Of the 360 farms, 358 reported owning livestookaling 828 horses (valued at
$85,415 or $103/animal), 527 mules (worth $87,00%165/animal), 33 beef cattle ($1,518
or $47/animal), 522 dairy cattle ($32,477 or $6Rfet), 613 sheep ($6,967 or $11/animal),
2,553 swine ($33,629 or $13/animal), and 23,876kems and other poultry ($27,503 or
$1.15/animal). With respect to livestock produé6,904 gallons of milk and 20,162 pounds
of butter were produced. Of this, 4,789 gallonsndk were sold at $0.36/gallon, as were
5,089 pounds of butter at $0.25 per pound. Additily, 53,153 dozen eggs were laid with
26,673 dozen sold at $0.42/dozen. Finally, 44@gheere shorn to generate 2,998 pounds of

wool with a total value of $1,424.

Fishing Data

Catch data for the Eastern Shore provided by tie Oommissioner of Fisheries for the
Fiscal Year 1922 (reporting data for the year 13*@w harvests by Northampton Country
fisherman of 11,3630 pounds of sh&lupea sapidissimavalued at $2,258), 4,435 pounds

of Spanish mackereCybium maculatuan(valued at $665), 101,538 pounds of bluefish
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(Pomatomus saltatrjqvalued at $13,803), 1,813,120 pounds of graysatahon trout
(Cynoscion regaligndCynoscion maculatygvalued at $92,047), 825 pounds of sheepshead
(Archosargus probatocephalugralued at $126), 12,025,500 pounds of menhaden
(Brevoortia tyrannug(valued at $23,894), and 2,900,400 pounds ofrditle, referred to as
“miscellaneous” (valued at $164,999), for a total ®,285,847 pounds harvested (valued at
$485,429). Additional harvests included 72,427rmtsuof quahogdMercenaria mercenaria
the Atlantic round clam) (valued at $21,508), 1,882 pounds of oyster€fassostrea
virginica) (valued at $140,884), 664,151 pounds of hardsc(@hllinectes sapidygvalued
at $22,120), and 18,862 pounds of soft cr&=linectes sapidygqvalued at $3,125).

The same resource reports financial investmetitaérproducts of the fisheries for
Northampton County, including $123,750 for 3 fighiressels (steam), $19,20 on fishing
vessel (steam) outfits, $16,300 on 18 transpodeleggas), $5,125 on transport vessel (gas)
outfits, $3,400 on 2 transport vessels (sail), $375ransport vessel (sail) outfits, $43,795 on
68 power boats, $15,811 on 439 sail boats, $18&87b pound nets, $1,110 on 20 gill
nets, $1,675 on 10 haul seines, $7,500 on 3 peisess $1,020 on hand lines, $1,191 on 292

tongs, rakes, etc., $780 on 106 scallop dredgels$288,562 on fish houses and shore

property.
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Appendix C. Parameters and Source Code for NHS-ESV.A880

Source Code from ModelMaker4.0 File:

Main

Agriculture

compartment: Ag_CaloriesProduced Unconditional

dAg_CaloriesProduced/dt = -
NetCaloriestoPeople_Agric+Peach_toAgCaloriesProdttdpples_toAgCaloriesProduced+Corn_toAgCalories+
Oats_toAgCaloriesProduced+Wheat_toAgCalProd+Pog@a#Prod+SwPot_toAgCalProd+Oxen_toAgCalProd
+OtherCow_toAgCalProd+MilkCows_toAgCalProd+Sheepg0balProd+Hogs_toAgCalProd+Poultry_toAgCal
Prod+Eggs_toAgCalProd+Milk_toCalories+Butter_toCile

Initial Value = 1677002285

compartment: Ag_CashMarket Unconditional

dAg_CashMarket/dt =
Tob_toCash+SwPot_toCash+Pot_toCash+Wheat_toCash+#0@ash+Corn_toCash+Apples_toCash+Peach_to
Cash+Oxen_toCash+OtherCows_toCash+MilkCow_toCaskeisiioCash+Milk_toMoney-
GrossAgMoneytoPeople-(MilkCow_PricetoPurchase*Mitk€ Purchased)-
(OtherCows_PricetoPurchase*OtherCow_Purchased)n@xdcetoPurchase*Oxen_Purchased)-
(Sheep_PricetoPurchase*Sheep_Purchased)

Initial Value = 7235.97

compartment: Ag_MoneyProduced Unconditional

dAg_MoneyProduced/dt = +GrossAgMoneytoPeople-GrgsédneyPeople2

Initial Value = 7235.97

compartment: Ag_MoneyTotal Unconditional

dAg_MoneyTotal/dt = -TotalRevenuesFarmers+(Randomb&rlsd4 _Markets*GrossAgMoneyPeople?2)
Initial Value = 7235.97

AgEconomics

compartment: AnnualCosts_Ag Unconditional

1Year

dAnnualCosts_Ag/dt = +WageCostsAnnual+Fertilizet§Aanual-Annualized1YrCosts

Initial Value = 25935

flow: Annualized10YrCosts Unconditional

Flow from ShortCosts_Ag to TotalFarmingCosts

Annualized10YrCosts = ShortCosts_Ag

flow: Annualized1YrCosts Unconditional

Flow from AnnualCosts_Ag to TotalFarmingCosts

Annualized1YrCosts = AnnualCosts_Ag

flow: Annualized30YrCosts Unconditional

Flow from CapitalCosts_Ag to TotalFarmingCosts

Annualized30YrCosts = CapitalCosts_Ag

compartment: CapitalCosts_Ag Unconditional

30Years

dCapitalCosts_Ag/dt = +FarmCosts30Yr-Annualized3Dd5ts

Initial Value = 1182

flow: FarmCosts30Yr Unconditional

Flow from FarmLand_Cost to CapitalCosts_Ag

FarmCosts30Yr = (1/30) * FarmLand_Cost

compartment: FarmLand_Cost Unconditional

dFarmLand_Cost/dt =0

Initial Value = 35470

compartment: Fence_Cost Unconditional

dFence_Cost/dt =0

Initial Value = 3122

flow: FenceCosts10Yr Unconditional

Flow from Fence_Cost to ShortCosts_Ag
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FenceCosts10Yr = (1/10) * Fence_Cost

compartment: Fertilier_Cost Unconditional

dFertilier_Cost/dt = 5157+(1289*FertilizerUse_AnhdgertilizerCostsAnnual
Initial Value = 5157

flow: FertilizerCostsAnnual Unconditional

Flow from Fertilier_Cost to AnnualCosts_Ag

FertilizerCostsAnnual = Fertilier_Cost

compartment: Machine_Cost Unconditional

dMachine_Cost/dt =0

Initial Value = 6660

flow: MachineCosts10Yr Unconditional

Flow from Machine_Cost to ShortCosts_Ag

MachineCosts10Yr = (1/10) * Machine_Cost

compartment: ShortCosts_Ag Unconditional

10Years

dShortCosts_Ag/dt = +MachineCosts10Yr-Annualizedd@osts+FenceCosts10Yr
Initial Value = 978

flow: TotalAnnualCostsFarming Unconditional

Flow from TotalFarmingCosts to TotalAnnualFarming@&romSu
TotalAnnualCostsFarming = TotalFarmingCosts

compartment: TotalFarmingCosts Unconditional

dTotalFarmingCosts/dt = +Annualized1YrCosts+Anrzedil0Y rCosts+Annualized30YrCosts-
TotalAnnualCostsFarming

Initial Value = 28096

compartment: Wage_Costs Unconditional

dWage_Costs/dt =0

Initial Value = 20778

flow: WageCostsAnnual Unconditional

Flow from Wage_Costs to AnnualCosts_Ag

WageCostsAnnual = Wage_Costs

compartment: Apple_Calories2 Unconditional

dApple_Calories2/dt = +(Apple_weightperbush*Calsriépples*Apples_toCalories)-
Apples_toAgCaloriesProduced

Initial Value = 2860093

flow: Apple_Sold Unconditional

Flow from Apples_bushels to Apples_Market

Apple_Sold = APercent_AgFood_toMarket * Apples_lrish

compartment: Apples_acres Unconditional

dApples_acres/dt = 0

Initial Value = 58

compartment: Apples_Animals Unconditional

dApples_Animals/dt = +Apples_toAnimals

Initial Value = 1160

compartment: Apples_bushels Unconditional

dApples_bushels/dt = (BperAcre_apples * CropEnhameceFactor* Apples_acres)+(BperAcre_apples *
RandomNumberlsd_Crops* Apples_acres)-Apple_SoldiégppoAnimals-Apples_toPeople
Initial Value = 1578

compartment: Apples_Food Unconditional

dApples_Food/dt = +Apples_toPeople-Apples_toCatorie

Initial Value = 252.48

compartment: Apples_Market Unconditional

dApples_Market/dt = +Apple_Sold-Apples_toMoney

Initial Value = 165.69

compartment: Apples_Money Unconditional

dApples_Money/dt = +(APPB_Apples*Apples_toMoney)Ags_toCash
Initial Value = 203.8

flow: Apples_toAgCaloriesProduced Unconditional

Flow from C1 to Ag_CaloriesProduced

Apples_toAgCaloriesProduced = Apple_Calories2

flow: Apples_toAnimals Unconditional
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Flow from Apples_bushels to Apples_Animals
Apples_toAnimals = APercent_AgFood_toAnimals * Appl bushels
flow: Apples_toCalories Unconditional

Flow from Apples_Food to C1

Apples_toCalories = Apples_Food

flow: Apples_toCash Unconditional

Flow from Apples_Money to Ag_CashMarket

Apples_toCash = Apples_Money

flow: Apples_toMoney Unconditional

Flow from Apples_Market to Apples_Money

Apples_toMoney = Apples_Market

flow: Apples_toPeople Unconditional

Flow from Apples_bushels to Apples_Food

Apples_toPeople = APercent_AgFood_toPeople * Apfdeshels
flow: Butter_toCalories Unconditional

Flow from ButtertoCalories to Ag_CaloriesProduced
Butter_toCalories = ButtertoCalories

compartment: ButtertoCalories Unconditional
dButtertoCalories/dt = +(Butter_Calories*ButterTstoCal)-Butter_toCalories
Initial Value = 15595156

flow: ButterTranstoCal Unconditional

Flow from MilkforButter to ButtertoCalories

ButterTranstoCal = MilkforButter

compartment: Corn_acres Unconditional

dCorn_acres/dt =0

Initial Value = 6389

compartment: Corn_Animals Unconditional
dCorn_Animals/dt = +Corn_toAnimals

Initial Value = 37323

compartment: Corn_bushels Unconditional
dCorn_bushels/dt = (BperAcre_corn * CropEnhancefRetbr* Corn_acres)+(BperAcre_corn *
RandomNumberlsd_Crops* Corn_acres)-Corn_toPeopie-Gold-Corn_toAnimals
Initial Value = 50780

compartment: Corn_Calories2 Unconditional
dCorn_Calories2/dt = +(Corn_weightperbush*Corn_ga&¥Corn_toCalories)-Corn_toAgCalories
Initial Value = 941258080

compartment: Corn_Food Unconditional

dCorn_Food/dt = +Corn_toPeople-Corn_toCalories

Initial Value = 8124.80

compartment: Corn_Market Unconditional

dCorn_Market/dt = +Corn_Sold-Corn_toMoney

Initial Value = 5331.90

compartment: Corn_Money Unconditional

dCorn_Money/dt = +(APPB_Corn*Corn_toMoney)-Corn_&s8
Initial Value = 2079.44

flow: Corn_Sold Unconditional

Flow from Corn_bushels to Corn_Market

Corn_Sold = APercent_AgFood_toMarket * Corn_bushels
flow: Corn_toAgCalories Unconditional

Flow from Corn_Calories2 to Ag_CaloriesProduced
Corn_toAgCalories = Corn_Calories2

flow: Corn_toAnimals Unconditional

Flow from Corn_bushels to Corn_Animals

Corn_toAnimals = APercent_AgFood_toAnimals * Coroshels
flow: Corn_toCalories Unconditional

Flow from Corn_Food to Corn_Calories2

Corn_toCalories = Corn_Food

flow: Corn_toCash Unconditional

Flow from Corn_Money to Ag_CashMarket

Corn_toCash = Corn_Money
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flow: Corn_toMoney Unconditional

Flow from Corn_Market to Corn_Money

Corn_toMoney = Corn_Market

flow: Corn_toPeople Unconditional

Flow from Corn_bushels to Corn_Food

Corn_toPeople = APercent_AgFood_toPeople * Corrhélgs
flow: CostsofFarming Unconditional

Flow from ExpensesFarmingtoNegative to NetProfitioRers
CostsofFarming = ExpensesFarmingtoNegative
compartment: DeadAnimals Unconditional
dDeadAnimals/dt = +MilkCows_toDead+OtherCows_toDegarden_toDead+Sheep_toDead
Initial Value = 0.0

compartment: Egg_Calories2 Unconditional
dEgg_Calories2/dt = +(Egg_Calories*Eggs_toCaloriegys_toAgCalProd
Initial Value = 13478400

compartment: Eggs Unconditional

dEggs/dt = +(Poultry*53)-Eggs_toCalories

Initial Value = 207360

flow: Eggs_toAgCalProd Unconditional

Flow from Egg_Calories2 to Ag_CaloriesProduced
Eggs_toAgCalProd = Egg_Calories2

flow: Eggs_toCalories Unconditional

Flow from Eggs to Egg_Calories2

Eggs_toCalories = Eggs

compartment: ExpensesFarming Unconditional
dExpensesFarming/dt = +FarmingExpenses-tonegative
Initial Value = 28096

compartment: ExpensesFarmingtoNegative Uncondition
dExpensesFarmingtoNegative/dt = +(-1*tonegative$t€afFarming
Initial Value = -28096

flow: FarmingExpenses Unconditional

Flow from TotalAnnualFarmingCostsfromSu to Expefrseming
FarmingExpenses = TotalAnnualFarmingCostsfromSu

flow: GrossAgMoneyPeople2 Unconditional

Flow from Ag_MoneyProduced to Ag_MoneyTotal
GrossAgMoneyPeople2 = Ag_MoneyProduced

flow: GrossAgMoneytoPeople Unconditional

Flow from Ag_CashMarket to Ag_MoneyProduced
GrossAgMoneytoPeople = Ag_CashMarket

compartment: Hog_Pop Unconditional

dHog_Pop/dt = -Hogs_toHogs

Initial Value = 1000000

compartment: Hogs Unconditional

dHogs/dt = +Hogs_toHogs-Hogs_toCalories

Initial Value = 2243

compartment: Hogs_Calories Unconditional
dHogs_Calories/dt = +(Hog_Calories*Hogs_toCaloridsps_toAgCalProd
Initial Value = 76934900

flow: Hogs_toAgCalProd Unconditional

Flow from Hogs_Calories to Ag_CaloriesProduced
Hogs_toAgCalProd = Hogs_Calories

flow: Hogs_toCalories Unconditional

Flow from Hogs to Hogs_Calories

Hogs_toCalories = .25*Hogs

flow: Hogs_toHogs Unconditional

Flow from Hog_Pop to Hogs

Hogs_toHogs = .25*Hogs

compartment: Milk Unconditional

Gallons

dMilk/dt = (MilkCow_GallonsPerCow*MilkCows)-MilktoRople-MilktoButter-MilkforSale



Initial Value = 54390
flow: Milk_toCalories Unconditional
Flow from MilkCalories to Ag_CaloriesProduced
Milk_toCalories = MilkCalories
flow: Milk_toMoney Unconditional
Flow from MilkSold to Ag_CashMarket
Milk_toMoney = MilkSold
compartment: MilkCalories Unconditional
dMilkCalories/dt = +(Milk_Calories*MilktoPeople)-Nk_toCalories
Initial Value = 91643904
compartment: MilkCow_Dropped Unconditional
dMilkCow_Dropped/dt = +MilkCow_toDrop-MilkCowDropjk toMilkCow
Initial Value = 129
compartment: MilkCow_Money Unconditional
dMilkCow_Money/dt = +(MilkCows_PricePerSale*MilkCowoMoney)-MilkCow_toCash
Initial Value = 837
compartment: MilkCow_Pop Unconditional
dMilkCow_Pop/dt = -MilkCow_toDrop-MilkCow_toPurchas
Initial Value = 100000000
compartment: MilkCow_Purchased Unconditional
dMilkCow_Purchased/dt = +MilkCow_toPurchase-MilkGewchased_toMilkCow
Initial Value = 16
flow: MilkCow_toCash Unconditional
Flow from MilkCow_Money to Ag_CashMarket
MilkCow_toCash = MilkCow_Money
flow: MilkCow_toDrop Unconditional
Flow from MilkCow_Pop to MilkCow_Dropped
MilkCow_toDrop = MilkCow_Dropped
flow: MilkCow_toMoney Unconditional
Flow from MilkCows_sold to MilkCow_Money
MilkCow_toMoney = MilkCows_sold
flow: MilkCow_toPurchase Unconditional
Flow from MilkCow_Pop to MilkCow_Purchased
MilkCow_toPurchase = MilkCow_Purchased
flow: MilkCowDropped_toMilkCow Unconditional
Flow from MilkCow_Dropped to MilkCows
MilkCowDropped_toMilkCow = MilkCow_Dropped
flow: MilkCowPurchased_toMilkCow Unconditional
Flow from MilkCow_Purchased to MilkCows
MilkCowPurchased_toMilkCow = MilkCow_Purchased
compartment: MilkCows Conditional
dMilkCows/dt =

0 for MilkCows>676

-MilkCows_toSold-MilkCows_toDied-
MilkCows_toSlaughtered+MilkCowDropped_toMilkCow+M{CowPurchased_toMilkCow by default
Initial Value = 370
compartment: MilkCows_Calories2 Unconditional
dMilkCows_Calories2/dt = +(MilkCow_Calories*MilkCosv toCalories)-MilkCows_toAgCalProd
Initial Value = 10707231
compartment: MilkCows_died Unconditional
dMilkCows_died/dt = +MilkCows_toDied-MilkCows_toDda
Initial Value = 6
compartment: MilkCows_slaughtered Unconditional
dMilkCows_slaughtered/dt = +MilkCows_toSlaughteidkCows_toCalories
Initial Value = 27
compartment: MilkCows_sold Unconditional
dMilkCows_sold/dt = +MilkCows_toSold-MilkCow_toMoge
Initial Value = 40
flow: MilkCows_toAgCalProd Unconditional
Flow from MilkCows_Calories2 to Ag_CaloriesProduced
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MilkCows_toAgCalProd = MilkCows_Calories2
flow: MilkCows_toCalories Unconditional

Flow from MilkCows_slaughtered to MilkCows_Calorzes
MilkCows_toCalories = MilkCows_slaughtered

flow: MilkCows_toDead Unconditional

Flow from MilkCows_died to DeadAnimals
MilkCows_toDead = MilkCows_died

flow: MilkCows_toDied Unconditional

Flow from MilkCows to MilkCows_died
MilkCows_toDied = MilkCows_died

flow: MilkCows_toSlaughtered Unconditional

Flow from MilkCows to MilkCows_slaughtered
MilkCows_toSlaughtered = MilkCows_slaughtered
flow: MilkCows_toSold Unconditional

Flow from MilkCows to MilkCows_sold
MilkCows_toSold = MilkCows_sold

compartment: MilkforButter Unconditional

Ibs

dMilkforButter/dt = +MilktoButter-ButterTranstoCal
Initial Value = 4796

flow: MilkforSale Unconditional

Flow from Milk to MilkSold

MilkforSale = MilkSold_Perct * Milk

compartment: MilkSold Unconditional

dMilkSold/dt = +(APPG_Milk*MilkforSale)-Milk_toMong
Initial Value = 13.56

flow: MilktoButter Unconditional

Flow from Milk to MilkforButter

MilktoButter = MilkButter_Perct * Milk

flow: MilktoPeople Unconditional

Flow from Milk to C1

MilktoPeople = MilkConsumed_Perct * Milk

flow: NetCaloriestoPeople_Agric Unconditional
Flow from Ag_CaloriesProduced to TotalCaloriesfrogni&ulture
NetCaloriestoPeople_Agric = Ag_CaloriesProduced
flow: NetMoneytoPeopleAgric Unconditional

Flow from NetProfittoFarmers to NetMoneyfromAgric
NetMoneytoPeopleAgric = NetProfittoFarmers
compartment: NetProfittoFarmers Unconditional
dNetProfittoFarmers/dt = +TotalRevenuesFarmers+godisarming-NetMoneytoPeopleAgric
Initial Value = -20859.54

flow: Oat_toCalories Unconditional

Flow from Oats_Food to C1

Oat_toCalories = Oats_Food

compartment: Oats_acres Unconditional
dOats_acres/dt =0

Initial Value = 1715

compartment: Oats_Animals Unconditional
dOats_Animals/dt = +Oats_toAnimals

Initial Value = 6659

compartment: Oats_bushels Unconditional

dOats_bushels/dt = (BperAcre_oats * CropEnhancdraetdr*Oats_acres)+(BperAcre_oats *

RandomNumberlsd_Crops*Oats_acres)-Oats_toPeopte-8altl-Oats_toAnimals
Initial Value = 9060

compartment: Oats_Food Unconditional

dOats_Food/dt = +Oats_toPeople-Oat_toCalories

Initial Value = 1449.60

compartment: Oats_Market Unconditional

dOats_Market/dt = +Oats_Sold-Oats_toMoney

Initial Value = 951.30
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compartment: Oats_Money Unconditional
dOats_Money/dt = +(APPB_Oats*Oats_toMoney)-OatsasiC
Initial Value =294.90
flow: Oats_Sold Unconditional
Flow from Oats_bushels to Oats_Market
Oats_Sold = APercent_AgFood_toMarket * Oats_bushels
flow: Oats_toAgCaloriesProduced Unconditional
Flow from C1 to Ag_CaloriesProduced
Oats_toAgCaloriesProduced = Oats_toCalories2
flow: Oats_toAnimals Unconditional
Flow from Oats_bushels to Oats_Animals
Oats_toAnimals = APercent_AgFood_toAnimals * Oatsshels
compartment: Oats_toCalories2 Unconditional
dOats_toCalories2/dt = +(Oat_weightperbush*Oat reedtOat_toCalories)-Oats_toAgCaloriesProduced
Initial Value = 81827021
flow: Oats_toCash Unconditional
Flow from Oats_Money to Ag_CashMarket
Oats_toCash = Oats_Money
flow: Oats_toMoney Unconditional
Flow from Oats_Market to Oats_Money
Oats_toMoney = Oats_Market
flow: Oats_toPeople Unconditional
Flow from Oats_bushels to Oats_Food
Oats_toPeople = APercent_AgFood_toPeople * Oathdisis
compartment: OtherCattle Conditional
dOtherCattle/dt =

0 for OtherCattle>605

-OtherCattleSold-OtherCattleDied-
OtherCattleSlaughtered+OtherCowDropped_toOtherCawe@owPurchased_toOtherCow by default
Initial Value = 331
compartment: OtherCattle_sold Unconditional
dOtherCattle_sold/dt = +OtherCattleSold-OtherCowa®ldney
Initial Value = 36
flow: OtherCattleDied Unconditional
Flow from OtherCattle to OtherCows_died
OtherCattleDied = OtherCows_died
flow: OtherCattleSlaughtered Unconditional
Flow from OtherCattle to OtherCows_slaughtered
OtherCattleSlaughtered = OtherCows_slaughtered
flow: OtherCattleSold Unconditional
Flow from OtherCattle to OtherCattle_sold
OtherCattleSold = OtherCattle_sold
compartment: OtherCow_Calories2 Unconditional
dOtherCow_Calories2/dt = +(OtherCows_ Calories*Offwar_toCalories)-OtherCow_toAgCalProd
Initial Value = 9578631
compartment: OtherCow_Dropped Unconditional
dOtherCow_Dropped/dt = +OtherCow_toDrop-OtherCowiped_toOtherCow
Initial Value = 115
compartment: OtherCow_Pop Unconditional
dOtherCow_Pop/dt = -OtherCow_toDrop-OtherCow_toRase
Initial Value = 100000000
compartment: OtherCow_Purchased Unconditional
dOtherCow_Purchased/dt = +OtherCow_toPurchase-Otlv@Purchased_toOtherCow
Initial Value = 14
flow: OtherCow_toAgCalProd Unconditional
Flow from OtherCow_Calories2 to Ag_CaloriesProduced
OtherCow_toAgCalProd = OtherCow_Calories2
flow: OtherCow_toCalories Unconditional
Flow from OtherCows_slaughtered to OtherCow_Cad@rie
OtherCow_toCalories = OtherCows_slaughtered
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flow: OtherCow_toDrop Unconditional
Flow from OtherCow_Pop to OtherCow_Dropped
OtherCow_toDrop = OtherCow_Dropped
flow: OtherCow_toPurchase Unconditional
Flow from OtherCow_Pop to OtherCow_Purchased
OtherCow_toPurchase = OtherCow_Purchased
flow: OtherCowDropped_toOtherCow Unconditional
Flow from OtherCow_Dropped to OtherCattle
OtherCowDropped_toOtherCow = OtherCow_Dropped
flow: OtherCowPurchased_toOtherCow Unconditional
Flow from OtherCow_Purchased to OtherCattle
OtherCowPurchased_toOtherCow = OtherCow_Purchased
compartment: OtherCows_died Unconditional
dOtherCows_died/dt = +OtherCattleDied-OtherCows eiaiD
Initial Value = 17
compartment: OtherCows_Money Unconditional
dOtherCows_Money/dt = +(OtherCows_PricePerSale*@bws_toMoney)-OtherCows_toCash
Initial Value = 749
compartment: OtherCows_slaughtered Unconditional
dOtherCows_slaughtered/dt = +OtherCattleSlaught&tbérCow_toCalories
Initial Value = 24
flow: OtherCows_toCash Unconditional
Flow from OtherCows_Money to Ag_CashMarket
OtherCows_toCash = OtherCows_Money
flow: OtherCows_toDead Unconditional
Flow from OtherCows_died to DeadAnimals
OtherCows_toDead = OtherCows_died
flow: OtherCows_toMoney Unconditional
Flow from OtherCattle_sold to OtherCows_Money
OtherCows_toMoney = OtherCattle_sold
compartment: Oxen Conditional
dOxen/dt =

0 for Oxen>144

-Oxen_toSold-Oxen_toDied-Oxen_toSlaughtered+Oxepped_toOxen+OxenPurchased_toOxen by default
Initial Value = 79
compartment: Oxen_Calories2 Unconditional
dOxen_Calories2/dt = +(Oxen_Calories*Oxen_toCak)ri@xen_toAgCalProd
Initial Value = 2286138
compartment: Oxen_died Unconditional
dOxen_died/dt = +Oxen_toDied-Oxen_toDead
Initial Value =4
compartment: Oxen_Dropped Unconditional
dOxen_Dropped/dt = +Oxen_toDrop-OxenDropped_toOxen
Initial Value = 28
compartment: Oxen_Money Unconditional
dOxen_Money/dt = +(Oxen_PricePerSale*Oxen_toMor@ygn_toCash
Initial Value = 179
compartment: Oxen_Pop Unconditional
dOxen_Pop/dt = -Oxen_toDrop-Oxen_toPurchase
Initial Value = 100000000
compartment: Oxen_Purchased Unconditional
dOxen_Purchased/dt = +Oxen_toPurchase-OxenPurchia€pan
Initial Value =3
compartment: Oxen_slaughtered Unconditional
dOxen_slaughtered/dt = +Oxen_toSlaughtered-Oxeraltoieés
Initial Value = 6
compartment: Oxen_sold Unconditional
dOxen_sold/dt = +Oxen_toSold-Oxen_toMoney
Initial Value =9
flow: Oxen_toAgCalProd Unconditional
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Flow from Oxen_Calories2 to Ag_CaloriesProduced
Oxen_toAgCalProd = Oxen_Calories2

flow: Oxen_toCalories Unconditional

Flow from Oxen_slaughtered to C1
Oxen_toCalories = Oxen_slaughtered

flow: Oxen_toCash Unconditional

Flow from Oxen_Money to Ag_CashMarket
Oxen_toCash = Oxen_Money

flow: Oxen_toDead Unconditional

Flow from Oxen_died to DeadAnimals
Oxen_toDead = Oxen_died

flow: Oxen_toDied Unconditional

Flow from Oxen to Oxen_died

Oxen_toDied = Oxen_died

flow: Oxen_toDrop Unconditional

Flow from Oxen_Pop to Oxen_Dropped
Oxen_toDrop = Oxen_Dropped

flow: Oxen_toMoney Unconditional

Flow from Oxen_sold to Oxen_Money
Oxen_toMoney = Oxen_sold

flow: Oxen_toPurchase Unconditional

Flow from Oxen_Pop to Oxen_Purchased
Oxen_toPurchase = Oxen_Purchased

flow: Oxen_toSlaughtered Unconditional

Flow from Oxen to Oxen_slaughtered
Oxen_toSlaughtered = Oxen_slaughtered

flow: Oxen_toSold Unconditional

Flow from Oxen to Oxen_sold

Oxen_toSold = Oxen_sold

flow: OxenDropped_toOxen Unconditional

Flow from Oxen_Dropped to Oxen
OxenDropped_toOxen = Oxen_Dropped

flow: OxenPurchased_toOxen Unconditional

Flow from Oxen_Purchased to Oxen
OxenPurchased_toOxen = Oxen_Purchased
compartment: Peach_acres Unconditional
dPeach_acres/dt =0

Initial Value = 47

compartment: Peach_Animals Unconditional
dPeach_Animals/dt = +Peach_toAnimals

Initial Value = 883

compartment: Peach_bushels Unconditional
dPeach_bushels/dt = (CropEnhancementFactor*Bperfeach *
Peach_acres)+(RandomNumberlsd_Crops*BperAcre_pgdaeach_acres)-Peach_Sold-Peach_toPeople-
Peach_toAnimals

Initial Value = 1202

compartment: Peach_Calories2 Unconditional
dPeach_Calories2/dt = +(Peach_weightperbush*Peatities*Peach_toCalories)-Peach_toAgCaloriesPratluce
Initial Value = 1702032

compartment: Peach_Food Unconditional
dPeach_Food/dt = +Peach_toPeople-Peach_toCalories
Initial Value = 192.32

compartment: Peach_Market Unconditional
dPeach_Market/dt = +Peach_Sold-Peach_toMoney
Initial Value = 126.21

compartment: Peach_Money Unconditional
dPeach_Money/dt = +(APPB_Peach*Peach_toMoney)-PéacChsh
Initial Value = 169.12

flow: Peach_Sold Unconditional

Flow from Peach_bushels to Peach_Market
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Peach_Sold = APercent_AgFood_toMarket * Peach_lsishe
flow: Peach_toAgCaloriesProduced Unconditional

Flow from Peach_Calories2 to Ag_CaloriesProduced
Peach_toAgCaloriesProduced = Peach_Calories2

flow: Peach_toAnimals Unconditional

Flow from Peach_bushels to Peach_Animals
Peach_toAnimals = APercent_AgFood_toAnimals * Pehadshels
flow: Peach_toCalories Unconditional

Flow from Peach_Food to Peach_Calories2

Peach_toCalories = Peach_Food

flow: Peach_toCash Unconditional

Flow from Peach_Money to Ag_CashMarket

Peach_toCash = Peach_Money

flow: Peach_toMoney Unconditional

Flow from Peach_Market to Peach_Money

Peach_toMoney = Peach_Market

flow: Peach_toPeople Unconditional

Flow from Peach_bushels to Peach_Food

Peach_toPeople = APercent_AgFood_toPeople * Peashels
compartment: Pot_Calories2 Unconditional
dPot_Calories2/dt = +(Potato_irish_weightperbushéRo irish_calories*Pot_toCalories)-Pot_toAgCalProd
Initial Value = 291770976

compartment: Pot_Food Unconditional

dPot_Food/dt = +Potato_toPeople-Pot_toCalories

Initial Value = 5415.20

compartment: Pot_Market Unconditional

dPot_Market/dt = +Potato_Sold-Pot_toMoney

Initial Value = 3553.73

flow: Pot_toAgCalProd Unconditional

Flow from C1 to Ag_CaloriesProduced

Pot_toAgCalProd = Pot_Calories2

flow: Pot_toCalories Unconditional

Flow from Pot_Food to C1

Pot_toCalories = Pot_Food

flow: Pot_toCash Unconditional

Flow from Potatoe_Money to Ag_CashMarket

Pot_toCash = Potatoe_Money

flow: Pot_toMoney Unconditional

Flow from Pot_Market to Potatoe_Money

Pot_toMoney = Pot_Market

flow: Potato_Sold Unconditional

Flow from Potatoes_bushels to Pot_Market

Potato_Sold = APercent_AgFood_toMarket * Potatoashbls
flow: Potato_toPeople Unconditional

Flow from Potatoes_bushels to Pot_Food

Potato_toPeople = APercent_AgFood_toPeople * Pesatoushels
compartment: Potatoe_Money Unconditional
dPotatoe_Money/dt = +(APPB_Potato_irish*Pot_toMgregt_toCash
Initial Value = 1243.80

compartment: Potatoes_acres Unconditional
dPotatoes_acres/dt =0

Initial Value = 708

compartment: Potatoes_Animals Unconditional
dPotatoes_Animals/dt = +Potatoes_toAnimals

Initial Value = 25876

compartment: Potatoes_bushels Unconditional
dPotatoes_bushels/dt =
(BperAcre_potato_irish*CropEnhancementFactor*Past@acres)+(BperAcre_potato_irish*RandomNumberlsd_
Crops*Potatoes_acres)-Potato_toPeople-Potato_Suitees_toAnimals
Initial Value = 33845
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flow: Potatoes_toAnimals Unconditional
Flow from Potatoes_bushels to Potatoes_Animals
Potatoes_toAnimals = APercent_AgFood_toAnimals takaes_bushels
flow: Poulltry_toCalories Unconditional
Flow from Poultry to Poultry _Calories2
Poulltry_toCalories = .5 * Poultry
compartment: Poultry Unconditional
dPoultry/dt = +Poultry_toPoultry-Poulltry_toCalosie
Initial Value = 3917
compartment: Poultry_Calories2 Unconditional
dPoultry_Calories2/dt = +(Poultry_Calories*PoullttgCalories)-Poultry _toAgCalProd
Initial Value = 2087290
compartment: Poultry_Pop Unconditional
dPoultry_Pop/dt = -Poultry_toPoultry
Initial Value = 1000000000
flow: Poultry_toAgCalProd Unconditional
Flow from Poultry_Calories to Ag_CaloriesProduced
Poultry_toAgCalProd = Poultry_Calories2
flow: Poultry_toPoultry Unconditional
Flow from Poultry_Pop to Poultry
Poultry_toPoultry = .5 * Poultry
compartment: Sheep Conditional
dSheep/dt =
0 for Sheep>842
-SheepDied-SheepSlaughtered-SheepSold+Sheeplrdpfbeep+SheepPurchased_toSheep by default
Initial Value = 431
compartment: Sheep_Calories2 Unconditional
dSheep_Calories2/dt = +(Sheep_Calories*Sheep_to€sjeSheep_toAgCalProd
Initial Value = 577837
compartment: Sheep_died Unconditional
dSheep_died/dt = +SheepDied-Sheep_toDead
Initial Value = 103
compartment: Sheep_Dropped Unconditional
dSheep_Dropped/dt = +Sheep_toDrop-SheepDroppede¢pSh
Initial Value = 124
compartment: Sheep_Money Unconditional
dSheep_Money/dt = +(Sheep_PricePerSale*Sheep_toNt&@teep_toCash
Initial Value = 33
compartment: Sheep_Pop Unconditional
dSheep_Pop/dt = -Sheep_toDrop-Sheep_toPurchase
Initial Value = 100000000
compartment: Sheep_Purchased Unconditional
dSheep_Purchased/dt = +Sheep_toPurchase-Sheepfadrclussheep
Initial Value = 22
compartment: Sheep_slaughtered Unconditional
dSheep_slaughtered/dt = +SheepSlaughtered-SheepotiesS
Initial Value =9
compartment: Sheep_sold Unconditional
dSheep_sold/dt = +SheepSold-Sheep_toMoney
Initial Value = 11
flow: Sheep_toAgCalProd Unconditional
Flow from C1 to Ag_CaloriesProduced
Sheep_toAgCalProd = Sheep_Calories2
flow: Sheep_toCalories Unconditional
Flow from Sheep_slaughtered to Sheep_Calories2
Sheep_toCalories = Sheep_slaughtered
flow: Sheep_toCash Unconditional
Flow from Sheep_Market to Ag_CashMarket
Sheep_toCash = Sheep_Money
flow: Sheep_toDead Unconditional
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Flow from Sheep_died to DeadAnimals

Sheep_toDead = Sheep_died

flow: Sheep_toDrop Unconditional

Flow from Sheep_Pop to Sheep_Dropped
Sheep_toDrop = Sheep_Dropped

flow: Sheep_toMoney Unconditional

Flow from Sheep_sold to Sheep_Money
Sheep_toMoney = Sheep_sold

flow: Sheep_toPurchase Unconditional

Flow from Sheep_Pop to Sheep_Purchased
Sheep_toPurchase = Sheep_Purchased

flow: SheepDied Unconditional

Flow from Sheep to Sheep_died

SheepDied = 0.23577* Sheep

flow: SheepDropped_toSheep Unconditional

Flow from Sheep_Dropped to Sheep
SheepDropped_toSheep = Sheep_Dropped

flow: SheepPurchased_toSheep Unconditional

Flow from Sheep_Purchased to Sheep
SheepPurchased_toSheep = Sheep_Purchased

flow: SheepSlaughtered Unconditional

Flow from Sheep to Sheep_slaughtered
SheepSlaughtered = Sheep_slaughtered

flow: SheepSold Unconditional

Flow from Sheep to Sheep_sold

SheepSold = Sheep_sold

compartment: Sw_Potatoes_acres Unconditional
dSw_Potatoes_acres/dt =0

Initial Value = 623

compartment: Sw_Potatoes_bushels Unconditional
dSw_Potatoes_bushels/dt =
(BperAcre_potatos_sw*CropEnhancementFactor*Sw_Besatacres)+(BperAcre_potatos_sw*RandomNumberl
sd_Crops*Sw_Potatoes_acres)-SwPotato_toPeople-8toP8bld-SwPotatoes_toAnimals
Initial Value = 37030

compartment: SwPot_Calories2 Unconditional
dSwPot_Calories2/dt = +(Potato_sweet_weightperbitRbmto_sweet_calories*SwPot_toCalories)-
SwPot_toAgCalProd

Initial Value = 132952512

compartment: SwPot_Food Unconditional
dSwPot_Food/dt = +SwPotato_toPeople-SwPot_toCalorie
Initial Value = 5924.80

compartment: SwPot_Market Unconditional
dSwPot_Market/dt = +SwPotato_Sold-SwPot_toMoney
Initial Value = 3888.15

flow: SwPot_toAgCalProd Unconditional

Flow from C1 to Ag_CaloriesProduced
SwPot_toAgCalProd = SwPot_Calories2

flow: SwPot_toCalories Unconditional

Flow from SwPot_Food to SwPot_Calories2
SwPot_toCalories = SwPot_Food

flow: SwPot_toCash Unconditional

Flow from SwPotatoe_Money to Ag_CashMarket
SwPot_toCash = SwPotatoe_Money

flow: SwPot_toMoney Unconditional

Flow from SwPot_Market to SwPotatoe_Money
SwPot_toMoney = SwPot_Market

flow: SwPotato_Sold Unconditional

Flow from Sw_Potatoes_bushels to SwPot_Market
SwPotato_Sold = APercent_AgFood_toMarket * Sw_Restbushels
flow: SwPotato_toPeople Unconditional
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Flow from Sw_Potatoes_bushels to SwPot_Food

SwPotato_toPeople = APercent_AgFood_toPeople * $tatfes_bushels
compartment: SwPotatoe_Money Unconditional

dSwPotatoe_Money/dt = +(APPB_Potato_sweet*SwPototuy)-SwPot_toCash
Initial Value = 1555.26

compartment: SwPotatoes_Animals Unconditional
dSwPotatoes_Animals/dt = +SwPotatoes_toAnimals

Initial Value = 27218

flow: SwPotatoes_toAnimals Unconditional

Flow from Sw_Potatoes_bushels to SwPotatoes_Animals
SwPotatoes_toAnimals = APercent_AgFood_toAnimaisw* Potatoes_bushels
compartment: Tob_Market Unconditional

dTob_Market/dt = +Tobacco_Sold-Tob_toMoney

Initial Value = 1975

flow: Tob_toCash Unconditional

Flow from Tobacco_Money to Ag_CashMarket

Tob_toCash = Tobacco_Money

flow: Tob_toMoney Unconditional

Flow from Tob_Market to Tobacco_Money

Tob_toMoney = Tob_Market

compartment: Tobacco_acres Unconditional

dTobacco_acres/dt =0

Initial Value = 15

compartment: Tobacco_Money Unconditional

dTobacco_Money/dt = +(APPP_Tobacco*Tob_toMoney)-TolBash

Initial Value = 276.50

compartment: Tobacco_pounds Unconditional

dTobacco_pounds/dt = (BperAcre_tobacco * CropEnbamentFactor*Tobacco_acres)+(BperAcre_tobacco *
RandomNumberlsd_Crops*Tobacco_acres)-Tobacco_Sold

Initial Value = 1975

flow: Tobacco_Sold Unconditional

Flow from Tobacco_pounds to Tob_Market

Tobacco_Sold = Tobacco_pounds

flow: tonegative Unconditional

Flow from ExpensesFarming to ExpensesFarmingtofegat

tonegative = ExpensesFarming

flow: TotalRevenuesFarmers Unconditional

Flow from Ag_MoneyTotal to NetProfittoFarmers

TotalRevenuesFarmers = Ag_MoneyTotal

compartment: Wheat_acres Unconditional

dWheat_acres/dt =0

Initial Value =9

compartment: Wheat_Animals Unconditional

dWheat_Animals/dt = +Wheat_toAnimals

Initial Value = 86

compartment: Wheat_bushels Unconditional

dWheat_bushels/dt = (BperAcre_wheat * CropEnhano¢faetor*Wheat_acres)+(BperAcre_wheat *
RandomNumberlsd_Crops*Wheat_acres)-Wheat_toPeopkaiNSold-Wheat_toAnimals
Initial Value = 117

compartment: Wheat_Calories2 Unconditional

dWheat_Calories2/dt = +(Wheat_weightperbush*Whesdories*Wheat_toCalories)-Wheat_toAgCalProd
Initial Value = 1742083

compartment: Wheat_Food Unconditional

dWheat_Food/dt = +Wheat_toPeople-Wheat_toCalories

Initial Value = 18.72

compartment: Wheat_Market Unconditional

dWheat_Market/dt = +Wheat_Sold-Wheat_toMoney

Initial Value = 12.29

compartment: Wheat_Money Unconditional

dWheat_Money/dt = +(APPB_Wheat*Wheat_toMoney)-Wheatash



Initial Value = 10.20

flow: Wheat_Sold Unconditional

Flow from Wheat_bushels to Wheat_Market

Wheat_Sold = APercent_AgFood_toMarket * Wheat_blsshe

flow: Wheat_toAgCalProd Unconditional

Flow from C1 to Ag_CaloriesProduced

Wheat_toAgCalProd = Wheat_Calories2

flow: Wheat_toAnimals Unconditional

Flow from Wheat_bushels to Wheat_Animals

Wheat_toAnimals = APercent_AgFood_toAnimals* Whéaishels

flow: Wheat_toCalories Unconditional

Flow from Wheat_Food to C1

Wheat_toCalories = Wheat_Food

flow: Wheat_toCash Unconditional

Flow from Wheat_Money to Ag_CashMarket

Wheat_toCash = Wheat_Money

flow: Wheat_toMoney Unconditional

Flow from Wheat_Market to Wheat_Money

Wheat_toMoney = Wheat_Market

flow: Wheat_toPeople Unconditional

Flow from Wheat_bushels to Wheat_Food

Wheat_toPeople = APercent_AgFood_toPeople * Wheshdls

compartment: Wool Unconditional

2.16 Ibs wool per sheep

dWool/dt = (APPP_Wo00I*2.16*Sheep)

Initial Value = 271

flow: Wool_toMarket Unconditional

Flow from Wool to Ag_CashMarket

Wool_toMarket = Wool

compartment: BayHealthDump Unconditional

dBayHealthDump/dt = +F16

Initial Value = 0.0

compartment: BayHealthFactor Conditional Global

dBayHealthFactor/dt =
-.50-F16 for FertilizerUse_Aggregate>=450
-.45-F16 for FertilizerUse_Aggregate>=400
-.40-F16 for FertilizerUse_Aggregate>=350
-.35-F16 for FertilizerUse_Aggregate>=300
-.30-F16 for FertilizerUse_Aggregate>=250
-.25-F16 for FertilizerUse_Aggregate>=200
-.20-F16 for FertilizerUse_Aggregate>=150
-.15-F16 for FertilizerUse_Aggregate>=100
-.10-F16 for FertilizerUse_Aggregate>=50
-.05-F16 for FertilizerUse_Aggregate>=25
0-F16 by default

Initial Value =0

compartment: BlackTotal Unconditional

dBlackTotal/dt = TotalPop_FB+TotalPop_MB-F24

Initial Value = 1421

compartment: CalDump Unconditional

dCalDump/dt = +toCalDump

Initial Value = 0.0

compartment: Calories_from_Ag_and_ChesBay Uncardit

dCalories_from_Ag_and_ChesBay/dt = +Caloriesfrotnifig+TotalCaloriesfromAgric-toCalDump

Initial Value = 1949627154
flow: CaloriesfromFishing Unconditional

Flow from TotalCaloriesFromFishing to Calories_frofg_and_ChesBay

CaloriesfromFishing = TotalCaloriesFromFishing
Chesapeake
compartment: BAYCash_Market Unconditional
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dBAYCash_Market/dt = -
GrossMoneytoPeople_Bay+Oysters_toBayCash+Clamsy@dsh+Crabs_toBayCash+Terps_toBayCash+Shad_
toBayCash+SpMackeral_toBayCash+Bluefish_toBayCashrgat_toBayCash+Sheepshead_toBayCash+OtherF
ish_toBayCash+Menhaden_toBayCash

