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PREFACE

The purpose of this technical report is to compile existing information about the
biology, Mhydrology, geology, and socioeconomics of the Mississippi Deltaic Plain
Region (MDPR) 1in a quantitative framework that will both characterize the region and
provide a data base for future ecological mndels. The habitats modeled are aggregated
from those previously identified in the MDPR by Wicker et al. (1980b) according to the

classifification system of Cowardin et al. (1979) (see Table 3).

Detailed descriptions of the biological, physical, and socioneconomic interconnec-—
tions within this coastal ecosystem allow coastal ranagers and decision makers to
better assess the impacts of human activity on the region's natural resources. [t is
hoped that future modeling attempts based on the data collected in this report will
help predict human impacts on coastal ecosystems and aid in the arduous task of
assessing tradeoffs between nonrenewable resource development and renewable resource
preservation,

This technical report was designed to supplement the companion narrative descrip-
tion of the Mississippl NDeltaic Plain Region as the final products in the Mississippi
Deltaic Plain Region Characterization Study. Together these two volumes provide hoth
general descriptions and detailed data on the rezion.

Any questions or comments ahout or requests for this publication should be
directed to:

Information Transfer Specialist
National Coastal Fcosystems Team
U. S. Fish and Wildlife Service
NASA-S1lidell Computer Complex
1010 Gause Boulevard

Slidell, TA 70458

Lid



CONTENTS

Page

FIGURES . . ..o e e e e e e e vi

TABLES . . . e ix

ACKNOWLEDGMENT S . . . .t ettt e e et et et xvii

INTRODUC T ION . Lot e et e et e et e e e e e e e 1
Background. ... .. ... e 1
Purposes of the Technical Report...............c.uiiniinneuaneennnnn. 1
Description of the Study Area........... ... i iiiiiniinnnnn..

METHODS . . . e e 4
General Approach. ... ... ... 4
Modeling Languages and Approaches.............. .. ..iuiiiiniinennn... 4
Energy Circuit Language....... ...ttt 6
Flow Diagram Format....... e e et e e 8
Input-Output Models. ... ... . i e e 10
Linear, Static Input-Output Models............ ..o iiuuiinrnnnnnnn. 12
Other Potential Uses of Input-Output Data.................coouunvnn... 15
Data and Measurement............. ... ... ittt 15

HABITAT MODELS (*Input-Output Matrix Included) ..........oovmrrunnein. 16
Habitats Used in This Study......... ... ... 16
Habitat Maps. . ... ...t e 16
Data Collection Methods......... ... ... ... . .. 16
Habitat Model Notes..........ci ittt it 25
L. RAgriculture. . ... 24
2 Beach and Dune........ . . . . . . . . . 53
3 Bottomland Hardwood. ... ... ... ... 57
4. *Brackish Marsh....... ... ... . i 60
S.oCanal. .. e 95
6. #*Cypress-Tupelo SWamp. ... .. ...ttt 93
7 Fresh Aquatic Bed....... ... . . .. . . 128
8. *Fresh Marsh..... ... .. . . . 123
9. *Fresh Open Water...... ... . ... ittt 153
10. Fresh Scrub/Shrub........ .. .. . . . 1A3
1l Mangrove . .. 153
12,0 Mud Flat. ... i et e e e 173
13. Nearshore Gulf. . ... ... i e 174
14. River, Stream, and Bayou............ ... ... 179
15. Estuarine Aquatic Bed........ ... .. ... .. . . e 182

iv



16.%Estuarine Open Water
17.%Salt Marsh

18. Spoil..

19. Upland Forest
20.*Urban/Industrial

HYDROLOGIC UNIT MODELS

NN W N =

REGIONAL MODEL..

CONCLUSIONS AND RECOMMENDATIONS

APPENDIX A: Barataria Hydrologic Unit Computer Model

LITERATURE CITED

. Mississippi Sound
. Pontchartrain
Mississippi River Delta
Barataria
Terrebonne
. Atchafalaya
. Vermilion

............................................
......................................................
.........................................................

................................................
...................................................
........................................................
........................................................
.........................................................

185
207
266
269
272

290
290
293
293
293
301
301
301
308
311
312

325



LIST OF FIGURES

Number Page
1. Map of the Mississippi Deltaic Plain Region ................... 2
2. Hierarchical structure of the models........................... 5
3. Energy circuit language symbols............. ... .00 iiiinnnnn. 7
4. Some combinations of energy symbols............................ 9
5. The distribution of MDPR agriculture habitat................... 25
6. Agriculture habitat flow diagram.............c.vuiiuurnnnnnnnn.. 26
7. The distribution of MDPR beach and dune habitat................ 55
8. Beach and dune habitat flow diagram......................cc0.... 56
9. The distribution of MDPR bottomland hardwood habitat........... 58

10. Bottomland hardwood habitat flow diagram....................... 59
11. The distribution of MDPR brackish marsh habitat................ 61
12. Brackish marsh habitat flow diagram................c.civiueno.. 62
13. The distribution of MDPR canal habitat......................... 96
14. Canal habitat flow diagram........ ... ... it eunnennennnnn 97
15. The distribution of MDPR cypress-tupelo swamp habitat.......... 99
16. Cypress-tupelo swamp habitat flow diagram...................... 100
17. Energy budget for Silver Springs, Florida, ecosystem............ 126
18. Insect energy budgetS ... .. ini ittt ii it innereinneeeonneneennnsas 127
19. The distribution of MDPR fresh aquatic bed habitat............. 129
20. Fresh aquatic bed habitat flow diagram......................... 130
21. The distribution of MDPR fresh marsh habitat................... 131
22. Fresh marsh habitat flow diagram............. ... ... .. ... ..... 132
23. The distribution of MDPR fresh open water habitat.............. 155
24, Fresh open water habitat flow diagram............. ... .. ... .. 156

vi



Number Page

25. Fresh open water habitat zooplankton energy budget............. 165
26. Fresh open water habitat benthos energy budget................. 166
27. Fresh open water habitat fish energy budget.................... 167
28. The distribution of MDPR fresh scrub/shrub habitat............. 169
29. Fresh scrub/shrub habitat flow diagram...................c.0u... 170
30. The distribution of MDPR mangrove habitat...................... 171
31. Mangrove habitat flow diagram...................iuiiinunennnn. 172
32. The distribution of MDPR mud flat habitat...................... 174
33. Mud flat habitat flow diagram..................oiiviveruununn.. 175
34. The distribution of MDPR nearshore gulf habitat................ 177
35. Nearshore gulf habitat flow diagram............................ 178
36. The distribution of MDPR river, stream, and bayou habitat...... 130
37. River, stream, and bayou habitat flow diagram.................. 181
38. The distribution of MDPR estuarine aquatic bed habitat......... 183
39. Estuarine aquatic bed habitat flow diagram..................... 184
40. The distribution of MDPR estuarine open water habitat.......... 184
41. Estuarine open water habitat flow diagram...................... 137
42. Estuarine open water habitat zooplankton energy budget......... 205
43. Estuarine open water habitat benthos energy budget............. 206
44 . Estuarine open water habitat nekton energy budget.............. 206
45. The distribution of MDPR salt marsh habitat.................... 208
46. Salt marsh habitat flow diagram................................ 209
47. The distribution of MDPR spoil habitat......................... Zh7
48. Spoil habitat flow diagram..................0.iiuiirirnnnnnnn. 268
49. The distribution of MDPR upland forest habitat................. 279
50. Upland forest habitat flow diagram.....................c.cc...... 271
51. The distribution of MDPR urban/industrial habitat.............. 27
52. Urban/industrial habitat flow diagram.......... ... .. ... ....... 276



Nuber
53.
54.
55.
56.
57.
58.
59.