Initial Value = 104298

compartment: BAYFood_CaloriesProduced Unconditiona

dBAYFood_CaloriesProduced/dt = -
NetCaloriestoPeople+Oysters_toBayProd+Crabs_toRa#lams_toBayProd+Terps_toBayProd+Shad_toBayP
rod+SpMackeral_toBayProd+Bluefish_toBayProd+GrTroeBayProd+Sheepshead_toBayProd+OtherFish_toBa
yProd

Initial Value = 272624869

compartment: Bluefish_Calories2 Unconditional

dBluefish_Calories2/dt = +(Calories_Bluefish*Blws#i_toCalories)-Bluefish_toBayProd

Initial Value = 20983009

compartment: Bluefish_Food Unconditional

dBluefish_Food/dt = +Bluefish_toFood-Bluefish_to@#s

Initial Value = 37470

compartment: BlueFish_Harvest Unconditional

dBlueFish_Harvest/dt = (BayHealthFactor*BluefishBeRandomNumberlsd3_Fish*BluefishPool)-
Bluefish_toFood-Bluefish_toMkt

Initial Value = 189943

compartment: Bluefish_Market Unconditional

dBluefish_Market/dt = +Bluefish_toMkt-Bluefish_toMey

Initial Value = 152474

compartment: Bluefish_Money Unconditional

dBluefish_Money/dt = +(BPPP_Bluefish*Bluefish_toMay)-Bluefish_toBayCash

Initial Value = 3049

flow: Bluefish_toBayCash Unconditional

Flow from Bluefish_Money to BAYCash_Market

Bluefish_toBayCash = Bluefish_Money

flow: Bluefish_toBayProd Unconditional

Flow from Bluefish_Calories2 to BAYFood_CaloriesBuced

Bluefish_toBayProd = Bluefish_Calories2

flow: Bluefish_toCalories Unconditional

Flow from Bluefish_Food to Bluefish_Calories2

Bluefish_toCalories = Bluefish_Food

flow: Bluefish_toFood Unconditional

Flow from BlueFish_Harvest to Bluefish_Food

Bluefish_toFood = AFoodvsMarket_estuary * BlueFidarvest

flow: Bluefish_toMkt Unconditional

Flow from BlueFish_Harvest to Bluefish_Market

Bluefish_toMkt = (1-AFoodvsMarket_estuary) * BlusRi Harvest

flow: Bluefish_toMoney Unconditional

Flow from Bluefish_Market to Bluefish_Money

Bluefish_toMoney = Bluefish_Market

compartment: BluefishPool Unconditional

dBluefishPool/dt = 0

Initial Value = 189943

compartment: Clam_Calories2 Unconditional

dClam_Calories2/dt = +(Clam_Calories*Clams_toCalgFriClams_toBayProd

Initial Value = 1020951

compartment: Clam_Food Unconditional

dClam_Food/dt = +Clam_toFood-Clams_toCalories

Initial Value = 3039

compartment: Clam_Harvest Unconditional

dClam_Harvest/dt = (BayHealthFactor*ClamPool)+(Ramélumberlsd3_Fish*ClamPool)-Clam_toFood-
Clam_toMkt

Initial Value = 15403

compartment: Clam_Market Unconditional

dClam_Market/dt = +Clam_toMkt-Clams_toMoney
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Initial Value = 12365

flow: Clam_toFood Unconditional

Flow from Clam_Harvest to Clam_Food

Clam_toFood = AFoodvsMarket_estuary * Clam_Harvest
flow: Clam_toMkt Unconditional

Flow from Clam_Harvest to Clam_Market

Clam_toMkt = (1-AFoodvsMarket_estuary) * Clam_Haste
compartment: ClamPool Unconditional

dClamPool/dt = 0

Initial Value = 15403

compartment: Clams_Money Unconditional
dClams_Money/dt = +(BPPP_Clam*Clams_toMoney)-ClaoBayCash
Initial Value = 618

flow: Clams_toBayCash Unconditional

Flow from Clams_Money to BAYCash_Market
Clams_toBayCash = Clams_Money

flow: Clams_toBayProd Unconditional

Flow from Clam_Calories2 to BAYFood_CaloriesProdiice
Clams_toBayProd = Clam_Calories2

flow: Clams_toCalories Unconditional

Flow from Clam_Food to Clam_Calories2
Clams_toCalories = Clam_Food

flow: Clams_toMoney Unconditional

Flow from Clam_Market to Clams_Money
Clams_toMoney = Clam_Market

compartment: Crab_Calories2 Unconditional
dCrab_Calories2/dt = +(Crab_Calories*Crabs_toCak)fiCrabs_toBayProd
Initial Value = 12434831

compartment: Crab_Food Unconditional

dCrab_Food/dt = +Crab_toFood-Crabs_toCalories

Initial Value = 8933

compartment: Crab_Harvest Unconditional
dCrab_Harvest/dt = (BayHealthFactor*CrabPool)+(Randumberlsd3_Fish*CrabPool)-Crab_toFood-
Crab_toMkt

Initial Value = 45284

compartment: Crab_Market Unconditional
dCrab_Market/dt = +Crab_toMkt-Crabs_toMoney

Initial Value = 36351

flow: Crab_toFood Unconditional

Flow from Crab_Harvest to Crab_Food

Crab_toFood = AFoodvsMarket_estuary * Crab_Harvest
flow: Crab_toMkt Unconditional

Flow from Crab_Harvest to Crab_Market

Crab_toMkt = (1-AFoodvsMarket_estuary) * Crab_Hatve
compartment: CrabPool Unconditional

dCrabPool/dt =0

Initial Value = 45284

compartment: Crabs_Money Unconditional
dCrabs_Money/dt = +(BPPB_Crab*Crabs_toMoney)-CraiBayCash
Initial Value = 1091

flow: Crabs_toBayCash Unconditional

Flow from Crabs_Money to BAYCash_Market
Crabs_toBayCash = Crabs_Money

flow: Crabs_toBayProd Unconditional

Flow from Crab_Calories2 to BAYFood_CaloriesProdiice
Crabs_toBayProd = Crab_Calories2

flow: Crabs_toCalories Unconditional

Flow from Crab_Food to Crab_Calories2
Crabs_toCalories = Crab_Food

flow: Crabs_toMoney Unconditional
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Flow from Crab_Market to Crabs_Money
Crabs_toMoney = Crab_Market

compartment: Expenses_Fishing Unconditional
dExpenses_Fishing/dt = +FishingExpenses-TotalExgsttishermenNegative
Initial Value = 19630

FishingCosts

compartment: AnnualCosts Unconditional

1lYear

dAnnualCosts/dt = +AnnualOysterPlantingCosts+AnByaterGearOutfitCosts-Annualized1YrCosts
Initial Value = 16056

flow: AnnualFishHouseCosts Unconditional

Flow from FishHousesCosts to CapitalCosts
AnnualFishHouseCosts = (1/30) * FishHousesCosts
flow: AnnualFishingVesselCosts Unconditional

Flow from FishingVesselsCosts to CapitalCosts
AnnualFishingVesselCosts = (1/30) * FishingVessest€
flow: AnnualFykesCosts Unconditional

Flow from FykesCosts to ShortCosts
AnnualFykesCosts = (1/3) * FykesCosts

flow: AnnualGilINetCosts Unconditional

Flow from GillNetCosts to ShortCosts
AnnualGillNetCosts = (1/3) * GillNetCosts

flow: Annualized1YrCosts Unconditional

Flow from AnnualCosts to TotalAnnualFishingCosts
Annualized1YrCosts = AnnualCosts

flow: Annualized30YrCosts Unconditional

Flow from CapitalCosts to TotalAnnualFishingCosts
Annualized30YrCosts = CapitalCosts

flow: Annualized3YrCosts Unconditional

Flow from ShortCosts to TotalAnnualFishingCosts
Annualized3YrCosts = ShortCosts

flow: AnnualOysterBuildingCosts Unconditional

Flow from OysterBuildingsCosts to CapitalCosts
AnnualQOysterBuildingCosts = (1/30) * OysterBuildsosts
flow: AnnualOysterCanneriesCosts Unconditional
Flow from OysterCanneriesCosts to CapitalCosts
AnnualOysterCanneriesCosts = (1/30) * OysterCaes@ubsts
flow: AnnualOysterGearOutfitCosts Unconditional
Flow from OysterGearOutfitCosts to AnnualCosts
AnnualOysterGearOutfitCosts = OysterGearOutfitCosts
flow: AnnualOysterPlantingCosts Unconditional

Flow from OysterPlantingCosts to AnnualCosts
AnnualQOysterPlantingCosts = OysterPlantingCosts
flow: AnnualOysterVesselCosts Unconditional

Flow from OysterVesselsCosts to CapitalCosts
AnnualQOysterVesselCosts = (1/30) * OysterVesselsCos
flow: AnnualPoundNetCosts Unconditional

Flow from PoundNetCosts to ShortCosts
AnnualPoundNetCosts = (1/3) * PoundNetCosts

flow: AnnualSeinesCosts Unconditional

Flow from SeinesCosts to ShortCosts
AnnualSeinesCosts = (1/3) * SeinesCosts
compartment: CapitalCosts Unconditional

30Years

dCapitalCosts/dt =
+AnnualFishingVesselCosts+AnnualFishHouseCosts+AldysterVesselCosts+AnnualOysterCanneriesCosts+
AnnualOysterBuildingCosts-Annualized30YrCosts
Initial Value = 1792

compartment: FishHousesCosts Unconditional

1



dFishHousesCosts/dt = 0

Initial Value = 684

compartment: FishingVesselsCosts Unconditional
87

dFishingVesselsCosts/dt = 0

Initial Value = 4830

compartment: FykesCosts Unconditional

1

dFykesCosts/dt = 0

Initial Value = 57

compartment: GillNetCosts Unconditional

5

dGillNetCosts/dt = 0

Initial Value = 110

compartment: OysterBuildingsCosts Unconditional
1

dOysterBuildingsCosts/dt = 0

Initial Value = 7091

compartment: OysterCanneriesCosts Unconditional
1

dOysterCanneriesCosts/dt = 0

Initial Value = 12144

compartment: OysterGearOutfitCosts Unconditional
1

dOysterGearOutfitCosts/dt = 0

Initial Value = 13940

compartment: OysterPlantingCosts Unconditional
1

dOysterPlantingCosts/dt = 0

Initial Value = 2117

compartment: OysterVesselsCosts Unconditional
248

dOysterVesselsCosts/dt = 0

Initial Value = 29001

compartment: PoundNetCosts Unconditional

4

dPoundNetCosts/dt = 0

Initial Value = 4278

compartment: SeinesCosts Unconditional

3

dSeinesCosts/dt = 0

Initial Value = 900

compartment: ShortCosts Unconditional

3Years

dShortCosts/dt = +AnnualFykesCosts+AnnualSeinesZdsinualGillNetCosts+AnnualPoundNetCosts-

Annualized3YrCosts
Initial Value = 1782

compartment: TotalAnnualFishingCosts Unconditional
dTotalAnnualFishingCosts/dt = +Annualized30YrCog#tstualized1YrCosts+Annualized3YrCosts-

TotalAnnualFishingCoststoBay
Initial Value = 19630
flow: TotalAnnualFishingCoststoBay Unconditional

Flow from TotalAnnualFishingCosts to TotalAnnualfirsgCostsfromSu
TotalAnnualFishingCoststoBay = TotalAnnualFishing@o

flow: FishingExpenses Unconditional

Flow from TotalAnnualFishingCostsfromSu to Expenses
FishingExpenses = 1 * TotalAnnualFishingCostsfromSu

compartment: GreyTrout_Harvest Unconditional
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dGreyTrout_Harvest/dt = (BayHealthFactor*GreyTrauaP+(RandomNumberlsd3_Fish*GreyTroutPool)-

GrTrout_toFood-GrTrout_toMkt



237

Initial Value = 216752

compartment: GreyTroutPool Unconditional
dGreyTroutPool/dt =0

Initial Value = 216752

flow: GrossMoneytoPeople_Bay Unconditional

Flow from BAYCash_Market to MoneyProduced_Bay
GrossMoneytoPeople_Bay = BAYCash_Market

compartment: GrTrout_Calories2 Unconditional
dGrTrout_Calories2/dt = +(GreyTrout_Calories*GrTramwCalories)-GrTrout_toBayProd
Initial Value = 28733490

compartment: GrTrout_Food Unconditional

dGrTrout_Food/dt = +GrTrout_toFood-GrTrout_toCadgri

Initial Value = 42758

compartment: GrTrout_Market Unconditional
dGrTrout_Market/dt = +GrTrout_toMkt-GrTrout_toMoney

Initial Value = 173994

compartment: GrTrout_Money Unconditional
dGrTrout_Money/dt = +(BPPB_GreyTrout*GrTrout_toMgiesrTrout_toBayCash
Initial Value = 3480

flow: GrTrout_toBayCash Unconditional

Flow from GrTrout_Money to BAYCash_Market
GrTrout_toBayCash = GrTrout_Money

flow: GrTrout_toBayProd Unconditional

Flow from GrTrout_Calories2 to BAYFood_CaloriesPuodd
GrTrout_toBayProd = GrTrout_Calories2

flow: GrTrout_toCalories Unconditional

Flow from GrTrout_Food to GrTrout_Calories2
GrTrout_toCalories = GrTrout_Food

flow: GrTrout_toFood Unconditional

Flow from GreyTrout_Harvest to GrTrout_Food
GrTrout_toFood = AFoodvsMarket_estuary * GreyTrdtarvest
flow: GrTrout_toMkt Unconditional

Flow from GreyTrout_Harvest to GrTrout_Market
GrTrout_toMkt = (1-AFoodvsMarket_estuary) * GreyutoHarvest
flow: GrTrout_toMoney Unconditional

Flow from GrTrout_Market to GrTrout_Money
GrTrout_toMoney = GrTrout_Market

compartment: Menhaden_Harvest Unconditional
dMenhaden_Harvest/dt = (BayHealthFactor*MenhadehPandomNumberlsd3_Fish*MenhadenPool)-
Menhaden_toMarket

Initial Value = 427800

compartment: Menhaden_Market Unconditional
dMenhaden_Market/dt = +Menhaden_toMarket-Menhaddviohey
Initial Value = 427800

compartment: Menhaden_Money Unconditional
dMenhaden_Money/dt = +(BPPB_Menhaden*Menhaden_taylpMenhaden_toBayCash
Initial Value = 343

flow: Menhaden_toBayCash Unconditional

Flow from Menhaden_Money to BAYCash_Market
Menhaden_toBayCash = Menhaden_Money

flow: Menhaden_toMarket Unconditional

Flow from Menhaden_Harvest to Menhaden_Market
Menhaden_toMarket = Menhaden_Harvest

flow: Menhaden_toMoney Unconditional

Flow from Menhaden_Market to Menhaden_Money
Menhaden_toMoney = Menhaden_Market

compartment: MenhadenPool Unconditional
dMenhadenPool/dt = 0

Initial Value = 427800

compartment: MoneyProduced_Bay Unconditional
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dMoneyProduced_Bay/dt = +GrossMoneytoPeople_BaglRetvenuesFishermen
Initial Value = 104298

flow: NetCaloriestoPeople Unconditional

Flow from BAYFood_CaloriesProduced to TotalCaloFiesnFishing
NetCaloriestoPeople = BAYFood_CaloriesProduced

flow: NetMoneytoPeopleFishing Unconditional

Flow from NetProfittoFishermen to NetMoneyFromFigi
NetMoneytoPeopleFishing = NetProfittoFishermen

compartment: NetProfittoFishermen Unconditional

dNetProfittoFishermen/dt = +TotalRevenuesFisheret®ExpensesFishermenNegative-
NetMoneytoPeopleFishing

Initial Value = 84668

flow: Other_toCalories Unconditional

Flow from OtherFish_Food to OtherFish_Calories2

Other_toCalories = OtherFish_Food

compartment: OtherFish_Calories2 Unconditional

dOtherFish_Calories2/dt = +(OtherFish_Calories*@th&Calories)-OtherFish_toBayProd
Initial Value = 36183497

compartment: OtherFish_Food Unconditional

dOtherFish_Food/dt = +OtherFish_toFood-Other_tofzdo

Initial Value = 56726

compartment: OtherFish_Harvest Unconditional

dOtherFish_Harvest/dt = (BayHealthFactor*OtherF@biPr(RandomNumberlsd3_Fish*OtherFishPool)-
OtherFish_toFood-OtherFish_toMkt

Initial Value = 287557

compartment: OtherFish_Market Unconditional

dOtherFish_Market/dt = +OtherFish_toMkt-OtherFigiMbney

Initial Value = 230832

compartment: OtherFish_Money Unconditional

dOtherFish_Money/dt = +(BPPB_OtherFish*OtherFisiMdoey)-OtherFish_toBayCash
Initial Value = 4617

flow: OtherFish_toBayCash Unconditional

Flow from OtherFish_Money to BAYCash_Market

OtherFish_toBayCash = OtherFish_Money

flow: OtherFish_toBayProd Unconditional

Flow from OtherFish_Calories2 to BAYFood_Caloriesirced
OtherFish_toBayProd = OtherFish_Calories2

flow: OtherFish_toFood Unconditional

Flow from OtherFish_Harvest to OtherFish_Food

OtherFish_toFood = AFoodvsMarket_estuary * OthdrFisarvest

flow: OtherFish_toMkt Unconditional

Flow from OtherFish_Harvest to OtherFish_Market

OtherFish_toMkt = (1-AFoodvsMarket_estuary) * Offish_Harvest

flow: OtherFish_toMoney Unconditional

Flow from OtherFish_Market to OtherFish_Money

OtherFish_toMoney = OtherFish_Market

compartment: OtherFishPool Unconditional

dOtherFishPool/dt = 0

Initial Value = 287557

compartment: Oyster_Food Unconditional

dOyster_Food/dt = +Qyster_toFood-Oysters_toCalories

Initial Value = 68798

compartment: Oyster_Harvest Unconditional

Bushels

dOyster_Harvest/dt = (BayHealthFactor*OysterPod®esrfdomNumberlsd3_Fish*OysterPool)-Oyster_toFood-
Oyster_toMkt

Initial Value = 348755

compartment: Oyster_Market Unconditional

dOyster_Market/dt = +Qyster_toMkt-Oyster_toMoney

Initial Value = 279957



239

compartment: Oyster_Money Unconditional
dOyster_Money/dt = +(BPPP_Oyster * Oyster_toMon®@y¥ters_toBayCash
Initial Value = 78388

flow: Oyster_toFood Unconditional

Flow from Oyster_Harvest to Oyster_Food

Oyster_toFood = AFoodvsMarket_estuary * Oyster_ldatrv
flow: Oyster_toMkt Unconditional

Flow from Oyster_Harvest to Oyster_Market
Oyster_toMkt = (1-AFoodvsMarket_estuary) * Oysteartest
flow: Oyster_toMoney Unconditional

Flow from Oyster_Market to Oyster_Money
Oyster_toMoney = Oyster_Market

compartment: OysterPool Unconditional

dOysterPool/dt = 0

Initial Value = 348755

flow: Oysters_toBayCash Unconditional

Flow from Oyster_Money to BAYCash_Market
Oysters_toBayCash = Oyster_Money

flow: Oysters_toBayProd Unconditional

Flow from Oystes_Calories to BAYFood_CaloriesPraatlic
Oysters_toBayProd = Oystes_Calories

flow: Oysters_toCalories Unconditional

Flow from Oyster_Food to Oystes_Calories
Oysters_toCalories = Oyster_Food

compartment: Oystes_Calories Unconditional
dOystes_Calories/dt = +(Oyster_Calories*Oystersatofes)-Oysters_toBayProd
Initial Value = 146402423

compartment: Shad_Calories2 Unconditional
dShad_Calories2/dt = +(Shad_Calories*Shad_toCalpBéad_toBayProd
Initial Value = 1212982

compartment: Shad_Food Unconditional

dShad_Food/dt = +Shad_toFood-Shad_toCalories

Initial Value = 1378

compartment: Shad_Harvest Unconditional
dShad_Harvest/dt = (BayHealthFactor*ShadPool)+(Remdumberlsd3_Fish*ShadPool)-Shad_toFood-
Shad_toMkt

Initial Value = 6978

compartment: Shad_Market Unconditional
dShad_Market/dt = +Shad_toMkt-Shad_toMoney

Initial Value = 5609

compartment: Shad_Money Unconditional
dShad_Money/dt = +(BPPB_Shad*Shad_toMoney)-ShadayGBsh
Initial Value = 337

flow: Shad_toBayCash Unconditional

Flow from Shad_Money to BAYCash_Market
Shad_toBayCash = Shad_Money

flow: Shad_toBayProd Unconditional

Flow from Shad_Calories2 to BAYFood_CaloriesProdlce
Shad_toBayProd = Shad_Calories2

flow: Shad_toCalories Unconditional

Flow from Shad_Food to Shad_Calories2
Shad_toCalories = Shad_Food

flow: Shad_toFood Unconditional

Flow from Shad_Harvest to Shad_Food

Shad_toFood = AFoodvsMarket_estuary * Shad_Harvest
flow: Shad_toMkt Unconditional

Flow from Shad_Harvest to Shad_Market

Shad_toMkt = (1-AFoodvsMarket_estuary) * Shad_Hstve
flow: Shad_toMoney Unconditional

Flow from Shad_Market to Shad_Money
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Shad_toMoney = Shad_Market

compartment: ShadPool Unconditional

dShadPool/dt = 0

Initial Value = 6987

compartment: Sheepshead_calories2 Unconditional

dSheepshead_calories2/dt = +(Sheepshead_CaloraSinead_toCalories)-Sheepshead_toBayProd
Initial Value = 5968140

compartment: Sheepshead_Food Unconditional

dSheepshead_Food/dt = +Sheepshead_toFood-Sheepsi@zddries

Initial Value = 13165

compartment: Sheepshead_Harvest Unconditional

dSheepshead_Harvest/dt = (BayHealthFactor*SheegBled+(RandomNumberlsd3_Fish*SheepsheadPool)-
Sheepshead_toFood-Sheepshead_toMkt

Initial Value = 66737

compartment: Sheepshead_Market Unconditional

dSheepshead_Market/dt = +Sheepshead_toMkt-Sheepsbkney

Initial Value = 53572

compartment: Sheepshead_Money Unconditional

dSheepshead_Money/dt = +(BPPB_Sheepshead*Sheeptiidadey)-Sheepshead_toBayCash
Initial Value = 3214

flow: Sheepshead_toBayCash Unconditional

Flow from Sheepshead_Money to BAYCash_Market

Sheepshead_toBayCash = Sheepshead_Money

flow: Sheepshead_toBayProd Unconditional

Flow from Sheepshead_calories2 to BAYFood_Calorizdiced

Sheepshead_toBayProd = Sheepshead_calories2

flow: Sheepshead_toCalories Unconditional

Flow from Sheepshead_Food to Sheepshead_calories2

Sheepshead_toCalories = Sheepshead_Food

flow: Sheepshead_toFood Unconditional

Flow from Sheepshead_Harvest to Sheepshead_Food

Sheepshead_toFood = AFoodvsMarket_estuary * Sheafdshlarvest

flow: Sheepshead_toMkt Unconditional

Flow from Sheepshead_Harvest to Sheepshead_Market

Sheepshead_toMkt = (1-AFoodvsMarket_estuary) * Béleead_Harvest

flow: Sheepshead_toMoney Unconditional

Flow from Sheepshead_Market to Sheepshead_Money

Sheepshead_toMoney = Sheepshead_Market

compartment: SheepsheadPool Unconditional

dSheepsheadPool/dt = 0

Initial Value = 66737

compartment: SpanishMackerel_Harvest Unconditional

dSpanishMackerel_Harvest/dt =
(BayHealthFactor*SpMackeralPool)+(RandomNumberl§ish*SpMackeralPool)-SpMack_toFood-
SpMack_toMkt

Initial Value = 152012

flow: SpMack_toFood Unconditional

Flow from SpanishMackerel_Harvest to SPMackeral d~00

SpMack_toFood = AFoodvsMarket_estuary * SpanishMealk Harvest

flow: SpMack_toMkt Unconditional

Flow from SpanishMackerel_Harvest to SpMackerel Rdar

SpMack_toMkt = (1-AFoodvsMarket_estuary) * Spanisttlderel_Harvest

compartment: SpMackeral_Calories2 Unconditional

dSpMackeral_Calories2/dt = +(SpanMack_Calories*Sgiéeal_toCalories)-SpMackeral_toBayProd
Initial Value = 18711875

compartment: SPMackeral_Food Unconditional

dSPMackeral_Food/dt = +SpMack_toFood-SpMackeralakm@s

Initial Value = 29987

compartment: SpMackeral_Money Unconditional

dSpMackeral_Money/dt = +(BPPB_SpanMack*SpMackeodlldney)-SpMackeral_toBayCash
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Initial Value = 8542

flow: SpMackeral_toBayCash Unconditional

Flow from SpMackeral_Money to BAYCash_Market
SpMackeral_toBayCash = SpMackeral_Money

flow: SpMackeral_toBayProd Unconditional

Flow from SPMackeral_Calories2 to BAYFood_CaloriesRiced
SpMackeral_toBayProd = SpMackeral_Calories2

flow: SpMackeral_toCalories Unconditional

Flow from SPMackeral_Food to SPMackeral_Calories2
SpMackeral_toCalories = SPMackeral_Food

flow: SpMackeral_toMoney Unconditional

Flow from SpMackerel_Market to SpMackeral_Money
SpMackeral_toMoney = SpMackerel_Market
compartment: SpMackeralPool Unconditional
dSpMackeralPool/dt = 0

Initial Value = 152012

compartment: SpMackerel_Market Unconditional
dSpMackerel_Market/dt = +SpMack_toMkt-SpMackeraMomey
Initial Value = 122025

compartment: Terp_Food Unconditional

dTerp_Food/dt = +Terp_toFood-Terps_toCalories

Initial Value = 1383

compartment: Terp_Harvest Unconditional
dTerp_Harvest/dt = (BayHealthFactor*TerrapinPodRaidomNumberlsd3_Fish*TerrapinPool)-Terp_toFood-
Terp_toMkt

Initial Value = 7011

compartment: Terp_Market Unconditional
dTerp_Market/dt = +Terp_toMkt-Terps_toMoney

Initial Value = 5628

compartment: Terp_Money Unconditional
dTerp_Money/dt = +(BPPB_Terp*Terps_toMoney)-Terp8ayCash
Initial Value = 619

flow: Terp_toFood Unconditional

Flow from Terp_Harvest to Terp_Food

Terp_toFood = AFoodvsMarket_estuary * Terp_Harvest
flow: Terp_toMkt Unconditional

Flow from Terp_Harvest to Terp_Market

Terp_toMkt = (1-AFoodvsMarket_estuary) * Terp_Haste
compartment: Terps_Calories2 Unconditional
dTerps_Calories2/dt = +(Terp_Calories*Terps_toGak)rTerps_toBayProd
Initial Value = 973671

flow: Terps_toBayCash Unconditional

Flow from Terp_Money to BAYCash_Market
Terps_toBayCash = Terp_Money

flow: Terps_toBayProd Unconditional

Flow from Terps_Calories2 to BAYFood_CaloriesPraetiic
Terps_toBayProd = Terps_Calories2

flow: Terps_toCalories Unconditional

Flow from Terp_Food to Terps_Calories2
Terps_toCalories = Terp_Food

flow: Terps_toMoney Unconditional

Flow from Terp_Market to Terp_Money

Terps_toMoney = Terp_Market

compartment: TerrapinPool Unconditional
dTerrapinPool/dt = 0

Initial Value = 7011

flow: TotalExpensesFishermenNegative Unconditional
Flow from Expenses_Fishing to NetProfittoFishermen
TotalExpensesFishermenNegative = Expenses_Fishing
flow: TotalRevenuesFishermen Unconditional



Flow from MoneyProduced_Bay to NetProfittoFishermen
TotalRevenuesFishermen = MoneyProduced_Bay
compartment: CropEnhancementDump Unconditional
dCropEnhancementDump/dt = +F21
Initial Value = 0.0
compartment: CropEnhancementFactor Conditionalb&l
dCropEnhancementFactor/dt =

+3-F21 for FertilizerUse_Annual>=3

+2-F21 for FertilizerUse_Annual>=2

+1-F21 for FertilizerUse_Annual>=1

0-F21 by default
Initial Value =0
define value: D1 Unconditional
IfO,RN=1;If1,RN=1+-1;1f2, RN = 1+-.25
D1=0
define value: D2 Unconditional
IfO,RN=1;If1,RN=1+-1;If2, RN = 1+-.25
D2=0
define value: D3 Unconditional
IfO,RN=1;If1,RN=1+-1;If2, RN = 1+-.25
D3=0
define value: D4 Unconditional
IfO,RN=1;If1,RN=1+-1;1f2, RN = 1+-.25
D4=0
flow: F1 Conditional
Flow from MB_Under_1 to MB_Under_1_Deaths
Fl=

MortalityRate_ MB_U1*ABMortalityRateStress4*MB_Umrd 1 for RatioCalDemandtoAvail>=1.25
MortalityRate MB_U1*ABMortalityRateStress3*MB_Urd 1 for RatioCalDemandtoAvail>=1.2
MortalityRate MB_U1*ABMortalityRateStress2*MB_Urd 1 for RatioCalDemandtoAvail>=1.1
MortalityRate MB_U1*ABMortalityRateStress1*MB_Urd 1 for RatioCalDemandtoAvail>=1.0
MortalityRate MB_U1*ABMortalityRateStressO*MB_Urd 1 for RatioCalDemandtoAvail>=.95

MortalityRate_ MB_U1*MB_Under_1 by default

flow: F10 Unconditional

Flow from MW _Under_1_deaths to MW_Deaths

F10 = MW_Under_1_deaths

flow: F11 Conditional

Flow from FW1_4 to FW_1_4 Deaths

F11=
MortalityRate FBO1_4*ABMortalityRateStress4*FW1 _fdr
MortalityRate_FBO01_4*ABMortalityRateStress3*FW1 fdr
MortalityRate_FBO01_4*ABMortalityRateStress2*FW1 fdr
MortalityRate_FBO01_4*ABMortalityRateStress1*FW1 fdr
MortalityRate_FBO01_4*ABMortalityRateStressO*FW1 fdr
MortalityRate_FBO1_4*FW1_4 by default

flow: F12 Unconditional

Flow from C1 to FW_Deaths

F12 =FW_1_4 Deaths

flow: F13 Conditional

Flow from FW5_14 to FW_Deaths

F13 =

RatioCalDemandtoAvail>=1.25
RatioCalDemandtoAvail>=1.2
RatioCalDemandtoAvail>=1.1
RatioCalDemandtoAvail>=1.0
RatioCalDemandtoAvail>=.95

MortalityRate_FBO5_14 * ABirthRateStress4*FW5_1er RatioCalDemandtoAvail>=1.25
MortalityRate_FBO5_14 * ABirthRateStress3*FW5_1gr RatioCalDemandtoAvail>=1.2
MortalityRate FBO5_14 * ABirthRateStress2*FW5_1ar RatioCalDemandtoAvail>=1.1
MortalityRate FBO5_14 * ABirthRateStress1*FW5_1ar RatioCalDemandtoAvail>=1.0
MortalityRate FBO5_14 * ABirthRateStressO*FW5_1ar RatioCalDemandtoAvail>=.95

MortalityRate FBO5_14 * FW5_14 by default
flow: F14 Unconditional
Flow from FertilizerUse_Annual to FertilizerUse_Aggate
F14 = 1 * FertilizerUse_Annual
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flow: F15 Conditional

Flow from FW65_Above to FW_Deaths

F15 =
MortalityRate FW65_Above * ABMortalityRateStre458/65_Above for RatioCalDemandtoAvail>=1.25
MortalityRate FW65_Above * ABMortalityRateStre453V65_Above for RatioCalDemandtoAvail>=1.2
MortalityRate  FW65_Above * ABMortalityRateStre452V65_Above for RatioCalDemandtoAvail>=1.1
MortalityRate  FW65_Above * ABMortalityRateStre45IW65_Above for RatioCalDemandtoAvail>=1.0
MortalityRate_ FW65_Above * ABMortalityRateStre350V65_Above for RatioCalDemandtoAvail>=.95
MortalityRate_ FW65_Above * FW65_Above by default

flow: F16 Unconditional

Flow from BayHealthFactor to BayHEalthDump

F16 = 1 * BayHealthFactor

flow: F17 Conditional

Flow from MB1_4to MB_1_4 Deaths

F17 =
MortalityRate MB0O1_4 * ABMortalityRateStress4*MB4 for RatioCalDemandtoAvail>=1.25
MortalityRate_ MBO1_4 * ABMortalityRateStress3*MB4 for RatioCalDemandtoAvail>=1.2
MortalityRate_ MBO1_4 * ABMortalityRateStress2*MB4 for RatioCalDemandtoAvail>=1.1
MortalityRate_ MBO1_4 * ABMortalityRateStress1*MB4 for RatioCalDemandtoAvail>=1.0
MortalityRate_ MBO1_4 * ABMortalityRateStress0*MB4 for RatioCalDemandtoAvail>=.95
MortalityRate_ MB01_4 * MB1_4 by default

flow: F18 Unconditional

Flow from MB_1_4 Deaths to MB_Deaths

F18 =MB_1_4 Deaths

flow: F19 Conditional

Flow from MW1_4 to MW_1 4 deaths

F19 =
MortalityRate_ MWO01_4*ABMortalityRateStress4* MW4_for RatioCalDemandtoAvail>=1.25
MortalityRate_ MWO1_4*ABMortalityRateStress3* MW4_for RatioCalDemandtoAvail>=1.2
MortalityRate_ MWO01_4*ABMortalityRateStress2* MW4_for RatioCalDemandtoAvail>=1.1
MortalityRate MWO01_4*ABMortalityRateStress1* MW4_for RatioCalDemandtoAvail>=1.0
MortalityRate MWO01_4*ABMortalityRateStress0* MW4_for RatioCalDemandtoAvail>=.95
MortalityRate_ MWO01_4* MW1_4 by default

flow: F2 Unconditional

Flow from MB_Under_1_Deaths to MB_Deaths

F2 = MB_Under_1_Deaths

flow: F20 Unconditional

Flow from MW _1_4_deaths to MW_Deaths

F20= MW_1_4 deaths

flow: F21 Unconditional

Flow from CropEnhancementFactor to CropEnhancemantd

F21 = 1 * CropEnhancementFactor

flow: F22 Unconditional

Flow from FemaleTotal to PopDump

F22 = FemaleTotal

flow: F23 Unconditional

Flow from MaleTotal to PopDump

F23 = MaleTotal

flow: F24 Unconditional

Flow from BlackTotal to PopDump

F24 = BlackTotal

flow: F25 Unconditional

Flow from WhiteTotal to PopDump

F25 = WhiteTotal

flow: F26 Unconditional

Flow from C1 to PopDump

F26 = TotalPopulation

flow: F3 Conditional

Flow from FB_Under_1 to FB_Under_1_Deaths

F3=



MortalityRate_FB_U1*ABMortalityRateStress4*FB_Ueid 1 for RatioCalDemandtoAvail>=1.25
MortalityRate_FB_U1*ABMortalityRateStress3*FB_Ueid 1 for RatioCalDemandtoAvail>=1.2
MortalityRate_FB_U1*ABMortalityRateStress2*FB_Ueid 1 for RatioCalDemandtoAvail>=1.1
MortalityRate FB_U1*ABMortalityRateStress1*FB_Uerd 1 for RatioCalDemandtoAvail>=1.0
MortalityRate FB_U1*ABMortalityRateStressO*FB_Uerd 1 for RatioCalDemandtoAvail>=.95
MortalityRate FB_U1*FB_Under_1 by default

flow: F4 Unconditional

Flow from FB_Under_1_Deaths to FB_Deaths

F4 = FB_Under_1_Deaths

flow: F5 Conditional

Flow from FB1_4 to FB_1_4 Deaths

F5=
MortalityRate FBO1_4 *ABMortalityRateStress4* FBA for RatioCalDemandtoAvail>=1.25
MortalityRate FBO1_4 *ABMortalityRateStress3* FBA for RatioCalDemandtoAvail>=1.2
MortalityRate FBO1_4 *ABMortalityRateStress2* FBA for RatioCalDemandtoAvail>=1.1
MortalityRate FBO1_4 *ABMortalityRateStress1* FBA for RatioCalDemandtoAvail>=1.0
MortalityRate_FBO01_4 *ABMortalityRateStress0* FBA for RatioCalDemandtoAvail>=.95
MortalityRate_FBO1_4 *FB1_4 by default

flow: F6 Unconditional

Flow from FB_1_4 Deaths to FB_Deaths

F6 =FB_1_4 Deaths

flow: F7 Conditional

Flow from FW_Under_1 to FW_Under_1_Deaths

F7 =
MortalityRate_ FW_U1 * ABMortalityRateStress4*FWnder_1 for RatioCalDemandtoAvail>=1.25
MortalityRate_FW_U1 * ABMortalityRateStress3*FWnder_1 for RatioCalDemandtoAvail>=1.2
MortalityRate_ FW_U1 * ABMortalityRateStress2*FWnder_1 for RatioCalDemandtoAvail>=1.1
MortalityRate_ FW_U1 * ABMortalityRateStress1*FWnder_1 for RatioCalDemandtoAvail>=1.0
MortalityRate_ FW_U1 * ABMortalityRateStressO*FWnUder_1 for RatioCalDemandtoAvail>=.95
MortalityRate FW_U1 * FW_Under_1 by default

flow: F8 Unconditional

Flow from FW_Under_1_Deaths to FW_Deaths

F8 = FW_Under_1_Deaths

flow: F9 Conditional

Flow from MW _Under_1 to MW_Under_1_deaths

F9 =
MortalityRate MW_U1 * ABMortalityRateStress4*MW rdler_1 for RatioCalDemandtoAvail>=1.25
MortalityRate MW_U1 * ABMortalityRateStress3*MW ndler_1 for RatioCalDemandtoAvail>=1.2
MortalityRate MW_U1 * ABMortalityRateStress2*MW nder_1 for RatioCalDemandtoAvail>=1.1
MortalityRate MW_U1 * ABMortalityRateStress1*MW nder_1 for RatioCalDemandtoAvail>=1.0
MortalityRate_ MW_U1 * ABMortalityRateStressO*MW rder_1 for RatioCalDemandtoAvail>=.95
MortalityRate. MW_U1 * MW_Under_1 by default

compartment: FB_1 4 Deaths Unconditional

dFB_1_4_Deaths/dt = +F5-F6

Initial Value = 0.0

compartment: FB_Deaths Unconditional

dFB_Deaths/dt = +FB_Die5_14+FB_Diel5_49+FB_Die56-FB Die65+F4+F6

Initial Value = 0.0

flow: FB_Diel5_49 Conditional

Flow from FB15_49 to FB_Deaths

FB_Diel5 49 =
MortalityRate_FB15 49 * ABMortalityRateStress4*FB 49 for RatioCalDemandtoAvail>=1.25
MortalityRate_FB15_ 49 * ABMortalityRateStress3*EB 49 for RatioCalDemandtoAvail>=1.2
MortalityRate FB15_ 49 * ABMortalityRateStress2*EB 49 for RatioCalDemandtoAvail>=1.1
MortalityRate FB15_ 49 * ABMortalityRateStress1*FB 49 for RatioCalDemandtoAvail>=1.0
MortalityRate FB15_ 49 * ABMortalityRateStressO*EB 49 for RatioCalDemandtoAvail>=.95
MortalityRate FB15 49 * FB15_49 by default

flow: FB_Die5_14 Conditional

Flow from FB5_14 to FB_Deaths

FB_Die5_14 =
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MortalityRate_FBO5_14 * ABMortalityRateStress4*6Bl4 for
MortalityRate_FB0O5_14 * ABMortalityRateStress3*6Bl4 for
MortalityRate_FBO5_14 * ABMortalityRateStress2*6Bl4 for
MortalityRate FBO5_14 * ABMortalityRateStress1*6Bl4 for
MortalityRate FBO5_14 * ABMortalityRateStress0*6BlL4 for

MortalityRate FBO5_14 * FB5_14 by default
flow: FB_Die50_64 Conditional
Flow from FB50_64 to FB_Deaths
FB_Die50_64 =

MortalityRate_FB50_64 * ABMortalityRateStress4*6@ 64 for
MortalityRate_FB50_64 * ABMortalityRateStress3*6@ 64 for
MortalityRate_FB50_64 * ABMortalityRateStress2*6@ 64 for
MortalityRate FB50_64 * ABMortalityRateStress1*6@ 64 for
MortalityRate FB50_64 * ABMortalityRateStressO*6@ 64 for

MortalityRate FB50_64 * FB50_64 by default
flow: FB_Die65 Conditional
Flow from FB65_Above to FB_Deaths
FB_Die65 =

245

RatioCalDemandtoAvail>=1.25
RatioCalDemandtoAvail>=1.2
RatioCalDemandtoAvail>=1.1
RatioCalDemandtoAvail>=1.0
RatioCalDemandtoAvail>=.95

RatioCalDemandtoAvail>=1.25
RatioCalDemandtoAvail>=1.2
RatioCalDemandtoAvail>=1.1
RatioCalDemandtoAvail>=1.0
RatioCalDemandtoAvail>=.95

MortalityRate_FB65_Above * ABMortalityRateStres6865_Above for
MortalityRate_FB65_Above * ABMortalityRateStre36B65_Above for
MortalityRate FB65_Above * ABMortalityRateStres5B65_Above for
MortalityRate FB65_Above * ABMortalityRateStres6B65_Above for
MortalityRate FB65_Above * ABMortalityRateStres5@B65_Above for

MortalityRate FB65_Above * FB65_Above by default
flow: FB_Livel Unconditional
Flow from FB_Under_1to FB1_4
FB_Livel = (1-MortalityRate_FB_U1) * FB_Under_1
flow: FB_Livel5 Unconditional
Flow from FB5_14 to FB15_49
FB_Livel5 = (1/10)*(1-MortalityRate_ FBO5_14) * FB54
flow: FB_Live5 Unconditional
Flow from FB1_4 to FB5_14
FB_Live5 = (1/4)*(1-MortalityRate_FB01_4) *FB1_4
flow: FB_Live50 Unconditional
Flow from FB15_49 to FB50_64
FB_Live50 = (1/35)*(1-MortalityRate_ FB15_49) * FB159
flow: FB_Live65 Unconditional
Flow from FB50_64 to FB65_Above
FB_Live65 = (1/15)*(1-MortalityRate_ FB50_64)* FB564
flow: FB_Livetol Unconditional
Flow from New_Births_Black to FB_Under_1
FB_Livetol = ABirthGenderRateF_FB * New_Births_Bfac
compartment: FB_Under_1 Unconditional
dFB_Under_1/dt = -FB_Livel+FB_Livetol-F3
Initial Value = 20
compartment: FB_Under_1_Deaths Unconditional
dFB_Under_1_Deaths/dt = +F3-F4
Initial Value = 0.0
compartment: FB1_4 Unconditional
dFB1_4/dt = +FB_Livel-FB_Live5-F5
Initial Value = 99
compartment: FB15_49 Unconditional
dFB15_49/dt = +FB_Livel5-FB_Live50-FB_Diel5 49
Initial Value = 301
compartment: FB5_14 Unconditional
dFB5_14/dt = +FB_Live5-FB_Livel5-FB_Die5 14
Initial Value = 203
compartment: FB50_64 Unconditional
dFB50_64/dt = +FB_Live50-FB_Live65-FB_Die50_64
Initial Value = 58

RatioCalDemandtoAvail>=1.25
RatioCalDemandtoAvail>=1.2
RatioCalDemandtoAvail>=1.1
RatioCalDemandtoAvail>=1.0
RatioCalDemandtoAvail>=.95
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compartment: FB65_Above Unconditional

dFB65_Above/dt = +FB_Live65-FB_Die65

Initial Value = 29

flow: FemaleCaloricDemand Unconditional

Flow from FemaleCalorieDemand_Total to HumanCaeimmand

FemaleCaloricDemand = FemaleCalorieDemand_Total

compartment: FemaleCalorieDemand_Total Uncondifion

dFemaleCalorieDemand_Total/dt =

(Calories_F01_4*FB1_4)+(Calories_F05_14*FB5_14)+#¢(@as_F15 49*FB15_49)+(Calories_F50_64*FB50_6

4)+(Calories_F65*FB65_Above)+(Calories_F01_4*FW1+(@alories_F05_14*FW5_14)+(Calories_F15_49*F

W15_49)+(Calories_F50_64*FW50_64)+(Calories_F65*BNAabove)-FemaleCaloricDemand

Initial Value = 869649001

compartment: FemaleTotal Unconditional

dFemaleTotal/dt = TotalPop_FB+TotalPop_FW-F22

Initial Value = 1284

compartment: FertilizerUse_Aggregate Unconditio@bbal

dFertilizerUse_Aggregate/dt = +F14

Initial Value =0

compartment: FertilizerUse_Annual Conditional k&b

dFertilizerUse_Annual/dt =
+(4*FertilzerToggle)-F14 for t>75
+(3*FertilzerToggle)-F14 for t>50
+(2*FertilzerToggle)-F14 for t>25
+(0*FertilzerToggle)-F14 by default