60.

Mississippi Sound hydrologic unit flow diagram.................
Pontchartrain hydrologic unit flow diagram.....................
Mississippi River Delta hydrologic unit flow diagram...........
Barataria hydrologic unit flow diagram.........................
Terrebonne hydrologic unit flow diagram........................
Atchafalaya hydrologic unit flow diagram.......................
Vermilion hydrologic unit flow diagram...............cuuuuun...

Mississippi Deltaic Plain Region flow diagram..................

viil

297

300

303

305

307

309



Number

10.

11.

12.

13.

14.

15.

16.

17.

18.

LIST OF TABLES

Input-output table for the biosphere..................c.c.u...

Embodied energy intensities from the global model..............

Composition and land area of the aggregate
habitats used in this study in terms of the
Cowardin et al.(1979) classification system for the MDPR

Input-output table for agriculture habitat.....................
Farm area in MDPR parishes/counties, 1978............ ... 0.

Fertilizer use on Louisiana and Mississippi farms, 1978........

Fertilizer use by crop for Louisiana and

Mississippi, 1974, . . ittt it ittty

Water applied through irrigation in Louisiana and

Mississippi, 1074, . . i it et ettt e e
Pesticide use on Louisiana and Mississippi farms, 1974.........

Production of selected crops in MDPR parishes/counties, 1978...

Production of miscellaneous crops in Louisiana and

Mississippi, 1978. . ..t i it ettt e it

Biomass and consumption rates of southern green stinkbug
(Nezara viridula (L.)) and brown stinkbug (Euschistus

serrus (Say)) on soybeans in Louisiana............covvevuurnenn.

Livestock and wool production in Louisiana and

Mississippi, 1978. . . ... it i it ettt e e eae e
Dairy production in Louisiana and Mississippi, 1978............

Poultry production in Louisiana and Mississippi, 1978..........

Production of animal products in Louisiana and

Mississippi, 1978. ... e et e e e

Labor costs of sugarcane in Louisiana, 1982....................

Labor requirements for selected crops and

livestock, 1974-1978. . . . . . ittt ittt ettt

ix

17
27
36

37

37

38
38

39

40

41

42
43

43

44

44



Number Page

19. Input of hired labor to MDPR farms, 1978.........ccunvuurnunn.nn. 47
20. Fossil fuel consumption in some MDPR parishes/counties, 1978... 48
21. Energy use by crop for Louisiana and Mississippi, 1974......... 49
22. Selected farm expenses in MDPR parishes/counties, 1978......... 50
23. Selected expenses for U.S. farms, 1978........c0vvriueneninnnn. 51
24, Capital assets of farms in MDPR parishes/counties, 1978........ 52
25. Farm area by crop for Louisiana and Mississippi................ 52
26. Input-output table for brackish marsh habitat.................. 63
27. Nutrient movement in MDPR brackish marsh surface waters........ 69
28. Storage of nutrients and organic matter in brackish

marsh surface water.................. e e e e 70
29. Nutrient movement in MDPR brackish marsh soils................. 71
30. Storage of nutrients, organic matter, and moisture

in brackish marsh soils....... ... .o iinennnnnn. 72
31. Percent water and organic carbon of sediments from

a Louisiana brackish marsh............ ... ... 0.0 unnnn.. 73
32. Nutrient uptake and release by MDPR brackish marsh flora....... 74
33. Release of nutrients by microconsumers in MDPR

brackish marshes....... .. ... i i 75
34. Nutrient release by MDPR brackish marsh invertebrates.......... 76
35. Nutrient release by MDPR brackish marsh vertebrates............ 77
36. Transpiration by producers in MDPR brackish marshes............ 77
37. Gross and net primary production, respiration, and biomass of

microflora in MDPR brackish marshes............................ 78
38. Net primary production, respiration, and gross primary

production of brackish marsh macrophytes in the MDPR........... 79
39. Aboveground net primary production of MDPR brackish

marsh macrophytes............ ... ... 0 iiuiuiiiiinunn... e 80
40. Vegetative composition of MDPR brackish marshes................ 81
41. Aboveground net primary production in MDPR brackish

marshes by producer....... ... .. 82



Number Page

42. Aboveground net primary production of other macrophytes

in MDPR brackish marshes........................ e 83
43. Total live and dead biomass of MDPR brackish

marsh macrophytes. . ... ... .. i e 83
44, Aboveground biomass of MDPR brackish marsh macrophytes......... 84
45. Belowground biomass of brackish marsh macrophytes

in the MDPR. ...t i i it it e it e 85
46. Ratios of live and dead aboveground biomasss to

aboveground net primary production............ ... i, 85
47. Input of plant matter into litter in MDPR brackish marshes..... 86
48. Total input of organic materials to microconsumers

in MDPR brackish marshes......... ... cttmniineeniiinnennnnnns 86
49. Input of marsh animals to microconsumers by source............. 87
50. Biomass and energy budget for MDPR brackish

marsh invertebrates......... .. ...t it 37
51. Dietary breakdown for brackish marsh invertebrates............. 88
52. Dietary breakdown for salt marsh invertebrates................. 89
53. Biomass and energy budget for MDPR brackish

marsh vertebrates..... ... i e e 90
54. Dietary breakdown for brackish marsh vertebrates............... 90
55. Dietary breakdown for brackish marsh birds..................... 91
56. Dietary breakdown for brackish marsh mammals................... 92
57. Release of heat by MDPR brackish marsh organisms............... 93
58. Assimilation of sunlight by MDPR brackish marsh producers...... 94
59. Solar insolation and albedo in MDPR brackish marshes........... 94
60. Input-output table for cypress-tupelo swamp habitat............ 101
61. Cypress-tupelo swamp net primary productivity

and Standing CroP. ... vuu ittt ettt iaeneaanaaasansns 113
62. Calculation of cypress-tupelo swamp tree litterfall............ 114
63. Inputs and outputs of biomass, water, carbon dioxide,

solar energy, and respiratory heat from cypress-tupelo

swamp primary producCers. ... ... ciiieein et oranasnstnnerannns 115

xi



Number Page

64. Water budget for MDPR cypress-tupelo swamp.............ovvennen. 117
65. Nitrogen uptake and release by cypress-tupelo

SWamp Primary ProQUCETS . . v iu e iiiitetnaeteeotneessnooesseeanes 119
66. Phosphorus uptake and release by cypress-tupelo

SWaAmD Primary ProdUCEYS . ...t vt it e s it te s tetantoneenanoensonnnns 120
67. Terrestrial insect consumption of cypress-tupelo

SWamp Primary ProdUCEerS. .. ... it itinniteantneenesaeenanenns 121
68. Insect leaf consumption in woodland habitats................... 121
69. Respiration, carbon dioxide output, inorganic

nitrogen and phosphorus output, and heat output

for cypress-tupelo swamp consumers..............ciitiiiinian.ann 122
70. Mammal harvest from the Louisiana cypress-tupelo swamp......... 123
71. Waterfowl harvest from the Louisiana cypress-tupelo swamp...... 124
72. Barataria Basin cypress-tupelo swamp sediment chemistry........ 125
73. Barataria Basin cypress-tupelo swamp interstitial

sediment water chemistry.......... .ottt iiiinnnnnennn. 125
74. Nutrient input and removal for the des Allemands

cypress=tupelo swamp.......... ... i i i e i e, 126
75. Input-output table for fresh marsh habitat.................. ... 133
76. Determination of nitrogen concentrations in fresh

marsh sediments. .. ... ...ttt ittt 146
77. Biomass of fresh marsh macrophytes........... ... . ... . ... ... ... 147
78. Net primary production of fresh marsh macrophytes.............. 148
79. Percent nitrogen and phosphorus in fresh marsh plants.......... 149
80. Gross primary production, respiration, and nutrient

uptake of fresh marsh macrophytes....... ... ... .. ... ... ... ... 150
81. Output of nitrogen, phosphorus, and carbon from

fresh marsh decomposers. ........ ...t neennnn 151
82. Input-output table for fresh open water habitat................ 157
83. Primary productivity and respiration in Lac des Allemands...... 164
84. Fish standing crop in Lac des Allemands for

years 1965-1967 . ... . . . . . 164
85. Input-output table for estuarine open water habitat............ 138