Initial Value =0

define value: FertilzerToggle Unconditional

Offif0,fx=0;0Onif1,fx=1

FertilzerToggle = 1

compartment: FW_1_4 Deaths Unconditional

dFW_1_ 4 Deaths/dt = +(F11)-F12

Initial Value = 0.0

compartment: FW_Deaths Conditional

dFW_Deaths/dt =
+FW_Diel5 49+FW_Die50_64+F8+F12+F15+F13 by defau

Initial Value = 0.0

flow: FW_Diel5_49 Conditional

Flow from FW15_49 to FW_Deaths

FW_Diel5 49 =
MortalityRate  FW15_49 * ABirthRateStress4*FW15_#9 RatioCalDemandtoAvail>=1.25
MortalityRate FW15_49 * ABirthRateStress3*FW15_#% RatioCalDemandtoAvail>=1.2
MortalityRate_ FW15_49 * ABirthRateStress2*FW15_#% RatioCalDemandtoAvail>=1.1
MortalityRate_ FW15_49 * ABirthRateStress1*FW15_#% RatioCalDemandtoAvail>=1.0
MortalityRate_ FW15_49 * ABirthRateStressO*FW15_#% RatioCalDemandtoAvail>=.95
MortalityRate_ FW15_49 * FW15_49 by default

flow: FW_Die50_64 Conditional

Flow from FW50_64 to FW_Deaths

FW_Die50_64 =
MortalityRate  FW50_64 * ABMortalityRateStress4*B0/ 64 for RatioCalDemandtoAvail>=1.25
MortalityRate  FW50_64 * ABMortalityRateStress3*B@/ 64 for RatioCalDemandtoAvail>=1.2
MortalityRate_ FW50_64 * ABMortalityRateStress2*B@/ 64 for RatioCalDemandtoAvail>=1.1
MortalityRate_ FW50_64 * ABMortalityRateStress1*B@/ 64 for RatioCalDemandtoAvail>=1.0
MortalityRate_ FW50_64 * ABMortalityRateStressO*B@/ 64 for RatioCalDemandtoAvail>=.95
MortalityRate_ FW50_64 * FW50_64 by default

flow: FW_Livel Unconditional

Flow from FW_Under_1to FW1_4

FW_Livel = (1-MortalityRate_FW_U1) * FW_Under_1

flow: FW_Livel5 Unconditional

Flow from FW5_14 to FW15_49

FW_Livel5 = (1/10)*(1-MortalityRate_ FW05_14) * FW54

flow: FW_Live5 Unconditional
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Flow from FW1_4 to FW5_14
FW_Live5 = (1/4)*(1-MortalityRate_FW01_4) * FW1_4
flow: FW_Live50 Unconditional
Flow from FW15_49 to FW50_64
FW_Live50 = (1/35)*(1-MortalityRate_ FW15_49) * FW159
flow: FW_Live65 Unconditional
Flow from FW50_64 to FW65_Above
FW_Live65 = (1/15)*(1-MortalityRate_ FW50_64)* FW564
flow: FW_Livetol Unconditional
Flow from New_Births_White to FW_Under_1
FW_Livetol = ABirthGenderRateF_FW * New_Births_ Wit
compartment: FW_Under_1 Unconditional
dFW_Under_1/dt = -FW_Livel+FW_Livetol-F7
Initial Value = 21
compartment: FW_Under_1_Deaths Unconditional
dFW_Under_1_Deaths/dt = +F7-F8
Initial Value = 1
compartment: FW1_4 Unconditional
dFW1_4/dt = +FW_Livel-FW_Live5-F11
Initial Value = 62
compartment: FW15_49 Unconditional
dFW15_49/dt = +FW_Livel5-FW_Live50-FW_Diel5_49
Initial Value = 275
compartment: FW5_14 Unconditional
dFW5_14/dt = +FW_Live5-FW_Livel5-F13
Initial Value = 141
compartment: FW50_64 Unconditional
dFW50_64/dt = +FW_Live50-FW_Live65-FW_Die50_64
Initial Value = 55
compartment: FW65_Above Unconditional
dFW65_Above/dt = +FW_Live65-F15
Initial Value = 20
compartment: HumanCalDump Unconditional
dHumanCalDump/dt = +toHumanCalDump
Initial Value = 0.0
compartment: HumanCaloricDemand Unconditional
dHumanCaloricDemand/dt = +FemaleCaloricDemand+Male@Demand-toHumanCalDump
Initial Value = 1751817500
flow: MaleCaloricDemand Unconditional
Flow from MaleCalorieDemand_Total to HumanCaloriaeand
MaleCaloricDemand = MaleCalorieDemand_Total
compartment: MaleCalorieDemand_Total Unconditional
dMaleCalorieDemand_Total/dt =
(Calories_M01_4*MB1_4)+(Calories_M05_14*MB5_14)+(Gaes_M15_49*MB15_49)+(Calories_M50_64*M
B50_64)+(Calories_M65*MB65_Above)+(Calories_MO01_4¥¥A_4)+(Calories_M05_14*MW5_14)+(Calories_
M15_49*MW15_49)+(Calories_M50_64*MW50_64)+(Caloriéd65*MW65_Above)-MaleCaloricDemand
Initial Value = 882168500
compartment: MaleTotal Unconditional
dMaleTotal/dt = TotalPop_MB+TotalPop_MW-F23
Initial Value = 1326
compartment: MB_1 4 Deaths Unconditional
dMB_1_4 Deaths/dt = F17-F18
Initial Value = 0.0
compartment: MB_Deaths Unconditional
dMB_Deaths/dt = +MB_Die65+MB_Die5_14+MB_Diel5_49+MBie50_64+F2+F18
Initial Value = 0.0
flow: MB_Diel5_49 Conditional
Flow from MB15_49 to MB_Deaths
MB_Diel5_49 =
MortalityRate_ MB15_49 * ABirthRateStress4*MB15_48r RatioCalDemandtoAvail>=1.25
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MortalityRate_ MB15_49 * ABirthRateStress3*MB15_40r RatioCalDemandtoAvail>=1.2
MortalityRate_ MB15_49 * ABirthRateStress2*MB15_40r RatioCalDemandtoAvail>=1.1
MortalityRate_ MB15_49 * ABirthRateStress1*MB15_46r RatioCalDemandtoAvail>=1.0
MortalityRate_MB15_49 * ABirthRateStressO*MB15_46r RatioCalDemandtoAvail>=.95
MortalityRate MB15_49 * MB15_49 by default

flow: MB_Die5_14 Conditional

Flow from MB5_14 to MB_Deaths

MB_Die5_14 =
MortalityRate_ MB05_14 * ABirthRateStress4*MB5_1dr RatioCalDemandtoAvail>=1.25
MortalityRate_ MB05_14 * ABirthRateStress3*MB5_1%dr RatioCalDemandtoAvail>=1.2
MortalityRate_ MB05_14 * ABirthRateStress2*MB5_%dr RatioCalDemandtoAvail>=1.1
MortalityRate_ MB05_14 * ABirthRateStress1*MB5_%dr RatioCalDemandtoAvail>=1.0
MortalityRate MB05_14 * ABirthRateStress0*MB5_%dr RatioCalDemandtoAvail>=.95
MortalityRate_ MB05_14 * MB5_14 by default

flow: MB_Die50_64 Conditional

Flow from MB50_64 to MB_Deaths

MB_Die50_64 =
MortalityRate_ MB50_64 * ABMortalityRateStress4*NsB_64 for RatioCalDemandtoAvail>=1.25
MortalityRate_ MB50_64 * ABMortalityRateStress3*NsB_64 for RatioCalDemandtoAvail>=1.2
MortalityRate_ MB50_64 * ABMortalityRateStress2*NsB_64 for RatioCalDemandtoAvail>=1.1
MortalityRate MB50_64 * ABMortalityRateStress1*NsB_64 for RatioCalDemandtoAvail>=1.0
MortalityRate MB50_64 * ABMortalityRateStressO*NsB_64 for RatioCalDemandtoAvail>=.95
MortalityRate MB50_64 * MB50_64 by default

flow: MB_Die65 Conditional

Flow from MB65_Above to MB_Deaths

MB_Die65 =
MortalityRate_ MB65_Above *ABMortalityRateStress#tB65_Above for RatioCalDemandtoAvail>=1.25
MortalityRate_ MB65_Above *ABMortalityRateStress8tB65_Above for RatioCalDemandtoAvail>=1.2
MortalityRate MB65_Above *ABMortalityRateStress®B65_Above for RatioCalDemandtoAvail>=1.1
MortalityRate MB65_Above *ABMortalityRateStressMB65_Above for RatioCalDemandtoAvail>=1.0
MortalityRate MB65_Above *ABMortalityRateStressB65_Above for RatioCalDemandtoAvail>=.95
MortalityRate MB65_Above * MB65_Above by default

flow: MB_Livel Unconditional

Flow from MB_Under_1 to MB1_4

MB_Livel = (1-MortalityRate_ MB_U1) * MB_Under_1

flow: MB_Livel5 Unconditional

Flow from MB5_14 to MB15_49

MB_Livel5 = (1/10)*(1-MortalityRate_MB05_14)* MB5 41

flow: MB_Live5 Unconditional

Flow from MB1_4 to MB5_14

MB_Live5 = (1/4)*(1-MortalityRate_MB01_4) * MB1_4

flow: MB_Live50 Unconditional

Flow from MB15_49 to MB50_64

MB_Live50 = (1/35)*(1-MortalityRate_MB15_49) * MB1519

flow: MB_Live65 Unconditional

Flow from MB50_64 to MB65_Above

MB_Live65 = (1/15)*(1-MortalityRate_MB50_64) * MB5®4

flow: MB_Livetol Unconditional

Flow from New_Births_Black to MB_Under_1

MB_Livetol = (1-ABirthGenderRateF_FB) * New_BirtiBlack

compartment: MB_Under_1 Unconditional

dMB_Under_1/dt = -MB_Livel+MB_Livetol-F1

Initial Value = 15

compartment: MB_Under_1_Deaths Unconditional

dMB_Under_1_Deaths/dt = +F1-F2

Initial Value = 0.0

compartment: MB1_4 Unconditional

dMB1_4/dt = +MB_Livel-MB_Live5-F17

Initial Value = 104

compartment: MB15_49 Unconditional



dMB15_49/dt = +MB_Livel5-MB_Live50-MB_Diel5_49

Initial Value = 340

compartment: MB5_14 Unconditional

dMB5_14/dt = +MB_Live5-MB_Livel5-MB_Die5 14

Initial Value = 181

compartment: MB50_64 Unconditional

dMB50_64/dt = +MB_Live50-MB_Live65-MB_Die50_64

Initial Value = 48

compartment: MB65_Above Unconditional

dMB65_Above/dt = +MB_Live65-MB_Die65

Initial Value = 23

compartment: Money_from_Ag_and_ChesBay Uncondition

dMoney_from_Ag_and_ChesBay/dt = +MoneyfromFishingtdyfromAgric-toMoneyDump

Initial Value = 63808.57

compartment: MoneyDump Unconditional

dMoneyDump/dt = +toMoneyDump

Initial Value = 0.0

flow: MoneyfromAgric Unconditional

Flow from Outl to Money_from_Ag_and_ChesBay

MoneyfromAgric = 1 * NetMoneyfromAgric

flow: MoneyfromFishing Unconditional

Flow from Out2 to Money_from_Ag_and_ChesBay

MoneyfromFishing = 1 * NetMoneyFromFishing

compartment: MW_1_4 deaths Unconditional

dMW_1 4 deaths/dt = +F19-F20

Initial Value = 0.0

compartment: MW_Deaths Unconditional

dMW_Deaths/dt = +MW_Die65+MW_Die5_14+MW_Diel5_49+MWDie50_64+F10+F20

Initial Value = 0.0

flow: MW_Diel5_49 Conditional

Flow from MW15_49 to MW_Deaths

MW_Diel5 49 =
MortalityRate_ MW15_49 * ABirthRateStress4*MW15_48r RatioCalDemandtoAvail>=1.25
MortalityRate_ MW15_49 * ABirthRateStress3*MW15_46r RatioCalDemandtoAvail>=1.2
MortalityRate_ MW15_49 * ABirthRateStress2*MW15_46r RatioCalDemandtoAvail>=1.1
MortalityRate_ MW15_49 * ABirthRateStress1*MW15_48r RatioCalDemandtoAvail>=1.0
MortalityRate_ MW15_49 * ABirthRateStressO*MW15_48r RatioCalDemandtoAvail>=.95
MortalityRate_ MW15_49 * MW15_49 by default

flow: MW_Die5_14 Conditional

Flow from MW5_14 to MW_Deaths

MW_Die5_14 =
MortalityRate_ MWO05_14 * ABirthRateStress4*MW5_Tdr RatioCalDemandtoAvail>=1.25
MortalityRate_ MWO05_14 * ABirthRateStress3*MW5_Tér RatioCalDemandtoAvail>=1.2
MortalityRate_ MWO05_14 * ABirthRateStress2*MW5_Tér RatioCalDemandtoAvail>=1.1
MortalityRate_ MWO05_14 * ABirthRateStress1*MW5_Tér RatioCalDemandtoAvail>=1.0
MortalityRate MWO05_14 * ABirthRateStressO*MW5_TFér RatioCalDemandtoAvail>=.95
MortalityRate MWO05_14 * MW5_14 by default

flow: MW_Die50_64 Conditional

Flow from MW50_64 to MW_Deaths

MW_Die50_64 =
MortalityRate_ MW50_64 * ABirthRateStress4*MW50_6Gdr RatioCalDemandtoAvail>=1.25
MortalityRate_ MW50_64 * ABirthRateStress3*MW50_6Gdr RatioCalDemandtoAvail>=1.2
MortalityRate_ MW50_64 * ABirthRateStress2*MW50_6Gdr RatioCalDemandtoAvail>=1.1
MortalityRate MW50_64 * ABirthRateStress1*MW50_@Gdr RatioCalDemandtoAvail>=1.0
MortalityRate MW50_64 * ABirthRateStress0*MW50_6dr RatioCalDemandtoAvail>=.95
MortalityRate_ MW50_64 * MW50_64 by default

flow: MW_Die65 Conditional

Flow from MW65_Above to MW_Deaths

MW_Die65 =
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MortalityRate_ MW65_Above * ABMortalityRateStres84W65_Above for RatioCalDemandtoAvail>=1.25



MortalityRate_ MW65_Above * ABMortalityRateStres88W65_Above for
MortalityRate_ MW65_Above * ABMortalityRateStres82W65_Above for
MortalityRate_ MW65_Above * ABMortalityRateStres84W65_Above for
MortalityRate MW65_Above * ABMortalityRateStres80W65_Above for
MortalityRate MW65_Above * MW65_Above by default

flow: MW_Livel Unconditional

Flow from MW_Under_1 to MW1_4

MW_Livel = (1-MortalityRate_ MW_U1) * MW_Under_1

flow: MW_Livel5 Unconditional

Flow from MW5_14 to MW15_49

MW_Livel5 = (1/10)*(1-MortalityRate_ MWO05_14)* MW5 41

flow: MW_Live5 Unconditional

Flow from MW1_4 to MW5_14

MW_Live5 = (1/4)*(1-MortalityRate_ MWO01_4) * MW1_4

flow: MW_Live50 Unconditional

Flow from MW15_49 to MW50_64

MW_Live50 = (1/35)*(1-MortalityRate_ MW15_49) * MW159

flow: MW_Live65 Unconditional

Flow from MW50_64 to MW65_Above

MW_Live65 = (1/15)*(1-MortalityRate_ MW50_64) * MW5@®B4

flow: MW_Livetol Unconditional

Flow from New_Births_White to MW_Under_1

MW_Livetol = (1-ABirthGenderRateF_FW) * New_Birth&/hite

compartment: MW_Under_1 Unconditional

dMW_Under_1/dt = -MW_Livel+MW_Livetol-F9

Initial Value = 13

compartment: MW_Under_1_deaths Unconditional

dMW_Under_1_deaths/dt = +F9-F10

Initial Value = 0.0

compartment: MW1_4 Unconditional

dMW1_4/dt = +MW_Livel-MW_Live5-F19

Initial Value = 64

compartment: MW15_49 Unconditional

dMW15_49/dt = +MW_Livel5-MW_Live50-MW_Diel5_49

Initial Value = 311

compartment: MW5_14 Unconditional

dMW5_14/dt = +MW_Live5-MW_Livel5-MW_Die5_14

Initial Value = 144

compartment: MW50_64 Unconditional

dMW50_64/dt = +MW_Live50-MW_Live65-MW_Die50_64

Initial Value = 49

compartment: MW65_Above Unconditional

dMW65_Above/dt = +MW_Live65-MW_Die65

Initial Value = 34

compartment: New_Births_Black Conditional

dNew_Births_Black/dt =
(ABirthRate1B*ABirthRateStress4*FB15_49)-FB_LiedtMB_Livetol for
(ABirthRate1B*ABirthRateStress3*FB15_49)-FB_LiedtMB_Livetol for
(ABirthRate1B*ABirthRateStress2*FB15_49)-FB_LiedtMB_Livetol for
(ABirthRate1B*ABirthRateStress1*FB15 49)-FB_LiedtMB_Livetol for
(ABirthRate1B*ABirthRateStress0*FB15_49)-FB_LiedtMB_Livetol for
(ABirthRate1B*FB15_49)-FB_Livetol-MB_Livetol kefault

Initial Value = 44

compartment: New_Births_White Conditional

dNew_Births_White/dt =
+(ABirthRatelW*ABirthRateStress4*FW15_49)-FW_Lted-MW_Livetol
+(ABirthRatelW*ABirthRateStress3*FW15_49)-FW_Lted-MW_Livetol

RatioCalDemandtoAvail>=1.05
+(ABirthRatelW*ABirthRateStress2*FW15_49)-FW_Lted-MW _Livetol
+(ABirthRatelW*ABirthRateStress1*FW15_49)-FW_Lted-MW_Livetol
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RatioCalDemandtoAvail>=1.2
RatioCalDemandtoAvail>=1.1
RatioCalDemandtoAvail>=1.0
RatioCalDemandtoAvail>=.95

RatioCalDemandtoAvail>=1.1
RatioCalDemandtoAvail>=1.05
RatioCalDemandtoAvail>=1
RatioCalDemandtoAvail>=.95
RatioCalDemandtoAvail>=.9

for RatioCalDemandtoAvail>=1.1
for

for RatioCalDemandtoAvail>=1.0
for RatioCalDemandtoAvail>=.95
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+(ABirthRatelW*ABirthRateStress0*FW15_49)-FW_Lted-MW_Livetol for RatioCalDemandtoAvail>=.9
+(ABirthRatelW*FW15_49)-FW_Livetol-MW_Livetol kiefault
Initial Value = 41
compartment: PopDump Unconditional
dPopDump/dt =
+toPopDumpFW+toPopDump_MW-+toPopDump_BM-+toPopDump+FR+F23+F24+F25+F26
Initial Value = 0.0
variable: RandomNumberlsd_Crops Conditional Usiale
RandomNumberlsd_Crops =
randn(1,.1) for D1=1
randn(1,.25) for D1=2
1 by default
variable: RandomNumberlsd2_Animals Conditionaliversal
RandomNumberlsd2_Animals =
randn(1,.1) for D2=1
randn(1,.25) for D2=2
1 by default
variable: RandomNumberlsd3_Fish Conditional Usiake
RandomNumberlsd3_Fish =
randn(1,.1) for D3=1
randn(1,.25) for D3=2
1 by default
variable: RandomNumberlsd4_Markets Conditionalvéhsal
RandomNumberlsd4_Markets =
randn(1,.1) for D4=1
randn(1,.25) for D4=2
1 by default
compartment: RatioCalDemandtoAvail Unconditior@lobal
dRatioCalDemandtoAvail/dt = HumanCaloricDemand/@ak from_Ag_and_ChesBay-toRatioDump
Initial Value = 0.898433014
compartment: RatioDump Unconditional
dRatioDump/dt = +toRatioDump
Initial Value = 0.0
flow: toCalDump Unconditional
Flow from Calories_from_Ag_and_ChesBay to CalDump
toCalDump = Calories_from_Ag_and_ChesBay
flow: toHumanCalDump Unconditional
Flow from HumanCaloricDemmand to HumanCalDump
toHumanCalDump = HumanCaloricDemand
flow: toMoneyDump Unconditional
Flow from Money_from_Ag_and_ChesBay to MoneyDump
toMoneyDump = Money_from_Ag_and_ChesBay
flow: toPopDump_BM Unconditional
Flow from TotalPop_MB to PopDump
toPopDump_BM = TotalPop_MB
flow: toPopDump_FB Unconditional
Flow from TotalPop_FB to PopDump
toPopDump_FB = TotalPop_FB
flow: toPopDump_MW Unconditional
Flow from TotalPop_MW to PopDump
toPopDump_MW = TotalPop_MW
flow: toPopDumpFW Unconditional
Flow from TotalPop_FW to PopDump
toPopDumpFW = TotalPop_FW
flow: toRatioDump Unconditional
Flow from RatioCalDemandtoAvail to RatioDump
toRatioDump = RatioCalDemandtoAvail
flow: TotalCaloriesfromAgric Unconditional
Flow from TotalCaloriesfromAgriculture to Calorigeom_Ag_and_ChesBay
TotalCaloriesfromAgric = TotalCaloriesfromAgricutt
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compartment: TotalPop_FB Unconditional

dTotalPop_FB/dt = FB_Under_1+FB1_4+FB15_49+FB5_BBJ 64+FB65_ Above-toPopDump_FB
Initial Value = 710

compartment: TotalPop_FW Unconditional

dTotalPop_FW/dt = FW_Under_1+FW1_4+FW15_49+FW5_MBB_64+FW65_Above-toPopDumpFW
Initial Value =574

compartment: TotalPop_MB Unconditional

dTotalPop_MB/dt = MB_Under_1+MB1_4+MB15 49+MB5_14BB0_64+MB65_Above-toPopDump_BM
Initial Value = 711

compartment: TotalPop_MW Unconditional

dTotalPop_MW/dt = MW_Under_1+MW1_4+MW15_49+MW5_14¥W80_64+MW65_Above-
toPopDump_MW

Initial Value = 615

compartment: TotalPopulation Unconditional

dTotalPopulation/dt = FemaleTotal+MaleTotal-F26

Initial Value = 2610

compartment: WhiteTotal Unconditional

dWhiteTotal/dt = TotalPop_FW+TotalPop_MW-F25

Initial Value = 1189
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Appendix D. Parameters and Source Code for NHS-ESV.A920

Source Code from ModelMaker4.0 File:

Main

Agriculture

compartment: Ag_CaloriesProduced Unconditional

dAg_CaloriesProduced/dt = -
NetCaloriestoPeople_Agric+Peach_toAgCaloriesProdttdpples_toAgCaloriesProduced+Corn_toAgCalories+
Oats_toAgCaloriesProduced+Wheat_toAgCalProd+Pog@a#Prod+SwPot_toAgCalProd+OtherCow_toAgCal
Prod+MilkCows_toAgCalProd+Sheep_toAgCalProd+HogagalProd+Poultry_toAgCalProd+Eggs_toAgCalP
rod+Milk_toCalories+Butter_toCalories+PlumPrune_g@loriesProduced+Cherry_toAgCalorieProduced+Grap
es_toAgCaloriesProduced+Strawberry_toAgCaloriesired+Rye_toAgCalProd+SoyBean_toAgCalProduced+
DryPeas_toAgCalProd

Initial Value = 3898163990

compartment: Ag_CashMarket Unconditional

dAg_CashMarket/dt =
Tob_toCash+SwPot_toCash+Pot_toCash+Wheat_toCash#0a@ash+Corn_toCash+Apples_toCash+Peach_to
Cash+OtherCows_toCash+MilkCow_toCash+Sheep_toCaskhMoney-GrossAgMoneytoPeople-
(MilkCow_PricetoPurchase*MilkCow_Purchased)-(Othens_PricetoPurchase*OtherCow_Purchased)-
(Sheep_PricetoPurchase*Sheep_Purchased)+Poultgshe®ear_toCash+PlumPrune_toCash+Cherry_toCash+
Grapes_toCash+Strawberry_toCash+Rye_toCsh+SoyB#aash+DryPeas_toCash

Initial Value = 2253007*alcpi1920t01880

compartment: Ag_MoneyProduced Unconditional

dAg_MoneyProduced/dt = +GrossAgMoneytoPeople-GrgséaneyPeople2

Initial Value = 2253007*al1cpi1920t01880

compartment: Ag_MoneyTotal UnconditionaldAg_Moneydl/dt = -
TotalRevenuesFarmers+(RandomNumberlsd4_Marketss@ghddoneyPeople2)

Initial Value = 2253007*alcpi1920t01880

AgEconomics

compartment: AnnualCosts_Ag Unconditional

lYear

dAnnualCosts_Ag/dt = +WageCostsAnnual+Fertilizet€asnual-Annualized1YrCosts+FeedCost_Annual
Initial Value = 807782*alcpil920t01880

flow: Annualized10YrCosts Unconditional

Flow from ShortCosts_Ag to TotalFarmingCosts

Annualized10YrCosts = ShortCosts_Ag

flow: Annualized1YrCosts Unconditional

Flow from AnnualCosts_Ag to TotalFarmingCosts

Annualized1YrCosts = AnnualCosts_Ag

flow: Annualized30YrCosts Unconditional

Flow from CapitalCosts_Ag to TotalFarmingCosts

Annualized30YrCosts = CapitalCosts_Ag

compartment: CapitalCosts_Ag Unconditional

30Years

dCapitalCosts_Ag/dt = +FarmCosts30Yr-Annualized3Dd5ts

Initial Value = 155981*alcpil920t01880

flow: FarmCosts30Yr Unconditional

Flow from FarmLand_Cost to CapitalCosts_Ag

FarmCosts30Yr = (1/30) * FarmLand_Cost

compartment: FarmLand_Cost Unconditional

dFarmLand_Cost/dt = 0

Initial Value = 4679442*alcpi1920t01880

compartment: Feed_Cost Unconditional

dFeed_Cost/dt=0

Initial Value = 41022*alcpil920t01880



254

flow: FeedCost_Annual Unconditional

Flow from Feed_Cost to AnnualCosts_Ag

FeedCost_Annual = Feed_Cost

compartment: Fence_Cost Unconditional

dFence_Cost/dt =0

Initial Value = 89347*alcpil920t01880

flow: FenceCosts10Yr Unconditional

Flow from Fence_Cost to ShortCosts_Ag

FenceCosts10Yr = (1/10) * Fence_Cost

compartment: Fertilier_Cost Unconditional

dFertilier_Cost/dt = (alcpi1920t01880*477421)+(199%1cpil920t01880*FertilizerUse_Annual)-
FertilizerCostsAnnual

Initial Value = 477421*alcpil920to1880

flow: FertilizerCostsAnnual Unconditional

Flow from Fertilier_Cost to AnnualCosts_Ag

FertilizerCostsAnnual = Fertilier_Cost

compartment: Machine_Cost Unconditional

dMachine_Cost/dt =0

Initial Value = 246429*alcpil920t01880

flow: MachineCosts10Yr Unconditional

Flow from Machine_Cost to ShortCosts_Ag

MachineCosts10Yr = (1/10) * Machine_Cost

compartment: ShortCosts_Ag Unconditional

10Years

dShortCosts_Ag/dt = +MachineCosts10Yr-Annualized@déts+FenceCosts10Yr
Initial Value = 33578*alcpil920t01880

flow: TotalAnnualCostsFarming Unconditional

Flow from TotalFarmingCosts to TotalAnnualFarming@&romSu
TotalAnnualCostsFarming = TotalFarmingCosts

compartment: TotalFarmingCosts Unconditional

dTotalFarmingCosts/dt = +Annualized1YrCosts+Anrzedil0YrCosts+Annualized30YrCosts-
TotalAnnualCostsFarming

Initial Value = 997341*alcpil920to1880

compartment: Wage_Costs Unconditional

dWage_Costs/dt =0

Initial Value = 289339*alcpil920t01880

flow: WageCostsAnnual Unconditional

Flow from Wage_Costs to AnnualCosts_Ag

WageCostsAnnual = Wage_Costs

compartment: Apple_Calories2 Unconditional

dApple_Calories2/dt = +(Apple_weightperbush*Calsri&pples*Apples_toCalories)-
Apples_toAgCaloriesProduced

Initial Value = 663732

flow: Apple_Sold Unconditional

Flow from Apples_bushels to Apples_Market

Apple_Sold = APercent_AgFood_toMarket * Apples_lrish

compartment: Apples_Animals Unconditional

dApples_Animals/dt = +Apples_toAnimals

Initial Value = 202

compartment: Apples_bushels Unconditional

dApples_bushels/dt = (BperTree_apples * CropEnhaerog-actor* Apples_trees)+(BperTree_apples *
RandomNumberlsd_Crops* Apples_trees)-Apple_SoldidgppoAnimals-Apples_toPeople
Initial Value = 1303

compartment: Apples_Food Unconditional

dApples_Food/dt = +Apples_toPeople-Apples_toCatorie

Initial Value = 59

compartment: Apples_Market Unconditional

dApples_Market/dt = +Apple_Sold-Apples_toMoney

Initial Value = 1042

compartment: Apples_Money Unconditional
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dApples_Money/dt = +(APPB_Apples*alcpil920t01880mgs_toMoney)-Apples_toCash
Initial Value = 1668*alcpi1l920t01880

flow: Apples_toAgCaloriesProduced Unconditional

Flow from C1 to Ag_CaloriesProduced
Apples_toAgCaloriesProduced = Apple_Calories2

flow: Apples_toAnimals Unconditional

Flow from Apples_bushels to Apples_Animals

Apples_toAnimals = APercent_AgFood_toAnimals * Appl bushels
flow: Apples_toCalories Unconditional

Flow from Apples_Food to C1

Apples_toCalories = Apples_Food

flow: Apples_toCash Unconditional

Flow from Apples_Money to Ag_CashMarket

Apples_toCash = Apples_Money

flow: Apples_toMoney Unconditional

Flow from Apples_Market to Apples_Money

Apples_toMoney = Apples_Market

flow: Apples_toPeople Unconditional

Flow from Apples_bushels to Apples_Food

Apples_toPeople = APercent_AgFood_toPeople * Apflashels
compartment: Apples_trees Unconditional

dApples_trees/dt =0

Initial Value = 897

flow: Butter_toCalories Unconditional

Flow from ButtertoCalories to Ag_CaloriesProduced
Butter_toCalories = ButtertoCalories

compartment: ButtertoCalories Unconditional
dButtertoCalories/dt = +(Butter_Calories*Butter TstwCal/3)-Butter_toCalories
Initial Value = 65560789

flow: ButterTranstoCal Unconditional

Flow from MilkforButter to ButtertoCalories

ButterTranstoCal = MilkforButter

compartment: Cherry_Animals Unconditional
dCherry_Animals/dt = +Cherry_toAnimals

Initial Value = 8

compartment: Cherry_bushels Unconditional
dCherry_bushels/dt = (CropEnhancementFactor*BperTekerries *
Cherry_trees)+(RandomNumberlsd_Crops*BperTree_ielseriCherry_trees)-Cherry_toAnimals-Cherry_Sold-
Cherry_toPeople

Initial Value = 52

compartment: Cherry_Calories2 Unconditional
dCherry_Calories2/dt = +(Cherry_weightperbushel®@hecalories*Cherry_toCalories)-
Cherry_toAgCalorieProduced

Initial Value = 19679

compartment: Cherry_Food Unconditional

dCherry_Food/dt = +Cherry_toPeople-Cherry_toCatorie

Initial Value =2

compartment: Cherry_Market Unconditional

dCherry_Market/dt = +Cherry_Sold-Cherry_toMoney

Initial Value = 42

compartment: Cherry_Money Unconditional

dCherry_Money/dt = +(APPB_Cherries*alcpil920to1880&rry_toMoney)-Cherry_toCash
Initial Value = 104*alcpil920t01880

flow: Cherry_Sold Unconditional

Flow from Cherry_bushels to Cherry_Market

Cherry_Sold = APercent_AgFood_toMarket * Cherry Hais

flow: Cherry_toAgCalorieProduced Unconditional

Flow from Cherry_Calories2 to Ag_CaloriesProduced
Cherry_toAgCalorieProduced = Cherry_Calories2

flow: Cherry_toAnimals Unconditional



Flow from Cherry_bushels to Cherry_Animals
Cherry_toAnimals = APercent_AgFood_toAnimals * Qfyebushels
flow: Cherry_toCalories Unconditional

Flow from Cherry_Food to Cherry_Calories2
Cherry_toCalories = Cherry_Food

flow: Cherry_toCash Unconditional

Flow from Cherry_Money to Ag_CashMarket

Cherry_toCash = Cherry_Money

flow: Cherry_toMoney Unconditional

Flow from Cherry_Market to Cherry_Money

Cherry_toMoney = Cherry_Market

flow: Cherry_toPeople Unconditional

Flow from Cherry_bushels to Cherry_Food

Cherry_toPeople = APercent_AgFood_toPeople * Chéughels
compartment: Cherry_trees Unconditional

dCherry_trees/dt =0

Initial Value = 102

compartment: Corn_acres Unconditional

dCorn_acres/dt =0

Initial Value = 6589

compartment: Corn_Animals Unconditional
dCorn_Animals/dt = +Corn_toAnimals

Initial Value = 29705

compartment: Corn_bushels Unconditional
dCorn_bushels/dt = (BperAcre_corn * CropEnhancePRetor* Corn_acres)+(BperAcre_corn *
RandomNumberlsd_Crops* Corn_acres)-Corn_toPeopie-Gold-Corn_toAnimals
Initial Value = 191645

compartment: Corn_Calories2 Unconditional
dCorn_Calories2/dt = +(Corn_weightperbush*Corn_gek¥Corn_toCalories)-Corn_toAgCalories
Initial Value = 999291786

compartment: Corn_Food Unconditional

dCorn_Food/dt = +Corn_toPeople-Corn_toCalories

Initial Value = 8624

compartment: Corn_Market Unconditional

dCorn_Market/dt = +Corn_Sold-Corn_toMoney

Initial Value = 153316

compartment: Corn_Money Unconditional

dCorn_Money/dt = +(APPB_Corn*alcpil920to1880*CooMbney)-Corn_toCash
Initial Value = 283635*alcpi1920to1880

flow: Corn_Sold Unconditional

Flow from Corn_bushels to Corn_Market

Corn_Sold = APercent_AgFood_toMarket * Corn_bushels
flow: Corn_toAgCalories Unconditional

Flow from Corn_Calories2 to Ag_CaloriesProduced
Corn_toAgCalories = Corn_Calories2

flow: Corn_toAnimals Unconditional

Flow from Corn_bushels to Corn_Animals

Corn_toAnimals = APercent_AgFood_toAnimals * Corosbels
flow: Corn_toCalories Unconditional

Flow from Corn_Food to Corn_Calories2

Corn_toCalories = Corn_Food

flow: Corn_toCash Unconditional

Flow from Corn_Money to Ag_CashMarket

Corn_toCash = Corn_Money

flow: Corn_toMoney Unconditional

Flow from Corn_Market to Corn_Money

Corn_toMoney = Corn_Market

flow: Corn_toPeople Unconditional

Flow from Corn_bushels to Corn_Food

Corn_toPeople = APercent_AgFood_toPeople * Cornhélss
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flow: CostsofFarming Unconditional

Flow from ExpensesFarmingtoNegative to NetProfitioRers
CostsofFarming = ExpensesFarmingtoNegative

compartment: DeadAnimals Unconditional

dDeadAnimals/dt = +MilkCows_toDead+OtherCows_toDesldeep_toDead
Initial Value = 0.0

compartment: DryPeas_acres Unconditional

dDryPeas_acres/dt = 0

Initial Value =9

compartment: DryPeas_Animals Unconditional
dDryPeas_Animals/dt = +DryPeas_toAnimals

Initial Value = 10

compartment: DryPeas_bushels Unconditional
dDryPeas_bushels/dt =
(BperAcre_DryPeas*CropEnhancementFactor*DryPeassaefBperAcre_DryPeas*RandomNumberlsd_Crops*
DryPeas_acres)-DryPeas_toPeople-DryPeas_Sold-DsyRémimals
Initial Value = 67

compartment: DryPeas_Calories2 Unconditional
dDryPeas_Calories2/dt = +(DryPeas_weightperbush®PBag_calories*DryPeas_toCalories)-
DryPeas_toAgCalProd

Initial Value = 101666

compartment: DryPeas_Food Unconditional

dDryPeas_Food/dt = +DryPeas_toPeople-DryPeas_td€slo

Initial Value =3

compartment: DryPeas_Market Unconditional

dDryPeas_Market/dt = +DryPeas_Sold-DryPeas_toMoney

Initial Value = 54

compartment: DryPeas_Money Unconditional

dDryPeas_Money/dt = +(APPB_DryPeas*alcpi1l920to1B8@Peas_toMoney)-DryPeas_toCash
Initial Value = 228*alcpi1920t01880

flow: DryPeas_Sold Unconditional

Flow from DryPeas_bushels to SwPot_Marketl

DryPeas_Sold = APercent_AgFood_toMarket * DryPeashbls

flow: DryPeas_toAgCalProd Unconditional

Flow from SwPot_Calories3 to Ag_CaloriesProduced
DryPeas_toAgCalProd = DryPeas_Calories2

flow: DryPeas_toAnimals Unconditional

Flow from DryPeas_bushels to SwPotatoes_Animalsl
DryPeas_toAnimals = APercent_AgFood_toAnimals * Pegs_bushels
flow: DryPeas_toCalories Unconditional

Flow from DryPeas_Food to SwPot_Calories3

DryPeas_toCalories = DryPeas_Food

flow: DryPeas_toCash Unconditional

Flow from SwPotatoe_Moneyl to Ag_CashMarket

DryPeas_toCash = DryPeas_Money

flow: DryPeas_toMoney Unconditional

Flow from DryPeas_Market to SwPotatoe_Money1l
DryPeas_toMoney = DryPeas_Market

flow: DryPeas_toPeople Unconditional

Flow from DryPeas_bushels to SwPot_Foodl

DryPeas_toPeople = APercent_AgFood_toPeople * CayPaushels
compartment: Egg_Calories2 Unconditional

dEgg_Calories2/dt = +(Egg_Calories*Eggs_toCalortegys_toAgCalProd
Initial Value = 41459340

compartment: Eggs Unconditional

dEggs/dt = +(Poultry*15)-Eggs_toCalories-Eggs_taSol

Initial Value = 637836

flow: Eggs_toAgCalProd Unconditional

Flow from Egg_Calories2 to Ag_CaloriesProduced
Eggs_toAgCalProd = Egg_Calories2
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flow: Eggs_toCalories Unconditional

Flow from Eggs to Egg_Calories2

Eggs_toCalories = Eggs

flow: Eggs_toSold Unconditional

Flow from Eggs to EggsSold

Eggs_toSold = .502 * Eggs

compartment: EggsSold Unconditional

dEggsSold/dt = +(.21*Eggs_toSold)

Initial Value = 5601

compartment: ExpensesFarming Unconditional
dExpensesFarming/dt = +FarmingExpenses-tonegative

Initial Value = 997341*alcpil920to1880

compartment: ExpensesFarmingtoNegative Uncondition
dExpensesFarmingtoNegative/dt = +(-1*tonegative$t€afFarming
Initial Value = -997341*alcpi1920t01880

flow: FarmingExpenses Unconditional

Flow from TotalAnnualFarmingCostsfromSu to Expefrseming
FarmingExpenses = TotalAnnualFarmingCostsfromSu
compartment: Grape_Vines Unconditional

dGrape_Vines/dt =0

Initial Value = 56

compartment: Grapes_Animals Unconditional
dGrapes_Animals/dt = +Grapes_toAnimals

Initial Value = 4

compartment: Grapes_bushels Unconditional
dGrapes_bushels/dt = (CropEnhancementFactor*Bper\Gnapes*
Grape_Vines)+(RandomNumberlsd_Crops*BperVine_Gragaspe_Vines)-Grapes_toAnimals-Grapes_Sold-
Grapes_toPeople

Initial Value = 24

compartment: Grapes_Calories2 Unconditional
dGrapes_Calories2/dt = +(Grape_weightperbush*Gregderies*Grapes_toCalories)-
Grapes_toAgCaloriesProduced

Initial Value = 91200

compartment: Grapes_Food Unconditional

dGrapes_Food/dt = +Grapes_toPeople-Grapes_toCalorie

Initial Value =1

compartment: Grapes_Market Unconditional
dGrapes_Market/dt = +Grapes_Sold-Grapes_toMoney

Initial Value = 19

compartment: Grapes_Money Unconditional
dGrapes_Money/dt = +(APPB_Grapes*alcpil920to188apés_toMoney)-Grapes_toCash
Initial Value = 35*alcpil920t01880

flow: Grapes_Sold Unconditional

Flow from Grapes_bushels to Grapes_Market

Grapes_Sold = APercent_AgFood_toMarket * Grapeshdias
flow: Grapes_toAgCaloriesProduced Unconditional

Flow from Grapes_Calories2 to Ag_CaloriesProduced
Grapes_toAgCaloriesProduced = Grapes_Calories2

flow: Grapes_toAnimals Unconditional

Flow from Grapes_bushels to Grapes_Animals
Grapes_toAnimals = APercent_AgFood_toAnimals * @sbushels
flow: Grapes_toCalories Unconditional

Flow from Grapes_Food to PlumPrune_Calories4
Grapes_toCalories = Grapes_Food

flow: Grapes_toCash Unconditional

Flow from Grapes_Money to Ag_CashMarket

Grapes_toCash = Grapes_Money

flow: Grapes_toMoney Unconditional

Flow from Grapes_Market to PlumPrune_Money2
Grapes_toMoney = Grapes_Market
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flow: Grapes_toPeople Unconditional

Flow from Grapes_bushels to Grapes_Food

Grapes_toPeople = APercent_AgFood_toPeople * Gréyshels
flow: GrossAgMoneyPeople2 Unconditional

Flow from Ag_MoneyProduced to Ag_MoneyTotal
GrossAgMoneyPeople2 = Ag_MoneyProduced

flow: GrossAgMoneytoPeople Unconditional

Flow from Ag_CashMarket to Ag_MoneyProduced
GrossAgMoneytoPeople = Ag_CashMarket

compartment: Hog_Pop Unconditional

dHog_Pop/dt = -Hogs_toHogs

Initial Value = 1000000

compartment: Hogs Unconditional

dHogs/dt = +Hogs_toHogs-Hogs_toCalories

Initial Value = 2553

compartment: Hogs_Calories Unconditional
dHogs_Calories/dt = +(Hog_Calories*Hogs_toCaloridepys_toAgCalProd
Initial Value = 87567900

flow: Hogs_toAgCalProd Unconditional

Flow from Hogs_Calories to Ag_CaloriesProduced
Hogs_toAgCalProd = Hogs_Calories

flow: Hogs_toCalories Unconditional

Flow from Hogs to Hogs_Calories

Hogs_toCalories = .25*Hogs

flow: Hogs_toHogs Unconditional

Flow from Hog_Pop to Hogs

Hogs_toHogs = .25*Hogs

compartment: Milk Unconditional

Gallons

dMilk/dt = (MilkCow_GallonsPerCow*MilkCows)-MilktoRople-MilktoButter-MilkforSale
Initial Value = 132179

flow: Milk_toCalories Unconditional

Flow from MilkCalories to Ag_CaloriesProduced
Milk_toCalories = MilkCalories

flow: Milk_toMoney Unconditional

Flow from MilkSold to Ag_CashMarket

Milk_toMoney = MilkSold

compartment: MilkCalories Unconditional

dMilkCalories/dt = +(Milk_Calories*MilktoPeople)-Nk_toCalories
Initial Value = 154146816

compartment: MilkCow_Dropped Unconditional
dMilkCow_Dropped/dt = +MilkCow_toDrop-MilkCowDropjk toMilkCow
Initial Value = 144

compartment: MilkCow_Money Unconditional
dMilkCow_Money/dt = +(MilkCows_PricePerSale*alcp2801880*MilkCow_toMoney)-MilkCow_toCash
Initial Value = 3485*alcpi1l920t01880

compartment: MilkCow_Pop Unconditional

dMilkCow_Pop/dt = -MilkCow_toDrop-MilkCow_toPurchas
Initial Value = 100000000

compartment: MilkCow_Purchased Unconditional
dMilkCow_Purchased/dt = +MilkCow_toPurchase-MilkG@wchased_toMilkCow
Initial Value = 22

flow: MilkCow_toCash Unconditional

Flow from MilkCow_Money to Ag_CashMarket
MilkCow_toCash = MilkCow_Money

flow: MilkCow_toDrop Unconditional

Flow from MilkCow_Pop to MilkCow_Dropped

MilkCow_toDrop = MilkCow_Dropped

flow: MilkCow_toMoney Unconditional

Flow from MilkCows_sold to MilkCow_Money



MilkCow_toMoney = MilkCows_sold
flow: MilkCow_toPurchase Unconditional
Flow from MilkCow_Pop to MilkCow_Purchased
MilkCow_toPurchase = MilkCow_Purchased
flow: MilkCowDropped_toMilkCow Unconditional
Flow from MilkCow_Dropped to MilkCows
MilkCowDropped_toMilkCow = MilkCow_Dropped
flow: MilkCowPurchased_toMilkCow Unconditional
Flow from MilkCow_Purchased to MilkCows
MilkCowPurchased_toMilkCow = MilkCow_Purchased
compartment: MilkCows Conditional
dMilkCows/dt =