Number Page

86. Contribution of water, sediment, nitrogen, phosphorus,

and organic carbon to MDPR estuarine open water habitat

from the discharge of the three largest MDPR rivers............ 198
87. Average nitrate, nitrite, phosphate, and salinity for

MDPR estuarine waterbodies for 1968--a year of average

river discharge. .. ... ... i i i i 199
88. Nutrient distribution in Barataria Bay, Caminada Bay,

and nearshore zone in 1973--a high water year.................. 200
89. Net primary production and community respiration -

for MDPR estuarine open water areas............oeeeueeenenanennnn 201
90. Ingestion of multiple food types by MDPR nekton................ 202
91. Landings of fish, shrimp, crabs, and oysters

in Louisiana and Mississippi, 1970-1978.... ...t 203
92. Commercial harvest of nekton and benthos from

Louisiana and Mississippi estuarine open water habitat......... 204
93. Recreational harvest of fish, shrimp, crabs, and

oysters from Louisiana and Mississippi waters for 1975......... 204
94. Areas of estuarine and marine habitat in Louisiana

and Mississippi in 1978. ... . . . i i i 205
95. Input-output table for salt marsh habitat...................... 210
96. Monthly tide levels in cm for 1958-1959 along the

central Louisiana Coast.......cuiuiuiiieunietinannennonennnnnnns 211
97. Nutrient movement in MDPR salt marsh surface waters............ 219
98. Storage of nutrients and organic matter in

MDPR surface water. .. ... ... ...ttt 220
9g. Nutrient chemistry of surface water in MDPR salt

and brackish marshes...... ... . i e 221
100. Nutrient movement in MDPR salt marsh soils..................... 222
101. Storage of nutrients, organic matter, and moisture

in MDPR salt marsh soils...... ... it 223
102. Nutrient uptake and release by MDPR salt marsh flora........... 224
103. Release of nutrients by microconsumers in

MDPR salt marshes...... ... i i i iaennn 225
104. Nutrient release by MDPR salt marsh invertebrates.............. 226
105. Nutrient release by MDPR salt marsh vertebrates................ 227

xiii



Number Page

106. Transpiration by producers in MDPR salt marshes................ 227
107. Gross primary production, net primary production,

respiration, and biomass of microflora in

MDPR salt marshes....... ...ttt eneeennnnannnn 228
108. Ratio of microflora gross primary production to macrophyte

gross primary production in a Louisiana salt marsh............. 228
109. Net primary production, respiration, and gross

primary production of salt marsh macrophytes in the MDPR....... 229
110. Aboveground net primary production of MDPR salt

marsh macrophytes. .. ... ... . i it 230
111. Salt marsh pfoductivity in the Louisiana Offshore 0il Port

study area based on a modified Wiegert and Evans method........ 232
112. Vegetative composition of MDPR salt marshes.................... 233
113. Ratio of respiration to net primary production

for Spartina alterniflora in coastal Louisiana................. 234
114. Aboveground net primary production in MDPR

salt marshes by producer......... ... i 235
115. Aboveground net primary production of other

macrophytes in MDPR salt marshes.............. ... . .. .. oot 235
116. Total live and dead biomass of MDPR salt

marsh macrophytes. ... .. .. it iiee it 236
117. Aboveground biomass of MDPR salt marsh macrophytes............. 237
118. Belowground biomass of salt marsh macrophytes in the MDPR...... 239
119. Ratios of live and dead aboveground biomass to

aboveground net primary production.............. ... i, 239
120. Comparison of aboveground macrophyte biomass at

various marsh sites with average MDPR salt marsh biomass....... 240
121. Input of plant matter into litter in MDPR salt marshes......... 241
122. Total input of organic materials to microconsumers

in MDPR salt marshes....... ... i it it 241
123. Input of marsh animals to microconsumers by source............. 242
124. Biomass and energy budget for crabs at an Airplane

Lake, La. salt marsh and for MDPR salt marshes................. 243
125. Biomass and energy budget for crabs in a North

Carolina salt marsh...... ... . . i i 244

Xiv



Number Page

126. Harvest of crabs in MDPR marshes............... e, 244
127. Biomass and energy budget for mussels at an Airplane

Lake, La. salt marsh and for MDPR salt marshes................. 245
128. Biomass and energy budget for Littorina irrorata

at an Airplane Lake, La. salt marsh and for

MDPR salt marshes.........c.uiiiiiiiiiiiinninnnnannrenaannnnnns 246
129. Dietary breakdown for Littorina irrorata....................... 248
130. Biomass and energy budget for insects in MDPR

salt marshes. ... ... ..t i i i et i e 249
131. Dietary breakdown for inmsects......... ...t 251
132. Secondary productioh by MDPR salt marsh invertebrates.......... 251
133. Energy budget for birds in MDPR marshes.............. ... ... ... _252
134. Bird biomass in MDPR marshes.......... ...t iiiiiiiieeeonn. 253
135. Dietary breakdown for birds........ ...ttt 254
136. Waterfowl harvest in MDPR marshes............ ... .. . i, 256
137. Biomass and energy budget for furbearers in MDPR marshes....... 257
138. Muskrat biomass in Southeastern Louisiana marshes.............. 258
139. Nutria and raccoon biomass in MDPR marshes..................... 259
140. Dietary breakdown for mammals.............c.iiiiiiiinnnaeneans 260
141. Annual harvest of furbearers in MDPR marshes................... 262
142. Secondary production by MDPR salt marsh vertebrates............ 262
143. Release of heat by MDPR salt marsh organisms................... 263
144. Assimilation of sunlight by MDPR salt marsh producers.......... 265
145. Solar insolation and albedo in MDPR salt marshes............... 265
146. Input-output table for urban/industrial habitat................ 277
147. Louisiana total transactions table............ .. oiiitniiinnnn. 282
148. Taxable payrolls and location quotients for

the MDPR urban/industrial sectors...............coviinuuunnnnn. 233
149. MDPR direct requirements matriX..............ccoviuuunnnnnnnnnn. 284

Xv



Number

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

Total sector outputs in 1967 and output per unit
of urban/industrial land.........coiivinrnnnnnn

Investment coefficients for the MDPR urban/industrial
sectors based on national values for 1967.......

Estimated value added distribution among
urban/industrial SecCtors......ievieveesanrannnnn

Resource use and waste production coefficients..

Waste production coefficients...................

Land intensity coefficients.....................

Habitat areas for

Habitat areas for

Habitat areas for

the

the

...............

Mississippi Sound hydrologic unit........

Pontchartrain hydrologic unit............

Mississippi River Delta

hydrologic unit. ... ..ttt ittt ena s

Habitat areas for

Habitat areas for

Habitat areas for

Habitat areas for

the

the

Barataria hydrologic unit.

Terrebonne hydrologic unit

Atchafalaya hydrologic unit..............

Vermilion hydrologic unit

Average monthly rainfall and evapotranspiration for the
Barataria hydrologic unit......ccvvvininieannn.

...............

Estimated average monthly water levels for wetland and
aquatic habitats in the Barataria hydrologic unit..............

Runoff entering from outside the Barataria hydrologic unit.....