0 for MilkCows>894

-MilkCows_toSold-MilkCows_toDied-
MilkCows_toSlaughtered+MilkCowDropped_toMilkCow+MTowPurchased_toMilkCow by default
Initial Value = 522
compartment: MilkCows_Calories2 Unconditional
dMilkCows_Calories2/dt = +(MilkCow_Calories*MilkCosv toCalories)-MilkCows_toAgCalProd
Initial Value = 15105877
compartment: MilkCows_died Unconditional
dMilkCows_died/dt = +MilkCows_toDied-MilkCows_toDda
Initial Value = 27
compartment: MilkCows_slaughtered Unconditional
dMilkCows_slaughtered/dt = +MilkCows_toSlaughteidkCows_toCalories
Initial Value = 38
compartment: MilkCows_sold Unconditional
dMilkCows_sold/dt = +MilkCows_toSold-MilkCow_toMoge
Initial Value = 56
flow: MilkCows_toAgCalProd Unconditional
Flow from MilkCows_Calories2 to Ag_CaloriesProduced
MilkCows_toAgCalProd = MilkCows_Calories2
flow: MilkCows_toCalories Unconditional
Flow from MilkCows_slaughtered to MilkCows_Calorzes
MilkCows_toCalories = MilkCows_slaughtered
flow: MilkCows_toDead Unconditional
Flow from MilkCows_died to DeadAnimals
MilkCows_toDead = MilkCows_died
flow: MilkCows_toDied Unconditional
Flow from MilkCows to MilkCows_died
MilkCows_toDied = MilkCows_died
flow: MilkCows_toSlaughtered Unconditional
Flow from MilkCows to MilkCows_slaughtered
MilkCows_toSlaughtered = MilkCows_slaughtered
flow: MilkCows_toSold Unconditional
Flow from MilkCows to MilkCows_sold
MilkCows_toSold = MilkCows_sold
compartment: MilkforButter Unconditional
Ibs
dMilkforButter/dt = +MilktoButter-ButterTranstoCal
Initial Value = 60486
flow: MilkforSale Unconditional
Flow from Milk to MilkSold
MilkforSale = MilkSold_Perct * Milk
compartment: MilkSold Unconditional
dMilkSold/dt = +(APPG_Milk*alcpi1920to1880*Milkfor&e)-Milk_toMoney
Initial Value = 862*alcpi1920t01880
flow: MilktoButter Unconditional
Flow from Milk to MilkforButter
MilktoButter = MilkButter_Perct * Milk
flow: MilktoPeople Unconditional
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Flow from Milk to MilkCalories

MilktoPeople = MilkConsumed_Perct * Milk

flow: NetCaloriestoPeople_Agric Unconditional
Flow from Ag_CaloriesProduced to TotalCaloriesfrogni&ulture
NetCaloriestoPeople_Agric = Ag_CaloriesProduced
flow: NetMoneytoPeopleAgric Unconditional

Flow from NetProfittoFarmers to NetMoneyfromAgric
NetMoneytoPeopleAgric = NetProfittoFarmers
compartment: NetProfittoFarmers Unconditional
dNetProfittoFarmers/dt = +TotalRevenuesFarmers+godsarming-NetMoneytoPeopleAgric
Initial Value = 1255666*alcpi1920t01880

flow: Oat_toCalories Unconditional

Flow from Oats_Food to C1

Oat_toCalories = Oats_Food

compartment: Oats_acres Unconditional
dOats_acres/dt =0

Initial Value = 17

compartment: Oats_Animals Unconditional
dOats_Animals/dt = +Oats_toAnimals

Initial Value = 82

compartment: Oats_bushels Unconditional

dOats_bushels/dt = (BperAcre_oats * CropEnhancdraetbr*Oats_acres)+(BperAcre_oats *

RandomNumberlsd_Crops*Oats_acres)-Oats_toPeopte-8alt-Oats_toAnimals
Initial Value = 529

compartment: Oats_Food Unconditional

dOats_Food/dt = +Oats_toPeople-Oat_toCalories

Initial Value = 24

compartment: Oats_Market Unconditional
dOats_Market/dt = +Oats_Sold-Oats_toMoney

Initial Value = 423

compartment: Oats_Money Unconditional
dOats_Money/dt = +(APPB_Oats*alcpi1920t01880*Oat¥ldney)-Oats_toCash
Initial Value = 466*alcpil920t01880

flow: Oats_Sold Unconditional

Flow from Oats_bushels to Oats_Market

Oats_Sold = APercent_AgFood_toMarket * Oats_bushels
flow: Oats_toAgCaloriesProduced Unconditional

Flow from C1 to Ag_CaloriesProduced
Oats_toAgCaloriesProduced = Oats_toCalories2

flow: Oats_toAnimals Unconditional

Flow from Oats_bushels to Oats_Animals

Oats_toAnimals = APercent_AgFood_toAnimals * Oatsshels
compartment: Oats_toCalories2 Unconditional
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dOats_toCalories2/dt = +(Oat_weightperbush*Oat reedOat_toCalories)-Oats_toAgCaloriesProduced

Initial Value = 1343876
flow: Oats_toCash Unconditional
Flow from Oats_Money to Ag_CashMarket
Oats_toCash = Oats_Money
flow: Oats_toMoney Unconditional
Flow from Oats_Market to Oats_Money
Oats_toMoney = Oats_Market
flow: Oats_toPeople Unconditional
Flow from Oats_bushels to Oats_Food
Oats_toPeople = APercent_AgFood_toPeople * Oathdisis
compartment: OtherCattle Conditional
dOtherCattle/dt =
0 for OtherCattle>56
-OtherCattleSold-OtherCattleDied-

OtherCattleSlaughtered+OtherCowDropped_toOtherCawe@owPurchased _toOtherCow by default

Initial Value = 33
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compartment: OtherCattle_sold Unconditional
dOtherCattle_sold/dt = +OtherCattleSold-OtherCowasldney
Initial Value =4

flow: OtherCattleDied Unconditional

Flow from OtherCattle to OtherCows_died

OtherCattleDied = OtherCows_died

flow: OtherCattleSlaughtered Unconditional

Flow from OtherCattle to OtherCows_slaughtered
OtherCattleSlaughtered = OtherCows_slaughtered

flow: OtherCattleSold Unconditional

Flow from OtherCattle to OtherCattle_sold

OtherCattleSold = OtherCattle_sold

compartment: OtherCow_Calories2 Unconditional
dOtherCow_Calories2/dt = +(OtherCows_Calories*Offwer_toCalories)-OtherCow_toAgCalProd
Initial Value = 954969

compartment: OtherCow_Dropped Unconditional
dOtherCow_Dropped/dt = +OtherCow_toDrop-OtherCowiped_toOtherCow
Initial Value = 4

compartment: OtherCow_Pop Unconditional
dOtherCow_Pop/dt = -OtherCow_toDrop-OtherCow_toRase
Initial Value = 100000000

compartment: OtherCow_Purchased Unconditional
dOtherCow_Purchased/dt = +OtherCow_toPurchase-OtivdPurchased_toOtherCow
Initial Value =1

flow: OtherCow_toAgCalProd Unconditional

Flow from OtherCow_Calories2 to Ag_CaloriesProduced
OtherCow_toAgCalProd = OtherCow_Calories2

flow: OtherCow_toCalories Unconditional

Flow from OtherCows_slaughtered to OtherCow_Cad@ie
OtherCow_toCalories = OtherCows_slaughtered

flow: OtherCow_toDrop Unconditional

Flow from OtherCow_Pop to OtherCow_Dropped
OtherCow_toDrop = OtherCow_Dropped

flow: OtherCow_toPurchase Unconditional

Flow from OtherCow_Pop to OtherCow_Purchased
OtherCow_toPurchase = OtherCow_Purchased

flow: OtherCowDropped_toOtherCow Unconditional

Flow from OtherCow_Dropped to OtherCattle
OtherCowDropped_toOtherCow = OtherCow_Dropped
flow: OtherCowPurchased_toOtherCow Unconditional
Flow from OtherCow_Purchased to OtherCattle
OtherCowPurchased_toOtherCow = OtherCow_Purchased
compartment: OtherCows_died Unconditional
dOtherCows_died/dt = +OtherCattleDied-OtherCows eiaiD
Initial Value = 2

compartment: OtherCows_Money Unconditional
dOtherCows_Money/dt = +(OtherCows_PricePerSale*dB@0to1880*OtherCows_toMoney)-
OtherCows_toCash

Initial Value = 220*alcpi1920t01880

compartment: OtherCows_slaughtered Unconditional
dOtherCows_slaughtered/dt = +OtherCattleSlaught&tbérCow_toCalories
Initial Value = 2

flow: OtherCows_toCash Unconditional

Flow from OtherCows_Money to Ag_CashMarket
OtherCows_toCash = OtherCows_Money

flow: OtherCows_toDead Unconditional

Flow from OtherCows_died to DeadAnimals
OtherCows_toDead = OtherCows_died

flow: OtherCows_toMoney Unconditional

Flow from OtherCattle_sold to OtherCows_Money
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OtherCows_toMoney = OtherCattle_sold

compartment: Peach_Animals Unconditional

dPeach_Animals/dt = +Peach_toAnimals

Initial Value = 47

compartment: Peach_bushels Unconditional

dPeach_bushels/dt = (CropEnhancementFactor*Bpepeaeh *
Peach_trees)+(RandomNumberlsd_Crops*Bpertree_pdeach_trees)-Peach_Sold-Peach_toPeople-
Peach_toAnimals

Initial Value = 300

compartment: Peach_Calories2 Unconditional

dPeach_Calories2/dt = +(Peach_weightperbush*Pealdries*Peach_toCalories)-Peach_toAgCaloriesPratiuce
Initial Value = 119388

compartment: Peach_Food Unconditional

dPeach_Food/dt = +Peach_toPeople-Peach_toCalories

Initial Value = 14

compartment: Peach_Market Unconditional

dPeach_Market/dt = +Peach_Sold-Peach_toMoney

Initial Value = 240

compartment: Peach_Money Unconditional

dPeach_Money/dt = +(APPB_Peach*alcpi1920to18801Pdaboney)-Peach_toCash
Initial Value = 480*alcpi1l920t01880

flow: Peach_Sold Unconditional

Flow from Peach_bushels to Peach_Market

Peach_Sold = APercent_AgFood_toMarket * Peach_lsishe

flow: Peach_toAgCaloriesProduced Unconditional

Flow from Peach_Calories2 to Ag_CaloriesProduced
Peach_toAgCaloriesProduced = Peach_Calories2

flow: Peach_toAnimals Unconditional

Flow from Peach_bushels to Peach_Animals

Peach_toAnimals = APercent_AgFood_toAnimals * Pehadlshels

flow: Peach_toCalories Unconditional

Flow from Peach_Food to Peach_Calories2

Peach_toCalories = Peach_Food

flow: Peach_toCash Unconditional

Flow from Peach_Money to Ag_CashMarket

Peach_toCash = Peach_Money

flow: Peach_toMoney Unconditional

Flow from Peach_Market to Peach_Money

Peach_toMoney = Peach_Market

flow: Peach_toPeople Unconditional

Flow from Peach_bushels to Peach_Food

Peach_toPeople = APercent_AgFood_toPeople * Peashels

compartment: Peach_trees Unconditional

dPeach_trees/dt =0

Initial Value = 507

compartment: Pear_Animals Unconditional

dPear_Animals/dt = +Pear_toAnimals

Initial Value = 169

compartment: Pear_bushels Unconditional

dPear_bushels/dt = (Bpertree_pears * CropEnhand€metior* Pear_trees)+(Bpertree_pears *
RandomNumberlsd_Crops* Pear_trees)-Pear_Sold-Béaintals-Pear_toPeople
Initial Value = 1090

compartment: Pear_Calories2 Unconditional

dPear_Calories2/dt = +(Pear_calories*Pear_weightstr*Pear_toCalories)-Pear_toAgCaloriesProduced
Initial Value = 748209

compartment: Pear_Food Unconditional

dPear_Food/dt = +Pear_toPeople-Pear_toCalories

Initial Value = 49

compartment: Pear_Market Unconditional

dPear_Market/dt = +Pear_Sold-Pear_toMoney
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Initial Value = 872

compartment: Pear_Money Unconditional

dPear_Money/dt = +(APPB_Pears*alcpil920to1880*Rekltoney)-Pear_toCash
Initial Value = 1395*alcpi1920t01880

flow: Pear_Sold Unconditional

Flow from Pear_bushels to Pear_Market

Pear_Sold = APercent_AgFood_toMarket * Pear_bushels

flow: Pear_toAgCaloriesProduced Unconditional

Flow from Pear_Calories to Ag_CaloriesProduced
Pear_toAgCaloriesProduced = Pear_Calories2

flow: Pear_toAnimals Unconditional

Flow from Pear_bushels to Pear_Animals

Pear_toAnimals = APercent_AgFood_toAnimals * Peashels

flow: Pear_toCalories Unconditional

Flow from Pear_Food to Pear_Calories

Pear_toCalories = Pear_Food

flow: Pear_toCash Unconditional

Flow from Pear_Money to Ag_CashMarket

Pear_toCash = Pear_Money

flow: Pear_toMoney Unconditional

Flow from Pear_Market to Pear_Money

Pear_toMoney = Pear_Market

flow: Pear_toPeople Unconditional

Flow from Pear_bushels to Pear_Food

Pear_toPeople = APercent_AgFood_toPeople * Pednelnis
compartment: Pear_trees Unconditional

dPear_trees/dt=0

Initial Value = 384

compartment: PlumPrune_Animals Unconditional
dPlumPrune_Animals/dt = +PlumPrune_toAnimals

Initial Value =8

compartment: PlumPrune_bushels Unconditional
dPlumPrune_bushels/dt = (CropEnhancementFactortBemplumprune *
PlumPrune_trees)+(RandomNumberlsd_Crops*Bpertrampgsline * PlumPrune_trees)-PlumPrune_toAnimals-
PlumPrune_Sold-PlumPrune_toPeople

Initial Value = 52

compartment: PlumPrune_Calories2 Unconditional
dPlumPrune_Calories2/dt = +(PlumPrune_weightperditBlumPrune_calories*PlumPrune_toCalories)-
PlumPrune_toAgCaloriesProduced

Initial Value = 22389

compartment: PlumPrune_Food Unconditional

dPlumPrune_Food/dt = +PlumPrune_toPeople-PlumPtagGalories

Initial Value = 2

compartment: PlumPrune_Market Unconditional
dPlumPrune_Market/dt = +PlumPrune_Sold-PlumPrurdotey

Initial Value = 42

compartment: PlumPrune_Money Unconditional
dPlumPrune_Money/dt = +(APPB_PlumPrune*alcpil92880tPlumPrune_toMoney)-PlumPrune_toCash
Initial Value = 79*alcpi1920t01880

flow: PlumPrune_Sold Unconditional

Flow from PlumPrune_bushels to Peach_Marketl

PlumPrune_Sold = APercent_AgFood_toMarket * PlumBrdoushels
flow: PlumPrune_toAgCaloriesProduced Unconditional

Flow from PlumPrune_Calories2 to Ag_CaloriesProduce
PlumPrune_toAgCaloriesProduced = PlumPrune_Cabries

flow: PlumPrune_toAnimals Unconditional

Flow from Plum_bushels to PlumPrune_Animals
PlumPrune_toAnimals = APercent_AgFood_toAnimalduntPrune_bushels
flow: PlumPrune_toCalories Unconditional

Flow from PlumPrune_Food to PlumPrune_Calories2
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PlumPrune_toCalories = PlumPrune_Food

flow: PlumPrune_toCash Unconditional

Flow from PlumPrune_Money to Ag_CashMarket
PlumPrune_toCash = PlumPrune_Money

flow: PlumPrune_toMoney Unconditional

Flow from PlumPrune_Market to PlumPrune_Money
PlumPrune_toMoney = PlumPrune_Market

flow: PlumPrune_toPeople Unconditional

Flow from PlumPrune_bushels to Peach_Food1
PlumPrune_toPeople = APercent_AgFood_toPeoplerhPtune_bushels
compartment: PlumPrune_trees Unconditional
dPlumPrune_trees/dt =0

Initial Value = 68

compartment: Pot_Calories2 Unconditional

dPot_Calories2/dt = +(Potato_irish_weightperbushé&Ro irish_calories*Pot_toCalories)-Pot_toAgCalProd
Initial Value = 2253713584

compartment: Pot_Food Unconditional

dPot_Food/dt = +Potato_toPeople-Pot_toCalories

Initial Value = 41830

compartment: Pot_Market Unconditional

dPot_Market/dt = +Potato_Sold-Pot_toMoney

Initial Value = 743650

flow: Pot_toAgCalProd Unconditional

Flow from C1 to Ag_CaloriesProduced

Pot_toAgCalProd = Pot_Calories2

flow: Pot_toCalories Unconditional

Flow from Pot_Food to C1

Pot_toCalories = Pot_Food

flow: Pot_toCash Unconditional

Flow from Potatoe_Money to Ag_CashMarket

Pot_toCash = Potatoe_Money

flow: Pot_toMoney Unconditional

Flow from Pot_Market to Potatoe_Money

Pot_toMoney = Pot_Market

flow: Potato_Sold Unconditional

Flow from Potatoes_bushels to Pot_Market

Potato_Sold = APercent_AgFood_toMarket * Potatoashbls

flow: Potato_toPeople Unconditional

Flow from Potatoes_bushels to Pot_Food

Potato_toPeople = APercent_AgFood_toPeople * Pesatoushels
compartment: Potatoe_Money Unconditional

dPotatoe_Money/dt = +(APPB_Potato_irish*alcpil9288D*Pot_toMoney)-Pot_toCash
Initial Value = 1636029*alcpi1920t01880

compartment: Potatoes_acres Unconditional

dPotatoes_acres/dt =0

Initial Value = 6484

compartment: Potatoes_Animals Unconditional
dPotatoes_Animals/dt = +Potatoes_toAnimals

Initial Value = 144082

compartment: Potatoes_bushels Unconditional
dPotatoes_bushels/dt =
(BperAcre_potato_irish*CropEnhancementFactor*Past@acres)+(BperAcre_potato_irish*RandomNumberlsd_
Crops*Potatoes_acres)-Potato_toPeople-Potato_Suitees_toAnimals
Initial Value = 929562

flow: Potatoes_toAnimals Unconditional

Flow from Potatoes_bushels to Potatoes_Animals
Potatoes_toAnimals = APercent_AgFood_toAnimals taRmes_bushels
flow: Poulltry_toCalories Unconditional

Flow from Poultry to Poultry_Calories2

Poulltry_toCalories = .5 * Poultry
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compartment: Poultry Unconditional

dPoultry/dt = +Poultry_toPoultry-Poulltry_toCalosi®oultry_toSold
Initial Value = 44088

compartment: Poultry_Calories2 Unconditional
dPoultry_Calories2/dt = +(Poultry_Calories*PoullttgCalories)-Poultry _toAgCalProd
Initial Value = 23493605

compartment: Poultry_Pop Unconditional

dPoultry_Pop/dt = -Poultry_toPoultry

Initial Value = 1000000000

compartment: Poultry_sold Unconditional

dPoultry_sold/dt = +(Poultry_Price*alcpil920to18B0otiltry_toSold)-Poultry_toCash
Initial Value = 7358*alcpi1l920t01880

flow: Poultry_toAgCalProd Unconditional

Flow from Poultry_Calories2 to Ag_CaloriesProduced
Poultry_toAgCalProd = Poultry_Calories2

flow: Poultry_toCash Unconditional

Flow from Poultry_sold to Ag_CashMarket

Poultry_toCash = Poultry_sold

flow: Poultry_toPoultry Unconditional

Flow from Poultry_Pop to Poultry

Poultry_toPoultry = .67 * Poultry

flow: Poultry_toSold Unconditional

Flow from Poultry to Poultry_sold

Poultry_toSold = .17*Poultry

compartment: Rye_acres Unconditional

dRye_acres/dt =0

Initial Value = 25

compartment: Rye_Animals Unconditional

dRye_Animals/dt = +Rye_toAnimals

Initial Value = 12

compartment: Rye_bushels Unconditional

dRye_bushels/dt =
(BperAcre_Rye*CropEnhancementFactor*Rye_acres)+(Bge_Rye*RandomNumberlsd_Crops*Rye_acres)-
Rye_toPeople-Rye_Sold-Rye_toAnimals

Initial Value = 80

compartment: Rye_Calories2 Unconditional

dRye_Calories2/dt = +(Rye_weightperbushel*Rye_Ga#dRye_toCalories)-Rye_toAgCalProd
Initial Value = 335020

compartment: Rye_Food Unconditional

dRye_Food/dt = +Rye_toPeople-Rye_toCalories

Initial Value = 4

compartment: Rye_Market Unconditional

dRye_Market/dt = +Rye_Sold-Rye_toMoney

Initial Value = 64

compartment: Rye_Money Unconditional

dRye_Money/dt = +(APPB_Rye*alcpi1920t01880*Rye_taidy)-Rye toCsh
Initial Value = 99*alcpi1920t01880

flow: Rye_Sold Unconditional

Flow from Rye_bushels to Rye Market

Rye_Sold = APercent_AgFood_toMarket * Rye_bushels

flow: Rye_toAgCalProd Unconditional

Flow from Rye_Calories2 to Ag_CaloriesProduced
Rye_toAgCalProd = Rye_Calories2

flow: Rye_toAnimals Unconditional

Flow from Rye_bushels to Rye_Animals

Rye_toAnimals = APercent_AgFood_toAnimals * Rye_mris

flow: Rye_toCalories Unconditional

Flow from Rye_Food to Pot_Calories3

Rye_toCalories = Rye_Food

flow: Rye_toCsh Unconditional
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Flow from Rye_Money to Ag_CashMarket
Rye_toCsh = Rye_Money
flow: Rye_toMoney Unconditional
Flow from Rye_Market to Potatoe_Money1l
Rye_toMoney = Rye_Market
flow: Rye_toPeople Unconditional
Flow from Rye_bushels to Rye_Food
Rye_toPeople = APercent_AgFood_toPeople * Rye_Hsishe
compartment: Sheep Conditional
dSheep/dt =
0 for Sheep>1038
-SheepDied-SheepSlaughtered-SheepSold+Sheeplrdpfbeep+SheepPurchased_toSheep by default
Initial Value = 613
compartment: Sheep_Calories2 Unconditional
dSheep_Calories2/dt = +(Sheep_Calories*Sheep_to€s)eSheep_toAgCalProd
Initial Value = 1062640
compartment: Sheep_died Unconditional
dSheep_died/dt = +SheepDied-Sheep_toDead
Initial Value = 146
compartment: Sheep_Dropped Unconditional
dSheep_Dropped/dt = +Sheep_toDrop-SheepDroppede¢pSh
Initial Value = 62
compartment: Sheep_Money Unconditional
dSheep_Money/dt = +(Sheep_PricePerSale*alcpil928@35heep_toMoney)-Sheep_toCash
Initial Value = 172*alcpil920t01880
compartment: Sheep_Pop Unconditional
dSheep_Pop/dt = -Sheep_toDrop-Sheep_toPurchase
Initial Value = 100000000
compartment: Sheep_Purchased Unconditional
dSheep_Purchased/dt = +Sheep_toPurchase-Sheepsadrclussheep
Initial Value = 31
compartment: Sheep_slaughtered Unconditional
dSheep_slaughtered/dt = +SheepSlaughtered-SheegpotesS
Initial Value = 17
compartment: Sheep_sold Unconditional
dSheep_sold/dt = +SheepSold-Sheep_toMoney
Initial Value = 16
flow: Sheep_toAgCalProd Unconditional
Flow from Sheep_Calories2 to Ag_CaloriesProduced
Sheep_toAgCalProd = Sheep_Calories2
flow: Sheep_toCalories Unconditional
Flow from Sheep_slaughtered to Sheep_Calories2
Sheep_toCalories = Sheep_slaughtered
flow: Sheep_toCash Unconditional
Flow from Sheep_Money to Ag_CashMarket
Sheep_toCash = Sheep_Money
flow: Sheep_toDead Unconditional
Flow from Sheep_died to DeadAnimals
Sheep_toDead = Sheep_died
flow: Sheep_toDrop Unconditional
Flow from Sheep_Pop to Sheep_Dropped
Sheep_toDrop = Sheep_Dropped
flow: Sheep_toMoney Unconditional
Flow from Sheep_sold to Sheep_Money
Sheep_toMoney = Sheep_sold
flow: Sheep_toPurchase Unconditional
Flow from Sheep_Pop to Sheep_Purchased
Sheep_toPurchase = Sheep_Purchased
flow: SheepDied Unconditional
Flow from Sheep to Sheep_died
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SheepDied = Sheep_died

flow: SheepDropped_toSheep Unconditional

Flow from Sheep_Dropped to Sheep

SheepDropped_toSheep = Sheep_Dropped

flow: SheepPurchased_toSheep Unconditional

Flow from Sheep_Purchased to Sheep
SheepPurchased_toSheep = Sheep_Purchased

flow: SheepSlaughtered Unconditional

Flow from Sheep to Sheep_slaughtered

SheepSlaughtered = Sheep_slaughtered

flow: SheepSold Unconditional

Flow from Sheep to Sheep_sold

SheepSold = Sheep_sold

compartment: SoyBean_acres Unconditional
dSoyBean_acres/dt = 0

Initial Value = 11

compartment: SoyBean_Animals Unconditional
dSoyBean_Animals/dt = +SoyBean_toAnimals

Initial Value =9

compartment: SoyBean_bushels Unconditional
dSoyBean_bushels/dt =
(BperAcre_SoyBeans*CropEnhancementFactor*SoyBeaaspBperAcre_SoyBeans*RandomNumberlsd_Cr
ops*SoyBean_acres)-SoyBean_toPeople-SoyBean_SgBeda_toAnimals
Initial Value = 60

compartment: SoyBean_Calories2 Unconditional
dSoyBean_Calories2/dt = +(SoyBean_weightperbuslgB8an_Calories*SoyBean_toCalories)-
SoyBean_toAgCalProduced

Initial Value = 107892

compartment: SoyBean_Food Unconditional
dSoyBean_Food/dt = +SoyBean_toPeople-SoyBean_td€alo
Initial Value =3

compartment: SoyBean_Market Unconditional
dSoyBean_Market/dt = +SoyBean_Sold-SoyBean_toMoney
Initial Value = 48

compartment: SoyBean_Money Unconditional
dSoyBean_Money/dt = +(APPB_SoyBeans*alcpil920toi88@Bean_toMoney)-SoyBean_toCash
Initial Value = 223*alcpi1920t01880

flow: SoyBean_Sold Unconditional

Flow from SoyBean_bushels to Pot_Market1

SoyBean_Sold = APercent_AgFood_toMarket * SoyBeashbls
flow: SoyBean_toAgCalProduced Unconditional

Flow from SoyBean_Calories2 to Ag_CaloriesProduced
SoyBean_toAgCalProduced = SoyBean_Calories2

flow: SoyBean_toAnimals Unconditional

Flow from SoyBean_bushels to Potatoes_Animalsl
SoyBean_toAnimals = APercent_AgFood_toAnimals * Begn_bushels
flow: SoyBean_toCalories Unconditional

Flow from SoyBean_Food to Pot_Calories3

SoyBean_toCalories = SoyBean_Food

flow: SoyBean_toCash Unconditional

Flow from SoyBean_Money to Ag_CashMarket

SoyBean_toCash = SoyBean_Money

flow: SoyBean_toMoney Unconditional

Flow from SoyBean_Market to Potatoe_Moneyl
SoyBean_toMoney = SoyBean_Market

flow: SoyBean_toPeople Unconditional

Flow from SoyBean_bushels to Pot_Food1

SoyBean_toPeople = APercent_AgFood_toPeople * SmyBaushels
compartment: Strawberry_acres Unconditional
dStrawberry_acres/dt =0
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Initial Value = 6

compartment: Strawberry_Animals Unconditional

dStrawberry_Animals/dt = +Strawberry_toAnimals

Initial Value = 969

compartment: Strawberry_Calories2 Unconditional

dStrawberry_Calories2/dt = +(Strawberry_weightpartiStrawberry_calories*Strawberry_toCalories)-
Strawberry_toAgCaloriesProduced

Initial Value = 176175

compartment: Strawberry_Food Unconditional

dStrawberry_Food/dt = +Strawberry_toPeople-StrawbéoCalories

Initial Value = 281

compartment: Strawberry_Market Unconditional

dStrawberry_Market/dt = +Strawberry_Sold-Strawbetooney

Initial Value = 5003

compartment: Strawberry_Money Unconditional

dStrawberry_Money/dt = +(APPQuart_Strawberries*all@p0to1880*Strawberry_toMoney)-Strawberry_toCash
Initial Value = 1001*alcpi1l920t01880

compartment: Strawberry_Quarts Unconditional

dStrawberry_Quarts/dt = (CropEnhancementFactor*Bt3parAcre_Strawberry *
Strawberry_acres)+(RandomNumberlsd_Crops*BQuarsper Strawberry * Strawberry_acres)-
Strawberry_toAnimals-Strawberry_Sold-Strawberry etofle

Initial Value = 6254

flow: Strawberry_Sold Unconditional

Flow from Strawberry_Quarts to Strawberry_Market

Strawberry_Sold = APercent_AgFood_toMarket * Stramjp_Quarts

flow: Strawberry_toAgCaloriesProduced Unconditiona

Flow from Strawberry_Calories2 to Ag_CaloriesPraatlic
Strawberry_toAgCaloriesProduced = Strawberry _Cef®i

flow: Strawberry_toAnimals Unconditional

Flow from Strawberry_Quarts to Strawberry_Animals

Strawberry_toAnimals = APercent_AgFood_toAnimaStrawberry_Quarts

flow: Strawberry_toCalories Unconditional

Flow from Strawberry_Food to Strawberry_Calories2

Strawberry_toCalories = Strawberry_Food

flow: Strawberry_toCash Unconditional

Flow from Strawberry_Money to Ag_CashMarket

Strawberry_toCash = Strawberry_Money

flow: Strawberry_toMoney Unconditional

Flow from Strawberry _Market to Strawberry _Money

Strawberry_toMoney = Strawberry_Market

flow: Strawberry_toPeople Unconditional

Flow from PlumPrune_bushels3 to PlumPrune_Food3

Strawberry_toPeople = APercent_AgFood_toPeopleav@ierry _Quarts

compartment: Sw_Potatoes_acres Unconditional

dSw_Potatoes_acres/dt =0

Initial Value = 1387

compartment: Sw_Potatoes_bushels Unconditional

dSw_Potatoes_bushels/dt =
(BperAcre_potatos_sw*CropEnhancementFactor*Sw_Besatacres)+(BperAcre_potatos_sw*RandomNumberl
sd_Crops*Sw_Potatoes_acres)-SwPotato_toPeople-8toP8bld-SwPotatoes_toAnimals
Initial Value = 242309

compartment: SwPot_Calories2 Unconditional

dSwPot_Calories2/dt = +(Potato_sweet_weightperbitRbmto_sweet_calories*SwPot_toCalories)-
SwPot_toAgCalProd

Initial Value = 244781541

compartment: SwPot_Food Unconditional

dSwPot_Food/dt = +SwPotato_toPeople-SwPot_toCalorie

Initial Value = 10904

compartment: SwPot_Market Unconditional

dSwPot_Market/dt = +SwPotato_Sold-SwPot_toMoney
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Initial Value = 193847

flow: SwPot_toAgCalProd Unconditional

Flow from C1 to Ag_CaloriesProduced

SwPot_toAgCalProd = SwPot_Calories2

flow: SwPot_toCalories Unconditional

Flow from SwPot_Food to SwPot_Calories2

SwPot_toCalories = SwPot_Food

flow: SwPot_toCash Unconditional

Flow from SwPotatoe_Money to Ag_CashMarket

SwPot_toCash = SwPotatoe_Money

flow: SwPot_toMoney Unconditional

Flow from SwPot_Market to SwPotatoe_Money

SwPot_toMoney = SwPot_Market

flow: SwPotato_Sold Unconditional

Flow from Sw_Potatoes_bushels to SwPot_Market
SwPotato_Sold = APercent_AgFood_toMarket * Sw_Remtbushels
flow: SwPotato_toPeople Unconditional

Flow from Sw_Potatoes_bushels to SwPot_Food
SwPotato_toPeople = APercent_AgFood_toPeople * $tatfes_bushels
compartment: SwPotatoe_Money Unconditional
dSwPotatoe_Money/dt = +(APPB_Potato_sweet*alcpit@BB0*SwPot_toMoney)-SwPot_toCash
Initial Value = 310156*alcpil920to1880

compartment: SwPotatoes_Animals Unconditional
dSwPotatoes_Animals/dt = +SwPotatoes_toAnimals

Initial Value = 37558

flow: SwPotatoes_toAnimals Unconditional

Flow from Sw_Potatoes_bushels to SwPotatoes_Animals
SwPotatoes_toAnimals = APercent_AgFood_toAnimassw* Potatoes_bushels
compartment: Tob_Market Unconditional

dTob_Market/dt = +Tobacco_Sold-Tob_toMoney

Initial Value =0

flow: Tob_toCash Unconditional

Flow from Tobacco_Money to Ag_CashMarket

Tob_toCash = Tobacco_Money

flow: Tob_toMoney Unconditional

Flow from Tob_Market to Tobacco_Money

Tob_toMoney = Tob_Market

compartment: Tobacco_acres Unconditional
dTobacco_acres/dt =0

Initial Value =0

compartment: Tobacco_Money Unconditional
dTobacco_Money/dt = +(APPP_Tobacco*alcpil920to1886* toMoney)-Tob_toCash
Initial Value = 0*alcpil920to1880

compartment: Tobacco_pounds Unconditional
dTobacco_pounds/dt = (PoundsperAcre_tobacco *
CropEnhancementFactor*Tobacco_acres)+(Poundsperistracco *
RandomNumberlsd_Crops*Tobacco_acres)-Tobacco_Sold
Initial Value =0

flow: Tobacco_Sold Unconditional

Flow from Tobacco_pounds to Tob_Market

Tobacco_Sold = Tobacco_pounds

flow: tonegative Unconditional

Flow from ExpensesFarming to ExpensesFarmingtofegat
tonegative = ExpensesFarming

flow: TotalRevenuesFarmers Unconditional

Flow from Ag_MoneyTotal to NetProfittoFarmers
TotalRevenuesFarmers = Ag_MoneyTotal

compartment: Wheat_acres Unconditional

dWheat_acres/dt =0

Initial Value = 110
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compartment: Wheat_Animals Unconditional
dWheat_Animals/dt = +Wheat_toAnimals
Initial Value = 273
compartment: Wheat_bushels Unconditional
dWheat_bushels/dt = (BperAcre_wheat * CropEnhano¢faetor*Wheat_acres)+(BperAcre_wheat *
RandomNumberlsd_Crops*Wheat_acres)-Wheat_toPeopkaiNSold-Wheat_toAnimals
Initial Value = 1763
compartment: Wheat_Calories2 Unconditional
dWheat_Calories2/dt = +(Wheat_weightperbush*Whesdories*Wheat_toCalories)-Wheat_toAgCalProd
Initial Value = 7383012
compartment: Wheat_Food Unconditional
dWheat_Food/dt = +Wheat_toPeople-Wheat_toCalories
Initial Value = 79
compartment: Wheat_Market Unconditional
dWheat_Market/dt = +Wheat_Sold-Wheat_toMoney
Initial Value = 1410
compartment: Wheat_Money Unconditional
dWheat_Money/dt = +(APPB_Wheat*alcpi1920to1880*\\{hedvioney)-Wheat_toCash
Initial Value = 3300*alcpi1l920t01880
flow: Wheat_Sold Unconditional
Flow from Wheat_bushels to Wheat_Market
Wheat_Sold = APercent_AgFood_toMarket * Wheat_blsshe
flow: Wheat_toAgCalProd Unconditional
Flow from C1 to Ag_CaloriesProduced
Wheat_toAgCalProd = Wheat_Calories2
flow: Wheat_toAnimals Unconditional
Flow from Wheat_bushels to Wheat_Animals
Wheat_toAnimals = APercent_AgFood_toAnimals* Whéaishels
flow: Wheat_toCalories Unconditional
Flow from Wheat_Food to C1
Wheat_toCalories = Wheat_Food
flow: Wheat_toCash Unconditional
Flow from Wheat_Money to Ag_CashMarket
Wheat_toCash = Wheat_Money
flow: Wheat_toMoney Unconditional
Flow from Wheat_Market to Wheat_Money
Wheat_toMoney = Wheat_Market
flow: Wheat_toPeople Unconditional
Flow from Wheat_bushels to Wheat_Food
Wheat_toPeople = APercent_AgFood_toPeople * Wheshdls
compartment: Wool Unconditional
4.89 Ibs wool per sheep
dWool/dt = (APPP_Wool*alcpi1l920t01880*4.89*Sheep)
Initial Value = 2998*alcpi1l920t01880
flow: Wool_toMarket Unconditional
Flow from Wool to Ag_CashMarket
Wool_toMarket = Wool
compartment: BayHealthDump Unconditional
dBayHealthDump/dt = +F16
Initial Value = 0.0
compartment: BayHealthFactor Conditional Global
dBayHealthFactor/dt =

-.50-F16 for FertilizerUse_Aggregate>=450

-.45-F16 for FertilizerUse_Aggregate>=400

-.40-F16 for FertilizerUse_Aggregate>=350

-.35-F16 for FertilizerUse_Aggregate>=300

-.30-F16 for FertilizerUse_Aggregate>=250

-.25-F16 for FertilizerUse_Aggregate>=200

-.20-F16 for FertilizerUse_Aggregate>=150

-.15-F16 for FertilizerUse_Aggregate>=100
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-.10-F16 for FertilizerUse_Aggregate>=50
-.05-F16 for FertilizerUse_Aggregate>=25
0-F16 by default
Initial Value =0
compartment: BlackTotal Unconditional
dBlackTotal/dt = TotalPop_FB+TotalPop_MB-F24
Initial Value = 2759
compartment: CalDump Unconditional
dCalDump/dt = +toCalDump
Initial Value = 0.0
compartment: Calories_from_Ag_and_ChesBay Uncardit
dCalories_from_Ag_and_ChesBay/dt = +Caloriesfrommifig+TotalCaloriesfromAgric-toCalDump
Initial Value = 4291772959
flow: CaloriesfromFishing Unconditional
Flow from TotalCaloriesFromFishing to Calories_frofg_and_ChesBay
CaloriesfromFishing = TotalCaloriesFromFishing
Chesapeake
compartment: BAYCash_Market Unconditional
dBAYCash_Market/dt = -
GrossMoneytoPeople_Bay+Oysters_toBayCash+Clamsy@dn+Crabs_toBayCash+Crabs_toBayCash+Terps
_toBayCash+Shad_toBayCash+SpMackeral_toBayCashfi@iueoBayCash+GrTrout_toBayCash+Sheepshead_
toBayCash+OtherFish_toBayCash+Menhaden_toBayCaslsSoft_toBayCash
Initial Value = 108196*alcpi1920to1880
compartment: BAYFood_CaloriesProduced Unconditiona
dBAYFood_CaloriesProduced/dt = -
NetCaloriestoPeople+Oysters_toBayProd+CrabSoft yBBal+Crabs_toBayProd+Clams_toBayProd+Terps_toB
ayProd+Shad_toBayProd+SpMackeral_toBayProd+BluefidayProd+GrTrout_toBayProd+Sheepshead_toBay
Prod+OtherFish_toBayProd+CrabSoft_toBayProd
Initial Value = 393608969
compartment: Bluefish_Calories2 Unconditional
dBluefish_Calories2/dt = +(Calories_Bluefish*Blws#i_toCalories)-Bluefish_toBayProd
Initial Value = 3210123
compartment: Bluefish_Food Unconditional
dBluefish_Food/dt = +Bluefish_toFood-Bluefish_toQras
Initial Value = 5732
compartment: BlueFish_Harvest Unconditional
dBlueFish_Harvest/dt = (BayHealthFactor*BluefishBe(RandomNumberlsd3_Fish*BluefishPool)-
Bluefish_toFood-Bluefish_toMkt
Initial Value = 29059
compartment: Bluefish_Market Unconditional
dBluefish_Market/dt = +Bluefish_toMkt-Bluefish_toMey
Initial Value = 23326
compartment: Bluefish_Money Unconditional
dBluefish_Money/dt = +(BPPP_Bluefish*alcpil920toQ&8uefish_toMoney)-Bluefish_toBayCash
Initial Value = 3266*alcpi1l920t01880
flow: Bluefish_toBayCash Unconditional
Flow from Bluefish_Money to BAYCash_Market
Bluefish_toBayCash = Bluefish_Money
flow: Bluefish_toBayProd Unconditional
Flow from Bluefish_Calories2 to BAYFood_CaloriesBuaed
Bluefish_toBayProd = Bluefish_Calories2
flow: Bluefish_toCalories Unconditional
Flow from Bluefish_Food to Bluefish_Calories2
Bluefish_toCalories = Bluefish_Food
flow: Bluefish_toFood Unconditional
Flow from BlueFish_Harvest to Bluefish_Food
Bluefish_toFood = AFoodvsMarket_estuary * BlueFidarvest
flow: Bluefish_toMkt Unconditional
Flow from BlueFish_Harvest to Bluefish_Market
Bluefish_toMkt = (1-AFoodvsMarket_estuary) * BlusRi Harvest



273

flow: Bluefish_toMoney Unconditional

Flow from Bluefish_Market to Bluefish_Money

Bluefish_toMoney = Bluefish_Market

compartment: BluefishPool Unconditional

dBluefishPool/dt = 0

Initial Value = 29059

compartment: Clam_Calories2 Unconditional

dClam_Calories2/dt = +(Clam_Calories*Clams_toCalgFriClams_toBayProd
Initial Value = 1374721

compartment: Clam_Food Unconditional

dClam_Food/dt = +Clam_toFood-Clams_toCalories

Initial Value = 4091

compartment: Clam_Harvest Unconditional

dClam_Harvest/dt = (BayHealthFactor*ClamPool)+(Ramélumberlsd3_Fish*ClamPool)-Clam_toFood-
Clam_toMkt

Initial Value = 20741

compartment: Clam_Market Unconditional

dClam_Market/dt = +Clam_toMkt-Clams_toMoney

Initial Value = 16649

flow: Clam_toFood Unconditional

Flow from Clam_Harvest to Clam_Food

Clam_toFood = AFoodvsMarket_estuary * Clam_Harvest

flow: Clam_toMkt Unconditional

Flow from Clam_Harvest to Clam_Market

Clam_toMkt = (1-AFoodvsMarket_estuary) * Clam_Hastve

compartment: ClamPool Unconditional

dClamPool/dt = 0

Initial Value = 20741

compartment: Clams_Money Unconditional

dClams_Money/dt = +(BPPP_Clam*alcpil920to1880*Clatmisloney)-Clams_toBayCash
Initial Value = 499*alcpi1920t01880

flow: Clams_toBayCash Unconditional

Flow from Clams_Money to BAYCash_Market

Clams_toBayCash = Clams_Money

flow: Clams_toBayProd Unconditional

Flow from Clam_Calories2 to BAYFood_CaloriesProdiice
Clams_toBayProd = Clam_Calories2

flow: Clams_toCalories Unconditional

Flow from Clam_Food to Clam_Calories2

Clams_toCalories = Clam_Food

flow: Clams_toMoney Unconditional

Flow from Clam_Market to Clams_Money

Clams_toMoney = Clam_Market

compartment: Crab_Calories2 Unconditional

dCrab_Calories2/dt = +(Crab_Calories*Crabs_toCak)fiCrabs_toBayProd
Initial Value = 12598276

compartment: Crab_CaloriesSoft Unconditional

dCrab_CaloriesSoft/dt = +(Crab_Calories*CrabsSoftalories)-CrabSoft_toBayProd
Initial Value = 1560872

compartment: Crab_Food Unconditional

dCrab_Food/dt = +Crab_toFood-Crabs_toCalories

Initial Value = 37495

compartment: Crab_FoodSoft Unconditional

dCrab_FoodSoft/dt = +Crab_toFoodSoft-CrabsSoft_lm@es

Initial Value = 1121

compartment: Crab_Harvest Unconditional

dCrab_Harvest/dt = (BayHealthFactor*CrabPool)+(Randumberlsd3_Fish*CrabPool)-Crab_toFood-
Crab_toMkt

Initial Value = 190071

compartment: Crab_HarvestSoft Unconditional



dCrab_HarvestSoft/dt = (BayHealthFactor*CrabPod)S¢RandomNumberlsd3_Fish*CrabPoolSoft)-
Crab_toFoodSoft-CrabSoft_toMarket

Initial Value = 5684

compartment: Crab_Market Unconditional
dCrab_Market/dt = +Crab_toMkt-Crabs_toMoney

Initial Value = 152576

compartment: Crab_MarketSoft Unconditional
dCrab_MarketSoft/dt = +CrabSoft_toMarket-CrabSafiioney
Initial Value = 4563

flow: Crab_toFood Unconditional

Flow from Crab_Harvest to Crab_Food

Crab_toFood = AFoodvsMarket_estuary * Crab_Harvest
flow: Crab_toFoodSoft Unconditional

Flow from Crab_HarvestSoft to Crab_FoodSoft
Crab_toFoodSoft = AFoodvsMarket_estuary * Crab_dsi8oft
flow: Crab_toMkt Unconditional

Flow from Crab_Harvest to Crab_Market

Crab_toMkt = (1-AFoodvsMarket_estuary) * Crab_Hatve
compartment: CrabPool Unconditional

dCrabPool/dt = 0

Initial Value = 190071

compartment: CrabPoolSoft Unconditional
dCrabPoolSoft/dt = 0

Initial Value = 5684

compartment: Crabs_Money Unconditional
dCrabs_Money/dt = +(BPPB_CrabHard*alcpi1l920to188atsS_toMoney)-Crabs_toBayCash
Initial Value = 4577*alcpi1l920t01880

compartment: Crabs_MoneySoft Unconditional
dCrabs_MoneySoft/dt = +(BPPB_CrabSoft*talcpil9208t€rabSoft_toMoney)-CrabsSoft_toBayCash
Initial Value = 730*alcpi1l920t01880

flow: Crabs_toBayCash Unconditional

Flow from Crabs_Money to BAYCash_Market
Crabs_toBayCash = Crabs_Money

flow: Crabs_toBayProd Unconditional

Flow from Crab_Calories2 to BAYFood_CaloriesProdiice
Crabs_toBayProd = Crab_Calories2

flow: Crabs_toCalories Unconditional

Flow from Crab_Food to Crab_Calories2

Crabs_toCalories = Crab_Food

flow: Crabs_toMoney Unconditional

Flow from Crab_Market to Crabs_Money

Crabs_toMoney = Crab_Market

flow: CrabSoft_toBayProd Unconditional

Flow from Crab_CaloriesSoft to BAYFood_CaloriesRroed
CrabSoft_toBayProd = Crab_CaloriesSoft

flow: CrabSoft_toMarket Unconditional

Flow from Crab_HarvestSoft to Crab_MarketSoft
CrabSoft_toMarket = (1-AFoodvsMarket_estuary) *ICrearvestSoft
flow: CrabSoft_toMoney Unconditional