Habitat aggregations and areas for the Barataria hydrologic
unit model. ... .t i i it e e e s

Percent runoff allocation matrix for the Barataria
hydrologic unit. .. .ovnt it i i ittt e st

Total nitrogen, total phosphorus, and total organic matter
concentrations in surface water runoff from eleven
habitats in the hydrologic unit models..........

Input-output table for Barataria hydrologic unit

xvi

...............

285

286
287
288
289
291

294

296
299
302
304

306

314

314

315

315

322

323

324



ACKNOWLEDGMENTS

The authors thank the following researchers at the Louisiana State University
(LSU) Center for Wetland Resources, who provided data and guidance during this project:
S. E. Bayley, W. H. Conner, R. Delaune, D. Fuller, J. G. Gosselink, 8. Johnson, I.
Mendelssohn, C. Sasser, F. Sklar, and R. E, Turner.

In addition, D. Culpepper, R. Lean, P, Mather, and D. Wilson from LSU and K.
Limburg from the University of Florida provided invaluable aid in literature review,
data coding and entry. J. Bagur, E. Coleman, and J. NDonley from LSU, and G. Farris and
R. Smith from Fish and Wildlife Service (FWS) assisted in editing. K. Westphal
patiently and carefully drafted the figures with the help of D. Baker, C. Duran, and P,
Gremillion. Typing was done by B. Grayson, J. P. Lantier, and C. McLean from LSU and
E. Krebs from FWS, S. Lauritzen of FWS handled overall layout and preparation of the
manuscript for printing.

We gratefully acknowledge the expertise of Kate Benkert, whose diligent reviews of
the manuscript greatly improved the quality of the report.

K. Adams, R. Ader, N. Benson, and W. Kitchens of FWS contributed to the concep-
tualization and data analysis phases of the report.

We also thank G. Aubhle, S. Batie, W. Boyaton, M. RBrinson, J. Browder, D. Dow, R.
Fluck, M. Gilliland, B. Hannon, W. Mitsch, D. Malholland, H. T. Odum, B. Patten, D,
Pimentel, D. Rapport, P. Risser, W. Rudd, W. Schlesinger, L. Schwartz, D. Swaney, and
J. Zucchetto for their review comments.

This study (FWS contract 14-16-0009-380-073) was conducted in cooperatinon with

Minerals Management Service. Contracting Officer's Authorized Representative was R,
Rogers, Minerals Managemeant Service, P. 0. Box 7944, Metairie, Touisiana 70010,

xvii



INTRODUCTION

Increasing human pressure on coastal ecological resources has resulted in the need
for a more thorough understanding of ecosystem interrelationships. The ultimate man-
agement goal is a comprehensive understanding of coastal systems and the ability to
utilize and preserve coastal ecological resources more effectively. Effective manage-
ment depends upon knowledge of functional interdependencies, both within coastal eco-
logical systems and between human and natural systems. This report attempts~to docu-
ment the current level of knowledge of ecological interdependencies in the Mississippi
Deltaic Plain Region (MDPR) of coastal Louisiana and Mississippi.

BACKGROUND

The National Coastal Ecosystems Team of the U.S. Fish and Wildlife Service,
Department of the Interior has produced several ecological studies concerning aspects
of the Mississippi Deltaic Plain Region (Larson et al. 1980; Wicker 1980). This group
has also completed ecological characterizations and syntheses of other coastal regions
(e.g., Gosselink et al. 1979; Procter et al. 1980). This report is a portion of the
characterization and synthesis of the MDPR. The overall intent of the Fish and Wild-
life Service project is to summarize and synthesize all relevant existing information
on the coastal ecological systems of the regions under study. This report contains the
technical narrative and data presentation of the MDPR study. A companion nontechnical
narrative is published separately.

PURPOSES OF THE TECHNICAL REPORT

The purpose of the overall project is to develop ecosystem models and a narrative
report summarizing existing data for the MDPR. In a form useful to scientists and
coastal managers, it integrates information on the ecology, hydrology, climatology, and
socioeconomics of the 20 ecological and economic habitats and 7 hydrologic units into
which the MDPR has been divided.

DESCRIPTION OF THE STUDY AREA

The Mississippi Deltaic Plain Region of the Louisiana and Mississippi coastal
zones consists of the broad area that includes the largest active delta system in North
America. The region's dynamic nature, acknowledged biological productivity, and
intense level of economic activity have combined to create resource management problems
of enormous magnitnde.

Figure 1 shows the geographicai limits of the study area, which consists of the
tollowing hydrologic units: I-Mississippi Sound, II-Pontchartrain, III-Mississippi
River Delta, IV-Barataria, V-Terrebonne, VI-Atchafalaya, and VII-Vermilion. The study
area extends from the western side ot Vermilion Bay in Louisiana to the Mississippi-
Alabama state line. The inland boundary is determined by the Coastal Zone Management
boundary in Louisiana and the 15-foot contour in Mississippi. The offshore boundary is
the three mile limit.
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Figure 1.

Map of the Mississippi Deltaic Plain region.




The hydrologic units employed in this study are the coastal portions of their
respective drainage basins. The complete drainage basins sometimes extend far inland
from the politically determined coastal zone boundary that forms the inland boundary of
the study area. For example, the drainage basin for the Mississippi River Delta
hydrologic unit (III) and the Atchafalaya hydrologic unit (VI) is the entire midsection
of the North American continent. The other five drainage basins are more coastal in
nature, but all are affected in important ways by upstream influences inland of the
coastal zone boundary.



METHODS

GENERAL APPROACH

A general framework for ecological data was constructed for this technical report
to summarize existing information, direct the emphasis of the narrative report, and
point out areas in need of further research. The framework categorizes information ac-
cording to its functional significance and serves as a compendium of data and as a
"model" of the structure of the ecosystems involved. The framework is hierarchical, as
data at various levels of space and time resolution can be conveniently and efficiently
stored and collected, and is open ended so that additional data can be added as they
become available,

As shown in Figure 2, the three levels considered in order of increasing size are
habitats, hydrologic units, and the entire MDPR. These levels are hierarchical, in
that the habitats make up the hydrologic units and the hydrologic units form the MDPR.
For the purposes of this study, 20 habitat types have been defined. The 20 types are
aggregations of the more than 100 habitat types that have been mapped in the MDPR
(Wicker et al. 1980b) using the Cowardin et al. (1979) classification system. The
region is divided into seven hydrologic units (Figure 1), each of which has a charac-
teristic habitat distribution that 1is determined by both external influences and
internal interactions among the habitats.

The emphasis of this technical report is on the habitats, both because they are
the building blocks for the higher levels in the hierarchy and because the majority of
the existing relevant data have been collected at this level of resolution. Eight of
the 20 habitats identified have been studied sufficiently to allow detailed quantifica-
tion, with these eight making up more than 907 of the total land area of the MDPR.

MODELING LANGUAGES AND APPROACHES

To meet the objectives of this technical portion of the study, two intertranslat-
able systems description formats were employed:

(1) the flow diagram language of H. T. Odum (1971), called "energy circuit
language,” which has been widely used in other ecological characterization
studies,

(2) input-output matrices, which are used by some ecological systems modelers and
are often employed in economic-ecologic analyses (i.e., Isard 1972).

These particular formats were chosen partially because of the uses to which the
completed (i.e., mathematically formulated and manipulated) ecological models based on
them can be put. These uses include the estimation of the direct and indirect impacts
of human activities on the ecological systems of the MDPR as a basis for management.
It is important to note that this technical report includes only the data collection
phase of the modeling study, and the models presented here are purely descriptive. The
potential analytical uses of the models are, however, a major justification for under-
taking this data collection effort (see "Other Potential Uses of Input-Output Data').
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ENERGY CIRCUIT LANGUAGE

This diagrammatic language was developed by H. T. Odum (1971, 1972) specifically
for ecological modeling applications, but with an eye toward general applicability.
The main features that differentiate it from other types of flow diagrams (i.e.,
Forrester 1968) are (1) it attempts to explicitly indicate thermodynamic constraints;
and (2) it has a relatively large vocabulary of symbols, each of which has an implicit
mathematical meaning. This allows a conversion of the diagram into sets of equations
suitable for computer simulation.

Figure 3 shows the symbols used in the models in this report. Lines between
symbols represent flows of material, energy, or information. H. T. Odum (1971, 1972)
and Odum and Odum (1976) contain more complete descriptions. The following symbols are
used in this study:

(1) Source or sink of material, energy, or information from outside the system
boundary. Sources are called "exogenous variables" or "forcing functions'" in modeling
terminology. Sources can be of several types. Constant flow sources (such as sun-
light) provide material or energy at constant rates set exogenously (from outside the
system). Constant force sources provide an exogenously set force, but the flow rate
may be affected by internal components. Mathematically, sources are exogenous functions
and can take any form. Frequently this form is a time series function measured or pro-
jected for the system of interest.

(2) Storage or stock of material, information, or energy. Storages are also
called 'state variables." The level of all the storages in a system can be thought of
as indicating the state of the system at a point in time. The first and second laws of
thermodynamics are embodied in this symbol and its attendant mathematics. The first
law requires conservation of matter and energy; thus the sum of all the inflows to a
storage is equal to the sum of the outflows plus any change in the level of storage.
This is the mathematical basis for the description of system dynamics. In describing a
system, one can write a differential equation for each storage in the system. For the
single storage shown in Figure 3, one would write:

dQ/dt = Jin - Jout - kQ (1)
where Q = the level of the storage; dQ/dt = the rate of change of the level, Q; J. =
. in
inflows; Jout = outflows; and k = a constant.

In general the J's . (inflows and outflows) will be functions of the other
storages in the system and the external sources of the system.

The second law of thermodynamics is indicated by the "heat sink" symbol at the
bottom of the storage. All storages tend to disperse, decay, depreciate, and otherwise
increase their disorder. The rate of depreciation is usually some function of the
level of the storage, and is given by the third term in Equation 1.

(3) Work gate, interaction, or transformation. These symbols are called
"functions" in modeling terminology and are, in general, all processes that require the
interaction of internal storages and/or external sources. The process could be a

transformation of the inputs into a different output (such as the interaction of sun-
light and nutrients to produce biomass) or the regulation of the flow of one substance
by another (such as the control of evapotranspiration by leaves). Notice also the heat
sink symbol indicating losses required by the second law for all real, irreversible
processes.
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The mathematical form of the function can be made explicit by writing it inside
the work gate symbol. For example, two common and simple forms are the multiplier and
divider interaction shown in Figure 4(a). If nothing is written inside the symbol, the
functional form is not specified, only the fact that there is some interaction.

Interactions that require physical inputs of the ‘'reactants'" imply that the rate
of formation of the products is proportional to the rate of consumption of the inputs.
For example, a chemical reaction that requires A and B to produce C with a multiplica-
tive functional form would look like Figure 4(b), which implies that the rate of con-
sumption of B is proportional to the amount of B present and the amount of A present
(as are the rate of consumption of A, production of C and process losses). The first
law constraint implies that in Figure 4(b): ky * ky = k) + k.

If, on the other hand, B were a catalyst required for the production of C, but not
consumed at a rate proportional to the rate of production of C, the diagram would look
like Figure 4(c). The small box around the flow line leaving B is a sensor that
denotes that there is no consumption of B in the process.

(4) Switch or digital control function. The work gate symbol implies continuous
interaction over a range of values. The switch symbol is similar but implies a
digital, on or off, form of interaction. For example, flows that require some thresh-
old value to be reached before being switched on are best indicated by the switch
symbol. Note the heat sink, indicating that even digital control actions have at-
tendant losses.

(5) Economic transaction symbol. This symbol indicates flows of material,
energy, or information (solid line) that have attendant dollar transactions (dashed
line). Price regulates the exchange ratio.

(6) Flow sensor symbol. This symbol indicates flows of material, energy, or
information in proportion to the flow of some other material, energy, or information.
The small box around the sensed flow indicates that the sensed material is not consumed
in the process.

(7) Group symbols. These symbols indicate groupings of internal storages and
interactions with special meanings. The bullet shaped symbol is used to indicate
groupings that contain primary producers. These are any subsystems that convert sun-
light directly into biomass. The hexagon symbol indicates a consumer or group of
consumers.

The mathematical form of these symbols is nonspecific and is related to their
internal structure. For example, the simplest form of internal structure for a con-
sumer group is shown in Figure 4(d). This implies that the rate of production of the
internal storage depends on the level of that storage. The box symbol is for general
purpose groupings.

FLOW DIAGRAM FORMAT

When reading flow diagrams, one tends to assign meaning or significance to the lay-
out or placement of components on the page. All of the models within each level of
organization (habitat, hydrologic unit, and MDPR) were laid out similarly to try to
avoid this problem. This prevents purely "semantic" differences between models from
taking on any significance, and allows information about the general trophic structure
of ecosystems to be expressed.
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INPUT-OUTPUT MODELS

Input-output (I-0) models have become very popular in the analysis of economic
systems since their development by Wassily Leontief (1941). I-0 models are concerned
with the problem of comprehensive description and analysis of interdependence, and the
modeling format is general enough to be useful in any field that deals with the
analysis of interdependence. There is an enormous amount of literature on economic
applications, as well as on several applications to ecclogical and combined ecological-
economic systems (Daly 1968; Isard 1972; Victor 1972; Hargrave and Burford 1973; Hannon
1973, 1976, 1979; Richey et al. 1978; Costanza 1979, 1980; Costanza and Neill 1981a,
1981b).

An input-output model is based on a comprehensive accounting of transactions in a
system as displayed in an "input-output table." An input-output table can be thought
of as a tabular depiction of the same data that might be displayed on a matter and
energy flow diagram.

An I-0 table is a compact depiction of the quantitative interconnections among
system components. Flow diagrams quickly reach an upper limit of complexity, above
which they are almost impossible to read. I-0 tables may be enormously complex and
still be readable (some are published with 456 compartments or ''sectors"), but they
lack the visual impact of a flow diagram.

The following example describes the general I-0 table format, its relation to the
energy circuit diagrams presented earlier, and a brief treatment of the mathematics
associated with it. Recent work in input-output analysis has addressed the problem of
"joint products,”" which occurs when an ecological or economic sector produces more
than one type of output (Victor 1972; Ritz 1979; Costanza and Neill 1981a, 1981b).
This problem is critical when dealing with combined economic-ecologic systems, since
waste or by-products are important considerations and must be treated as joint
products. This explanation of input-output models focuses on the more recent
"commodity-by-process" format (which allows joint products and which is used in this
repoxt), noting correspondence, when appropriate, with the earlier "standard" format.

Table 1 is an example of a commodity-by-process input-output table for the entire
biosphere (from Costanza and Neill 1981a). This table illustrates the format used in
all the input-output tables in this study. In the table, "processes' are listed along
the top, and "commodities'" are listed along the side. Commodities are actual goods or
services produced or consumed in the system and correspond to a flow or storage in the
energy circuit diagram. A process is a transformation of a group of commodity inputs
into different commodity outputs. This corresponds to the work gate symbol in the
energy circuit diagram.