Flow from Crab_MarketSoft to Crabs_MoneySoft
CrabSoft_toMoney = Crab_MarketSoft

flow: CrabsSoft_toBayCash Unconditional

Flow from Crabs_MoneySoft to BAYCash_Market
CrabsSoft_toBayCash = Crabs_MoneySoft

flow: CrabsSoft_toCalories Unconditional

Flow from Crab_FoodSoft to Crab_CaloriesSoft
CrabsSoft_toCalories = Crab_FoodSoft

compartment: Expenses_Fishing Unconditional
dExpenses_Fishing/dt = +FishingExpenses-TotalExgsffishermenNegative
Initial Value = 33480*alcpil920t01880
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FishingCosts

compartment: AnnualCosts Unconditional

1lYear

dAnnualCosts/dt = +AnnualHandLineCosts+AnnualGedfi@osts-Annualized1YrCosts
Initial Value = 8545*alcpi1920t01880

flow: AnnualFishHouseCosts Unconditional

Flow from FishHouses_ShoreProperty Costs to C&pitsts
AnnualFishHouseCosts = (1/30) * FishHouses_Shopttp Costs
flow: AnnualFishingVesselCosts Unconditional

Flow from FishingVesselsCosts to CapitalCosts
AnnualFishingVesselCosts = (1/30) * FishingVesses€
flow: AnnualGearOutfitCosts Unconditional

Flow from GearOutfitCosts to AnnualCosts
AnnualGearOutfitCosts = GearOutfitCosts

flow: AnnualGillNetCosts Unconditional

Flow from GilINetCosts to ShortCosts
AnnualGillNetCosts = (1/3) * GillNetCosts

flow: AnnualHandLineCosts Unconditional

Flow from HandLines to AnnualCosts
AnnualHandLineCosts = HandLines

flow: Annualized1YrCosts Unconditional

Flow from AnnualCosts to TotalAnnualFishingCosts
Annualized1YrCosts = AnnualCosts

flow: Annualized30YrCosts Unconditional

Flow from CapitalCosts to TotalAnnualFishingCosts
Annualized30YrCosts = CapitalCosts

flow: Annualized3YrCosts Unconditional

Flow from ShortCosts to TotalAnnualFishingCosts
Annualized3YrCosts = ShortCosts

flow: AnnualOtherCosts Unconditional

Flow from OtherCosts to ShortCosts

AnnualOtherCosts = (1/3) * OtherCosts

flow: AnnualPoundNetCosts Unconditional

Flow from PoundNetCosts to ShortCosts
AnnualPoundNetCosts = (1/3) * PoundNetCosts

flow: AnnualSeinesCosts Unconditional

Flow from SeinesCosts to ShortCosts
AnnualSeinesCosts = (1/3) * SeinesCosts

compartment: CapitalCosts Unconditional

30Years

dCapitalCosts/dt = +AnnualFishingVesselCosts+AnRisalHouseCosts+OtherCapitalCosts-
Annualized30YrCosts

Initial Value = 6864*alcpi1l920t01880

compartment: FishHouses_ShoreProperty_Costs Urtooral
1

dFishHouses_ShoreProperty_Costs/dt = 0

Initial Value = 85444*alcpil920t01880

compartment: FishingVesselsCosts Unconditional

152, inc fishing (steam, gas/power, sail) and fparns(gas, sail)
dFishingVesselsCosts/dt = 0

Initial Value = 108788*alcpil920t01880

compartment: GearOutfitCosts Unconditional

vessel outfits

dGearOutfitCosts/dt = 0

Initial Value = 8253*alcpi1l920t01880

compartment: GillNetCosts Unconditional

6

dGillNetCosts/dt = 0

Initial Value = 333*alcpil920t01880

compartment: HandLines Unconditional
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1

dHandLines/dt =0

Initial Value = 292*alcpi1l920t01880

flow: OtherCapitalCosts Unconditional

Flow from OtherCashCapital to CapitalCosts

OtherCapitalCosts = (1/30) * OtherCashCapital

compartment: OtherCashCapital Unconditional

1

dOtherCashCapital/dt = 0

Initial Value = 11691*alcpil920t01880

compartment: OtherCosts Unconditional

84 tongues and 39 dredges

dOtherCosts/dt = 0

Initial Value = 563*alcpi1920t01880

compartment: PoundNetCosts Unconditional

16

dPoundNetCosts/dt = 0

Initial Value = 54769*alcpil920t01880

compartment: SeinesCosts Unconditional

3 Haul and 1 Purse

dSeinesCosts/dt = 0

Initial Value = 3003*alcpi1l920t01880

compartment: ShortCosts Unconditional

3Years

dShortCosts/dt = +AnnualOtherCosts+AnnualSeines3dstnualGillNetCosts+AnnualPoundNetCosts-
Annualized3YrCosts

Initial Value = 19556*alcpil920t01880

compartment: TotalAnnualFishingCosts Unconditional
dTotalAnnualFishingCosts/dt = +Annualized30YrCog#tstualized1YrCosts+Annualized3YrCosts-
TotalAnnualFishingCoststoBay

Initial Value = 34965*alcpil920t01880

flow: TotalAnnualFishingCoststoBay Unconditional

Flow from TotalAnnualFishingCosts to TotalAnnualfirsgCostsfromSu
TotalAnnualFishingCoststoBay = TotalAnnualFishing&o

flow: FishingExpenses Unconditional

Flow from TotalAnnualFishingCostsfromSu to Expenses
FishingExpenses = 1 * TotalAnnualFishingCostsfromSu
compartment: GreyTrout_Harvest Unconditional
dGreyTrout_Harvest/dt = (BayHealthFactor*GreyTraaBl+(RandomNumberlsd3_Fish*GreyTroutPool)-
GrTrout_toFood-GrTrout_toMkt

Initial Value = 518890

compartment: GreyTroutPool Unconditional

dGreyTroutPool/dt =0

Initial Value = 518890

flow: GrossMoneytoPeople_Bay Unconditional

Flow from BAYCash_Market to MoneyProduced_Bay
GrossMoneytoPeople_Bay = BAYCash_Market

compartment: GrTrout_Calories2 Unconditional
dGrTrout_Calories2/dt = +(GreyTrout_Calories*GrTramwCalories)-GrTrout_toBayProd
Initial Value = 68786123

compartment: GrTrout_Food Unconditional

dGrTrout_Food/dt = +GrTrout_toFood-GrTrout_toCadgri

Initial Value = 102360

compartment: GrTrout_Market Unconditional

dGrTrout_Market/dt = +GrTrout_toMkt-GrTrout_toMoney

Initial Value = 416530

compartment: GrTrout_Money Unconditional

dGrTrout_Money/dt = +(BPPB_GreyTrout*alcpil920toQ88rTrout_toMoney)-GrTrout_toBayCash
Initial Value = 20827*alcpil920t01880

flow: GrTrout_toBayCash Unconditional
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Flow from GrTrout_Money to BAYCash_Market
GrTrout_toBayCash = GrTrout_Money

flow: GrTrout_toBayProd Unconditional

Flow from GrTrout_Calories2 to BAYFood_CaloriesPuodd
GrTrout_toBayProd = GrTrout_Calories2

flow: GrTrout_toCalories Unconditional

Flow from GrTrout_Food to GrTrout_Calories2
GrTrout_toCalories = GrTrout_Food

flow: GrTrout_toFood Unconditional

Flow from GreyTrout_Harvest to GrTrout_Food

GrTrout_toFood = AFoodvsMarket_estuary * GreyTrdtarvest
flow: GrTrout_toMkt Unconditional

Flow from GreyTrout_Harvest to GrTrout_Market

GrTrout_toMkt = (1-AFoodvsMarket_estuary) * GreyutoHarvest
flow: GrTrout_toMoney Unconditional

Flow from GrTrout_Market to GrTrout_Money

GrTrout_toMoney = GrTrout_Market

compartment: Menhaden_Harvest Unconditional
dMenhaden_Harvest/dt = (BayHealthFactor*MenhadehP@andomNumberlsd3_Fish*MenhadenPool)-
Menhaden_toMarket

Initial Value = 3441535

compartment: Menhaden_Market Unconditional
dMenhaden_Market/dt = +Menhaden_toMarket-Menhadéviohey
Initial Value = 3441535

compartment: Menhaden_Money Unconditional

6883

dMenhaden_Money/dt = +(BPPB_Menhaden*alcpil920t09d8nhaden_toMoney)-Menhaden_toBayCash
Initial Value = 343*alcpil920t01880

flow: Menhaden_toBayCash Unconditional

Flow from Menhaden_Money to BAYCash_Market
Menhaden_toBayCash = Menhaden_Money

flow: Menhaden_toMarket Unconditional

Flow from Menhaden_Harvest to Menhaden_Market
Menhaden_toMarket = Menhaden_Harvest

flow: Menhaden_toMoney Unconditional

Flow from Menhaden_Market to Menhaden_Money
Menhaden_toMoney = Menhaden_Market

compartment: MenhadenPool Unconditional
dMenhadenPool/dt =0

Initial Value = 3441535

compartment: MoneyProduced_Bay Unconditional
dMoneyProduced_Bay/dt = +GrossMoneytoPeople_BaglRetvenuesFishermen
Initial Value = 108196*alcpil920to1880

flow: NetCaloriestoPeople Unconditional

Flow from BAYFood_CaloriesProduced to TotalCaloFesmFishing
NetCaloriestoPeople = BAYFood_CaloriesProduced

flow: NetMoneytoPeopleFishing Unconditional

Flow from NetProfittoFishermen to NetMoneyFromFigi
NetMoneytoPeopleFishing = NetProfittoFishermen
compartment: NetProfittoFishermen Unconditional
dNetProfittoFishermen/dt = +TotalRevenuesFisheret@ExpensesFishermenNegative-
NetMoneytoPeopleFishing

Initial Value = 73231*alcpil920t01880

flow: Other_toCalories Unconditional

Flow from OtherFish_Food to OtherFish_Calories2
Other_toCalories = OtherFish_Food

compartment: OtherFish_Calories2 Unconditional
dOtherFish_Calories2/dt = +(OtherFish_Calories*@th&Calories)-OtherFish_toBayProd
Initial Value = 104446241

compartment: OtherFish_Food Unconditional
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dOtherFish_Food/dt = +OtherFish_toFood-Other_tofzdo
Initial Value = 163743

compartment: OtherFish_Harvest Unconditional
dOtherFish_Harvest/dt = (BayHealthFactor*OtherF@biPr(RandomNumberlsd3_Fish*OtherFishPool)-
OtherFish_toFood-OtherFish_toMkt

Initial Value = 830055

compartment: OtherFish_Market Unconditional
dOtherFish_Market/dt = +OtherFish_toMkt-OtherFigiMbney
Initial Value = 666312

compartment: OtherFish_Money Unconditional
dOtherFish_Money/dt = +(BPPB_OtherFish*alcpi1l9268OtherFish_toMoney)-OtherFish_toBayCash
Initial Value = 39979*alcpil920t01880

flow: OtherFish_toBayCash Unconditional

Flow from OtherFish_Money to BAYCash_Market
OtherFish_toBayCash = OtherFish_Money

flow: OtherFish_toBayProd Unconditional

Flow from OtherFish_Calories2 to BAYFood_Caloriesirced
OtherFish_toBayProd = OtherFish_Calories2

flow: OtherFish_toFood Unconditional

Flow from OtherFish_Harvest to OtherFish_Food
OtherFish_toFood = AFoodvsMarket_estuary * OthdrFisarvest
flow: OtherFish_toMkt Unconditional

Flow from OtherFish_Harvest to OtherFish_Market
OtherFish_toMkt = (1-AFoodvsMarket_estuary) * Offish_Harvest
flow: OtherFish_toMoney Unconditional

Flow from OtherFish_Market to OtherFish_Money
OtherFish_toMoney = OtherFish_Market

compartment: OtherFishPool Unconditional
dOtherFishPool/dt = 0

Initial Value = 830055

compartment: Oyster_Food Unconditional

dOyster_Food/dt = +Oyster_toFood-Oysters_toCalories

Initial Value = 94404

compartment: Oyster_Harvest Unconditional

Bushels

dOyster_Harvest/dt = (BayHealthFactor*OysterPod®arifdomNumberlsd3_Fish*OysterPool)-Oyster_toFood-
Oyster_toMkt

Initial Value = 478555

compartment: Oyster_Market Unconditional
dOyster_Market/dt = +Oyster_toMkt-Oyster_toMoney

Initial Value = 384152

compartment: Oyster_Money Unconditional
dOyster_Money/dt = +(BPPP_Oyster * alcpil920to1&8@ter toMoney)-Oysters_toBayCash
Initial Value = 30732*alcpil920t01880

flow: Oyster_toFood Unconditional

Flow from Oyster_Harvest to Oyster_Food

Oyster_toFood = AFoodvsMarket_estuary * Oyster_ldatrv
flow: Oyster_toMkt Unconditional

Flow from Oyster_Harvest to Oyster_Market

Oyster_toMkt = (1-AFoodvsMarket_estuary) * Oysteartest
flow: Oyster_toMoney Unconditional

Flow from Oyster_Market to Oyster_Money

Oyster_toMoney = Oyster_Market

compartment: OysterPool Unconditional

dOysterPool/dt = 0

Initial Value = 478555

flow: Oysters_toBayCash Unconditional

Flow from Oyster_Money to BAYCash_Market
Oysters_toBayCash = Oyster_Money

flow: Oysters_toBayProd Unconditional
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Flow from Oystes_Calories to BAYFood_CaloriesPraatlic
Oysters_toBayProd = Oystes_Calories

flow: Oysters_toCalories Unconditional

Flow from Oyster_Food to Oystes_Calories

Oysters_toCalories = Oyster_Food

compartment: Oystes_Calories Unconditional

dOystes_Calories/dt = +(Oyster_Calories*Oystersatofies)-Oysters_toBayProd
Initial Value = 200890741

compartment: Shad_Calories2 Unconditional

dShad_Calories2/dt = +(Shad_Calories*Shad_toCalpBbad_toBayProd
Initial Value = 564522

compartment: Shad_Food Unconditional

dShad_Food/dt = +Shad_toFood-Shad_toCalories

Initial Value = 642

compartment: Shad_Harvest Unconditional

dShad_Harvest/dt = (BayHealthFactor*ShadPool)+(Reridumberlsd3_Fish*ShadPool)-Shad_toFood-
Shad_toMkt

Initial Value = 3252

compartment: Shad_Market Unconditional

dShad_Market/dt = +Shad_toMkt-Shad_toMoney

Initial Value = 2610

compartment: Shad_Money Unconditional

dShad_Money/dt = +(BPPB_Shad*alcpi1920to1880*Stmdonhey)-Shad_toBayCash
Initial Value = 522*alcpi1920t01880

flow: Shad_toBayCash Unconditional

Flow from Shad_Money to BAYCash_Market

Shad_toBayCash = Shad_Money

flow: Shad_toBayProd Unconditional

Flow from Shad_Calories2 to BAYFood_CaloriesProdlce
Shad_toBayProd = Shad_Calories2

flow: Shad_toCalories Unconditional

Flow from Shad_Food to Shad_Calories2

Shad_toCalories = Shad_Food

flow: Shad_toFood Unconditional

Flow from Shad_Harvest to Shad_Food

Shad_toFood = AFoodvsMarket_estuary * Shad_Harvest

flow: Shad_toMkt Unconditional

Flow from Shad_Harvest to Shad_Market

Shad_toMkt = (1-AFoodvsMarket_estuary) * Shad_Hsrve

flow: Shad_toMoney Unconditional

Flow from Shad_Market to Shad_Money

Shad_toMoney = Shad_Market

compartment: ShadPool Unconditional

dShadPool/dt = 0

Initial Value = 3252

compartment: Sheepshead_calories2 Unconditional
dSheepshead_calories2/dt = +(Sheepshead_CaloraSinead_toCalories)-Sheepshead_toBayProd
Initial Value = 21114

compartment: Sheepshead_Food Unconditional
dSheepshead_Food/dt = +Sheepshead_toFood-Sheepsi@zddries
Initial Value = 47

compartment: Sheepshead_Harvest Unconditional
dSheepshead_Harvest/dt = (BayHealthFactor*SheegBlbed+(RandomNumberlsd3_Fish*SheepsheadPool)-
Sheepshead_toFood-Sheepshead_toMkt

Initial Value = 236

compartment: Sheepshead_Market Unconditional
dSheepshead_Market/dt = +Sheepshead_toMkt-Sheepsbkney

Initial Value = 190

compartment: Sheepshead_Money Unconditional
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dSheepshead_Money/dt = +(BPPB_Sheepshead*alcpill8Bli*Sheepshead_toMoney)-
Sheepshead_toBayCash

Initial Value = 28*alcpil920t01880

flow: Sheepshead_toBayCash Unconditional

Flow from Sheepshead_Money to BAYCash_Market
Sheepshead_toBayCash = Sheepshead_Money

flow: Sheepshead_toBayProd Unconditional

Flow from Sheepshead_calories2 to BAYFood_Calorizdiced
Sheepshead_toBayProd = Sheepshead_calories2

flow: Sheepshead_toCalories Unconditional

Flow from Sheepshead_Food to Sheepshead_calories2
Sheepshead_toCalories = Sheepshead_Food

flow: Sheepshead_toFood Unconditional

Flow from Sheepshead_Harvest to Sheepshead_Food
Sheepshead_toFood = AFoodvsMarket_estuary * Sheafdshlarvest
flow: Sheepshead_toMkt Unconditional

Flow from Sheepshead_Harvest to Sheepshead_Market
Sheepshead_toMkt = (1-AFoodvsMarket_estuary) * Béleead_Harvest
flow: Sheepshead_toMoney Unconditional

Flow from Sheepshead_Market to Sheepshead_Money
Sheepshead_toMoney = Sheepshead_Market

compartment: SheepsheadPool Unconditional
dSheepsheadPool/dt = 0

Initial Value = 236

compartment: SpanishMackerel_Harvest Unconditional
dSpanishMackerel_Harvest/dt =
(BayHealthFactor*SpMackeralPool)+(RandomNumberl§ish*SpMackeralPool)-SpMack_toFood-
SpMack_toMkt

Initial Value = 1269

flow: SpMack_toFood Unconditional

Flow from SpanishMackerel_Harvest to SPMackeral d~00
SpMack_toFood = AFoodvsMarket_estuary * SpanishMealk Harvest
flow: SpMack_toMkt Unconditional

Flow from SpanishMackerel_Harvest to SpMackerel Rdar
SpMack_toMkt = (1-AFoodvsMarket_estuary) * Spanisttlderel_Harvest
compartment: SpMackeral_Calories2 Unconditional
dSpMackeral_Calories2/dt = +(SpanMack_Calories*Sgiéeal _toCalories)-SpMackeral_toBayProd
Initial Value = 156237

compartment: SPMackeral_Food Unconditional
dSPMackeral_Food/dt = +SpMack_toFood-SpMackeralakm@s

Initial Value = 250

compartment: SpMackeral_Money Unconditional
dSpMackeral_Money/dt = +(BPPB_SpanMack*alcpil9288@tSpMackeral_toMoney)-
SpMackeral_toBayCash

Initial Value = 153*alcpil920t01880

flow: SpMackeral_toBayCash Unconditional

Flow from SpMackeral_Money to BAYCash_Market
SpMackeral_toBayCash = SpMackeral_Money

flow: SpMackeral_toBayProd Unconditional

Flow from SPMackeral_Calories2 to BAYFood_CaloriesRiced
SpMackeral_toBayProd = SpMackeral_Calories2

flow: SpMackeral_toCalories Unconditional

Flow from SPMackeral_Food to SPMackeral_Calories2
SpMackeral_toCalories = SPMackeral_Food

flow: SpMackeral_toMoney Unconditional

Flow from SpMackerel_Market to SpMackeral_Money
SpMackeral_toMoney = SpMackerel_Market

compartment: SpMackeralPool Unconditional

dSpMackeralPool/dt = 0

Initial Value = 1269
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compartment: SpMackerel_Market Unconditional
dSpMackerel_Market/dt = +SpMack_toMkt-SpMackeraMomey
Initial Value = 1019
compartment: Terp_Food Unconditional
dTerp_Food/dt = +Terp_toFood-Terps_toCalories
Initial Value =0
compartment: Terp_Harvest Unconditional
dTerp_Harvest/dt = (BayHealthFactor*TerrapinPodRaidomNumberlsd3_Fish*TerrapinPool)-Terp_toFood-
Terp_toMkt
Initial Value =0
compartment: Terp_Market Unconditional
dTerp_Market/dt = +Terp_toMkt-Terps_toMoney
Initial Value =0
compartment: Terp_Money Unconditional
dTerp_Money/dt = +(BPPB_Terp*alcpil920to1880*TetpMoney)-Terps_toBayCash
Initial Value = 0*alcpil920to1880
flow: Terp_toFood Unconditional
Flow from Terp_Harvest to Terp_Food
Terp_toFood = AFoodvsMarket_estuary * Terp_Harvest
flow: Terp_toMkt Unconditional
Flow from Terp_Harvest to Terp_Market
Terp_toMkt = (1-AFoodvsMarket_estuary) * Terp_Haste
compartment: Terps_Calories2 Unconditional
dTerps_Calories2/dt = +(Terp_Calories*Terps_toGak)rTerps_toBayProd
Initial Value =0
flow: Terps_toBayCash Unconditional
Flow from Terp_Money to BAYCash_Market
Terps_toBayCash = Terp_Money
flow: Terps_toBayProd Unconditional
Flow from Terps_Calories2 to BAYFood_CaloriesPraetiic
Terps_toBayProd = Terps_Calories2
flow: Terps_toCalories Unconditional
Flow from Terp_Food to Terps_Calories2
Terps_toCalories = Terp_Food
flow: Terps_toMoney Unconditional
Flow from Terp_Market to Terp_Money
Terps_toMoney = Terp_Market
compartment: TerrapinPool Unconditional
dTerrapinPool/dt = 0
Initial Value =0
flow: TotalExpensesFishermenNegative Unconditional
Flow from Expenses_Fishing to NetProfittoFishermen
TotalExpensesFishermenNegative = Expenses_Fishing
flow: TotalRevenuesFishermen Unconditional
Flow from MoneyProduced_Bay to NetProfittoFishermen
TotalRevenuesFishermen = MoneyProduced_Bay
compartment: CropEnhancementDump Unconditional
dCropEnhancementDump/dt = +F21
Initial Value = 0.0
compartment: CropEnhancementFactor Conditionalb&l
dCropEnhancementFactor/dt =

+3-F21 for FertilizerUse_Annual>=3

+2-F21 for FertilizerUse_Annual>=2

+1-F21 for FertilizerUse_Annual>=1

0-F21 by default
Initial Value =0
define value: D1 Unconditional
IfO,RN=1;If1,RN=1+-1;If2, RN = 1+-.25
D1=0
define value: D2 Unconditional
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IfO,RN=1;If1,RN=1+-1;If2, RN = 1+-.25

D2=0

define value: D3 Unconditional

IfO,RN=1;If1,RN=1+-1;1f2, RN = 1+-.25

D3=0

define value: D4 Unconditional

IfO,RN=1;If1,RN=1+-1;1f2, RN = 1+-.25

D4=0

flow: F1 Conditional

Flow from MB_Under_1 to MB_Under_1_Deaths

Fl=
MortalityRate_ MB_U1*ABMortalityRateStress4*MB_Umrd 1 for RatioCalDemandtoAvail>=1.25
MortalityRate MB_U1*ABMortalityRateStress3*MB_Urd 1 for RatioCalDemandtoAvail>=1.2
MortalityRate MB_U1*ABMortalityRateStress2*MB_Urd 1 for RatioCalDemandtoAvail>=1.1
MortalityRate MB_U1*ABMortalityRateStress1*MB_Urd 1 for RatioCalDemandtoAvail>=1.0
MortalityRate MB_U1*ABMortalityRateStressO*MB_Urd 1 for RatioCalDemandtoAvail>=.95
MortalityRate_ MB_U1*MB_Under_1 by default

flow: F10 Unconditional

Flow from MW _Under_1_deaths to MW_Deaths

F10 = MW_Under_1_deaths

flow: F11 Conditional

Flow from FW1_4 to FW_1_4 Deaths

F11=
MortalityRate FBO1_4*ABMortalityRateStress4*FW1 far RatioCalDemandtoAvail>=1.25
MortalityRate_FBO1_4*ABMortalityRateStress3*FW1 fér RatioCalDemandtoAvail>=1.2
MortalityRate_FBO1_4*ABMortalityRateStress2*FW1 fér RatioCalDemandtoAvail>=1.1
MortalityRate_FBO01_4*ABMortalityRateStress1*FW1 fér RatioCalDemandtoAvail>=1.0
MortalityRate_FBO01_4*ABMortalityRateStress0*FW1 fér RatioCalDemandtoAvail>=.95
MortalityRate FBO1_4*FW1_4 by default

flow: F12 Unconditional

Flow from C1 to FW_Deaths

F12 =FW_1_4 Deaths

flow: F13 Conditional

Flow from FW5_14 to FW_Deaths

F13 =
MortalityRate_FBO05_14 * ABirthRateStress4*FW5_1er RatioCalDemandtoAvail>=1.25
MortalityRate FBO5_14 * ABirthRateStress3*FW5_1er RatioCalDemandtoAvail>=1.2
MortalityRate FBO5_14 * ABirthRateStress2*FW5_1ar RatioCalDemandtoAvail>=1.1
MortalityRate FBO5_14 * ABirthRateStress1*FW5_1ar RatioCalDemandtoAvail>=1.0
MortalityRate FBO5_14 * ABirthRateStressO*FW5_1ar RatioCalDemandtoAvail>=.95
MortalityRate_FBO5_14 * FW5_14 by default

flow: F14 Unconditional

Flow from FertilizerUse_Annual to FertilizerUse_Aggate

F14 = 1 * FertilizerUse_Annual

flow: F15 Conditional

Flow from FW65_Above to FW_Deaths

F15 =
MortalityRate FW65_Above * ABMortalityRateStre458/65_ Above for RatioCalDemandtoAvail>=1.25
MortalityRate  FW65_Above * ABMortalityRateStre453V65_Above for RatioCalDemandtoAvail>=1.2
MortalityRate_ FW65_Above * ABMortalityRateStre$52V65_Above for RatioCalDemandtoAvail>=1.1
MortalityRate_ FW65_Above * ABMortalityRateStres5IW65_Above for RatioCalDemandtoAvail>=1.0
MortalityRate_ FW65_Above * ABMortalityRateStres50V65_Above for RatioCalDemandtoAvail>=.95
MortalityRate_ FW65_Above * FW65_Above by default

flow: F16 Unconditional

Flow from BayHealthFactor to BayHEalthDump

F16 = 1 * BayHealthFactor

flow: F17 Conditional

Flow from MB1_4 to MB_1_4 Deaths

F17 =
MortalityRate_ MB0O1_4 * ABMortalityRateStress4*MB4 for RatioCalDemandtoAvail>=1.25



MortalityRate_ MBO1_4 * ABMortalityRateStress3*MB4 for RatioCalDemandtoAvail>=1.2
MortalityRate_ MBO1_4 * ABMortalityRateStress2*MB4 for RatioCalDemandtoAvail>=1.1
MortalityRate_ MBO1_4 * ABMortalityRateStress1*MB4 for RatioCalDemandtoAvail>=1.0
MortalityRate_ MB0O1_4 * ABMortalityRateStress0*MB4 for RatioCalDemandtoAvail>=.95
MortalityRate_ MB01_4 * MB1_4 by default

flow: F18 Unconditional

Flow from MB_1_4 Deaths to MB_Deaths

F18 =MB_1_ 4 Deaths

flow: F19 Conditional

Flow from MW1_4 to MW_1 4 deaths

F19 =
MortalityRate_ MWO01_4*ABMortalityRateStress4* MW4_for RatioCalDemandtoAvail>=1.25
MortalityRate MWO01_4*ABMortalityRateStress3* MW4_for RatioCalDemandtoAvail>=1.2
MortalityRate_ MWO01_4*ABMortalityRateStress2* MW4_for RatioCalDemandtoAvail>=1.1
MortalityRate MWO01_4*ABMortalityRateStress1* MW4_for RatioCalDemandtoAvail>=1.0
MortalityRate MWO01_4*ABMortalityRateStress0* MW4_for RatioCalDemandtoAvail>=.95
MortalityRate_ MWO01_4* MW1_4 by default

flow: F2 Unconditional

Flow from MB_Under_1_Deaths to MB_Deaths

F2 = MB_Under_1_Deaths

flow: F20 Unconditional

Flow from MW _1_4_deaths to MW_Deaths

F20= MW_1_4 deaths

flow: F21 Unconditional

Flow from CropEnhancementFactor to CropEnhancemantd

F21 = 1 * CropEnhancementFactor

flow: F22 Unconditional

Flow from FemaleTotal to PopDump

F22 = FemaleTotal

flow: F23 Unconditional

Flow from MaleTotal to PopDump

F23 = MaleTotal

flow: F24 Unconditional

Flow from BlackTotal to PopDump

F24 = BlackTotal

flow: F25 Unconditional

Flow from WhiteTotal to PopDump

F25 = WhiteTotal

flow: F26 Unconditional

Flow from TotalPopulation to PopDump

F26 = TotalPopulation

flow: F3 Conditional

Flow from FB_Under_1 to FB_Under_1_Deaths

F3=

MortalityRate_FB_U1*ABMortalityRateStress4*FB_Ueid 1 for RatioCalDemandtoAvail>=1.25

MortalityRate FB_U1*ABMortalityRateStress3*FB_Uerd 1 for RatioCalDemandtoAvail>=1.2
MortalityRate FB_U1*ABMortalityRateStress2*FB_Uerd 1 for RatioCalDemandtoAvail>=1.1
MortalityRate FB_U1*ABMortalityRateStress1*FB_Uerd 1 for RatioCalDemandtoAvail>=1.0
MortalityRate FB_U1*ABMortalityRateStressO*FB_Uerd 1 for RatioCalDemandtoAvail>=.95
MortalityRate_FB_U1*FB_Under_1 by default

flow: F4 Unconditional

Flow from FB_Under_1_Deaths to FB_Deaths

F4 = FB_Under_1_Deaths

flow: F5 Conditional

Flow from FB1_4 to FB_1_4_ Deaths

F5 =

MortalityRate FBO1_4 *ABMortalityRateStress4* FBA for RatioCalDemandtoAvail>=1.25
MortalityRate_FBO01_4 *ABMortalityRateStress3* FBA for RatioCalDemandtoAvail>=1.2
MortalityRate_FBO1_4 *ABMortalityRateStress2* FBA for RatioCalDemandtoAvail>=1.1
MortalityRate_FBO1_4 *ABMortalityRateStress1* FBA for RatioCalDemandtoAvail>=1.0
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MortalityRate_FBO01_4 *ABMortalityRateStress0* FBA for RatioCalDemandtoAvail>=.95
MortalityRate_FBO1_4 *FB1_4 by default

flow: F6 Unconditional

Flow from FB_1_4 Deaths to FB_Deaths

F6 =FB_1_4 Deaths

flow: F7 Conditional

Flow from FW_Under_1 to FW_Under_1_Deaths

F7 =
MortalityRate_ FW_U1 * ABMortalityRateStress4*FWnder_1 for RatioCalDemandtoAvail>=1.25
MortalityRate_FW_U1 * ABMortalityRateStress3*FWnder_1 for RatioCalDemandtoAvail>=1.2
MortalityRate_ FW_U1 * ABMortalityRateStress2*FWnder_1 for RatioCalDemandtoAvail>=1.1
MortalityRate_ FW_U1 * ABMortalityRateStress1*FWnder_1 for RatioCalDemandtoAvail>=1.0
MortalityRate_ FW_U1 * ABMortalityRateStressO*FWnUder_1 for RatioCalDemandtoAvail>=.95
MortalityRate FW_U1 * FW_Under_1 by default

flow: F8 Unconditional

Flow from FW_Under_1_Deaths to FW_Deaths

F8 = FW_Under_1_Deaths

flow: F9 Conditional

Flow from MW _Under_1 to MW_Under_1_deaths

F9 =
MortalityRate MW_U1 * ABMortalityRateStress4*MW rdler_1 for RatioCalDemandtoAvail>=1.25
MortalityRate MW_U1 * ABMortalityRateStress3*MW nder_1 for RatioCalDemandtoAvail>=1.2
MortalityRate MW_U1 * ABMortalityRateStress2*MW nder_1 for RatioCalDemandtoAvail>=1.1
MortalityRate MW_U1 * ABMortalityRateStress1*MW nder_1 for RatioCalDemandtoAvail>=1.0
MortalityRate_ MW_U1 * ABMortalityRateStressO*MW rder_1 for RatioCalDemandtoAvail>=.95
MortalityRate. MW_U1 * MW_Under_1 by default

compartment: FB_1 4 Deaths Unconditional

dFB_1_4_Deaths/dt = +F5-F6

Initial Value = 0.0

compartment: FB_Deaths Unconditional

dFB_Deaths/dt = +FB_Die5_14+FB_Diel5_ 49+FB_Die56-F8 Die65+F4+F6

Initial Value = 0.0

flow: FB_Diel5_49 Conditional

Flow from FB15_49 to FB_Deaths

FB_Diel5 49 =
MortalityRate_FB15 49 * ABMortalityRateStress4*FB 49 for RatioCalDemandtoAvail>=1.25
MortalityRate FB15_ 49 * ABMortalityRateStress3*EB 49 for RatioCalDemandtoAvail>=1.2
MortalityRate FB15_ 49 * ABMortalityRateStress2*EB 49 for RatioCalDemandtoAvail>=1.1
MortalityRate FB15_ 49 * ABMortalityRateStress1*FB 49 for RatioCalDemandtoAvail>=1.0
MortalityRate FB15_ 49 * ABMortalityRateStressO*EB 49 for RatioCalDemandtoAvail>=.95
MortalityRate_FB15 49 * FB15_49 by default

flow: FB_Die5_14 Conditional

Flow from FB5_14 to FB_Deaths

FB_Die5_14 =
MortalityRate_FBO05_14 * ABMortalityRateStress4*6Bl4 for RatioCalDemandtoAvail>=1.25
MortalityRate FBO5_14 * ABMortalityRateStress3*6Bl4 for RatioCalDemandtoAvail>=1.2
MortalityRate FBO5_14 * ABMortalityRateStress2*6Bl4 for RatioCalDemandtoAvail>=1.1
MortalityRate FBO5_14 * ABMortalityRateStress1*6Bl4 for RatioCalDemandtoAvail>=1.0
MortalityRate FBO5_14 * ABMortalityRateStressO0*6Bl4 for RatioCalDemandtoAvail>=.95
MortalityRate_FBO5_14 * FB5_14 by default

flow: FB_Die50_64 Conditional

Flow from FB50_64 to FB_Deaths

FB_Die50_64 =
MortalityRate FB50_64 * ABMortalityRateStress4*6@ 64 for RatioCalDemandtoAvail>=1.25
MortalityRate FB50_64 * ABMortalityRateStress3*6@ 64 for RatioCalDemandtoAvail>=1.2
MortalityRate FB50_64 * ABMortalityRateStress2*6@ 64 for RatioCalDemandtoAvail>=1.1
MortalityRate FB50_64 * ABMortalityRateStress1*6@ 64 for RatioCalDemandtoAvail>=1.0
MortalityRate_FB50_64 * ABMortalityRateStressO*6@ 64 for RatioCalDemandtoAvail>=.95
MortalityRate_FB50_64 * FB50_64 by default

flow: FB_Die65 Conditional
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Flow from FB65_Above to FB_Deaths

FB_Die65 =
MortalityRate_ FB65_Above * ABMortalityRateStres6865_Above for RatioCalDemandtoAvail>=1.25
MortalityRate FB65_Above * ABMortalityRateStres5B65_Above for RatioCalDemandtoAvail>=1.2
MortalityRate FB65_Above * ABMortalityRateStre45B65_Above for RatioCalDemandtoAvail>=1.1
MortalityRate FB65_Above * ABMortalityRateStre45B65_Above for RatioCalDemandtoAvail>=1.0
MortalityRate FB65_Above * ABMortalityRateStre45@65_Above for RatioCalDemandtoAvail>=.95
MortalityRate_FB65_Above * FB65_Above by default

flow: FB_Livel Unconditional

Flow from FB_Under_1to FB1_4

FB_Livel = (1-MortalityRate_FB_U1) * FB_Under_1

flow: FB_Livel5 Unconditional

Flow from FB5_14 to FB15_49

FB_Livel5 = (1/10)*(1-MortalityRate_ FBO5_14) * FB54

flow: FB_Live5 Unconditional

Flow from FB1_4 to FB5_14

FB_Live5 = (1/4)*(1-MortalityRate_FB01_4) *FB1_4

flow: FB_Live50 Unconditional

Flow from FB15_49 to FB50_64

FB_Live50 = (1/35)*(1-MortalityRate_ FB15_49) * FB159

flow: FB_Live65 Unconditional

Flow from FB50_64 to FB65_Above

FB_Live65 = (1/15)*(1-MortalityRate_ FB50_64)* FB564

flow: FB_Livetol Unconditional

Flow from New_Births_Black to FB_Under_1

FB_Livetol = ABirthGenderRateF_FB * New_Births_Bfac

compartment: FB_Under_1 Unconditional

dFB_Under_1/dt = -FB_Livel+FB_Livetol-F3

Initial Value = 33

compartment: FB_Under_1_Deaths Unconditional

dFB_Under_1_Deaths/dt = +F3-F4

Initial Value = 0.0

compartment: FB1_4 Unconditional

dFB1_4/dt = +FB_Livel-FB_Live5-F5

Initial Value = 132

compartment: FB15_49 Unconditional

dFB15_49/dt = +FB_Livel5-FB_Live50-FB_Diel5 49

Initial Value = 717

compartment: FB5_14 Unconditional

dFB5_14/dt = +FB_Live5-FB_Livel5-FB_Die5 14

Initial Value = 345

compartment: FB50_64 Unconditional

dFB50_64/dt = +FB_Live50-FB_Live65-FB_Die50_64

Initial Value = 106

compartment: FB65_Above Unconditional

dFB65_Above/dt = +FB_Live65-FB_Die65

Initial Value = 54

flow: FemaleCaloricDemand Unconditional

Flow from FemaleCalorieDemand_Total to HumanCaeimmand

FemaleCaloricDemand = FemaleCalorieDemand_Total

compartment: FemaleCalorieDemand_Total Uncondition

dFemaleCalorieDemand_Total/dt =

(Calories_F01_4*FB1_4)+(Calories_F05_14*FB5_14)+#¢(@as_F15 49*FB15_49)+(Calories_F50_64*FB50_6

4)+(Calories_F65*FB65_Above)+(Calories_F01_4*FWh(@alories_FO05_14*FW5_14)+(Calories_F15_49*F

W15_49)+(Calories_F50_64*FW50_64)+(Calories_F65*BANAbove)-FemaleCaloricDemand

Initial Value = 1786273500

compartment: FemaleTotal Unconditional

dFemaleTotal/dt = TotalPop_FB+TotalPop_FW-F22

Initial Value = 2547

compartment: FertilizerUse_Aggregate Unconditio@bbal
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dFertilizerUse_Aggregate/dt = +F14

Initial Value =0

compartment: FertilizerUse_Annual Conditional k&b

dFertilizerUse_Annual/dt =
+(4*FertilzerToggle)-F14 for t>75
+(3*FertilzerToggle)-F14 for t>50
+(2*FertilzerToggle)-F14 for t>25
+(0*FertilzerToggle)-F14 by default

Initial Value =0

define value: FertilzerToggle Unconditional

Offif0,fx=0;0Onif1,fx=1

FertilzerToggle = 1

compartment: FW_1_4 Deaths Unconditional

dFW_1_ 4 Deaths/dt = +(F11)-F12

Initial Value = 0.0

compartment: FW_Deaths Conditional

dFW_Deaths/dt =
+FW_Diel5 49+FW_Die50_64+F8+F12+F15+F13 by defau

Initial Value = 0.0

flow: FW_Diel5_49 Conditional

Flow from FW15_49 to FW_Deaths

FW_Diel5 49 =
MortalityRate  FW15_49 * ABirthRateStress4*FW15_#9 RatioCalDemandtoAvail>=1.25
MortalityRate  FW15_49 * ABirthRateStress3*FW15_#% RatioCalDemandtoAvail>=1.2
MortalityRate_ FW15_49 * ABirthRateStress2*FW15_#% RatioCalDemandtoAvail>=1.1
MortalityRate_ FW15_49 * ABirthRateStress1*FW15_#% RatioCalDemandtoAvail>=1.0
MortalityRate_ FW15_49 * ABirthRateStressO*FW15_#% RatioCalDemandtoAvail>=.95
MortalityRate_ FW15_49 * FW15_49 by default

flow: FW_Die50_64 Conditional

Flow from FW50_64 to FW_Deaths

FW_Die50_64 =
MortalityRate  FW50_64 * ABMortalityRateStress4*B0/ 64 for RatioCalDemandtoAvail>=1.25
MortalityRate_ FW50_64 * ABMortalityRateStress3*B@/ 64 for RatioCalDemandtoAvail>=1.2
MortalityRate_ FW50_64 * ABMortalityRateStress2*B@/ 64 for RatioCalDemandtoAvail>=1.1
MortalityRate_ FW50_64 * ABMortalityRateStress1*B@/ 64 for RatioCalDemandtoAvail>=1.0
MortalityRate_ FW50_64 * ABMortalityRateStressO*B@/ 64 for RatioCalDemandtoAvail>=.95
MortalityRate  FW50_64 * FW50_64 by default

flow: FW_Livel Unconditional

Flow from FW_Under_1to FW1_4

FW_Livel = (1-MortalityRate_FW_U1) * FW_Under_1

flow: FW_Livel5 Unconditional

Flow from FW5_14 to FW15_49

FW_Livel5 = (1/10)*(1-MortalityRate_ FW05_14) * FW54

flow: FW_Live5 Unconditional

Flow from FW1_4 to FW5_14

FW_Live5 = (1/4)*(1-MortalityRate_ FW01_4) * FW1_4

flow: FW_Live50 Unconditional

Flow from FW15_49 to FW50_64

FW_Live50 = (1/35)*(1-MortalityRate_ FW15_49) * FW159

flow: FW_Live65 Unconditional

Flow from FW50_64 to FW65_Above

FW_Live65 = (1/15)*(1-MortalityRate_ FW50_64)* FW564

flow: FW_Livetol Unconditional

Flow from New_Births_White to FW_Under_1

FW_Livetol = ABirthGenderRateF_FW * New_Births_ Wit

compartment: FW_Under_1 Unconditional

dFW_Under_1/dt = -FW_Livel+FW_Livetol-F7

Initial Value = 29

compartment: FW_Under_1_Deaths Unconditional

dFW_Under_1_Deaths/dt = +F7-F8
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Initial Value = 1

compartment: FW1_4 Unconditional

dFW1_4/dt = +FW_Livel-FW_Live5-F11

Initial Value = 114

compartment: FW15_49 Unconditional

dFW15_49/dt = +FW_Livel5-FW_Live50-FW_Diel5_49

Initial Value = 580

compartment: FW5_14 Unconditional

dFW5_14/dt = +FW_Live5-FW_Livel5-F13

Initial Value = 271

compartment: FW50_64 Unconditional

dFW50_64/dt = +FW_Live50-FW_Live65-FW_Die50_64

Initial Value = 110

compartment: FW65_Above Unconditional

dFW65_Above/dt = +FW_Live65-F15

Initial Value = 56

compartment: HumanCalDump Unconditional

dHumanCalDump/dt = +toHumanCalDump

Initial Value = 0.0

compartment: HumanCaloricDemand Unconditional

dHumanCaloricDemand/dt = +FemaleCaloricDemand+Male@Demand-toHumanCalDump

Initial Value = 3910610000

flow: MaleCaloricDemand Unconditional

Flow from MaleCalorieDemand_Total to HumanCaloriaeand

MaleCaloricDemand = MaleCalorieDemand_Total

compartment: MaleCalorieDemand_Total Unconditional

dMaleCalorieDemand_Total/dt =

(Calories_M01_4*MB1_4)+(Calories_M05_14*MB5_14)+(Gaes_M15_49*MB15_49)+(Calories_M50_64*M

B50_64)+(Calories_M65*MB65_Above)+(Calories_MO01_4¥W1_4)+(Calories_MO05_14*MWS5_14)+(Calories_

M15_49*MW15_49)+(Calories_M50_64*MW50_64)+(Caloriéd65*MW65_Above)-MaleCaloricDemand