Table 1 shows the consumption and the production of each commodity by each process
in the system. At each intersection of a process and a commodity in the table, three
values may appear: (1) the use (or input) of that commodity by that process is listed
on the top line; (2) the production (or output) of that commodity by that process is
listed on the center line; and (3) the storage of that commodity in that process is
listed on the bottom ]ine. For example, the global urban economy process in Table 1
consumes 2.71 E12 $/yr” worth of manufactured goods and services in the process of pro-
ducing 3.98 E12 §/yr worth of the same commodity. Reading down a column in the table,
one can quickly see the inputs, outputs, and storages to and from the process listed in

1Throughout this report "E format" was used for scientific notation as a convenience
in writing and editing. 2.71 E12 is read: 2.71 times 10 to the 12th power.
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Table 1. Input-output table for the biosphere.
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the column headings. Reading across a row, one can quickly see the distribution of
each commodity as input, output, and storage to and from the various processes. Thus,
the input-output table is a concise listing of the interconnections among system com-
ponents over a particular time interval. In Table 1 no storage values were estimated,
so the bottom line at each intersection is blank.

In the standard input-output format each process produces only one commodity, and
output entries (the center line of each process-commodity intersection) occur only
along the diagonal in the table. Notice that in the "totals" column, the total input
(or "demand" or "use") of each commodity to all internal processes (plus exports)
must equal the total output (or "supply" or "production") of that commodity from all
internal processes plus imports. This equality is a restatement of the first law of
thermodynamics in the I-O format.

Note the unique position of sunlight in this table. When modeling the biosphere
as a whole, sunlight is the only commodity that is required by internal processes that
is not also produced internally. This makes it the primary resource in this model, a
distinction of some importance in applications of this model as will be discussed
later.

Since this technical report is concerned only with the descriptive data collection
and formatting phase of the MDPR study, no additional detail of the manipulation of I-0
tables is necessary to understand and use the results presented in this report. The
data in I-O table format, however, have proved to be useful as the basis for a wide
variety of mathematical modeling and analysis studies (Hannon 1979; Ritz 1979; Costanza
and Neill 1981b). This was part of the reason for choosing this particular format for
this study. Below, one example of the mathematical formulation of I-O data for a par-
ticular purpose is outlined. This is intended only as an example to give the reader an
idea of the potential uses of I-0 data in model building, and 1s not meant to be an
exhaustive list of all the possibilities. Readers unfamiliar with linear algebra can
skip to the next section where other potential applications are discussed. A mathe-
matical formulation is not necessary to the goal of quantitative characterization (the
table itself is sufficient for that purpose), but it is necessary if the I-0 data are
to be used to make summary statements about interdependence in the system, to estimate
impacts, or as the basis for simulation studies.

LINEAR, STATIC INPUT-OUTPUT MODELS

The simplest and most often used mathematical formulation of input-output data and
the one used in this report is the static, linear, material and energy accounting
model. This formulation assumes linear relationships between the inputs and outputs of
each process, and considers the system only for the time interval covered by the data.
Models based on these assumptions are useful mainly to determine the degree of indirect
interconnection among components and to estimate the indirect impacts of selected
changes (direct impacts) in the system, assuming that the "structure" of the system
does not change.

The mathematical theory behind the linear, static input-output model, and the more
general but related linear programming model is well developed and is an important tool
in many fields, such as industrial management, economics, ecology, strategic analysis,
forest management, and energy analysis. It is beyond the scope of this report to
reconstruct this material in any but the most abbreviated form. What follows is a
brief model formulation specifically adapted to a particular potential use of the data.
This presentation is intended only to illustrate one potential use of the data.
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"Embodied"” energy balance equations can be written for each process as shown
below:

n n
E. + 2 siUi. = Z eg.V.. (2)
LI 5 B BT T S b
where
E. is the direct primary resource input to process j (direct solar energy
J in the global model);
Ui' is the input of commodity i to process j;
Vji is the output of commodity i by process j;

£y is the weighting factor or "energy intensity" or ''shadow price"
associated with commodity i.

All inputs and outputs are the total flux over a particular time interval (i.e., g/yr).

This is a generalization of the single product energy balance model developed by
Herendeen and Bullard (1974) and Hannon (1973). The system contains n commodities and
m processes. Interest in modeling the biosphere as a whole stems partly from the fact
that, at this level, the system has essentially one primary resource--sunlight. Thus,
the weighting factors can all be stated as "embodied solar energy" intensities.

In matrix notation for all processes we have

E = eU- ¢V (3)
where
E is an m dimensional column vector of direct energy inputs;
UT is an m x n matrix of commodity inputs by process;
V' is an m x n matrix of commodity outputs by process;
€ 1is an n dimensional vector of weighting factors or energy intensities.

The system of linear algebraic equations indicated in Equation 3 can be solved
simultaneously for the embodied energy intensity vector, &€. The details of the methods

used for obtaining this solution are best left to a linear algebra text (cf., Searle
1966) .

The embodied energy intensity factors that solve Equation 3 can be interpreted as
the total amount of direct primary resource (E) required directly and indirectly to
produce a unit of each commodity in a system with input and output matrices A and B
respectively. For example, Table 2 shows the energy intensity factors that result from
solving Equation 3 for the biosphere input-output data in Table 1 (see Costanza and
Neill 1981, for details of this application).

The "embodied energy intensities" presented in Table 2 can be interpreted in
several complementary ways and may be useful as a method for estimating the value of
non-marketed natural resources (such as fresh water, nutrients, natural plant and
animal biomass). In any management decision, conflicting interests and goals must be
weighed against each other. The analysis of these trade-offs can be aided if there is
a common denominator by which dissimilar items can be evaluated and compared. Embodied
energy calculations based on ecological-economic input-output models are one way of
using detailed ecological data to provide embodied energy values that can be used as
such a common denominator (Hannon 1976; Costanza 1980; Costanza and Neill 1981a,
1981b). The valuation of nonmarketed resources should be incorporated into management
decisions. The specific application of the I-O data presented above can help incor-
porate all the available information on ecological structure and function into a
calculation of resource value. These valuations would be very useful to resource
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Table 2. Embodied energy intensities from the global model

in various units (Costanza and

Neill 1981a).

Commodity Embodied energy intensitya

1. Manufactured goods 1
and services

2. Agricultural products

3. Natural products

4. Nitrogen

5. Carbon dioxide

6. Phosphorus

7. Water vapor

8. Liquid water

9. Fossil fuel

91.2 E6 kcal solar/$
=17,850 kcal FF/$

13.9 E3 kcal solar/g
=6.2 E6 kcal solar/1b
=$.03/1b

39.2 E3 kcal solar/g
=17.7 E6 kcal solar/lb
=$.09/1b

0.63 E6 kcal solar/gN
=$§1.49/1bN

57.1 E3 kcal solar/gc
=$.13/1bC

1.17 E6 kcal solar/gP
=$2.75/1bP

0.55 E18 kcal solar/cu km
=$2.87/cum
=§ .01/gal

0.55 E18 kcal solar/cu km
=$2.87/cum
=$ .01/gal

96.4 E3 kcal solar/g FF
=10,711 kcal solar/kcal FF

a
The values above were calculated using standard conversion

factors (i.e., 454 g/lb, 264.2 gal/cu m) and the intensities
the other commodities (i.e.,
191.2 E6 kcal solar/$1970). Fossil fuel was converted to kcal

calculated by the model for

using 9 kcal FF/g FF.
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managers because they would allow environmental costs to be compared with economic
benefits on an equal footing, which would form the basis for more rational, objective,
environmental decision making.