Initial Value = 2124336500

compartment: MaleTotal Unconditional

dMaleTotal/dt = TotalPop_MB+TotalPop_MW-F23

Initial Value = 2562

compartment: MB_1 4 Deaths Unconditional

dMB_1_4 Deaths/dt = F17-F18

Initial Value = 0.0

compartment: MB_Deaths Unconditional

dMB_Deaths/dt = +MB_Die65+MB_Die5_14+MB_Diel5_49+MBie50_64+F2+F18

Initial Value = 0.0

flow: MB_Diel5_49 Conditional

Flow from MB15_49 to MB_Deaths

MB_Diel5_49 =
MortalityRate_ MB15_49 * ABirthRateStress4*MB15_48r RatioCalDemandtoAvail>=1.25
MortalityRate_ MB15_49 * ABirthRateStress3*MB15_40r RatioCalDemandtoAvail>=1.2
MortalityRate_MB15_49 * ABirthRateStress2*MB15_46r RatioCalDemandtoAvail>=1.1
MortalityRate_MB15_49 * ABirthRateStress1*MB15_46r RatioCalDemandtoAvail>=1.0
MortalityRate_MB15_49 * ABirthRateStressO*MB15_46r RatioCalDemandtoAvail>=.95
MortalityRate MB15_49 * MB15_49 by default

flow: MB_Die5_14 Conditional

Flow from MB5_14 to MB_Deaths

MB_Die5_14 =
MortalityRate_ MB05_14 * ABirthRateStress4*MB5_1dr RatioCalDemandtoAvail>=1.25
MortalityRate MB05_14 * ABirthRateStress3*MB5_%dr RatioCalDemandtoAvail>=1.2
MortalityRate MB05_14 * ABirthRateStress2*MB5_1%dr RatioCalDemandtoAvail>=1.1
MortalityRate MB05_14 * ABirthRateStress1*MB5_%dr RatioCalDemandtoAvail>=1.0
MortalityRate MB05_14 * ABirthRateStress0*MB5_%dr RatioCalDemandtoAvail>=.95
MortalityRate_ MB05_14 * MB5_14 by default

flow: MB_Die50_64 Conditional

Flow from MB50_64 to MB_Deaths



MB_Die50_64 =

MortalityRate_ MB50_64 * ABMortalityRateStress4*NsB_64 for RatioCalDemandtoAvail>=1.25
MortalityRate_ MB50_64 * ABMortalityRateStress3*NsB_64 for RatioCalDemandtoAvail>=1.2
MortalityRate MB50_64 * ABMortalityRateStress2*NsB_64 for RatioCalDemandtoAvail>=1.1
MortalityRate MB50_64 * ABMortalityRateStress1*NsB_64 for RatioCalDemandtoAvail>=1.0
MortalityRate MB50_64 * ABMortalityRateStressO*NsB_64 for RatioCalDemandtoAvail>=.95

MortalityRate MB50_64 * MB50_64 by default
flow: MB_Die65 Conditional
Flow from MB65_Above to MB_Deaths
MB_Die65 =
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MortalityRate_ MB65_Above *ABMortalityRateStress#tB65_Above for RatioCalDemandtoAvail>=1.25
MortalityRate_ MB65_Above *ABMortalityRateStress8tB65_Above for RatioCalDemandtoAvail>=1.2
MortalityRate MB65_Above *ABMortalityRateStress®B65_Above for RatioCalDemandtoAvail>=1.1
MortalityRate MB65_Above *ABMortalityRateStressMB65_Above for RatioCalDemandtoAvail>=1.0
MortalityRate MB65_Above *ABMortalityRateStressB65_Above for RatioCalDemandtoAvail>=.95

MortalityRate MB65_Above * MB65_Above by default
flow: MB_Livel Unconditional
Flow from MB_Under_1 to MB1_4
MB_Livel = (1-MortalityRate_ MB_U1) * MB_Under_1
flow: MB_Livel5 Unconditional
Flow from MB5_14 to MB15_49
MB_Livel5 = (1/10)*(1-MortalityRate_MB05_14)* MB5 41
flow: MB_Live5 Unconditional
Flow from MB1_4 to MB5_14
MB_Live5 = (1/4)*(1-MortalityRate_MB01_4) * MB1_4
flow: MB_Live50 Unconditional
Flow from MB15_49 to MB50_64
MB_Live50 = (1/35)*(1-MortalityRate_MB15_49) * MB1519
flow: MB_Live65 Unconditional
Flow from MB50_64 to MB65_Above
MB_Live65 = (1/15)*(1-MortalityRate_MB50_64) * MB5®4
flow: MB_Livetol Unconditional
Flow from New_Births_Black to MB_Under_1
MB_Livetol = (1-ABirthGenderRateF_FB) * New_BirtiBlack
compartment: MB_Under_1 Unconditional
dMB_Under_1/dt = -MB_Livel+MB_Livetol-F1
Initial Value = 32
compartment: MB_Under_1_Deaths Unconditional
dMB_Under_1_Deaths/dt = +F1-F2
Initial Value = 0.0
compartment: MB1_4 Unconditional
dMB1_4/dt = +MB_Livel-MB_Live5-F17
Initial Value = 128
compartment: MB15_49 Unconditional
dMB15_49/dt = +MB_Livel5-MB_Live50-MB_Diel5_ 49
Initial Value = 691
compartment: MB5_14 Unconditional
dMB5_14/dt = +MB_Live5-MB_Livel5-MB_Die5 14
Initial Value = 343
compartment: MB50_64 Unconditional
dMB50_64/dt = +MB_Live50-MB_Live65-MB_Die50_64
Initial Value = 123
compartment: MB65_Above Unconditional
dMB65_Above/dt = +MB_Live65-MB_Die65
Initial Value = 55
compartment: Money_from_Ag_and_ChesBay Uncondifion
dMoney_from_Ag_and_ChesBay/dt = +MoneyfromFishingtdyfromAgric-toMoneyDump
Initial Value = 1330382*alcpi1920t01880
compartment: MoneyDump Unconditional
dMoneyDump/dt = +toMoneyDump
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Initial Value = 0.0

flow: MoneyfromAgric Unconditional

Flow from Outl to Money_from_Ag_and_ChesBay

MoneyfromAgric = 1 * NetMoneyfromAgric

flow: MoneyfromFishing Unconditional

Flow from NetMoneyFromFishing to Money_from_Ag_af@hesBay

MoneyfromFishing = 1 * NetMoneyFromFishing

compartment: MW_1_4 deaths Unconditional

dMW_1 4 deaths/dt = +F19-F20

Initial Value = 0.0

compartment: MW_Deaths Unconditional

dMW_Deaths/dt = +MW_Die65+MW_Die5_14+MW_Diel5 49+MWMe50_64+F10+F20

Initial Value = 0.0

flow: MW_Diel5_49 Conditional

Flow from MW15_49 to MW_Deaths

MW_Diel5 49 =
MortalityRate_ MW15_49 * ABirthRateStress4*MW15_48r RatioCalDemandtoAvail>=1.25
MortalityRate_ MW15_49 * ABirthRateStress3*MW15_46r RatioCalDemandtoAvail>=1.2
MortalityRate_ MW15_49 * ABirthRateStress2*MW15_46r RatioCalDemandtoAvail>=1.1
MortalityRate_ MW15_49 * ABirthRateStress1*MW15_48r RatioCalDemandtoAvail>=1.0
MortalityRate_ MW15_49 * ABirthRateStressO*MW15_48r RatioCalDemandtoAvail>=.95
MortalityRate MW15_49 * MW15_49 by default

flow: MW_Die5_14 Conditional

Flow from MW5_14 to MW_Deaths

MW_Die5_14 =
MortalityRate_ MWO05_14 * ABirthRateStress4*MW5_Tdr RatioCalDemandtoAvail>=1.25
MortalityRate_ MWO05_14 * ABirthRateStress3*MW5_Tér RatioCalDemandtoAvail>=1.2
MortalityRate_ MWO05_14 * ABirthRateStress2*MW5_Tér RatioCalDemandtoAvail>=1.1
MortalityRate MWO05_14 * ABirthRateStress1*MW5_Tdr RatioCalDemandtoAvail>=1.0
MortalityRate MWO05_14 * ABirthRateStressO*MW5_Tér RatioCalDemandtoAvail>=.95
MortalityRate MWO05_14 * MW5_14 by default

flow: MW_Die50_64 Conditional

Flow from MW50_64 to MW_Deaths

MW_Die50_64 =
MortalityRate_ MW50_64 * ABirthRateStress4*MW50_6Gdr RatioCalDemandtoAvail>=1.25
MortalityRate_ MW50_64 * ABirthRateStress3*MW50_6Gdr RatioCalDemandtoAvail>=1.2
MortalityRate_ MW50_64 * ABirthRateStress2*MW50_6Gdr RatioCalDemandtoAvail>=1.1
MortalityRate MW50_64 * ABirthRateStress1*MW50_@Gdr RatioCalDemandtoAvail>=1.0
MortalityRate MW50_64 * ABirthRateStress0*MW50_6Gdr RatioCalDemandtoAvail>=.95
MortalityRate_ MW50_64 * MW50_64 by default

flow: MW_Die65 Conditional

Flow from MW65_Above to MW_Deaths

MW_Die65 =
MortalityRate_ MW65_Above * ABMortalityRateStres84W65_Above for RatioCalDemandtoAvail>=1.25
MortalityRate_ MW65_Above * ABMortalityRateStres88W65_Above for RatioCalDemandtoAvail>=1.2
MortalityRate MW65_Above * ABMortalityRateStres82W65_Above for RatioCalDemandtoAvail>=1.1
MortalityRate MW65_Above * ABMortalityRateStres81W65_Above for RatioCalDemandtoAvail>=1.0
MortalityRate MW65_Above * ABMortalityRateStres80W65_Above for RatioCalDemandtoAvail>=.95
MortalityRate MW65_Above * MW65_Above by default

flow: MW_Livel Unconditional

Flow from MW_Under_1 to MW1_4

MW_Livel = (1-MortalityRate_ MW_U1) * MW_Under_1

flow: MW_Livel5 Unconditional

Flow from MW5_14 to MW15_49

MW_Livel5 = (1/10)*(1-MortalityRate_ MWO05_14)* MW5 41

flow: MW_Live5 Unconditional

Flow from MW1_4 to MW5_14

MW_Live5 = (1/4)*(1-MortalityRate_ MWO01_4) * MW1_4

flow: MW_Live50 Unconditional

Flow from MW15_49 to MW50_64



MW_Live50 = (1/35)*(1-MortalityRate_ MW15_49) * MW1519
flow: MW_Live65 Unconditional

Flow from MW50_64 to MW65_Above

MW_Live65 = (1/15)*(1-MortalityRate_ MW50_64) * MW5@®4
flow: MW_Livetol Unconditional

Flow from New_Births_White to MW_Under_1

MW_Livetol = (1-ABirthGenderRateF_FW) * New_Birth&/hite
compartment: MW_Under_1 Unconditional
dMW_Under_1/dt = -MW_Livel+MW_Livetol-F9

Initial Value = 30

compartment: MW_Under_1_deaths Unconditional
dMW_Under_1_deaths/dt = +F9-F10

Initial Value = 0.0

compartment: MW1_4 Unconditional

dMW1_4/dt = +MW_Livel-MW_Live5-F19

Initial Value = 116

compartment: MW15_49 Unconditional

dMW15_49/dt = +MW_Livel5-MW_Live50-MW_Diel5_49
Initial Value =591

compartment: MW5_14 Unconditional

dMW5_14/dt = +MW_Live5-MW_Livel5-MW_Die5_14
Initial Value = 280

compartment: MW50_64 Unconditional

dMW50_64/dt = +MW_Live50-MW_Live65-MW_Die50_64
Initial Value =119

compartment: MW65_Above Unconditional
dMW65_Above/dt = +MW_Live65-MW_Die65

Initial Value = 54

compartment: New_Births_Black Conditional
dNew_Births_Black/dt =

(ABirthRate1B*ABirthRateStress4*FB15_49)-FB_LiedtMB_Livetol for
(ABirthRate1B*ABirthRateStress3*FB15_49)-FB_LiedtMB_Livetol for
(ABirthRate1B*ABirthRateStress2*FB15_49)-FB_LiedtMB_Livetol for
(ABirthRate1B*ABirthRateStress1*FB15 49)-FB_LiedtMB_Livetol for
(ABirthRate1B*ABirthRateStress0*FB15_49)-FB_LiedtMB_Livetol for

(ABirthRate1B*FB15_49)-FB_Livetol-MB_Livetol kefault
Initial Value = 89
compartment: New_Births_White Conditional
55
dNew_Births_White/dt =

+(ABirthRatelW*ABirthRateStress4*FW15_49)-FW_Lted-MW_Livetol
+(ABirthRatelW*ABirthRateStress3*FW15_49)-FW_Lted-MW _Livetol

RatioCalDemandtoAvail>=1.05

+(ABirthRatelW*ABirthRateStress2*FW15_49)-FW_Lted-MW _Livetol
+(ABirthRatelW*ABirthRateStress1*FW15_49)-FW_Lted-MW_Livetol
+(ABirthRatel1W*ABirthRateStress0*FW15_49)-FW_Lted-MW_Livetol
+(ABirthRatelW*FW15_49)-FW_Livetol-MW _Livetol Mkiefault

Initial Value = 55
compartment: PopDump Unconditional
dPopDump/dt =
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RatioCalDemandtoAvail>=1.1
RatioCalDemandtoAvail>=1.05
RatioCalDemandtoAvail>=1.0
RatioCalDemandtoAvail>=.95
RatioCalDemandtoAvail>=.9

for
for

for
for
for

RatioCalDemandtoAvail>=1.1

RatioCalDemandtoAvail>=1.0
RatioCalDemandtoAvail>=.95
RatioCalDemandtoAvail>=.9

+toPopDumpFW+toPopDump_MW-+toPopDump_BM+toPopDumptFR+F23+F24+F25+F26

Initial Value = 0.0

variable: RandomNumberlsd_Crops Conditional Usiale
RandomNumberlsd_Crops =

randn(1,.1) for D1=1

randn(1,.25) for D1=2

1 by default

variable: RandomNumberlsd2_Animals Conditionaliversal
RandomNumberlsd2_Animals =

randn(1,.1) for D2=1
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randn(1,.25) for D2=2
1 by default
variable: RandomNumberlsd3_Fish Conditional Usiake
RandomNumberlsd3_Fish =
randn(1,.1) for D3=1
randn(1,.25) for D3=2
1 by default
variable: RandomNumberlsd4_Markets Conditionalvéhsal
RandomNumberlsd4_Markets =
randn(1,.1) for D4=1
randn(1,.25) for D4=2
1 by default
compartment: RatioCalDemandtoAvail Unconditior@lobal
dRatioCalDemandtoAvail/dt = HumanCaloricDemand/@ak from_Ag_and_ChesBay-toRatioDump
Initial Value = 0.9106499
compartment: RatioDump Unconditional
dRatioDump/dt = +toRatioDump
Initial Value = 0.0
flow: toCalDump Unconditional
Flow from Calories_from_Ag_and_ChesBay to CalDump
toCalDump = Calories_from_Ag_and_ChesBay
flow: toHumanCalDump Unconditional
Flow from HumanCaloricDemmand to HumanCalDump
toHumanCalDump = HumanCaloricDemand
flow: toMoneyDump Unconditional
Flow from Money_from_Ag_and_ChesBay to MoneyDump
toMoneyDump = Money_from_Ag_and_ChesBay
flow: toPopDump_BM Unconditional
Flow from TotalPop_MB to PopDump
toPopDump_BM = TotalPop_MB
flow: toPopDump_FB Unconditional
Flow from TotalPop_FB to PopDump
toPopDump_FB = TotalPop_FB
flow: toPopDump_MW Unconditional
Flow from TotalPop_MW to PopDump
toPopDump_MW = TotalPop_MW
flow: toPopDumpFW Unconditional
Flow from TotalPop_FW to PopDump
toPopDumpFW = TotalPop_FW
flow: toRatioDump Unconditional
Flow from RatioCalDemandtoAvail to RatioDump
toRatioDump = RatioCalDemandtoAvail
flow: TotalCaloriesfromAgric Unconditional
Flow from TotalCaloriesfromAgriculture to Calorigeom_Ag_and_ChesBay
TotalCaloriesfromAgric = TotalCaloriesfromAgricutt
compartment: TotalPop_FB Unconditional
dTotalPop_FB/dt = FB_Under_1+FB1_4+FB15_49+FB5_BB{ 64+FB65_Above-toPopDump_FB
Initial Value = 1387
compartment: TotalPop_FW Unconditional
dTotalPop_FW/dt = FW_Under_1+FW1_4+FW15_49+FW5_ M5B _64+FW65_Above-toPopDumpFWwW
Initial Value = 1160
compartment: TotalPop_MB Unconditional
dTotalPop_MB/dt = MB_Under_1+MB1_4+MB15_ 49+MB5_14BB0_64+MB65_Above-toPopDump_BM
Initial Value = 1372
compartment: TotalPop_MW Unconditional
dTotalPop_MW/dt = MW_Under_1+MW1_4+MW15_49+MW5_14¥860_64+MW65_Above-
toPopDump_MW
Initial Value = 1190
compartment: TotalPopulation Unconditional
dTotalPopulation/dt = FemaleTotal+MaleTotal-F26



Initial Value = 5109

compartment: WhiteTotal Unconditional
dWhiteTotal/dt = TotalPop_FW+TotalPop_MW-F25
Initial Value = 2350
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Appendix E. Reprint of Thomas, W. Barnes, B., and Szuba, T. (27). “The
Countryside Transformed: The Eastern Shore of Virgnia, the
Pennsylvania Railroad, and the Creation of a ModerrLandscape” from
Southern Spaces: An Interdisciplinary Journal abothe Regions, Places,
and Cultures of the American South.

Introduction:

When in 1884 the New York, Philadelphia, and Nd&f@hilroad, a subsidiary of the
powerful Pennsylvania system, extended its lindgtsthrough the Eastern Shore of Virginia,
it had been anticipated for over forty years. Taming of the Pennsylvania system’s
railroad to the Eastern Shore was catalytic. Caetdbwith other technologies, cultural
practices, speculative capital, and environmertahges, the railroad channeled
development across the landscape. lIts effects predicted and unexpected, anticipated and
far-reaching. One of the largest corporationhanWnited States, the Pennsylvania Railroad
linked the remote peninsula to the largest citiethe East, accelerating changes in the
landscape already underway on the Shore and spguvosts of others.

Railroad cars carried Northward increasing quassitf Eastern Shore lumber,
seafood, and farm produce and returned with allnreaof raw, processed, and manufactured
goods as well as with emigrants and tourists. W imfrastructure developed as towns grew
up along the tracks, roads radiated from the toand,eventually telephone and power lines
followed the roads. Property values increasedpapdilation expanded. The emerging
optimism of the people of the Eastern Shore fowmtassion in the construction of wharves,
warehouses, stores, houses, and public buildihgs; drowing sophistication in more
frequent travel, the provision of better educatiamoortunities for their children, the
adoption of up-do-date styles of architecture,itis¢allation of indoor plumbing, and the

purchase of automobiles, pianos, and other amenitregeneral, the railroad and
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accompanying technologies made possible an enormealth in the countryside and
brought sweeping changes in a remarkably shorbgefi time. These changes produced
drastic and far-reaching direct and indirect eBd¢otthe ecological systems of the Shore and,
in turn, to its human residents.

What we seek to accomplish here is a close readfititge creation of a modern

landscape to capture the interaction of technosgieople, and environmeniThe Eastern

The authors would like to thank the readersSouthern Spacdsr their helpful
comments and suggestions on this essay. They vataddike to thank the
participants of the Nineteenth Century Studies Whdp at the University of
Nebraska for their fine comments on this essaydieg Andrew Graybill, John
Wunder, Douglas Seefeldt, Laura White, Ben Raden Winkle, and Ken Price.
Other colleagues have provided careful readingscatidism, especially Barbara Y.
Welke, Edward L. Ayers, and Barry R. Truitt. Thard{so to Scott Nesbit and
Elizabeth Ladner at the University of Virginia allichael S. Scott, Lauren
McDermott, and staff at the Eastern Shore Regi@Gi&lCooperative at Salisbury
University for their help in preparing the digitabjects in this work.

! An entirely new infrastructure around the railrafVeloped on the Eastern Shore in
a tightly compressed period of time, about tweng-fears. The railroad came late
to the Eastern Shore. In contrast, Lincoln, Nekaakad a railroad nearly two
decades before the Eastern Shore of Virginia, teeipé latter’s proximity to the

large cities of the east. Perhaps only the Texah&hdle vied with the Eastern Shore
in the 1880s for the distinction of remaining sndainconnected to the nation’s rail
network. See Tiffany Marie Haggard Fink, “The Foworth and Denver City
Railway: Settlement, Development, and DeclinelenTexas High Plains,” (Ph.D.
Dissertation, Texas Tech University, 2004) for aalgsis of town development that
followed the railroad in the Panhandle.

2 Computing digital technologies give us unpreceemapability to explore spatial
relationships of the past in new ways. Througtohisal GIS and animation sequences, we
hope to represent faithfully and accurately theettgment of this landscape, understanding
the limits that the technology imposes. We hawvenhlgiided in our idea of "landscape™ and
in ways of seeing the past by D. W. Meinig, €de Interpretation of Ordinary Landscapes:
Geographical Essay®©xford: Oxford University Press, 1979), espegifllerce F. Lewis,
"Axioms for Reading the Landscape: Some Guidekd¢cAmerican Scene," and D. W.
Meinig, "The Beholding Eye: Ten Versions of the $a8tene." We are interested here in the
recent literature on regionalism, modernity, anthano geography that stresses the "context"
and "open multiplicity" in landscapes and the &tere in crucial social theory that works to
synthesize structural approaches with human age@typarticular importance to this essay
are the following works: J. Nicholas Entrikifhe Betweenness of Place: Towards a
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Shore of Virginia, according to geographer Wilbedidsky in a pioneering essay "Where the
South Begins," was situated along the border eftidesnent landscape that marked the
northern limit of the South. Zelinsky examinedhatectural styles, town characteristics, and
countryside features to determine a pattern in whkéihed or marked the Southern
landscape. He considered Virginia's Eastern Shiweidedly Deep Southern." Its
landscape, structures, and their spatial arrangesmesade the region more like Georgia or
Tidewater Virginia than Pennsylvania or even itgjhbors, Delaware and the Eastern Shore
of Maryland. Other characteristics Zelinsky exaedirtonfirmed for him its place in the
South: the lexical traits, the propensity to voenidcratic, the high proportion of African
Americans, and the high ratio of mules to hors&ighough he could not find
"physiographic” reasons for the boundary, Zelindkgw his northern limit of the South at
the Maryland-Virginia state line on the Easterni@htan emphatic interstate and cultural

boundary [that] match beautifully for unknown reasé’

Geography of ModernitfMacmillan, 1991), esp. 27-59; Allan Prédaking Histories and
Constructing Human Geographies: The Local Transfdiom of Practice, Power Relations,
and ConsciousnegBoulder: Westview Press, 1990), esp. 126-170hé&my Giddens,
Central Problems in Social Theory: Action, Struetand Contradiction in Social Analysis
(Basingstoke: Macmillan, 1979) aiitie Consequences of Moderr(i@ambridge: Polity,
1990); Doreen Masse$patial Divisions of Labor, Social Structures, dhd Geography of
Production (New York: Routledge, 1984) ai8paces, Place, and Gendévlinneapolis:
University of Minnesota Press, 1995).

3 Zelinksy, Wilbur. "Where the South Begins: Therttiern Limit of the Cis-
Appalachian South in Terms of Settlement Lands€apd;xploring the Beloved
Country: Geographic Forays into American Societg £ulture (lowa City:
University of lowa Press, 1994), 186, originallybtished inSocial Forces30 (1951),
172-178. D. Western identifies common characiessif human-modified
ecosystems, many of which apply to Eastern Sharginia between 1880 and 1920
(and ongoing), including: (1) high natural resoueg&action (e.g., harvesting and
exporting nutrients in produce), (2) habitat homuggy (e.g., tightly managing
forested lands), (3) landscape homogeneity (eogversion to cropland), (4) large
importation of nutrient supplements (e.g., feréhg), and (5) global mobility of
people, good, and services (e.g., linking locabueses and interests to national
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Although recognizably Southern in its settlementkcape, the Eastern Shore of
Virginia during the late nineteenth and early tvietht centuries, was a highly complex and
interdependent landscape. It was a liminal placmne of interpenetration, where the
settlement patterns, speech, demography, andgaditutcomes defined its place in the
South but its engagement with technology and rapitsformation of the landscape betrayed
other allegiances, motives, forces, and effeatghis zone where the South "ends,"” we can
understand more about the region's modern develupneeause the contradictions at the
heart of it stand in such stark relief.

Modernity came to the Eastern Shore of Virginiait ad elsewhere in the South, in
the form of a radical shift in the use of resouraed labor relations, and in a transformation
of the landscap&.The relationship between the railroad, markeggration, and the
environment, moreover, stood at the heart of theidernizing landscape: the reach of
markets for both buying and selling nearly evemyghproduced in the world, the expanding
and tightening of worldwide communication, the fantental alteration of widely held
conceptions of space and time, and the visibleimridible reconfigurations of the region's
natural system. But there was no simple correladimong these components. Eastern Shore
residents had long felt the effects of the maniatticipated in Atlantic trading, and
maintained long-standing shipping practices withamarban centers in the Eastern United

States. They responded to the changing markettaumsleven before the railroad reached

markets). D. Western, “Human-modified ecosystentsfature evolution,”
Proceedings of the National Academy of Scien@2@¢2001), 5458-5465.

* The term "modernity" has been variously definetére, we mean social,
technological, and economic changes that openedities to fast, far-reaching,
integrated communication and transportation. @ucern is with this process of
transformation on the Eastern Shore and to undefstee varied contexts for this
process even in a relatively small, but environrantomplex area. See especially
Anthony GiddensThe Consequences of Moderr(i@ambridge: Polity, 1990), 18-19.
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the peninsula. Indeed, the railroad's penetraisewhere, especially its linking of the
Midwest with the major urban centers in the midafstic, had substantial repercussions
along the Shore, as it brought new competitiorstatgished markets.

The arrival of the railroad, though, marked an in@ot moment. It altered the
geography of the Eastern Shore in fundamental wagigorompted unforeseen changes in the
cultural and natural worlds of its residents. Hemnsylvania Railroad, the federal and state
governments, alliances of local residents, anddens all acted upon the Shore's natural and
human resources. Each extended networks acrotmifecape; each wanted to expose or
exploit the landscape, nature, and human connex;taord each confronted limits to its
vision. On the geologically stable mainland, thgiad changes in the landscape (themselves

intrinsically limited by nature) held steady forcdeles and became organized around new

® The concept of "transformation” in the countrysislene that William Cronon pioneered in
Nature's Metropolis: Chicago and the Great WeR&ther than seeing the Shore as an
outpost brought into the orbit of a major city fier natural resource advantages, we see
instead a process that was directed both from mvithé region and without and that
reconfigured the physical landscape, obliteratéldcolmmercial hierarchies, and spawned
sweeping environmental changes. William Crordature's Metropolis: Chicago and the
Great Wes{New York: W. W. Norton, 1991). See also CrondMedes of Prophecy and
Production: Placing Nature in Historyddurnal of American History76, no. 4 (March
1990), 1122-1131. Cronon calls for greater spatyfin defining stability and instability;

not all capitalist or modern forces can be congidaetestabilizing and not all traditional
forces stabilizing. Market integration, and thiroad's role in it, has been a longstanding
debate in Southern history. See Steven H&ha,Roots of Southern Populism: Yeoman
Farmers and the Transformation of the Georgia Upttoy 1850-189qOxford: Oxford
University Press, 1985) for an interpretation steésses the shift from self-sustaining
agriculture to dependency and monoculture in tteduptry cotton regions. See also, Steven
Hahn and Jonathan Prude, &te Countryside in the Age of Capitalist Transfaiora
Essays in the Social History of Rural Amer{€apel Hill: University of North Carolina
Press, 1985).

® For another recent work of regional study in whioé railroad's arrival figures
prominently, see Benjamin Heber JohndRayolution in Texas: How a Forgotten
Rebellion and its Bloody Suppression Turned Mexi¢ato AmericangNew Haven:
Yale University Press, 2003), 27-37. For Johnserailroad penetrated the isolated
region along the Texas-Mexico border and disrugted'distinctive racial order"
bringing with it segregation and drastic changethelabor and land markets that
were disastrous for Tejanos.
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crops and markets that propelled the Eastern Sboeetime into the front ranks of
agricultural success stories in the United Staldee confluence of forces and energies,
moreover, that sustained the enormous success oég¢fion, did not last, and, ironically, the
vestiges of this transformation dominate the laagsf the Shore today. Along the chain of
ever-shifting barrier islands shielding the peniadtom the Atlantic Ocean, alterations in the
landscape proved far less enduring. Human actoritthe islands was one of advance and

retreat before the forces of tide, current, anchsfo

On The Edge of Modernity:

The Eastern Shore of Virginia is geographically oged from the rest of Virginia. It
extends south from the Pocomoke River, which ségsrafrom the Eastern Shore of
Maryland, to form the southern tip of the DelmaReninsula and sits between the largest
estuary in the United States, the Chesapeake Bdlyetwest, and the Atlantic Ocean, to the
east. The Eastern Shore counties of Accomack anth&mpton encompass approximately
480 square miles of surface area, which can beactaaized as a peninsular mainland
penetrated by bayside tidal creeks and buffereud thee ocean by a string of low barrier

islands and associated marshlands. Mainland ter@aiges in elevation from sea level to

’On high modernist ideology and how governmentaitirtions have tried to "see"
the landscape and its residents, see James CsSwotivative and excellent study
Seeing Like a State: How Certain Schemes to Imgrevéluman Condition Have
Failed (New Haven: Yale University Press, 1998Fontemporary science stresses
the complex and interdependent character of humdmatural systems.
Technological advances and economic forces argneoed as principal factors
driving modern environmental change (see, for examyfeldkamp and Fresco,
“CLUE: A Conceptual Model to Study the ConversidrLand Use and its Effects,”
Ecological Modelling 85 (1996), 253-270). The “new ecology” focusesmeople in
places” as a way of framing the environment as bwlsetting and the product of
human activities (see, for example, Scoones, “Newldfy and the Social Science,”
Annual Review of Anthropolog#8 (1999), 479-507; and the Millennium Ecosystem
Assessment <www.millennimassessment.org> spong&yréae United Nations.
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about sixty feet and runs approximately seventgsnitom the southern tip of the peninsula
at Cape Charles to the Maryland border to the ndtdximum width including the marshes
and barrier islands is approximately fourteen nfiles

The Geophysical Landscape

The geophysical backdrop of the Eastern Shore i@fiMa is predominantly one of
change, both on long- and short-term scales. Thermt mainland-marsh-lagoon-barrier
island complex has its origins in the sea leve @sthe end of the last Ice Age (about 15,000
years ago), which released water from the polacapeand eventually inundated the
Susquehanna River Valley. The melting slowed aBf@0 years ago, at which time the
Chesapeake Bay took its current form.

The pace of sea level rise began to increase arb8fi@ and yet again around 1920
until it approximated its current rate of aboutdidches per year at the mouth of Chesapeake
Bay. Given the low relief on the Eastern Shorth@lgh the highest point on the peninsula
reaches an elevation over fifty feet above sed,|bagrier islands average only about seven
feet above sea level), these changes in sea kesudted in significant geomorphic alteration
to low elevation marshes and barrier islands théfebthe mainland from the Atlantic
Ocean. For example, marshlands declined 16 pébetnween 1852 to 1960 due largely to

sea level rise. Moreover, between 1872 and 1916dhth end of Hog Island eroded

® The Role of Agriculture-Agribusiness in the EcormBevelopment of Virginia’s
Eastern Shor¢Blacksburg: Virginia Polytechnic and State Unsigyr, 1971), 2,
correctly divides the Eastern Shore into three mpaisiographic divisions: (1) the
Mainland, (2) the Coastal Islands, and (3) the Mess The Mainland contains
practically all cultivable, productive soils of thegion; the Coastal Islands, low and
sandy, occur as a chain along the Atlantic Oceath;Tdne Marshes are present in
extensive tracts on both sides of the peninsula.

® Discovering the Chesapeake: The History of an Estesy eds. Philip D. Curtin,
Grace S. Brush, and George W. Fisher (The John&ir®p/niversity Press, 2001)
argues convincingly that the basic geography oBastern Shore was established
about 2,000 to 4,000 years ago when sea levesloseed after the end of the last Ice
Age.
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landward (to the west) while the north end erodsshard (to the east), eventually leading to
the submergence of the village of Broadwater, whickay lies more than a mile out into the
Atlantic Oceart?

In 1870 the Eastern Shore’s level terrain comprasedtchwork of fields and woods
penetrated by sinuous tidal creeks. The woods prerdominantly loblolly pine (travelers
often remarked on their “pungent odors”) but alsduded shortleaf pine and hardwoods
such as oak, hickory, and sycamore. The soilscob&ack and Northampton, mostly light,
sandy loams, were well drained, easily cultivated] receptive to the application of
fertilizer. “Cultivation is exceedingly cheap,” agricultural expert reported, “as a one-horse
plough is sufficient generally, and a horse reauire shoeing, and vehicles and farm utensils
will last double as long as in the mountain regioRsr ‘trucking’ purposes, it is
unsurpassed.” Another authority deemed the sbi#decoomack and Northampton “among
the most productive . . . of the Atlantic Coastali®” The Eastern Shore also enjoyed the

agricultural advantages of a mild climate, abundaimifall, and a long growing seastn.

9 The Virginia Coast Reserve Long Term Ecologicaédech station has been
funded by the National Science Foundation for th&t A9 years to study the mosaic
of transitions and steady-state systems that caaphie barrier-
island/lagoon/mainland landscape of the EastermeS(see
<http://www.vcrlter.virginia.edu/>). The fourteeoastal barrier islands of Eastern
Shore Virginia, with their associated beachesvetieing inlets, marsh islands, mud
flats, salt marshes, shallow bays and channelgharenly undeveloped barrier
system on the eastern seaboard. For an explardtsma level-marsh-barrier island
dynamics, see J. Stevenson. and M. Kearney, “SherBlynamics on the Windward
and Leeward Shores of a Large Temperate Estuar§stuarine Shores: Evolution,
Environments and Human Alteratio@k®hn Wiley & Sons Ltd., 1996); For a broad
overview of environmental change on the Easterné&lsee B. P. Hayden and J.
Hayden, “The Land Must Change to Stay the Samel"RarHolleran “Islands on the
Go,” Virginia Explorer(Fall, 1994).

1 E. H. StevensSoil Survey of Accomac and Northampton Countiegjnia
(Washington: Government Printing Office, 1920)7,69, 10, 12, 23, 36, 59, 60
(third quotation); “The Eastern Shore,” New Ydtkening PostApril 25, 1885;
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Because the mainland was so narrow — a mean @ sight miles - no locality was
remote from a wharf or landing or, after the comifighe railroad, a depot. Some of its
bayside creeks and seaside inlets were deep emnoaglmit steamboats and all
accommodated small sailing craft such as scho@mtsloops. In 1880 the Eastern Shore
customs district registered 358 sailing vessets|algest registration of Virginia’s seven
districts. The navigation of the waterways depenale knowledge and skill. A few
longstanding structures, such as house chimnegdseariners as guideposts.

The great majority of the peninsula’s 28,455 ped¢fPR,690 of whom were black)
made their living from the land. Their farms awgd 128.5 acres and were seated close to
waterside landings and wharves. Eastern Shorereem @ommercial farmers, having long
participated in the commerce of the Atlantic cod3br generations their cash crops had been
corn and, recently of more importance, oats. “\&eogir own grain, and drink our own
grain, and sleep upon our grain,” a Northampton hethremarked in 1824. By the 1870s,
Eastern Shore farmers found their oats undersdlakin principal markets — Baltimore,
Philadelphia, New York, and Boston — by those efithmense bonanza farms of the Mid-
West. By the 1890s, moreover, Mid-Western ecoesrof scale and the efficiency of the
national transportation network insured that canparted to Chincoteague Island from New

York would undersell that grown on the adjacentnizaid. Eastern Shore farmers responded

“Our Peninsula,’'Wilmington Morning News1 Accomac Court Houseninsula
Enterprise(hereafter cited aBE), November 22, 1884 (first quotation); Orris A.
Browne, “The Eastern ShoreXmerican Agriculturisin PE, April 11, 1885; )A
Handbook of VirginigRichmond: Superintendent of Public Printing, 98{&econd
guotation).

12 StevensSoil Survey5, 9; Annual Statements of the Chief of the Bureau of
Statistics on the Commerce and Navigation of theedrStates, June 30, 1880
(Washington: Government Printing Office, 1880), 847
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to the new competition by gradually shifting oviee t1870s and 1880s to the production of
sweet and white potata&s

The Eastern Shore was overwhelmingly rural. Oritin€oteague, locus of the
Chincoteague Bay oyster industry, and Onancockrevgenaries lined the north branch of
Onancock Creek, were worthy to be called towndewvillages stood at wharves, at
crossroads and at the heads of creeks. In 188%eld¢r found at the crossroad hamlet of
Temperanceville in upper Accomack County “two ssosteam saw, flour and grist mills, a
smith’s shop, post office, etc. and about a dorattered dwellings™*

The Abstract Landscape: Pyle's "Peninsular Canaan"

In May 1879, Howard Pyle, a young writer and illagbr and a keen observer,
headed down to the Eastern Shore of Virginia toemaistory foHarper's New Monthly
Magazine Born in 1853 and raised in Wilmington, DelawdPgle admired the realistic
writing of William Dean Howells. Pyle set out tagture the daily life and record what he
considered the feel and experience of the landszaplee Eastern Shore. Pyle described the
shore as "a peninsular Canaan," a place of alnmimtlievable fertility where "the lightest

labor" brings forth "abundant return from this genes soil." The waters "teem" with all

13 The Statistics of the Population of the United &tat. . Compiled from the
Original Returns of the Ninth Census (June 1, 1§¥ashington: Government
Printing Office, 1872), 637The Statistics of the Wealth and Industry of théddn
States ... Compiled from the Original ReturnghefNinth Census (June 1, 1870)
(Washington: Government Printing Office, 1872), 2BB0; StevensSoil Survey16-
17; Claude H. HallAbel Parker Upshur: Conservative Virginighladison: The
State Historical Society of Wisconsin, 1965), 28digs Upshur); Barbara Jeanne
Fields,Slavery and Freedom on the Middle Ground: Maryl@nding the Nineteenth
Century(New Haven: Yale University Press, 1985), 170r &tebellum Eastern
Shore agriculture see “Sketch of a Hasty View ef $oil and Agriculture of the
County of Northampton,Farmers’ RegisteB (1835), 233-240 and “Quantity and
Value of the Exports of the County of Accomalhid. 8 (1840), 255.

14 «“Onancock and Accomack County,” Richmohiines-Dispatchin Onancock
Accomack Newhereafter cited a&N), October 30, 1909; “The Eastern Shore,”
RichmondState July 24, 1883 (quotation).
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manner of wildlife: fowl, terrapin, snipe, fismdathe prized Chesapeake oyster. Separated
from the rest of Virginia by the broad waters of bhesapeake Bay, the Eastern Shore
remained remote. "There is no railroad," Pyle ax@d. The peninsula was separated from
the "vim and progress of modern utilitarianism,"island, as it were, cut off from "the
outside world.*®

For all of its rich bounty and stark beauty, thestéen Shore was, according to Pyle,
stuck in "a Rip Van Winkle sleep." It was a pladeere all that nature provided seemed to
go unrealized and where modernity remained uncldintewas "sleepily floating in the
indolent sea of the past, incapable of crossingythiewhich separates it from outside modern
life."

Like many Americans of his day, Pyle saw the laagscas an expression of a
human society and modernity as a geographic, dsawel social and economic system. In
the case of the Eastern Shore, the landscape vag@part the product of an earlier time,
the plantation South. Pyle saw vestiges of it y@veere he looked. The first signpost of an

older order was a collection of old windmills in ftlampton County. These were

nn nn

"landmarks of the past,” "quaint,” "abandoned," esqatesentative of an outrageously
outdated technology and society. Another "remhBylke recorded was the "Negro burying
ground." Although slavery was "a bygone thing,fePyoted, its presence in the landscape

was literally still visible in unruly clumps of tes that farmers ploughed carefully around.

> Howard Pyle, “A Peninsular Canaatjarper’s New Monthly Magazing8 (May,
1879), 801-817. On Pyle, see Lucien L. Agostaward Pyle(Boston: Twayne
Publishers, 1987), and Elizabeth Neslsitbward Pyle(London: The Bodley Head,
1966).
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These copses marked the final resting place, Ryli@ed without irony, of "the planter's
former faithful servants®®

Pyle told his readers that the "remnant" of thetBeun past remained deeply
embedded in the landscape of the Eastern Shoreeitier old style farming” was still
practiced. "There were only three crops raiséeditiginia," Pyle deadpanned, "corn, hogs,
and niggers, of which the hogs ate all the cord,the niggers devoured all the hogs. One of
these 'crops,' however, is removed from the ligyle's comments, delivered with a wink-of-
the-eye to his mostly Northern readers, were meabtittress the Northern understanding of
slavery and its landscape as hopelessly inefficeesort of shell game in which the players
long ago lost track of the nut. The resulting Bgaas, according to Pyle, an impoverished
white class, "woefully ignorant,” and an unproduetupper class, "indolently
unprogressive."

Pyle saw only one way to bring the natural fruftshe soil and sea to full
development and to establish a correspondingly nmoslecial structure on the Eastern Shore:
change the landscape. The coming of the raildoaexpected, would inaugurate sweeping
changes in social arrangements and physical preperPoor whites and indolent upper
classes, not to mention blacks, would only disapfrean the social landscape when the
geography of modern America penetrated the regfofew years earlier Pyle had taken an
excursion to Chincoteague to report on the locaietp and the annual roundup of the wild
ponies on the barrier island. He described they fide from the mainland across

Chincoteague Bay for the prospective traveletsaparates him from modern civilization, its

18T, Abel and J. R. Stepp, "A New Ecosystems EcolglyAnthropology,”
Conservation Ecology (2003), 12, and S. R. Cooper, “Chesapeake Bagired
Historical Land Use: Impact On Water Quality Ancam Communities,”

Ecological Applications5 (1995), 703-723, are indicative of contemporary
agreement of the generalization that “the landseag®in large part the product of an
earlier time.”
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rattling, dusty cars, its hurly-burly of businetis,clatter and smoke of mills and factories,
and lands him upon an enchanted island, cut laose fhodern progress and left drifting
some seventy-five years backward in the oceam.tiNo smoke of manufactories pollutes
the air of Chincoteague; no hissing steam escalpeais] except that of the [steamboat]
‘Alice;' no troublesome thought of politics, noigabus dissension, no jealousy of other
places, disturbs the minds of the Chincoteaguegrossed with whisky, their ponies, and
themselves®

Pyle was not alone in his perception of the lanpgead the South and its holdover
social structures, nor was his understanding ofahdscape and the railroad's possibilities
novel. For Pyle in the 1870s the Eastern Shorelandest of the South were part Arcadia,
part wolf pit. Nineteenth-century Americans hadgassociated the use of and control over
nature with enlightenment and civilization. Traemslto the South before the Civil War,
among them Frederick Law Olmstead, observed laagaterns as inefficient. They
focused their attention on the unimproved acreagandoned lands, and wild growth that
consumed the typical farms. In WisJourney in the Seaboard Slave States with Renoarks
their Economypublished in 1857, Olmstead admitted to beingpaltfiinder.” And although
his travels opened with a visit to a well-kept Mand farm, Olmstead's train ride south
revealed an abandoned, apparently unproductives¢ape "grown over with briars and
bushes, and a long, coarse grass of no vafue."

Olmstead, Pyle, and other travel writers tied #dralscape of the South to the

character of its inhabitants; the land was, affeagroduct of human intentions. Pyle

" Howard Pyle, “Chincoteague: The Island of Poni&ssibner's Monthly Magazine
X1l (April, 1877), 737-745.

18 Frederick Law Olmsteady Journey in the Seaboard Slave States with Renoarks
their EconomySamson Low and Son: London, 1857), 17
<http://docsouth.unc.edu/nc/olmsted/olmsted. htri#p5
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remained decidedly Victorian in outlook, ironicaflgtached from the transformations
underway around hinmHis stereotypical account was meant more todi#liNorthern readers
with a close-to-home adventure story than to desaiccurately the society and landscape he
entered. Yet for all his nostalgia, Pyle obsertredlandscape of the Shore before the great
layers of intervention between 1870 and 1900 had lsempleted or their complex

repercussions felt, and he accurately sensed tgaitude of impending change.

The Railroad and the Modern Landscape:

Layers of modern infrastructure came in waves uperEastern Shore, altering its
landscape in a remarkably short time. The keylystgato the Eastern Shore's landscape
included: first, the intense mapping of the coastiin the U.S. Coast Surveys of 1870-71,
then the expansion of the U.S. Post Office andti® Life-Saving Service, the development
of the railroad in 1884, the River and Harbor Aotshe 1890s, and the creation of the
Eastern Shore Produce Exchange in 1900. Eachdevwioth extensive and intensive
networking, while contributing to a substantiakintention in the physical landscape and an
equally substantial one in the abstract landscape.

By the 1890s the effects of these layers were reagly visible. Thomas Dixon,
the prominent writer and Klan novelist, lived faveral years in the mid-1890s in Cape
Charles City, a bustling new town created aroued#ilroad in lower Northampton County,
but, like Pyle, he wished to ignore the activitydfarf and depot and their connections with
the outside world. An avid outdoorsman, Dixon ldtee barrier islands and the Broadwater,
the expanse of marshes, bays, and channels thHa¢tagen the islands and the mainland.
He hunted the Broadwater’s waterfowl and shorebuldsed on its oysters, and stood in the
solitude of its vast marshes. “How far away thedlavorld seems now,” Dixon recalled of

his trips out into the waters offshore, “fifteenl@si from a post-office, telegraph line, or a
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railroad. We never see a newspaper, know notHimdhat is going on in the big, steaming,
festering cities and have ceased to care to krour. world is now a beautiful bay, fed from
the sea by two pulsing tides a day.” Here, Dixamid “a world without railroad or mail.”
These symbols of modernity seemed corrupting t@Dibut he deceived himself in
dreaming of the Broadwater as a place where théyhbayet reached. After all, the railroad
had brought Dixon to Cape Charles City and maikbtaveled regularly from the mainland
to post offices on Cobb’s, Hog, and Chincoteaglamits'®

What Dixon cherished about the Shore was its de®plithern cultural landscape
that possibly obscured for him the rapid changewat the region. Dixon appreciated the
hunting lodges and the shooting and yachting fifpdrt because it echoed the plantation
era's racial and class hierarchy. Here, he caulky the great marshes from a duck boat
poled by a black man and feast on large dinnersgpeel and served by black hands. Dixon
could be taken back in time, or at least stop tioyenoving away from the railroads, the
mail, and onto the Broadwater. His associatebesd lodges were similarly inclined, and the
Eastern Shore of Virginia, whatever its transitiansl modern developments, was to them the

closest piece of the Old South to New York Cfty.

¥ Thomas Dixon, JrThe Life Worth Living: A Personal Experieri®éew York:
Doubleday, Page & Co., 1905Record of Appointment of Postmasters, 1832-
September 30, 187Microfilm Publication M841 (Washington: Nationafchives,
1973).

20 The plantation analogy should not be pushed tnoBath blacks and whites

worked as guides and cooks, and out on the lalbyaimBroadwater even the
wealthiest sportsman soon learned that the guidemester. For a recent assessment
of Dixon, see Michele K. Gillespie and Randal LIIH&homas Dixon Jr. and the

Birth of Modern AmericgBaton Rouge: Louisiana State University Pres8620
especially Fitzhugh Brundage's assessment thatnDues eager to use the

technology of the day, especially film and railre4@9-30).
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The railroad's arrival on the Eastern Shore, howeféered a moment of particular
consequence for the regiéhlf the pattern of railroad development in the tddiStates was,
according to Wolfgang Schivelbusch, first and foostrto extend water navigation and open
these territories to markets, then on the EasteaneSt proceeded instead in direct
competition with water transportatiéh.If American railroads had been built generallyhwi
curves to engineer their way around obstacles andect towns, the Eastern Shore line
hewed like a broken compass needle to the spitleegieninsula, avoiding even the slightest
curve. It was designed by the Pennsylvania Ralltoaconnect Philadelphia with the Deep
South via Norfolk and to compete with steamboatganies for the freight. It bypassed
every major town on the Eastern Shore, creatamhitsprivate harbor and facilities, and
developed no towns along its line. It was not méaserve local interests at all, but the

railroad's acceleration of time and reconfiguratidspace had profound effects on the

“ Historians of the South, as well as of the U.S egelty, have long determined that
the railroads were widely significant and nearlgmgvhistory of the region deals with
railroads. For critical works that examine thércaids in the South, see Edward L.
Ayers, The Promise of the New South: Life After Reconstm (Oxford: Oxford
University Press, 1992), Maury KleiHjstory of The Louisville and Nashville
Railroad (New York: MacMillan, 1972), William G. Thomas, JlLawyering for the
Railroad: Business, Law, and Power in the New S@B#ton Rouge: Louisiana
State University Press, 1999), Kenneth Ne@ythwest Virginia's Railroad:
Modernization and the Sectional Crigldrbana: University of lllinois Press, 1994),
Allen TreleaseThe North Carolina Railroad, 1849-1871, and the Midzation of
North Carolina(Chapel Hill: University of North Carolina Pred991), and the
classic John F. Stovedistory of the Railroads of the South, 1865-190@tAdy in
Finance and Contro{Chapel Hill: University of North Carolina Pred955). There
has not been a recent scholarly treatment of the$3#vania Railroad's history, see
George H. Burges§;entennial History of the Pennsylvania Railroad488946
(Pennsylvania Railroad Co., 1949). See also, RichaWallis, The Pennsylvania
Railroad at Bay: William Riley McKeen and the TeeHaute & Indianapolis
Railroad (Bloomington: Indiana University Press, 2001).

?2\Wolfgang Schivelbusch;he Railway Journey: Industrialization and Perceptbf
Time and Spac@Jniversity of California Press, 1987). "The Anwam railroad's
original and fundamental task was to create tramapon where no natural
waterways existed"” (111).
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Eastern Shore's water-dominated landscape. Howewehn the author Thomas Dixon might
consider the Eastern Shore his own private "Peldn§lanaan,"” many of the local residents
grasped the significance of the opportunities thatrailroad made possible. They eagerly
fashioned a remarkable new landscape around thesrthat would last for generations.

Mapping the Waters--the U.S. Coast Survey

No one could travel across the Eastern Shore wittrmssing water, and for
generations most places were reached only by Bids.traffic moved up creeks to well-
established public and private wharves, acros8tbadwater to the barrier islands, and out
into Chesapeake Bay and the Atlantic Ocean. Bagjnn 1870 the United States Coast
Survey (U.S.C.S.) mapped in detail the seacoasieoEastern Shore of Virginia. These
surveys indicated marshes, channels, inlets, s#a8ds, and soundings. They located
lighthouses, buoys, markers, and other navigatiaitial. For the first time they formalized
and opened to the public information for navigating complex seascape of the region and
provided comprehensive data for future navigati@mdé and instruments. For decades the
War Department controlled seacoast mapping fotamfipurposes, and the Civil War
accelerated modern seacoast mapping along theniargapes. In the 1870s the pace of
U.S.C.S. work intensified and took on a scientificd exploratory character. The activities of
the U.S.C.S. teams were followed with close scyubin the Eastern Shore. The U.S.C.S.
hired local residents to help survey - what a n@psp editor termed "mapping out our
waters.*®

Taking full advantage of the newly documented infation on the Shore and its
complex waterways, private steamboat companiesowagl old networks of communication

and established new ones. Immediately after thié ®ar, steamboat companies out of

23 PE, September 10, 1887, April 30, 1887, and Octobed887. The U.S.C.S. had
undertaken a less intensive mapping of the EaS&kane coastline in the 1850s.
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Baltimore and Norfolk increased the number of vissaed wharves on their Eastern Shore
lines. By the early 1880s steamers called reguirtwenty-three wharves on the bayside of
the peninsula and during the potato harvest at eiglthe seaside. Baltimore dominated the
bayside trade of Accomack and upper Northamptorgwdorfolk captured that of lower
Northampton. On the seaside the trade networke ®leo divided. From there, steamers out
of several Atlantic coast ports carried producPhdadelphia, New York, and Boston.
Paosition, proximity, access, and history combireedivide the tiny Eastern Shore into
numerous zones of trade and traffic.

Postal Service

At the same time, post offices expanded their reachoperation. The post office
network was more uniformly managed and providetthénearly 1880s a powerful
enhancement of the Eastern Shore’s reach into tlieem markets of information,
commerce, and capital as well as a reconceptualizat space and time. Patronage politics
combined with the coming of the railroad, quickenaommerce, and a growing population
to expand dramatically postal service on the pemdnsBetween 1881 and 1884 the
importunities of U.S. Senator William Mahone pedethe administrations of Republican
presidents James A. Garfield and Chester A. Arthimcrease from forty-four to sixty-seven
the number of post offices in Accomack and Northeemounties. The advent of the

railroad in 1884 further stimulated the establishtrad post offices both along the tracks and

24 A. Hughlett MasonHistory of Steam Navigation to the Eastern Shoréiginia
(Richmond: Dietz Press, 1973), 1, 12; Brooks MBesnes, “Triumph of the New
South: Independent Movements in Post-Reconstru€taditics,” Ph.D. Dissertation,
University of Virginia, 1991, 14; John R. WaddyWélliam Mahone, January 23,
1882, William Mahone Papers, Manuscript Departm@éfhlijam R. Perkins Library,
Duke University.
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out in the countryside. By 1917, the number of pdiéces in the two counties had climbed
to eighty-eight®

Post offices opened every community on the Eagbore to the doings of the
world. On Chincoteague in March 1884, thirty-thi@thern daily newspapers arrived each
day at the post office. Later that year (the yhamailroad made its way down the
peninsula), the citizens of the hamlet of MuddyeBreampaigned for a post office with
feverish dedication. They cleared timber for a mead to Cattail Neck, and a Democratic
storeowner in hopes of attracting the good favahefnew administration renamed his
establishment "Cleveland" for the President-el&ust offices established nodes on a greater
network and, in effect, helped attract roads, bah&tels, services, stores, and residences.
Once a place obtained postal service, its citizegre equally determined not to lose it or see
it curtailed. When one small town had its mailéms to the Accomack County courthouse
cut to three days a week, its citizens demandedaleights.®

The post office's effects on the ways local citzanderstood their landscape were
not confined to the race for town status. Postenastesponding to federal requests, filled
out annual reports on their offices' activities asalch. These reports grew in sophistication
and detail over the 1880s and 1890s. By the tlitheocentury postmasters recorded postal

routes and areas of service on a map of conceamtcles showing the extensive and intensive

% Barnes, “Triumph of the New South,” 213; Stev&od Survey12. On the
concept of "reach” and for an excellent overvievthef history of the Gilded Age, see
EdwardsNew Spirits. 8e chapter 2, especially p. 55 on the postal seraE well as
p. 19 for the LSS. For the effect of the railraadpostal service see G. Terry
SharrerA Kind of Fate: Agricultural Change in Virginia, 6&-1920(Ames: lowa
State University Press, 2000), 92. Rural freeveeji, which began on the Eastern
Shore in 1905, eventually reduced the number of gifises (James Egbert Mears,
“The Eastern Shore of Virginia in the Nineteentld dnventieth Centuries” ifhe
Eastern Shore of Maryland and Virginied. Charles B. Clark (New York: Lewis
Historical Publishing Company, 1950), II, 596.

26 PE, March 29, August 30, November 29, 1884, andHerloss of service and its
implications see May 16, 1885.
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network they oversaw. New understandings of sgaoe, service, and the perceived
"rights" of citizens who interacted with the poffice mixed in these years, yielding a
modern world built on tangible and intangible netkas’

Imagining the Railroad

The railroad came to the Eastern Shore of the Qleasa Bay after decades of
planning. First proposed in the mid-1830s, a Vuas surveyed in 1837 by the War
Department at the behest of a Senate resolutimhependently, the state of Maryland
commissioned a study to explore the prospects lioeaalong the Eastern Shore 118 miles
from near Wilmington, Delaware, to Tangier Soundius Chesapeake Bay. The Maryland
commissioners found that the region was full ofshas and "deficient of good roads," and
as a consequence cut off from communication wighrést of the state. These "natural
obstacles" led them to see the peninsula of Madyand Virginia as uniquely suited to the
railroad. The watercourses were so variable ardply indented" that the railroad's straight
course might offer more efficient and "natural” meaf transportation. With the
extraordinarily flat landscape and abundant lunibeties, the Eastern Shore appeared to be
made for rail$®

To these advantages the commissioners added offileesiands of the Eastern
Shore's interior, so far removed from water-bormowrce, were ripe for planting. Their

state of natural "manure” meant that these mar¢amals needed only the railroad to unlock

27 U.S. Post Office DepartmerReports of Site Locations, 1837-198icrofilm
Publication M1126 (Washington: National Archive8380).

28 Report of the Commissioners of the Eastern Shaitedad to the Governor of
Maryland January 24, 1837, p. 7, in Report and Estimateeii@fence to the Survey
of the Eastern Shore Railroad, U. S. Senat8 Gahgress, ¥ Session, Document
218 (1837). See also James Kearney, “Report dEtiggneer of the Eastern Shore
Railroad,”Farmers’ Registed (1836), 552-554; G. L. Champion, “Eastern Shore
Railroad,”Ibid. 6 (1838), 246-247; Charles W. Turner, “The Eargili®ad
Movement in Virginia,”Virginia Magazine of History and Biograp®p (October,
1947), 367.
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their great potential. The railroad, furthermaveuld place the region at the crossroads of
American geography on the eastern seaboard. They eonfident that the rush to build
railroads "cannot fail to convey toward the seatidaindeed, they expected the Eastern
Shore line to profit less from local traffic thanomn “the business which the railroads of the
South will bring towards the Eastern citiés.”

Little came of the commissioners' plans for an &asShore line until well after the
Civil War. Surveying for the line into Virginia bag in 1874, as building proceeded through
Delaware and Maryland. In September the whitereewly enfranchised black citizens of
Northampton County voted across racial lines teer&10,000 for purchasing the right of
way for the new railroad. The vote was 1,014 far appropriation and just 35 against it.
"Our people are delighted with the result,” a Nantipton man proclaimed, "and now we
want to hear the whistle blow to put down brakesl, ery out, 'All aboard!®

The new sounds of the industrial age, however, tookh longer to arrive than
anyone thought possible. The depression of thel®ids slowed the railroad's progress to a
crawl. In 1878 the Virginia legislature chartethd Peninsula Railroad Company to build a
line along the Eastern Shore, but four years latal promoters were still waiting for the

line to extend down the peninsula and erase "tlubtdoof those who have been most

29U. S. Senate, 34Congress,? Session, Document 218 (1837).

30 Better than three-fifths of Northampton'’s registéroters participated in the
referendum. Registered black voters outnumbereately nearly two to one
(Norfolk LandmarkJanuary 31, September 24 [quotation], 1874) hén1i850s and
early 1860s several abortive attempts were madbeitd a railroad down the
peninsula. William Mahone surveyed the line in488elson Morehouse Blake,
William Mahone of Virginia: Soldier and Politicah$urgenfRichmond: Garrett &
Massie, 1935], 33-34; December 13, 1888comack County Legislative Petitions,
1776-1862 microfilm, Library of Virginia, Richmond; Mear§The Eastern Shore of
Virginia in the Nineteenth and Twentieth Centuridék,589). The route was
surveyed a final time in 1881 and 1882 (John C.rifay,Rails Along the
Chesapeake: A History of Railroading on the DelmagdPeninsula, 1827-197@.p.:
Marvadel Publishers, 1879], 71).
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persistent in saying that the 'railroad would nes@me.”™ When finally it seemed as if the
railroad would be built on the Eastern Shore, allattorney pointed out that its origins were
forty-six years old. Few residents could conthigirt excitement at the prospect. The
railroad "will bring to light our undeveloped resoes, improve our lands in productiveness
and value," one predicted. "In a word, it willéderus from the groove in which we have spun
for two centuries and a half and put us upon al keith this progressive agé:"

The Pennsylvania Railroad Comes

Finally, in 1884 the Eastern Shore not only hadilaaad but also one of the largest
corporations in the nation operating in its midshe Pennsylvania Railroad had entered into
a traffic agreement with the Peninsula Railroady nenamed the New York, Philadelphia
and Norfolk Railroad Company. With this powerfohmection the Eastern Shore's
transformation seemed foreordained to many ressddttvas to become the produce
"garden” of the cities, the place of rest and rafi@x for urbanites, the orchard land of the
east coast. William L. Scott, the Erie, Pennsyil@acoal magnate who was a leading
investor in the N.Y., P. & N., expected that thiroad would bring a "great revolution™ in
the variety of agricultural products that wouldesrthe Philadelphia and New York markets.

He noted the gentle climate of the shore, whichdrapared with Marseilles, France, and the

superb quality of the soil, which he said, exceettiatiof Long Island?

31 PE, January 19 (first quotation), February 23 (secamatation), 1882.

32 peninsula Enterpriseipril 19, 1884; HaymanRails Along the Chesapeak#d-
72; “Our Peninsula — As the Hon. Wm. L. Scott S¢eRhiladelphia TimesApril

18, inPE, April 25, 1885. The Pennsylvania Railroad did parchase the capital
stock of the New York, Philadelphia and Norfolk ud®08 (H. W. SchottefThe
Growth and Development of the Pennsylvania RailrGadhpany: A Review of the
Charter and Annual Reports of the PennsylvaniarBad Company, 1846 to 1926,
Inclusive[Philadelphia: Pennsylvania Railroad Company, 192739-310).
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The natural features of the region were not thg saurces for the bright future that
William Scott envisioned. At a cost of nearly $300, the N.Y., P. & N. was dredging a
new harbor out of a large fresh-water lagoon betv&ag’'s and Old Plantation creeks in
lower Northampton County, and Scott planned to igve new town around it called Cape
Charles City. The appellation “City” for any place the Eastern Shore was romantic, a
vision of the future that the railroad might makessgible. To dramatize the opportunities,
Scott suggested, "Take a compass and draw a oirelethe lower Chesapeake, within a
radius of seventy-five miles of Cape Charles, amd will find that 18,000,000 bushels of
oysters are gathered every year, while there dyeatout four millions taken from all other
waters of the country*®

Cape Charles City and its harbor were plannedhasdor traffic flowing via
steamboat and barge to and from Norfolk where naogerailroad lines extended South and
West. Less than a year after its founding, a tepaiescribed the place as “an embryo city . .
. with a breakwater, long piers, and sundry warekewand other buildings.” In 1887 the
Pennsylvania, the N.Y., P. & N., and the Wilmingtord Weldon Railroad agreed on a
traffic arrangement, the “Atlantic Coast Dispatcifiich greatly facilitated the shipment
northward of Southern early fruits and vegetabledew years later the N. Y., P. & N.’s
allies in Congress placed Cape Charles harborifritier and Harbor Act. In 1890 the

Corps of Engineers dredged the harbor basin, ttace, and a channel through Cherrystone

33 "Our Peninsula - As the Hon. Wm. L. Scott See®hiladelphia TimesApril 18,
in PE, April 25, 1885; Letter from the Secretary of Waransmitting Reports on the
Survey and Preliminary Examination of the Harbatt &pproaches of Cape Charles
City, Va., U.S. House of Representatives, Ebngress, 3l Session, Document 29
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Inlet and built stone jetties protecting the harbatiet. By 1912 the Corps estimated that
Cape Charles harbor handled 2,500,000 tons offfraigear?

Over the next several decades the N.Y., P. & Ntiooad to expand and improve its
infrastructure. Beginning in 1906, the railroadidle-tracked its line using heavier rails and
in 1912 completed an extension Southward from @iprles City to Kiptopeake. It
installed a block signal system in 1908, substituétephone for telegraph dispatching in
1912, and replaced manual signals with electrit923. It built new shops and offices at
Cape Charles City in 1910 and all the while addwtiwigpgraded sidings. Boxcar capacity
increased from 40,000 Ibs. in the 1880s to 100i0A®01. Boxcars were equipped with
ventilators for the shipment of seafood and vedetabnd after 1913 were of all-steel
constructiort?

Where the earliest travelers on the new rail liad been “little except pine forests,
corn fields, fallow fields and here and there anféwouse surrounded by a few fruit trees,”
those that followed soon after discovered “newlesients appearing, and buildings going up
wherever a station has been built.” From the nepots (eventually numbering twenty-

eight) rail cars carried away seafood from the Bveater, mine props from the swampy

34 «The Eastern Shore”, New Yo#kvening PostApril 25, 1885 (quotation); Howard
Douglas DozierA History of the Atlantic Coast Line RailrogBoston and New
York: Houghton Mifflin Company, 1920), 124-125; Jesr_. McCorkle Jr., “Moving
Perishables to Market: Southern Railroads and thetBlenth-Century Origins of
Southern Truck FarmingAgricultural History66 (Winter, 1992), 54; H.R. (51-1)
Doc. 29; Letter from the Secretary of War, Transimgt With a Letter from the
Acting Chief of Engineers, Report on ExaminatiorChlesapeake Bay, with a View
to Straightening the North Side of the ChannehatEntrance of the Harbor at Cape
Charles City, Va., and to Increasing the Widthh&f Channel 200 Feet, U.S. House
of Representatives, 62nd Congress, 3rd Sessionrbaa No. 1112.

% EastvilleEastern Shore Heralthereafter cited a&SH), June 1, 1906, March 29,
1912; HaymanRails Along the Chesapeal&; Kirk Mariner, “Remembering the
Old Cape Charles Railroad,” TaslEgstern Shore Newspril 19, 2006;PE, January
27, 1923; Frederic H. Abenschein, “Pennsy’s Pemet Plenty, The Keyston81
(Summer, 1998), 28.
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forests of the upper Accomack bayside, and produm@ons, cabbages, strawberries, and
sweet and white potatoes — from the peninsulaimgar‘The stimulus of profitable trade
piles up the stations with their produce,” an Estglian observed, “for they are engaged in
feeding populations numbering several millionspfrd00 to 500 miles northward. The rapid
trains for the quick delivery of produce go asdarBoston, and in some cases to Canada. In
12 hours the fresh and tempting fruits and vegetaaie delivered in New York, in 20 hours
in Boston, and in 30 hours in Montreal.” A fewtbé depots remained villages busy only at
the harvest, but others grew rapidly into towhs.

The towns developed as nodes on a greater neta®riesidents rearranged the
landscape around the railroad. Local people,mtailroad corporation, developed most of
the railroad towns. All were laid out in a morel@ss regular pattern with their business
districts adjacent to and often facing the raildyand their residential neighborhoods,
developed by different people at different timeg lout in square or rectangular blocks.
Cape Charles City and Parksley, planned by Nortmestors, were more formally
arranged. They were laid out in a grid with Iaserved not only for businesses and
residences but also for a variety of community pags. One of Parksley’s founders boasted
that “foresight was shown in the reservation ava ficre site to be maintained as a park on
the west side of the railroad and a one acre ldhereast side to be used as a playground. An
additional five acres were reserved for schooldigs and two choice lots were granted to

each church which applied for sanié.”

3 «“Qur Peninsula, Wilmington Morning Newi PE, November 22, 1884 (first

guotation); “New York, Philadelphia and Norfolk Raad,” LondonTimes October
11, 1887, irPE, January 7, 1888 (second quotation); Mears, “Tastdtn Shore of
Virginia in the Nineteenth and Twentieth Centuriel,592-593.

37 PE, December 6, 1902; Jim Lewiape Charles: A Railroad Tow(Eastville, Va.:
Hickory House, 2004), 9-11; J. B. H. Carter, C.Mélland Jr., W. E. Johnson, and
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A network of new roads soon connected the couidigy® the railroad towns.
Neither stream nor swamp discouraged the farmexermen, and lumbermen who yearned
for more direct access to the rails. In 1898 efaample, the haul between the seaside necks
and the station at Painter was shortened by tldgibg of the Machipongo River.
Meanwhile, Slutkill Neck on the bayside was moneclily linked to the depot at Onley by
the building of multiple spans across the uppechea of Onancock Creek. Before the
coming of the railroad, the Eastern Shore’s rodtepahad resembled a grid with the north
to south roads (known as the seaside, middle aysld®aroads) crossing those running east
to west from sea to bay. Now it more closely resiecha sequential series of webs
emanating from each of the railroad towns. Sadate had the pattern become that an
architectural historian writing in the 1970s misaky attributed its origin to medieval

England®®

The Railroad's Direct and Indirect Effects:

In 1915 the leading agriculturalists in the natiook the railroad to the Eastern
Shore of Virginia to study how the tiny peninsutdtbecome a worldwide force in the potato
market and in the process created a vital, weadthg,by all accounts successful agrarian
society. Clarence Poe, editor of fgressive Farmemwas especially interested in the
doings of the Eastern Shore Produce Exchangealttded it a “$5,000,000 truck marketing

association” and proclaimed it one of the leadixgneples in the nation of the staggering

C. L. Miller, “An Economic and Social Survey of Ammac County,’'University of
Virginia Record Extension Seriedll (March, 1929), 5-6 (quotes H. R. Bennett).

% PE, June 25, October 15, 1898; Emma LeCato Eichetibetghe Little Old Town of
Quinby,” PE, May 7, 1953; H. Chandlee Formdrhe Virginia Eastern Shore and its British
Origins: History, Gardens and Antiquiti¢gaston, Md.: Eastern Shore Publishers’
Association, 1975), 5.
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profits that were possible in agriculture. Théntig run exchange had shocked the financial
establishments in Baltimore and Philadelphia wheteclared a dividend of 70 percéht.

Steady economic growth had followed the comindhefriailroad to the Eastern
Shore but a boom awaited the end of the decadedepression of the 1890s. Revived
prosperity in the urban North now combined withr@vgng population, both native and
immigrant, to increase demand for fruits and veglega Although possessing favorable
geographic and transportation advantages, Easteme $armers hitherto had failed to enjoy
the returns that the expanding market seemed toipeo "In pre-prosperity days on the
Eastern Shore," an observer later remarked, "ttmeciiss knew how to grow potatoes and
grew them. But they didn't know how to market thamd so they weren't marketed. They
were consigned to their fate, which more often thaeiwas a tragic one." On occasion
returns were so small that farmers were paid itggasstamps. In 1900 a group of Eastern
Shore farmers and businessmen sought to improveghen's position in the volatile
national produce market by incorporating as thedfasShore of Virginia Produce

Exchangé?

39 Clarence PoeHow Farmers Cooperate and Double Profitdew York: Orange
Judd Company, 1915), 113-122E, November 22, 1902; "Big Dividends for
Farmers: How Agriculturists of the Eastern ShorenGmed for Self-Protection and
How Their Combination Works," Baltimoi®un December 7, 1902. For the best,
recent examination of a farmer's cooperative, Setka Saker Woestd he
Farmer's Benevolent Trust: Law and Agriculturaldperation in Industrial
America, 1865-1948hapel Hill: University of North Carolina Pre4998).

“0 Twelfth Census of the United States, Taken in #ae ¥900: Agriculture, Part II,
Crops and Irrigation(Washington: Government Printing Office, 1902)13%hatrrer,
A Kind of Fate 147; McCorkle, “Moving Perishables to Market,”-43; James L.
McCorkle Jr., “Southern Truck Growers’ Associatidn&gricultural History 72
(Winter, 1998), 79-80; William Harper Dean, “Potadc- F.O.B. Eastern Shore:
What Their Exchange Did For the Virginia GrowerSguntry GentlemanJuly 5,
1919, inPE, August 2, 1919 (quotation); Benjamin T. Guntéarfm Group
Activities,” PE, August 10, 192%\cts and Joint Resolutions Passed by the General



320

The Eastern Shore Produce Exchange

The Eastern Shore Produce Exchange offered shab&seach to white farmers. No
subscriber could own as much as one-tenth of tlaéstock and most of the shares were held
in blocks of one to five. Black farmers were niddwaed to participate as shareholders but
could use the Exchange to market and sell theprscamd were eligible for the frequently
lucrative patronage dividend. By 1915 the orgaiorehad 2,500 stockholders and,
extending its services to 1,000 non-stockholdimg&as, controlled 75 percent of the potato
crop on the Eastern Shore. The Exchange expahdgabtential market for local produce by
employing agents in cities throughout the North khd-\West. Where once farmers had
consigned their crops to a handful of commissionciments in five or six cities on the
Atlantic coast, within two years of its foundingtExchange directly supplied over one
hundred customers in more than twenty states. itBgystem of distribution, in finding
customers all over the country,"” an Accomack maweahd'it has contributed its part in
relieving the demoralizing congestions of shipméaotislew York, Boston and Baltimore of a
few years ago." By 1930 the Exchange had furthtamgled its network to 616 cities in the
United States, Canada, and Cuba. The Exchangewenthe reputation of Eastern Shore
produce by requiring that goods shipped underétd 8tar brand be subjected to tight quality
control (previous to the Exchange, some EastermeéShomers had packed pumpkins in the
bottoms of barrels of sweet potatoes). Twenty4digtal boards organized and coordinated
the activities of Exchange agents who inspectedgaaded the produce shipped from forty

depots and wharves on the peninsula. The Exchalegdought seed potatoes in bulk and

Assembly of the State of Virginia, during the S&s6ef 1899-190¢Richmond:
Superintendent of Public Printing, 1900), 194-195.



321
negotiated with (and on occasion brought legabactigainst) the railroad and steamboat
companies for better freight ratgs.

The Produce Exchange invested in the latest teobies of the day. From its
headquarters in Onley it ran a private telephoiséesy between the local offices and
shipping points. It used the telephone and tefdgta receive and monitor prices through its
agents in major cities across the nation and wodticago, New York, Boston, Pittsburgh,
Toronto, Scranton, Havana. The Exchange oblitdrabenomic hierarchies. "Do not make
the mistake of supposing that Baltimore can eveolne the distributing point for Eastern
Shore of Virginia goods," the general manager efflkchange warned a Baltimore reporter.
"The little country town of Onley, Va., is now thestributing point and will be such so far as
man can see into the future. Don't you know,tkat we can get as good rates from this
point as Baltimore or Philadelphia or New York qanssibly get?" The Exchange pooled the
prices for each day’s sales and paid the farmerpi#vailing price. The system assured
farmers that they would not pay commissions fog #arvice, that they could gain the highest
average market price, and that their products wbaltharketed with a brand, “The Red
Star," nationally recognized for quality. The Ea&olge could handle the sale of 200 to 350
rail carloads of potatoes each day with this sy$fem

Aggressive marking and improved quality controhstated demand for Eastern

Shore produce. “Better potatoes of better graded wut in better packages to better

“1 Poe,How Farmers Cooperate and Double Prafitd 3-122; Gunter, “Farm Group
Activities,” PE, August 10, 1929; W. A. Burton, “A Review of thetBto Industry of
the Eastern Shore of Virginia,” Chicagotato Worldin PE, March 17, 1939;

William Gordy, “The Organization and Developmentloé Eastern Shore of Virginia
Produce ExchangePE, August 1, 1931PE, August 9, 1902 (quotation);
“Onancock: The Year One of Continued Prosperitfastern Shore,” Richmond
Times-DispatchJanuary 1, 1906. For an example of pumpkins mhokéarrels of
sweet potatoes s&E, September 25, 1897.

2 poe,How Farmers Cooperate and Double Profitd3-122; “The Chesapeake Bay
Trade,” BaltimoreSun July 30, 1907 (quotes William A. Burton).
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markets at better prices than ever in the histbth@two counties,” an observer declared.
The value of real and personal property increagpdreentially. Between 1870 and 1920 the
average value of farmland and buildings per aampgd in Accomack from $16 to $137 and
in Northampton from $15 to $197. In 1910 Accomaaojoyed the highest per capita income
of any non-urban county in the United States antPit® Northampton and Accomack led all
American counties in value of crop per acre. Adiguthe Produce Exchange alone amassed
receipts of $6,000,000 to $7,000,000. The exceptigear of 1920 saw the Exchange’s
receipts climb to an astounding $19,000,000. Tifex of cash encouraged the formation of
new businesses. Between 1880 and 1928 the nurhbwroantile establishments in
Northampton County increased from 46 to 306. Bahitkerto nonexistent on the peninsula,
opened in the larger towns. By 1919, total depasieraged $7,000,06.

The RichmondNews-Leadeascribed the Eastern Shore’s prosperity to thdlem®
Exchange, “adequate and quick transportation,’thadvillingness of the farmers to abandon
the ways of the fathers, to experiment, and totpllwose products that promise most from
the land.” While théNews-Leadewas correct to identify agriculture as centraihe
peninsula’s prosperity, it failed to note that fisberies and lumbering industries were also,
in the words of a Northampton man, “on the bodfn.”

Prosperity

3 Dean, “Potatoes — F.O.B. Eastern Sho@gtintry Gentlemanluly 5, 1919, irPE,
August 2, 1919 (quotation); Charles H. Barnard dolth Joneg;arm Real Estate
Values in the United States by Counties, 1850-1882shington: United States
Department of Agriculture, 1987), 3, 100, 102, 184arrer A Kind of Fate 184;PE,
January 7, 1922; Gunter, “Farm Group ActivitieBE, August 10, 1929; Richmond
News-LeaderMarch 15, 1922, iiPE, March 25, 1922Dun’s Mercantile Agency
Reference BooKuly 1880, July 1928; M. E. Bristow, “Banking tihre Eastern Shore
of Virginia,” PE, December 26, 1925.

44 RichmondNews-LeaderMarch 15, 1922, ifPE, March 25, 1922ESH August 10,
1906 (quotation); Baltimor8unin AN, October 24, 1908;.
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The good times encouraged young people to rentatheoEastern Shore and
attracted strangers to the peninsula. Between 48@@910 the population nearly doubled,
growing from 28,455 to 53,322. In 1906 an offiaéthe U.S. Department of Agriculture
noted “the increase of population, especially airygp married couples, seeking homes,
making new settlements and improving old ones.” ifdlicator of the Eastern Shore

prosperity was the growth of its black populatiaithile the black population of
Virginia grew by only 24 per cent between 1870 &80, that of the Eastern Shore grew by
78 per cent (the Eastern Shore’s white populaticreased by 95 per cent). The demand for
labor attracted black immigrants from North Caraland the Western Shore of Virginia.
“This is a promising field for good farm labor,” &astville man advised, “prices ranging
from $1 to $2.50 a day. There are some 500 wateonehe seaside waters getting on an
average of $2.50 a daf>”

With the local economy booming across the boafmhi@&njoyed a seller's market.
The fisheries, farming, lumbering, and constructompeted year-around for labor. In
certain sectors demand peaked at the same timarisToesorts siphoned off agricultural
workers during the summer, and the fall sweet pdtatvest coincided with the opening of
the oyster season. When times became slack io@rpational specialty, workers enjoyed
opportunities elsewhere. At the close of the ayst@ason in the spring oystermen might
clam or crab or fish pound nets. In May they mighip with the strawberry harvest and in
July pick up white potatoes. Or they might drivienaber cart or tend the saw at the local
mill. During the winter they might leave the oysgeounds for a day or two to work as

guides for Northern duck hunters. None of the tdbes was racially exclusive. Both

> OnancockEastern Shore Newereafter cited a&SN, October 11, 194N,
October 27, 1906 (first quotatioorfolk Landmarkhereafter cited asL), October
30, 1901 (second quotation).
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black and white worked for wages in the fieldsthe woods, or on the water. Lumbering
was a male preserve and female labor in the fishevas restricted to the packing houses, but
the agricultural harvests, essentially races agapulage, required the services of all
available hands regardless of race, gender, oedeajrkinshig!?

The competition for and flexibility of labor creat tensions between workers and
employers. In the seafood industry these foundesgion in occasional and usually
successful strikes of oyster tongers and shucKaragriculture, tension was especially high
at the harvest when farmers worried that their smaght rot in the fields for want of hands
to pick them. Racial animosity and distrust exaag¥d the situation. A dispute over farm
wages set the stage for a minor race riot at Oreniool907. As white potato production
increased exponentially in the 1910s and 19204eEaShore farmers employed black
migrant laborers to help with the harvest. Thenfais themselves were, overwhelmingly,
small holders well acquainted with the physical dads of farm labor. A woman who grew
up on an eighty-acre farm at Nelsonia recalledfitraber father “it was up with the sun all
spring, summer, and fall, a short stop for lunbkentback to the farm until sunset. He tilled
the fields, planted white potatoes, corn, sweedfpets, hay, and rye. He scattered clover

seed and together he and God raised the cfops.”

**StevensSoil Survey 31;PE, May 17, 1884, May 22, 1886, May 28, 1887; Etta
Bundick OberseideSo Fair a Home: An Eastern Shore Childhdad.: Author,
c1986), 5, 22-23.

*"PE, February 9, 1884, March 16, 1895; Brooks Milesra, “The Onancock Race
Riot of 1907,"Virginia Magazine of History and Biograpi®2 (July, 1984), 336-351,
OberseiderSo Fair a Home21 (quotation). The Bundick farm “was more tiosae
man could take care of, and we always had one teaat sometimes twoll{id., 5).
Further research has shown that Barnes’s analiytie ¢abor situation was far too
facile. For migrant labor see Cindy Hahamovifthe Fruits of their Labor: Atlantic
Coast Farmworkers and the Making of Migrant Povett§70-1945Chapel Hill and
London: University to North Carolina Press, 1997).
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The expanding population put pressure on the sugifigrmland. Farms were
divided and sub-divided. As early as 1891 an Ooelkenan had discovered “a tendency to
break up the larger estates of former days andelittiem into small farms that can be easily
cultivated by two or three men.” Between 1890 2885, the number of farms in the two
counties increased from 2,997 to 4,856 while trexaye acreage decreased from 86 to 46.1.
Curiously, throughout the period the acreage undiivation remained about the same. In
Northampton County farmers brought only 646 nevescmder cultivation notwithstanding
the value of land increased by over 700 per c&he farmers’ need to preserve their
woodlots thwarted the impulse to break new groufilde farmers valued their woodlots as
windbreaks protecting the peninsula’s level fieddsl as a source of lumber for building and
repair, for fence, and for stove wood. They valited a refuge for insect-devouring birds
and for the game they so loved to hunt. The fasrespecially valued their woodlots as a
source of pine needles. “Ever since truck raisiisglaced general farming, pine needles
have been used as a substitute for straw as beddthgs a source of humus,” a forestry
expert explained. “A truck farm without an adegustipply of pine ‘straw’ or ‘shats’ could
scarcely compete with its more fortunate neighbdirsvould be difficult to place a monetary
value on this resource, but it is generally recpgdithat the trucking industry, as now
organized, is largely dependent upon forest lagea source of humus.” Although the
Eastern Shore was wealthier in 1920 than in 19#0latter year’'s population of 53,322
remained the peninsula’s historic high. Farm biaé reached its practical minimum. The
smaller the farm, the more intensively it must bliated to achieve a decent standard of
living. Prosperity could not be sustained by esraaller farm units divided among an ever

greater number of farmers. Population growth resmiy halted”®

““Onancock: The Year One of Continued Prosperitfastern Shore,” Richmond

Times-DispatchJanuary 1, 1906; Frank P. Brefihe Eastern Shore of Virginia: A
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Eastern Shore farmers compensated for the defactband by dramatically
increasing the yield of their staple crops. Frd@#@to 1924, sweet potato production
increased from 2,529,339 bushels to 2,932.849 widleof white potatoes increased tenfold,
from 1,269,055 in 1900 to 12,873,750 in 1924. ‘Bac1907,” a railroad official remarked
in 1919, “we used to get a little chill of joy updadown our spinal columns if we could see a
million barrels of white potatoes promised at haty# we don’t get 3,000,000 barrels now
we feel sick.” In 1928 the Produce Exchange alexgired 14,153 boxcars to move the
white potato harvest, a logistical demand thaetk#te organization and ingenuity of the
Exchange and of the railroad. Farmers achievethtiteased production by a greater
concentration on potatoes (although onions, calshagel strawberries remained important
cash crops and corn was grown to feed livestogkimiproved farm machinery, by the use of
pesticides to control the Colorado potato beetid, @y the liberal application of fertilizer.
Expenditures for fertilizer increased from $63,000879 to nearly $1,000,000 in 1909. The
end of the open range in the early 1900s also Hédgecurtailing the depredations of
foraging animals and by reducing the farmers’ exiteres of time and money on the

erecting and mending of fente.

Description of Its Soil, Climate, Industries, Desyfainent, and Future Prospects
(Baltimore: Harlem Paper Company, 1891), 4-5 (fingbtation); Carter, “An
Economic and Social Survey of Accomac County,”G4W. Holland Jr., N. L.
Holland, and W. W. Taylor, “An Economic and Soctairvey of Northampton
County,” University of Virginia Extension Service Ser}d$ (November, 1927), 35,
37 (quotes Wilbur O’Byrne), 38; Wilbur O’'Byrne, “Me and Better Pines on the
Eastern Shore ESN October 23, 1936. For the necessarily more smen
cultivation of small farms see John Fraser HEng Rural Landscap@altimore:
Johns Hopkins University Press, 1998), 279.

9 Dean, “Potatoes — F.O.B. Eastern Sho@gtintry Gentlemanluly 5, 1919, irPE,
August 2, 1919 (quotationPE, January 19, 1929; Steveisnil Survey18, 20, 21,
24, 25; SharreA Kind of Fate 56; ESH March 24, 1905. For the use of fertilizer in
the South see Douglas Helms, “Soil and SouthertoHi$ Agricultural History74
(Fall, 2000), 751-752.
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The ramifications of these changes extended ippdereffect across the peninsula.
The closing of the open range in the early 1900sbioed with the importation of cheap
pork and beef by rail to prompt the peninsula’srfars to reduce their herds of hogs and
cattle. With fewer animals rooting in the woodg bones of dead animals were less
frequently gathered from the woods’ floor for gritmglinto fertilizer. Indeed, around 1910,
the county boards of health ordered the timelyrmént of the carcasses of domestic animals.
While the numbers of hogs and cattle declined,alaf$orses and mules increased in
response to the demands of expanding farm, luraperseafood sectors. The importation by
rail of horses and mules from as far away as Missmubtless introduced the diseases that
so vexed and worried the owners of Eastern ShasefiesIt?

The success of the agriculture and seafood indagtfaced tremendous pressure on
the peninsula’s forests. By 1917, farmers and mraa annually required nearly 4,000,000
barrels in which to ship their potatoes and oyst&amers also needed fence rails, shipping
containers for other produce, and frames for swettto beds. Everyone needed stove wood
(farm families consumed at least fifty cords a yeard lumber for repairs and construction.
Eastern Shore forests also supplied the nationedghaRafts of lumber and stove wood
were towed from the peninsula’s creeks and intetddrthern ports, and beginning in the
1890s companies out of Scranton and Hazelton, Pk@nsa, sent mine props from the

swampy lands of the upper Accomack bayside to nitieracite fields:

* Acts and Joint Resolutions Passed by the Genesdlmlsly of the State of Virginia,
during the Session of 1895-189Richmond: Superintendent of Public Printing,
1896), 144 Acts, 1901-1902441-442PE, September 6, 1890; SharrarKind of

Fate 111.

>l StevensSoil Survey23; Holland, “An Economic and Social Survey of
Northampton County,” 37; Sharrex,Kind of Fate 84; PE, November 15, 1902,
March 15, 1931, March 29, May 3, 1956.
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Lumbering was almost as omnipresent as agriculttdeast one barrel factory
stood in every railroad and waterfront town, podagieam sawmills moved constantly from
woods to woods, timber carts passed frequenthhemdads, and prop-laden cars filled the
rail sidings of Parksley, Bloxom, Hallwood, andetlipper Accomack depots. In 1891
Chincoteague Island alone handled 34,690 tonsnatbéu valued at $159,300. In 1917 the
value of the lumber industry on the Eastern Shas mearly $1,000,000. By the mid-1920s,
faced with ever-increasing potato production anithwie advent of the pulpwood industry,
demand appeared poised to surpass supply. “Thartefor barrels alone probably exceeds
growth and any wood shipment out . . . must ultefyabe replaced by wood grown
elsewhere,” a forester warn&d.

The peninsula’s sandy roads were excellent indnenger — “smooth enough for a
race track,” remarked a traveler who passed thraudhly — but often badly torn up,
particularly by heavily laden timber carts, in thimter and spring. Growing commerce
stimulated public demand for improved roads, amdcittiming of the motor truck in the 1910s
give it greater urgency. By 1923 the Eastern Shdrest roads were of a sand-clay mixture
with a few miles of oyster-shell and macadam in aear the larger towns. In that year

began the construction of a concrete highway peiradj the railroad tracks down the spine of

*2\/irginia: A Handbook Giving its History, Climatend Mineral Wealth; Its Educational,
Agricultural and Industrial Advantaggfichmond: Everett Waddey Company, 1893), 193;
Ibid. (1909), 83jbid. (1926), 131PE, May 10, 1902AN, May 4, 1907, January 11, 1908;
ESH May 10, 1907; Letter from the Secretary of Wagrnsmitting, with a Letter from the
Chief of Engineers, Report on Examination of Chteegue Inlet, Va., with Plan and
Estimate of Cost of Improvement, with a View to @bing a Channel Depth of 15 Feet, U.S.
House of Representatives,”%Eongress,r% Session, Document No. 1094; SteveSs)

Survey 23; Holland, “An Economic and Social Survey ofritiampton County,” 37 (quotes
Wilbur O'Bryne).
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the peninsula. The new highway confirmed the idleorridor as the preferred route of
business and communicatiots.

Town Life

The New York, Philadelphia and Norfolk Railroad irdmately became the main
artery of Eastern Shore trade, but the new towaissjprang up along its length did not
prosper at the expense of older wharf and crossroamunities. The directors of the
steamboat companies serving the peninsula earlg@melctly realized that the N.Y., P. & N.
posed a threat to their business. The railroad sm@ed them to curtail steamboat service on
the seaside and abandon it altogether on the lbayeide. Still, the Baltimore steamers
continued to call at numerous wharves on the upagside from which they annually carried
away thousands of tons of seafood and farm prodlc#&929, although in the waning days
of the steamboat era, the commerce of the eightwgbaon Occohannock, Nandua, and
Pungoteague creeks amounted to more than 20,088 ton

Saxis, Sanford, Marsh Market, Messongo, and Belinddélages adjacent to
Pocomoke and Tangier sounds — thrived on the CkhakaBay crab and oyster industries.
In 1907 Sanford boasted of “nine stores, three sdis; one Town Hall, three churches and
a barrel factory building and several new dwellihgsarther down the bayside on

Pungoteague Creek, Harborton enjoyed the bendfits large wharf and of a factory that

>3 “The Eastern Shore,” Richmor&tate July 24, 1883 (quotation); SteveSmil
Survey 11; AN, April 27, 1907,Virginia (1923), 103£SH December 3, 190®E,
June 17, 1922, November 17, 1923. The closing@bpen range early in the
century hastened communication by eliminating thednfor livestock gates across
the public roads (Formaiihe Virginia Eastern Shore and Its British Origi2€6).