Once these valuations are performed, input-output tables in consistent units
(i.e., dollars or kilocalories of solar energy) can be constructed for the ecological
habitats of the region and manipulated in much the same way as standard economic I-O
models (cf. Hargrave and Burford 1973; Ritz 1979). A useful product of these manipu-
lations is the estimation of summary "multipliers" of various kinds. Multipliers
quantify the total (direct and indirect) change expected to result from a unit change
in a particular variable. For example, an "income multiplier" in economic applications
is an estimate of the direct and indirect change in total income expected to result
from a unit change in the output of a particular sector of the economy. Ecological
input-output models in consistent units could be used to estimate "impact multipliers"
that quantify the direct and indirect impact of a particular proposed alteration of the
ecosystem. Having a model in consistent units is necessary so that the various kinds
of impacts can be added to produce a summary total.

OTHER POTENTIAL USES OF INPUT-OUTPUT DATA

Besides purely descriptive and accounting uses, ecosystem data in I-0 format can
be useful as the basis for more elaborate non-linear, dynamic modeling efforts. Non-
linear, dynamic I-O models would require additional data on the time variability of the
ecosystems, but the description of the average conditions provided by static input-
output tables would be a necessary adjunct. This descriptive format of static I-0
models is a useful as a way of organizing and presenting data.

DATA AND MEASUREMENT

This project develops and presents quantitative information on the flows of matter
and energy in the ecological systems of the MDPR. Thousands of measurements made by
hundreds of independent researchers at different times, using different techniques, and
at different levels of accuracy and completeness have been synthesized and recorded.
These measurements vary widely in their degree of precision and applicability to the
purposes of this study. Detailed notes supporting and qualifying each of the calcula-
tions and estimates employed in this study are included after each detailed habitat
model. The reader should be aware that the quantitative estimates presented in this
study vary from reasonably precise measurements to rough guesses. In all cases, the
guiding principle in this study was to choose the best estimate for the variable under
consideration. Ignoring a particular variable in construction of an ecosystem model is
functionally equivalent to estimating its value as zero. Even a rough guess may be a
better estimate of a particular quantity than an implicit estimate of zero, if the
degree of precision of the estimate is kept in mind. Thus, the numerical estimates
presented in this study must be used carefully and in light of the qualifications
included in the report.

The reader should also be aware that the data collection format used in this study
represents a particular paradigm for viewing ecosystems. This view uses energy and
material flows to characterize ecosystems. There are several alternative paradigms,
none of which can claim to be all-encompassing. The particular paradigm used in this
study was thought to be the most appropriate for the task at hand, but (like any
paradigm) it also limits and colors the resulting picture in a particular way.
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HABITAT MODELS

HABITATS USED IN THIS STUDY

Detailed habitat categories measured from MDPR habitat maps (Wicker et al. 1980b)
were aggregated into 20 habitat types for consideration in this report. Detailed habi-
tats were aggregated according to functional similarity, allowing each habitat to be
general enough to permit data collection and model construction. Correspondence of the
20 habitat types to the Cowardin et al. (1979) categories and the areas of the habitats
in the region measured from the detailed habitat maps are shown in Table 3.

For each of the 20 habitats used in this study, a matter and energy flow diagram
and a brief narrative description were prepared. In addition, eight of the habitats
were selected for detailed study and quantification: agriculture, brackish marsh,
cypress-tupelo swamp, fresh marsh, fresh open water, estuarine open water, salt marsh,
and urban/industrial. These eight habitats encompass more than 90% of the total area
of the MDPR, and were those for which sufficient data were available for preparation of
quantified flow diagrams and input-output tables. Notes supporting the quantification
of these eight habitats follow each model in the text.

HABITAT MAPS

A map of the 1978 distribution of each habitat in the MDPR by 7% minute quad sheet
is included in the report. These maps were constructed using data from aerial photo-
graphs (see Wicker 1980). Data were aggregated into the 20 habitat types used in this
study, since the original data base made use of the Cowardin et al. (1979) classifica-
tion (Table 3). Data were mapped using a computer software program developed at the
Center for Wetland Resources at Louisiana State University. This software makes use of
the CALFORM mapping program (Latham and White 1978).

Although most of the aerial photographs used in the mapping study were from 1978,
a number of the Mississippi photos were taken in 1976. For convenience, maps are
labeled 1978, since the majority of the photos are from this date.

The maps included in this report are conformant maps. This type of map divides
the region into different zomes (7% minute quads), with each zone stipled according to
the area of the each habitat in that zone. Caution should be used in interpreting
these maps, since they do not give any information about the location of a habitat

within a zone but only give the relative area of a habitat for each quad within the
MDPR.

DATA COLLECTION METHODS

The construction of the I-0 tables entailed the collection and manipulation of a
large volume of data from the ecological literature. The goal throughout was to des-
cribe all flows of materials and energy within each habitat as completely as possible.
The data were intended to represent average temporal and spatial conditions in that
habitat. Because of data constraints, however, this ideal was rarely met. Thus, data
were often manipulated so that they would be more representative of those average con-
ditions. This section describes the methods used to collect data for the I-O tables.

The first law of thermodynamics requires a balance of inputs and outputs within a

process. This has important practical implications in the construction of an I-0
table, since missing data can often be calculated by difference.
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Table 3. Composition and land area of the aggregate habitats
used in this study in terms of the Cowardin et al. (1979)
classification system for the MDPR.
Aggregate habitat 1955 area 1978 area
Habitats
No. Description included ha 7% of Total ha % of Total
1 Agriculture Ubvi2 1859 0.05 0 0
UDv2 121958 3.53 82775 2.40
UDV2e 7879 0.23 14756 0.43
UDv2x 229 0.01 0 0
Subtotal 131925 3.82 97531 2.83
2 Beach and E1BB2 0 0 9 0
dune E2BB2 3471 0.10 2539 0.07
E2RS2 1 0 0 0
E2RS2h 0 0 2 0
E2RS2r 8 0 3 0
M2BB2 2437 0.07 1600 0.05
R1BB2 57 0 37 0
R1RS2h 0 0 2 0
R1RS2r 0 0 2 0
R2BB2 201 0.01 25 0
UGR5b 0 0 20 0
Subtotal 6174 0.18 4239 0.12
3  Bottomland PFO1 14600 0.42 19291 0.56
hardwood PF013 37525 1.10 24410 0.71
PF034 2263 0.07 1852 0.05
PFO05 0 0 575 0.02
Subtotal 54388 1.59 46128 1.34
4 Brackish E2EM3P5d 0 0 3 0
marsh E2EM5N5 0 0 6502 0.19
E2EM5P5 0 0 280500 8.10
E2EM5P5d 0 0 6754 0.20
E2EM5P6 0 0 107609 3.12
E2EM5P6d 0 0 2601 0.07
Subtotal 0 0 403969 11.68
5 Canal E1AB50 0 0 37 0
E1AB5x 0 0 1 0
E10Wo 5158 0.15 10854 0.31
E10Wx 3342 0.10 9879 0.29
R1AB2x 0 0 2 0
R1AB50 0 0 395 0.01
R1AB5x 0 0 221 0.01
R10Wo 1771 0.05 1882 0.05
R10Wx 3285 0.10 5273 0.15
R2AB5x 0 0 4 0
R20Wo 11 0 9 0
R20Wx 977 0.03 890 0.03
R40OWx 3 0 0 0
Subtotal 14547 0.43 29447 0.85

(continued)
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Table 3. Continued