>4 John L. Lochhead, “The Boat Trains,” National Raiy Historical SocietBulletin
43 (1978), 19; Letter from the Secretary of WagnEmitting, Report from the Chief
of Engineers on Preliminary Examinations and SuswayPungoteague, Nandua and
Occohannock Creeks, Va., U.S. House of Represeesaff ' Congress, ¥ Session,
Document 165. In 1894 the Pennsylvania Railroadegbcontrol of the Baltimore
steamboats (Abenschein, “Pennsy’s Perimeter ofty3letD).
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rendered fish into oil and fertilizer. A newly adoped section of the town aptly took the
name Menhaden Park. Onancock, the busiest ofayside ports, grew by leaps and bounds.
Confined since its founding in the seventeenthurgritetween two branches of Onancock
Creek, beginning in the mid-1880s the town exparesstiward and south-eastward and even
sprawled across the creek into what became its Merospect neighborhood. On the
seaside the seafood industry fueled the growthrarilin City, Greenbackville,
Wachapreague, and Willis Wharf and encouragedateding of Quinby, Oyster, and
Brighton>®

The hamlets at the crossroads and the heads ofabks also prospered. Numerous
new post offices, schools, and churches — all &skedal to accommodate expanding business
and population — made the hamlets attractive tgpéople living in the surrounding
countryside. Their stores, easily and abundambigked from nearby depots and wharves,
served by day as emporia and by night as sociaésewhere men gathered to discuss the
local passions of hunting, horse racing, and bdisebim 1920, forty-six places in Accomack
and Northampton counties counted populations ofdtQ@ore. They were home to nearly

forty per cent of the peninsula’s people. Withirotor three miles of each other, the railroad

> Drummer, “Pocomoke Neck and SykeBE, July 23, 1887:AN, April 27, 1907
(quotation);PE, May 9, June 13, 1885, October 29, 1898, Marct980, September
20, 1902; “Onancock: The Year One of Continued pedsy on the Eastern Shore,”
RichmondTimes-DispatchJanuary 1, 1906; John R. Spears, “A Curious ¥iggi
City,” New York Sun May 7, 1890; Kirk MarineryWachapreague, Virginia: Then
and Now(New Church, Va.: Miona Publications, 1995), 9-Ednest Ingersoll, “The
Oyster Industry,” inThe History and Present Condition of the Fishemyustries ed.
G. Brown Goode (Washington: Department of the loted881), 183; Letter from
the Secretary of War, Transmitting, with a Lettenh the Chief of Engineers, Report
of Examination of Oyster Harbor, Virginia, U.S. Hmuof Representatives, %8
Congress, ¥ Session, Document 202; U.S. Post Office DepartnReport of Site
Locations
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and wharf towns and the crossroad hamlets embaaiédrchipelago of villages” across the
Eastern Shore countrysitfe.

People moved into the larger towns to find work ménjoy the amenities and
novelties of town life. In 1907 an Onancock eddoected the attention of his readers “to
the great number of homes erected here, more gothem in any year in its history.”
Prosperous farm families, the editor continuedyé&moved into our town where their
children can be educated and the social featurana ap-to-date town can be enjoyed.”
Townspeople built their homes close to the straedeep, narrow lots. (Conversely, out in
the countryside, farmers built their houses sek i@ the road behind spacious lawns.)
Many of the towns laid sidewalks, erected stremipls, and provided water and sewage
(which was flushed raw into the creeks). Powentslaupplied electricity to the towns and
extended the grid into the country. Telephonedwibards linked the towns to nearby

farmsteads and to the greater world. Beginningénearly 1890s, large public cemeteries

*% Brent, The Eastern Shore of Virginié, 8;Virginia (1919), 84; Carter, “An
Economic and Social Survey of Accomac County,”Batland, “An Economic and
Social Survey of Northampton County,” 51. For t&eerish building of churches
after the coming of the railroad see Kirk Marin@gvival’s Children: A Religious
History of Virginia’s Eastern Shorgalisbury, Md.: Peninsula Press, 1979), 240-637.
The term “archipelago of villages” is Joel Kotkin’See hiSThe New Suburbanism:

A Realist’'s Guide to the American Futyrep.: The Planning Center, 2005) at
www.joelkotkin.com (pdf). For a somewhat dissimigiocess of layering and town
development in a rural region, see Joseph WaldemBa“Prairie Trails, iron rails,
and tall tales: the settling, town building, arebple of Nodaway County, Missouri,
1839-1910,” Ph.D. Dissertation, University of MisseKansas City, 2004. Baumli
charted the development of infrastructure in tlughnwvestern Missouri border
county, from schools to churches, rural mail deljw@utes, roads, and railroads. He
argued that the development pattern of the coumtlge nineteenth century emerged
around the railroad between 1869 and the late 18B0#his period town
development centered on railroads, and earlidesgtnt towns went dormant while
new towns exploded. Most of these new towns gteadily but none of them
“acquired any semblance of an urban landscape8)(Eaumli argued that the
county remained overwhelmingly rural despite the nalroads, and that the towns
were successively rearranged as the railroadsealriv
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appeared on the edge of several of the townsurimenous instances, ancestors, long the
denizens of secluded family plots, were re-inteirethe new cemeteries. Even the dead
were coming to town’

The landscape, town and country, was dotted véth lInomes and businesses. The
traditional string style of local architecture waagerseded by modern styles — the four-
square and its varieties, the bungalow, even SBRaehuck manufactured houses shipped to
the Eastern Shore by rail. “The dwelling housésnayears ago were unattractive, and many
of them uncomfortable,” a traveling salesman remdik 1887. “To day they are not only
comfortable but tasty.” In 1920 a farmer left Bis-room house in the crossroad hamlet of
Nelsonia for a new home in the nearby railroad tofvBloxom. “This house had thirteen
rooms, a sleeping porch upstairs, and a downgianch that ran three-quarters of the way
round the house, plus a small porch in back,” &mmér’'s daughter later recalled. “The
house had a real bathroom and electric lights @meroom.” Frame structures predominated
but brick and concrete houses and stores werenooihumon. When fire destroyed the
business sections of Parksley and Onancock atitheof the century, both were rebuilt
almost entirely in brick. The new homes and bussae were fitted with modern heating and
plumbing. On the farms modern windmills stood el angular among new barns,
smokehouses, potato houses, and other outbuild®gsnuch construction left the
domesticated landscape, particularly that of the reélroad towns, with a raw, unfinished

look .8

" AN, January 5, 1907 (quotation); SteveBsil Survey24;PE, May 7, 1892,
September 11, 1897, September 10, 1898, NovembdaOpP2;NL, November 9,
1902; Mears, “The Eastern Shore of Virginia in lieeteenth and Twentieth
Centuries,” Il, 599; “History of Growth of the Teleone on E.S. of Virginia,PE,
August 18, 1928.

%8 Kirk Mariner, Once Upon an Island: The History of Chincoteaglew Church,
Va.: Miona Publications, 1996), 8RE, December 16, 1899, November 22, 1902,
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Race, Wealth, and Labor

Despite the widely shared prosperity, segregaterebped on the Eastern Shore in
the same way it did across much of the South atidtive same restrictive effects. Separate
schools were constitutionally mandated and sepahateches the norm. In the towns, blacks
lived in separate neighborhoods. In the countgsichite and black residences might be
interspersed or in discreet settlements. Segghi custom on local public transportation
preceded the railroad. In 1882 the Eastern Shie@n®oat Company's new steamer "The
Eastern Shore" was constructed with a 38-cylingléoot stroke engine and a hold capacity
of 3,000 barrels of potatoes. It also featuredtisps staterooms and cabins, "fitted up
separately” by race and gender. In contrast, #e Xork, Philadelphia and Norfolk
Railroad ran racially mixed cars for a well atteth@scursion to a circus at Pocomoke City in
1885. Not for another twenty years would Virgingguire separate railroad coaches. The
commonwealth effectively disenfranchised its blaoters in 1902, smothering decades of
intense political activism and engagement. OrBhstern Shore, as in other places of well-
organized black political activity, some African &nicans persisted in registering and
voting, but their numbers were greatly reducedblatk-majority Northampton County only

about a quarter of adult black males managed tdiétine “understanding clause” and

June 22, 1907; Drummer, “Pocomoke Neck and Sykas,'July 23, 1887 (first
guotation); Oberseidego Fair a Homep. 118 (second quotatiorfSH January 12,
1906, April 19, 1907; StevenSpil Survey24. For emerging styles of Eastern Shore
architecture see Gabrielle M. Lanier and Bernardlérman Everyday Architecture

of the Mid-Atlantic: Looking at Buildings and Lamdpes(Baltimore and London:
Johns Hopkins University Press, 1997).
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register. When an aspiring black voter was asketthé registrar the meaning of a section of
the constitution, he replied, “It means the Negrdane voting >

Eastern Shore blacks made less money than whigze,more likely to be day
laborers, lived in poorer housing, possessed fewenities, were less well educated, and
were less mobile. Nevertheless, Eastern Shor&dbkmjoyed a higher standard of living,
were more likely to have their ballots honestly mimal, and suffered less from legal and
extra-legal violence than their counterparts in ynatlier Southern locales. Race relations in
the South varied from region to region, state &bestcounty to county, doorstep to doorstep.
For example, Somerset County on the Eastern Shdfaryland was economically and
demographically similar to Accomack on the East&nore of Virginia, but blacks in
Somerset were far more likely to be lynched or atext. From the end of the Civil War
through 1935, only one black was lynched and twallg executed in Accomack (and two of
the three incidents occurred before 1871). Mealewim adjoining Somerset at least three
were lynched and ten legally executed. Moreovet,906 the white sheriff and posse of
Northampton County stood down a mob that had coyrtealin from Somerset intent on
lynching a young black man accused of raping aeviitman in that county.

African American migration onto the Eastern Shaigked up pace after the arrival
of the railroad with job opportunities opening s wake. Black population increased nearly

as rapidly as white in Accomack and NorthamptotacB people migrating to the Eastern

*9 Mariner,Revival's Children135-144PE, September 14, 1882pril 18, 1885,
October 4, 18, 25, 190RIL, August 21, 1903ESN June 24, 1949 (quotation). On
Virginia's segregation and disenfranchisement Ages, The Promise of the New
South;Michael PermanThe Struggle for Mastery: Disenfranchisement inSoeth,
1888-1908 Chapel Hill: University of North Carolina Pre2§00); and Charles E.
Wynes,Race Relations in Virginia, 1870-19{Potowa, N.J.: Rowman and
Littlefield, 1971).

% Brooks Miles BarnesThe Gallows on the Marsh: Crime and Punishmenthen t
Chesapeake, 19Q&astville, Va.: Hickory House, forthcoming).
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Shore appear to have arrived in family groups @ssdid white newcomers). They were
drawn to the peninsula by abundant jobs at goodesiad he black community’s relative
prosperity found tangible expression in the cormsiton of numerous houses, churches,
schools, businesses, lodge halls, and a Blank.

Although Virginia led the nation in the number getcentage of black landowner
farmers, on the Eastern Shore the rates of blaok éavners were well below the state
average. Blacks were more likely to be agricultladaorers than tenant farmers, more likely
to be tenants than landowners. In 1925, blacksdvii®9 farms in each of the two counties
— 15.6 percent of the farms in Northampton but & percent of those in Accomack.
Whites, if less likely to be laborers than farmevere as likely to be tenants as owners. In
1925, 59.8 percent of the farms in Accomack an@ g&rcent in Northampton were operated
by tenants. Because crops brought consistentlyfiviges, Eastern Shore tenants preferred
share to cash rental. No matter how they paiaehg the booming agricultural economy
brought them good returns for their labor. Mos$teen Shore farmers, black or white, were
small operators as likely to know well the backsiflea mule as the laborers, black or white,
whom they employed. At the harvest, everyonespeetive of race, gender, or age gathered

the potatoes from the fiel§s.

®1 Mariner,Revival's Children239-637; Frances Bibbins Latimégndmarks: Black
Historic Sites on the Eastern Shore of Virgi(izstville, Va.: Hickory House,
forthcoming). For black migration to the Eastehrof® see above page 32.

%2 PE, December 20, 1930; Carter, “An Economic and &d®irrvey of Accomac
County,” 89; Holland, “An Economic and Social Suna Northampton County,”
140. On relative black tenancy and landownerstep,the Historical Census
Browser, University of Virginia for 1900 census aat:
<http://ffisher.lib.virginia.edu/collections/stat8ttensus/>.In 1900 black 43.22
percent of all black farmers in Northampton werarshtenants and 26.09 percent
were cash tenants. In Accomack the percentagesmwearly reversed - 31.89 percent
were cash tenants and 54.59 percent were shargdena
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In the fisheries, blacks worked as hands on oyltigeboats (skippers were
overwhelmingly white), as independent watermen t@yglanters were white), and as
shuckers and pickers in the seafood houses (sedfmidrs were white). Whites also worked
as dredger hands, independent watermen, and skuhkepickers. Some workplace
segregation was apparent. Oyster houses empliyed bBlack shuckers or white. The
reputed world’s largest oyster house on Folly Cremlbably employed black shuckers while
the houses on Chincoteague employed white. Blawkkers came from Delaware,
Maryland, and North Carolina for the good wageshenEastern Shore. Some oyster
grounds were racially exclusive as the place naareéBay implies. In the lumber industry,
both blacks and whites worked as timber cuttensiren, and sawmill hands. The crew
chiefs usually were white and the lumber dealeciusively so°°

Nearly every business and farm on the EasterneSteeded good labor and African
Americans took advantage of the opportunities addbhem. When white landholders
organized to recruit immigrant workers in New Y@Hy, local blacks organized to
counteract it with pressure of their own. The whiétndowners admitted that they could
neither recruit enough immigrants to change therlatarket nor could they always compete
with the seafood industries where "at certain seasbthe year . . . larger wages are given
them [African American workers] at the fish facesgiand in the oyster business than they
[white landowners] can afford to pay.” Thus, thestern Shore’s mixed and booming
economy gave laborers, black and white, leveraglesin quest for better wagés.

The economic mobility and opportunity African Areans enjoyed on the Shore

also came alongside rising political expectatiamd @pportunities. In the 1880s Virginia

%3 PE, February 23, 1882)inthrop A. Roberts, "The Crab Industry of Marylahd
Forest and Strear5 (September 30, 1905), 275-27%eePE, November 21, 1891,
on the employment of African Americans from Delagvar

* PE,March 23, 1882.
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Senator William Mahone made the "Readjuster" movermo a biracial political coalition
aimed at defeating the Conservative Democratic/Remt its blend of white supremacy and
elite class protection. Mahone's brand of Readjystlitics was especially attractive to the
Eastern Shore’s black voters. White Democratstteyk notice, and they conveniently
mistook the booming labor market for its politiedfects. Because of Mahonism, they

sneered, "the negro seems to be above labor darthe®

Environment

Change in the arrangement and use of the land peodtonsequent and unexpected
(and usually unnoticed) effects. Run-off of sazidy, and other debris from the roads and of
topsoil, fertilizer, and pesticide from the fiel@sl to the silting of the upper reaches of
Eastern Shore creeks (though more evident on #mdsethan on the bayside where the
compensatory effect of sea level rise was morequmoeced) and, to varying degrees, the
pollution of the lower reaches. Throughout thaqeethe U.S. Army Corps of Engineers
dredged the channels of creeks and inlets filledilbynd by sands shifted by current and
tide, paddle and propelleiThe run-off (and, probably, the dredging) affechedersely water
clarity, oxygen content, and the survival of bottdmelling plants. It included traces of
Paris Green, the potato grower’s pesticide of dhacdeadly compound of arsenic and

copper?®

® PE, February 9, 1882. For the Readjuster MovemenBseees, “Triumph of the
New South,” 1-265.

® “The Eastern Shore,” Richmor&tate July 24, 1883; Grace S. Brush, “Forests
before and after the Colonial Encounter’Discovering the Chesapegker-58;
StevensSoil Survey25; John R. Wennerstehhe Chesapeake: An Environmental
Biography(Baltimore: Maryland Historical Society, 2001),914C. F. Cerco, et al.,
“Nutrient and Solid Controls in Virginia's ChesajeaBay Tributaries”Journal of
Water Resources Planning and Managem&28 (2002), 179-189 report that
cropland is the major source of nitrogen and phosmis flow between the terrestrial
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Increases in surface runoff associated with lagdrahg had changed the proportions
of less dense fresh water and more dense salt tiatemixed in the Chesapeake Bay, which
intensified stratification (and decreased mixingAmen upper and lower levels in the water
column that otherwise would transport oxygen frowa $urface to the depths). Moreover, an
increased nutrient load in the runoff associatati warrestrial fertilizer use had fed algal
blooms (a process commonly referred to as "eutogpioin”), which blocked light from
penetrating the water column and decreased hdditatibmerged aquatic vegetation that
otherwise would have produced oxygen as a bypraafyghotosynthesis. The final assault
on bottom water (benthic) oxygen levels in the Bagurred when the algal blooms would
die on a seasonal basis, settle to the bottomuaddrgo an oxygen-consuming decay
processes. These three developments associatetewéstrial land use (increased runoff
and nutrient load, vertical stratification, andrephication leading first to decreased light
penetration and second to oxygen-consuming deeaiged what is referred to in scientific
language as "benthic anoxia" - a growing portiobésapeake bottom waters no longer had
enough oxygen to support the oysters, crabs, gieeits, and other life that had historically
thrived in the benthic habitat. The unintendedseguences of human land use practices that
began with extensive early eighteenth century dedring had changed the ecology of the
Chesapeake Bay, the repercussions of which werbyfi¢he watermen of the Eastern Shore

in their poor hauls by the 1920s (although notrsifieally documented until 1936},

and estuarine systems within the Chesapeake Bayrshaid. For the frequent
dredging of Onancock Creek see U.S. House of Reptatives, 5T Congress, 3
Session, Document 83 (1889);"60ongress, L Session, Document 652 (1908)68
Congress, 1 Session, Document 219 (1924).

*" To underscore the complexity of the system process® had been damaged, it is
now understood that a positive feedback loop ha&a li@tiated by the increase in
surface runoff and nutrient load-not only had wsed the oyster population to
declined due to benthic anoxia, but by doing sdsio eliminated one of the only
natural remedies to a polluted water column becthesdwindling number of oysters
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Throughout the Chesapeake Bay watershed duringtidaineteenth century, human

influences on the water quality and bay life inéddot only land use runoff but also
drainage of raw sewage, based in large part oo kgih as that espoused by Baltimore
Sewage Commission when it advised in 1897 thaetivas “but little reason” not to take
advantage of the Bay’s “diluting effect” and to gegumping sewage. In 1924 a typhoid
outbreak linked to tainted oysters arose in Chicalpw York, and Washington in which
1,500 cases of typhoid and 150 deaths were repard@ding major concern to those
interested in protecting human health as well agéputation and economic future of the

seafood industr{?

In 1912 Charles Francis Adams, the New England ofidetters, recalled a recent
visit to the Eastern Shore. Citing Howard Pyl&%9 essay, Adams noted that Pyle had
written "the lifetime of a generation ago." Cortiis on the peninsula, Adams continued,
had "markedly changed." "The railroads had pushen way south of the Maryland line
and. . . . direct and easy lines of communicatiaverbeen opened between a region of

singular natural productiveness and the largestrioae markets." Having seen the Eastern

grew less and less capable of filtering Bay wateos;a more detailed explanation,
see Boesch, D., et al., (2001) Factors in the Deaf Coastal Ecosystems, Science,
293, 1589-1591; Newcombe, C. and W. Horn first coented findings from 1936
water sampling activities in the Bay in their grdbreaking publication, Oxygen-
poor waters of the Chesapeake Bay, Science, 88)220381 (1938). See also Tom
Horton, Turning the Tide: Saving the Chesapeake, Bay. ed. (Washington: Island
Press, 2003).

% Steven G. Davidson, Jay G. Merwin, Jr., John Cayiperrett Power, and Frank R.
Shivers, JrChesapeake Waters: Four Centuries of Controversyc€rn, and
Legislation 2" ed. (Centreville, Md.: Tidewater Publishers, 1983 )quotation), 96.
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Shore in a seeming fever of human activity, Adaorsctuded that "the Rip Van Winkle

sleep has manifestly come to an effd."

Nature's Limits:

The string of narrow barrier islands protecting BEastern Shore mainland from the
Atlantic Ocean is one of the most dynamic landfoansarth. Under pressure of current and
tide they are continuously on the move, buildingpae end, diminishing on the other, all the
while migrating gradually westward. Some of tHansls are mere sandbars; others are
heavily forested. Between the islands and the lanadghlie the wide expanse of marshes,
bays, and channels known as the Broadwater. Tdredis and adjacent marshes and waters
teem with life and serve as a great nursery faatares of the air and wat€r.

In 1870 humans resided on some of the islandgy Wade their livings by farming,
herding, and market hunting. They also fishednohed, and gathered oysters. Some gained
temporary employment in "wrecking" — salvaging estvessels and cargo or gathering
debris from the wrack-strewn beach. The islandens their produce by steamboat and
sailboat to Philadelphia and New York. On Cobliid Assateague islands, resort hotels
catered to bathers in the summer and to gunneraragidrs the rest of the year.

Beginning in the 1870s a tremendous increasesivéfume of shipping along the

Virginia coast demanded improved maritime saféftfie United States Coast Survey

%9 C. F. Adams, “The Kingdom of Accomac,” Massachtssklistorical Society
Proceeding#l5 (1911-1912), 596-597. "Without [the railrododlay the Shore might
be slowly succumbing to a lotus-diet of isolatiomddike many comparable sections
of the Tidewater country . . . reflecting the laneks of a vanishing eraPE, August
8, 1936).
0 Brooks Miles Barnes and Barry R. Truitt, “A Shbiistory of the Virginia Barrier
Islands” inSeashore Chronicles: Three Centuries of the ViegBarrier Islands ed.
7Blarnes and Truitt (Charlottesville: University Psed Virginia, 1997), 6.

Ibid., 8.
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mapping of the Eastern Shore coastline was asfiegt, but the bars and shoals of the Atlantic
took an ever heavier toll in life and property. eTflederal government responded by
improving the existing lighthouses on Assateagusy,tnd Smith’s islands, by anchoring a
lightship off Assateague, by erecting a lighthoaseillick Shoals in Chincoteague Bay, by
establishing a quarantine station on Fishermatasds and by surveying Chincoteague Inlet
as a possible harbor of refutfe.

More important, in the 1870s and 1880s, the fedgraérnment established life-
saving service stations on most of the barrientdda Over the years the keepers and surfmen
of the stations saved countless lives and millmindollars in property While the men of the
life-saving and lighthouse services fought storms shoals on behalf of mariners and their
vessels, they fought a quieter battle againstribielious effects of current, tide, and shoreline
migration. They had continuously to replace buaryd channel markers, to move or even
abandon lighthouses and life-saving service statidiihe station buildings upon the coast
are all constructed with a view to withstand theesest tempests,” boasted the
superintendent of the life-saving service in 190fhis substantial construction also enables
them to be easily and cheaply moved when threaten¢ide gradual encroachment of the
sea, which upon many sections of the coast, effedte course of years great changes in the

configuration of the coast line.” So rapid wasrgfiae migration on Cobb’s Island in the

2 Richard A. Pouliot and Julie J. PouliShipwrecks on the Virginia Coast and the
Men of the United States Life-Saving Sery€entreville, Md.: Tidewater Publishers,
1986), 4; MarinerOnce Upon an IslandB8-39, 65PE, November 21, 1885, May
13, July 15, 1893; Letter from the Secretary of Waansmitting, Report and
Recommendations Concerning Improvement of Chingpiednlet, Virginia, by a
Breakwater, U.S. House of Representative$,G&dngress, 3L Session, Executive
Document 207.
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late nineteenth century that the life-saving statiad to be moved in 1896 and again in
1898”7°

QOystering

The railroad first touched the Eastern Shore deari1876 when a line (soon to be
part of the Delaware, Maryland and Virginia Raillpa possession of the Pennsylvania) laid
southeastward from Snow Hill, Maryland, reachedatsninus just below the Maryland-
Virginia boundary and next the Chincoteague Bayarygrounds at what became Franklin
City. The construction in 1884 of the New York ilRtielphia and Norfolk placed wharves
all along the seaside within easy hauling distaridee rail depots. By opening innumerable
new markets, the railroad vastly stimulated thesisigaseafood industry. The fisheries
attracted hundreds of people to the islands anddf@ning mainland. They came with their
families from Maine, Long Island, New Jersey, Dedagy and Maryland. Several of the
newcomers became leaders in the seafood tradéj@etgertise and capital playing a much
larger role in the fisheries than in agricult(te.Oystering was the most important of the
seaside industries. From the late 1870s througimik-1890s, the watermen of
Chincoteague Bay harvested from 110,000 to 325)080els of oysters annually. The

oysters went almost exclusively to established etaria Philadelphia and New York, half

"3 Pouliot, Shipwrecks on the Virginia Coa&0, 107, 156; Ralph T. Whitelaw,
Virginia's Eastern Shore: A History of Northamptand Accomack Counties
(Richmond: Virginia Historical Society, 1951), 73, Robert de Gasthe
Lighthouses of the ChesapedBaltimore: Johns Hopkins University Press, 1973),
143; Ron M. Kagawa and J. Richard Kellabmobb’s Island, Virginia: The Last
Sentinel(Virginia Beach: The Donning Company, 2003), 29dig@s Sumner .
Kimball); PE, September 19, 1896, April 16, 1898.

"* Hayman Rails Along the Chesapeak®!, 38-39, 133; John E. Bradford to William
Mahone, August 5, 1882, Mahone Papers, Duke; Mai@®wece Upon an Islandi2.
For prominent seafood dealers of Willis Wharf deedbituaries of John C. Walker
(b. Oriole, Md.), Marcus Clarence Ballard (b. OgioMd.), Henry Miller Terry (b.
Sayville, N.Y.), and Wade H. Walker (b. Oriole, Ma PE, March 23, 1929, March
7, 1941, September 1, November 10, 1955.
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traveling by rail and half by sail. In 1890 a N&wrk journalist observed a dozen men
dressed in the “rough clothes” of the waterman @mgthe arrival of the mail train in
Franklin City. “They open the envelopes, whichd&#wve names of well-known wholesale
oyster dealers in New York and Philadelphia prirdadhe corners, and . . . out drop checks
and statements comforting to look upon.” The jaligt learned that for these men in
“brown-twilled overalls and long-legged boots, theerage income is not far from $7,000 a
year.”®

Sailboats also engaged in the seed oyster tradgirgasmall oysters from the
Broadwater, Chesapeake Bay, and the James Rivplaiating in Chincoteague, Johnson’s,
and Parker’s bays. Paradoxically, they also rain€@ieague Bay oysters to New Jersey and
Connecticut for planting there. In 1884 a Delawasn estimated that since the coming of
the railroad the number of oysters planted in Ghtieéague Bay had climbed from 36,000 to
300,000 bushels annually. By 1889 more than ometad vessels of from five to sixty-five
tons and about two hundred decked vessels of diveetons participated in the upper
seaside oyster trade. The growing commerce néatskihe construction of private wharves
on Chincoteague Bay at Chincoteague Island, Fraiity, and Greenbackville and on its
tributary Swan’s Gut Creek.

Since 1849, individuals had claimed portions oinCbteague Bay as private
planting ground. The Broadwater’s lower bays,mdther hand, were largely commons.

Almost immediately after the coming of the railroactermen began to worry that the free-

"Ingersoll, “The Oyster Industry,” 18®E, June 2, 1888, July 20, 1889, April 5,
1890, June 2, 1894; John R. Spears, “A CuriousiMagdCity,” New York Sun May
7, 1890 (quotation).

“HR., 48 Congress, " Session, Executive Document 107; H.RS Bbngress, 31
Session, Executive Document 2@&ts and Joint Resolutior{$881-1882), 164,
(1885-1886), 17, 29-30, 156, 365, (Extra SessiBB7}, 196, 263, (1887-1888), 97,
100, (1889-1890), 793, (1891-1892), 480-481, 482-48
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for-all on the Broadwater commons might exhausiolyster rock. Their concerns coincided
with those of Cheasapeake Bay oystermen, and i Ca@tain James H. Baylor of the
U.S.C.S. surveyed Virginia's oyster grounds. Mehifay the General Assembly passed
legislation providing for the leasing of the baremmmons to private interests. The
commons identified by Baylor as productive oysterugds remained in the public doméin.

Private leasing dramatically increased oysteréstss “The development of the
shipments of shucked oysters from the planting@ecn the ocean side of the peninsula has
been marvelous,” a correspondent told a Richmomdgpaper in 1906. “Two cars are
attached to the local express train every nighiatadle the receipts. Orders are received
from over a greater part of the country. Chicd¢gnsas City, Minneapolis, Omaha and
many other large Western cities are large custamé&khen oyster dealers learned that they
could earn a higher return by shipping oysters lsbdicather than in the shell, shucking
houses, including the reputed largest in the wanbéned up and down the seasftle.

The privatization of the barren commons cameaisa For along with greater
yield, it also encouraged litigation, poachingirmtation, and bloodshed. “A state of
warfare developed between the lease holders pragetieir property, and those called
‘oyster pirates,” who believed they had an inaldaaight to anything produced by the sea,”
recalled a conservationist. “In order to protéet planted oyster beds it finally became
necessary to station guards armed with rifles atbegshore during fall and winter. Small

houses were built nearby for their accommodatiof.dund 150 of these watch houses

" Annabel Lynch, “Chincoteague IslandN, August 11, 1916; Mears, “The Eastern
Shore of Virginia in the Nineteenth and Twentien@iries,” Il, 615; Baltimor&un
November 28, 1892; Nora Miller Turmahhe Eastern Shore of Virginia, 1603-1964
(Onancock, Va.: Eastern Shore News, 1964), 204-205.

8«Onancock: The Year One of Continued Prosperitfastern Shore,” Richmond
Times-DispatchJanuary 1, 1906 (quotationjirginia (1909), 81, 83Qysterman and
FishermaniX (December, 1911), €SH August 1, 1913.
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appeared along the seaside from Chincoteague Bagge Charles. Oyster planters, usually
wealthy, well connected men, hauled common oysterime court for trespass, the sheriff of
Northampton County was overpowered by depredatyisteomen and marooned on a
deserted island, and, on Mockhorn Island, a mahafkilled an old friend whom he
accused of stealing his oysters. Meanwhile, orptlidic commons, the natural rock was in
some places destroyed by illegal dredging, a pmleracerbated by the introduction of the
gasoline power boat around 1905. The fierce cobgeput the oyster grounds, public and
private, under intense stress. In the 1920s thendtecame unbearable. Between 1920 and
1933, Eastern Shore oyster production (seasidéayslde combined) declined by 42 per
cent, from 4,797,821 to 2,783,806 poufitis.

Seaside watermen also made their livings from ath&sh. They clammed, crabbed,
and scalloped. They hauled seine and built poetsifior the capture of several species of
table fish. They caught sturgeon for express shigrto Northern gourmands (in 1912
sturgeon roe sold on the dock at Oyster for $1&5Qpund; a single fish might provide roe
worth $100) and supplied menhaden to factoriesdiodering into oil and fertilizer. The new
technologies — power boats, ice plants, improvatchgs and nets — that facilitated the harvest

also hastened the decline of the fisheries. Batvi®20 and 1933, production of fish and

9 George Shiras™ Hunting Wild Life with Camera and Flashlight: A Red of
Sixty-five Years’ Visits to the Woods and Watefdath America\Washington:
National Geographic Society, 1935), Il, 80 (quata}j Maude Radford Warren, “The
Island of ChincoteagueHarper’'s Monthly Magaziné27 (October, 1931), 77RIL,
September 17, 1902N, February 3, 190&SH March 25, April 1, July 1, 15, 22,
1910;Report of State Board of Fisheries to the Govewfdrirginia, from October 1,
1905, to October 1, 190@Richmond: Superintendent of Public Printing, 106

PE, August 8, 1936.
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shellfish fell in almost every category. Only doalg and clamming made appreciable gains
during the period®

Market Hunting

Market hunting--the shooting or capture of wildfdat sale to restaurants or at
markets--opened up with new layers of infrastruetamd access to markets. Such large-scale
hunting picked up pace with the arrival of ther@ald. Although it provided another source
of income for both permanent residents and tratsiéme hunting ran a course of deep
exploitation. The market hunters caught duckseits and traps and in the winter nights
killed them by torchlight. After 1900 the huntergoyed the advantages of automatic
shotguns and white powder shells. Corn for baitthe automatic with eleven-shot
extension was “the most deadly combination againsks ever devised,” one historian has
concluded. Power boats, the ready availabiliticef and express rail shipments further
abetted the slaughter. As if to add insult tompjihe waterfowl flights were disrupted by the
roar of the boat engines and by potshots firetle@ntby bored guards from the catwalks of

oyster watch housés.

80 Marinus James, “The Parson Goes Deep Sea FislitigSeptember 29, 1928;
Norfolk Virginian-Pilot, May 6, 1912; H.R., 62 Congress, "8 Session, Document
1094; Lynch, “Chincoteague IslandAN, August 11, 1916; Margaret Ellen Mears,
“Chincoteague and the Seafood Indusif, August 13, 1932; James Egbert Mears,
“The Eastern Shore of Virginia in the Nineteentll dnventieth Centuries,” Il, 615-
616;NL, December 10, 190RE, August 8, 1936. In the early 1930s scallops
“disappeared suddenly when a mysterious blightkéia the sea grass in which they
propagated” (James Wharton, “Virginia’s Drownedlafle,” Virginia CavalcadeVll
[Winter, 1957], 8).

%1 Alexander HunterThe Huntsman in the South, Volume I: Virginia armit
Carolina (New York: Neale Publishing Company, 1908), 318r&s,Hunting Wild
Life with Camera and Flashlightl, 67, 69, 80ESH February 2, 9, 1906; Harry M.
Walsh,The Outlaw GunnefCentreville, Md.: Tidewater Publishers, 1971);24 30
(quotation); L. C. Sanford, L. B. Bishop, and T\V&an Dyke, The Water-Fowl

Family (New York: Macmillan Company, 1903), 68-69; GeoRygger,The Wings of
Dawn: The Complete Book of North American Wateifgy\((New York: Stein and
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Every spring market hunters followed the flightsbbrebirds and waterbirds north
along the Atlantic coast. The waterbirds were @dlfor their plumage, which was used as
ornamentation on women'’s clothing. On Cobb’s Idlre birds were killed on their nesting
grounds. In the early 1900s an ornithologist ledraf “1,400 Least Terns being killed in one
day. ... The birds were packed in cracked icesluigbed to New York for skinning; ten
cents being paid for each one.” Another ornith@bgriting at about the same time reported
that the Least Terns on the island “have been tighly annihilated.” The fate of the terns,
and of the willets, curlew, ducks, geese, and atpecies, along the Atlantic coast was in
many respects the same as that of the bison iAniexican west. Hunters fanned out along
the railroad, used the newly developed technolddggeopacking, and connected into a
booming urban market that catered to modern sditisibj responded to advertising, and
coursed with the new wealth of the consumer soéfety

The diminished flights of shorebirds and waterfgwdatly concerned both
conservationists and sportsmen. The two groughjmivhich the wealthy and influential
were well represented, lobbied the local, statd,faderal governments to protect the
beleaguered birds. In 1894 an act of the Virgibémeral Assembly created the Eastern

Shore Game Protective Association and gave it aityho license non-resident hunters and

Day, 1980), 68. For studies of market huntingwlsse see Louis S. Warrdine
Hunter's Game: Poachers and Conservationists inrfigeh-Century AmericéNew
Haven and London: Yale University Press, 1997) kad JacobyCrimes Against
Nature: Squatters, Poachers, Thieves, and the Hidtistory of American
ConservationBerkeley, Los Angeles, and London: UniversityGaflifornia Press,
2001).

8 T. Gilbert PearsorStories of Bird Lif¢Richmond: B. F. Johnson Publishing
Company, 1901), 66-69; Frank M. Chapm@amps and Cruises of an Ornithologist
(New York: Appleton and Co., 1908), 63-64 (firstogation); A. C. Bent, “Report of
A. C. Bent, on Condition of Bird Colonies on Coblstand, Virginia, in 1907,Bird-
Lore 9 (1907), 317 (second quotation). On the destmaif the bison, see Andrew
IsenbergThe Destruction of the Bison: Social and EcologiCabanges in the Great
Plains, 1750-1920(New York: Cambridge University Press, 2000).
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to employ wardens to enforce game laws. In 19 General Assembly authorized the
county courts of Accomack and Northampton to appgéme wardens. The wardens, often
employees of the life-saving service, were paidheyE.S.G.P.A. and by the Thayer Fund of
the Audubon Society. Meanwhile, a series of feldgedutes culminating in the Migratory
Bird Treaty Act of 1918 imposed bag limits and beshegging, spring shooting, and the
interstate shipment of game. A conservationistinggthe Broadwater in 1923 happily
reported that “the Federal law had resulted imaneiase in the number of most of the shore
birds.”®

Tourism

The trains that carried northward game and seafeined with tourists —
rusticators for the seashore, gunners and angleted bays and marshes. Many of the
vacationers were middle class urbanites takingratdge of the nation’s increased prosperity
and leisure and its expanding transportation n&kw8etween 1876 and 1905 hotels and
boarding houses opened on half a dozen barrierdsland on the adjacent mainland. The
buildings ranged in size from cottages to the fiftyp-room Atlantic Hotel on Chincoteague
Island. Meanwhile, private lodges appeared on segyrevery island and on every high
place in the marsh. Most were functional structubait a few were the well appointed
retreats of financiers and corporate lawyers aga thmilies. The larger resorts included the
Revel's Island Club founded by Washingtonians i84,&lubs on Wallop’s and Hog islands
established by Philadelphians in 1886 and 1889lndccomac Club founded near

Parramore Island by New Yorkers around 1890. Tladlafy's Island establishment

8 Acts and Joint Resolutiorf$893-1894), 794, (1899-1900), 552; Minutes,
November 13, 1905, Eastern Shore Game Protectisecksion, Papers, 1896-1911,
Eastern Shore of Virginia Historical Society, Onacic William Dutcher, “Results of
Special Protection to Gulls and Terns Obtainedutahe Thayer FundAuk 18
(1901), 77; ReigeiThe Wings of Dawrv1, 73; Shiragiunting Wild Life with
Camera and Flashlightl, 63-65, 96 (quotation).
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embraced a commodious two-story clubhouse withngaaguest cottages, a cookhouse, an
icehouse, numerous outbuildings, and a steam |aionatse as a pleasure créft.

The effect of shoreline migration and a seriekBwficanes in the late 1880s and the
1890s undermined these vacation retreats and rhadeihcreasingly untenable despite their
elaborate infrastructure. The Cobb’s Island Hdted, most famous of the barrier island
resorts, gradually fell into the sea, a wreckedtsyinof the toll nature took on the islands. In
1890, the Cobb family, aware that over the pastytlyiears the surf had crept ever closer to
the hotel complex, sold out to a Lynchburg, Virginsyndicate that envisioned turning the
island into a premier seaside destination. In 188&rricane wrecked the hotel and in 1897
another destroyed the remainder of the complemil&iy harried by tide, current, and
storm, the rest of the hotels and lodges soon pesed from the islands and the
Broadwatef?

The watermen’s communities on the outer barriangs underwent a similar
experience of expansion and retreat. The boongafped and tourism industries attracted
people to the island villages. Diminished seafbaiests convinced some to leave, the

coming of the power boat encouraged others to exgghthe isolation of the islands for the

84 Barnes and Truitt, “A Short History of the VirginBarrier Islands,” 10-11; Amine
Kellam, “The Cobb’s Island StoryYirginia CavalcadeXXIIl (Spring, 1974), 23;
Mariner,Once Upon an Island9. For middle-class vacationers see Cindy SnAr
Working at Play: A History of Vacations in the WadtStategNew York: Oxford
University Press, 1999), 3-4

% PE, March 24, December 8, 1888, September 28, 1889eiber 11, 1893,
November 23, 1895, October 17, 1896, February t&lier 30, 1897, February 18,
25, March 4, 11, 1899; Richmoimispatch April 10, 11, 1889; Barnes and Truitt, “A
Short History of the Virginia Barrier Islands,” 13, 15; BrentThe Eastern Shore of
Virginia, 8; Prospectus and Subscription List of the Cobb’sndl&ompanySpecial
Collections, Alderman Library, University of Virga Charlottesville; Thomas
Brown Robertson, “Historical Notes and EpisodeBlofthampton County” Ms. in
Virginia Historical Society, Richmond, 386-389. rlam early analysis of shoreline
migration see J. R. Sturgis, “Cobb’s IslanBE, November 13, 1897.
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amenities of the mainland waterfront villages, #mlshifting shoreline eventually forced off
the rest. Broadwater village on Hog Island, hom&&2 souls in 1920, lies today a mile out
into the Atlantic Ocean. The barrier islands saftkvallops are now virtually devoid of
human presence and their landscape contains fes ofla human past. And yet, while the
primeval forces of tide, current, and storm preelligermanent human settlement on the
outer islands, emerging technologies such as tmead, the power boat, the ice plant, and

the automatic shotgun enabled human exploitatichesurrounding watef§.

Prosperity’s End

The Eastern Shore’s economic boom came to ametihe ilate 1920s. The success
of the peninsula’s white potato industry encouraged competition from Texas, Louisiana,
Alabama, North Carolina, and other states. Andasingly glutted market brought lower
prices and reduced profit margins, which, despigeatdmonitions of the officers of the
Eastern Shore Produce Exchange, encouraged losgdroduction. Meanwhile, the rise of
the motor truck weakened the Exchange’s abilitgaotrol supply by making it convenient
for farmers to ship directly to urban commissiorrchants. In 1928, the cost of production
of a barrel of white potatoes exceeded its markeep Farmers, who for years had routinely
borrowed to pay for land, machinery, seed, andifent and who just as routinely had retired
the debts with money to spare, now found themselnable to meet their obligations. The
onset of the Great Depression in 1929 precludedashaf recovery. Between 1925 and

1940, the number of farms in Accomack and Northampleclined from 4,856 to 2,980.

8 Northampton County 1920 Manuscript Census, 249-B#tarton, “Virginia’s
Drowned Village,” 10-11. For the advantages ofpibever boat see George Fortiss,
“The Hunter and the MotorboatQutingLV (March, 1910), 735-739.

87T. B. Manney, “What Farmers Say About Marketingteen Shore Potatoes and
What Farmers Suggest for Better MarketinglZ, December 15, 1928; Burton, “A
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Concurrently, the seafood industry continued ffesdrom overfishing and,
increasingly, from pollution. The planting of bamrbottom, so controversial at its inception
in the 1890s, helped sustain the oyster industtiiérface of the ruthless looting of the
common grounds. The lumber industry also declinBge barrel houses closed as farmers
and oyster dealers switched from barrels to lepsmsive burlap bags. Happily, the move to
burlap combined with the rapid regeneration of dsaof loblolly pine to prevent the oft-
predicted deforestation of the peninstila.

The declining economy forced people off the Eas&rore. From a high of 53,000
in 1910, population of the two counties fell totigentieth-century low of 43,500 in 1970.
The once bustling landscape now was haunted bytgkasmpty stores, abandoned houses,

and boats rotting in the marsh.

Conclusion:

At first glance the Eastern Shore of Virginia ie tate nineteenth century might have
appeared a small and isolated peninsula on theadgluge country, yet any Rand &
McNally map of the Pennsylvania Railroad systemegelues to a different story. The most
remote farm on the Eastern Shore was intimatelyedted to a vast economic and social
web that extended well beyond the borders of thikedrStates. Agents of the Eastern Shore
Produce Exchange marketed potatoes grown nearilisagibuyers in Boston, Cleveland,
Toronto, and Havana. Farmers at Makemie Park pgeshat neighborhood general stores

beef slaughtered in Chicago. Ventilated cars edriAarksley strawberries to Pittsburgh and

Review of the Potato Industry of the Eastern SledNéirginia,” ChicagoPotato

World in PE, March 17, 1939PE, June 23, 1928 he Role of Agriculture-
Agribusiness in the Economic Development of VieginEastern Shores.

8 Mears, “The Eastern Shore of Virginia in the Neeeith and Twentieth Centuries,”
Il, 582-583;PE, August 11, 1928, February 2, 1929.
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livestock cars brought in mules from St. Joseplsdduri. Mine props shipped from
Hallwood went to the coal fields of Pennsylvanid anthracite from Pennsylvania filled bins
in Hallwood. Eastern Shore schooners carried wiotatoes to New York in the summer
and oysters to Baltimore in the winter. They reaat with hardware founded in Bethlehem,
grain grown in Nebraska, or shotguns manufacturdthaca.

Along with these changes came a form of moderniden€e, a supreme conviction
that the command of technology and the market tae®ge people unstoppable advantages.
So it was that the general manager of the EasteoreSProduce Exchange boasted that the
little town of Olney had just as much advantag8aléimore or even New York in the
market.

Yet, much remained beyond the control of locals, @wen, the Pennsylvania
Railroad. Information flow and demographic patteomly rendered these interconnections
more complex and contingent. A wave of immigrantBoston, fresh orders for the steel
mills of the Mahoning Valley, or a spring droughtklorida might mean high prices for
Eastern Shore potatoes while a bumper potato artpeiKaw Valley, a textile strike in New
York City, or floods on the Mississippi might depsehe market. People working for the
railroad or seafood dealers or agricultural comiishouses continuously moved on and off
the peninsula. Middle class vacationers stoppédiaier island hotels or at bayside boarding
houses. Wealthier visitors relaxed at shootingyésdor purchased second homes along the
creeks. Other people settled permanently, espeaiahe railroad towns and seaside fishing
villages.

These residents participated in a great compresdispace and time on their
landscape. The federal government, private capitel huge corporations aided and abetted
this process. The changes in the landscape weepiasas they were far-reaching. In little

more than a decade coastal surveys, lighthousesdving stations, railroads, mail routes,
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roads, and post offices punctuated the Shore amded with the information and products
of distant markets. Remarkably, some farmers erkEthstern Shore combined in the Eastern
Shore Produce Exchange to harness these dynamitsfiowever temporarily. Although
divided by racial exclusion, Eastern Shore farnmeasiaged to vault their counties into the
top rank of agricultural wealth in the nation. Trhegricultural technologies caused
unanticipated run-off and changed the nutrientrida in the ecosystem. Benthic anoxia set
in, itself a product of recursive changes in lasd that the railroads made possible and
profitable. At the same time, extractive industyiguch as oystering and market hunting,
opened in unprecedented ways with the confluen¢ecbinologies, markets, and natural
systems. These boomed and collapsed in overhamyestd exploitation, in a chaotic market
and against natural obstacles.

This mobility, this interconnection with the modewxorld, even on such a remote
place as the Eastern Shore of Virginia in the Ao@riSouth, came in complex layers upon
the local landscape. No matter how much nostdlig@mas Dixon might cherish for an
Eastern Shore cut off from the modern world ofrcaitls, mail, and its attendant business, the

place was abuzz from its dark marshes to its bfiglits and new towns.
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Appendix F. Nandua Core Isotope Results
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