Aggregate habitat 1955 area 1978 area
Habitats
No. Description included ha % of Total ha % of Total
6 Cypress- PF012 181628 5.27 154207 4.47
Tupelo PF024 4071 0.12 4257 0.12
Subtotal 185699 5.39 158464 4.59
7 Fresh aquatic L2AB 0 0 1003 0.02
bed L2AB2 0 0 1107 0.03
L2AB2h 0 0 229 0.01
L2AB5 88 0 169 0
L2AB5h 0 0 4 0
L2AB5x 0 0 2 0
PAB 0 0 22 0
PAB2 0 0 924 0.03
PAB2h 0 0 11 0
PAB2x 0 0 2 0
PAB5 0 0 133 0
PAB5x 0 0 4 0
PDV 457 0.01 1895 0.05
PFL2 7 0 0 0
R1AB 0 0.02 30 0
R1AB2 0 0 21 0
R1AB5 0 0 690 0.02
R2AB5 0 0 32 0
Subtotal 552 0.03 6278 0.16
8 Fresh marsh PEM 356051 10.33 154812 4.49
PEMd 8426 0.24 10423 0.30
PEM5 0 0 10 0
Subtotal 364477 10.57 165245 4.79
9 Fresh open L10OW 29409 0.85 111 0
water L10Wh 0 0 90 0
L20W 29917 0.86 29711 0.86
L20Wh 2188 0.06 1448 0.04
L20Wx 11 0 376 0.01
POW 1905 0.06 3138 0.09
POWh 127 0 285 0.01
POWo 0 0 5 0
POWx 177 0.01 618 0.02
POW4 0 0 41 0
Subtotal 63734 1.84 35823 1.03
10  Fresh scrub PSS 0 0 13 0
shrub PSS1 1616 0.05 7549 0.22
PSS12 0 0 19 0
PSS13 4760 0.13 5607 0.16
Subtotal 6376 0.18 13188 0.38
11  Mangrove E2SS3 63 0 2955 0.09
Subtotal 63 0 2955 0.09
(continued)
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Table 3. Continued.
Aggregate habitat 1955 area 1978 area
Habitats
No. Description included ha % of Total ha % of Total
12 Mud flat E1FL 81 0 0 0
E2FL 1791 0.05 0 0
E2FL2 1011 0.03 70 0
E2FL23 0 0 5 0
E2FL24 0 0 82 0
E2FL3 719 0.02 1428 0.04
E2FL34 0 0 1029 0.03
E2RF2 485 0.01 305 0.01
E2UB34 276 0.01 7 0
L2FL3 0 0 71 0
L2FL34 0 0 1927 0.06
M1UB2 136 0 0 0
M2FL2 0 0 17 0
R1FL 494 0.01 28 0
R1FL3 963 0.03 190 0.01
R2FL 34 0 0 0
Subtotal 5990 0.16 5159 0.15
13  Nearshore gulf M10OW 119279 3.38 116569 3.38
Subtotal 119279 3.38 116569 3.38
14  River, R10W 35317 1.02 36968 1.07
stream, R20W 846 0.02 525 0.02
bayou R40OW 31 0 10 0
Subtotal 36194 1.04 37503 1.09
15 Estuarine E1AB 0 0 302 0.01
aquatic E1AB1 0 0 2470 0.07
bed E1AB12 537 0.02 2923 0.08
E1AB2 0 0 8434 0.24
E1AB5 4 0 189 0.01
E1AB5H 0 0 1 0
Subtotal 541 0.02 14319 0.41
16 Estuarine E10W 1728653 50.15 1883064 54.62
open E10Wh 4147 0.12 5442 0.16
water E10Wt 26455 0.77 33502 0.97
E10W4 0 0 115 0.33
E1UB2 364 0.01 0 0
E20W 2687 0.08 0 0
Subtotal 1762306 51.13 1922123 56.08
17 Salt marsh EEM 0 0 1622 0.05
E2EM 570515 16.55 154 0
E2EMd 2422 0.07 0 0
E2EM5N4 0 0 178843 5.19
E2EM5N4d 0 0 1836 0.05
Subtotal 572937 16.62 182455 5.29
(continued)
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Table 3. Concluded.

Aggregate habitat 1955 area 1978 area
Habitats
No. Description included ha % of Total ha % of Total

18  Spoil E2EM5N4s 0 0 160 0
UDv3 4432 0.13 5483 0.16
UDV3o 1 0 0 0
UDV3x 0 0 19 0
UFO1s 1962 0.06 3855 0.11
UF013s 12 0 102 0
UF034s 0 0 1 0
USS1s 2509 0.07 23670 0.69
USS13s 1623 0.05 286 0.01
Subtotal 10539 0.31 33576 0.97
19 Upland UDv 153 0 580 0.01
forest UFO 58 0 3 0
UFO1 19 0 0 0
UFO012 0 0 4 0
UFO13 23104 0.67 23829 0.69
UFO3 304 0.01 243 0.01
UF034 36584 1.06 44269 1.28
UFO4 92 0 0 0
USS1 161 0 157 0
USS1o 0 0 72 0
UsS13 2453 0.07 1533 0.04
Subtotal 62928 1.81 70690 2.03
20 Urban UDVo 10 0 2 0
industrial UDV1 47534 1.40 98712 2.80
UDVlo 1101 0.03 3389 0.09
Subtotal 48645 1.43 102103 2.89
TOTAL 3447294 100. 3447764 100.
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Equation 4 holds for any primary producer (autotroph):
GPP = R + NPP (4)

where GPP is equal to gross primary production (the total amount of chemical energy
assimilated), R is equal to respiration (energy cost of maintenance and depreciation,
as required by the second law of thermodynamics), and NPP is equal to net primary pro-
duction, or the total amount of new material produced. This net primary production may
be consumed by other orgahisms or added to the already existent biomass, giving an
increase in storage. Ultimately, however, this material is broken down by decomposers
and either recycled or lost to the system.

For consumers (heterotrophs), a similar balance can be constructed:
C=E+R+P (5)

where C is equal to consumption, E is equal to egestion (non-digestible food plus
secretions, gamete production, etc.), R is the rate of respiration, and P is the sec-
ondary production. From Equations 4 and 5 it can be seen that it is often possible to
calculate values for missing data if the other terms in the equation are known. These
calculations are made easier by assuming a steady state system.

When a habitat is first colonized by an organism, the rate of production of that
organism (either NPP or P) exceeds its mortality. Thus there is an accumulation
(increase in storage) in the biomass of that organism. Ultimately, however, the rate
of decomposition increases over time until it is equal to the rate of new production;
this is a natural process in the succession of ecological communities. When this hap-
pens there ii no net change in storage and that organism is said to have reached a
steady state. B

Since it is difficult to measure net change in biomass in real ecosystems, ecol-
ogists often assume that the system is at steady state in order to simplify the cal-
culations (for example, assuming no net growth would allow one to estimate mortality as
equal to new production). When the habitat in question is not accumulating or losing
biomass, this assumption probably will not lead to gross errors. This assumption can
lead to greater errors, however, if it is applied to a system that is experiencing
rapid change. For example, assuming a steady state for newly deposited spoil would be
misleading because many new species would still be colonizing this habitat. Another
case in which the steady state assumption could lead to errors would be in a system
that had been disturbed, either by man or by a natural catastrophe such as a hurricane.

The steady state was often assumed even for growing or disturbed systems. It was
reasoned that the estimates of particular values obtained from this assumption, though
of debatable quality, were better than no estimate at all--because no estimate in the
model is by default an estimate of zero. Such estimates are undoubtedly poor, but they
do incorporate the information that does exist.

The ideal data for this study are data gathered over a long period of time and
over a large area so they could be said to represent statistically average conditionms.
When this type of information was not found, data from a more restricted area within
the MDPR or from an area outside the MDPR were used. To better approximate the actual
conditions, these data were often adjusted to some parameter, such as biomass, NPP, or

In reality, an organism may never reach a constant steady state, since there are
always fluctuations over time. When we speak of steady state, we generally are con-
sidering an average condition over time where periodic oscillations and noise have been
filtered out.
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GPP. For example, consumption of a macrophyte might be estimated by using its con-
sumption in a different area and adjusting it by the ratio of biomass in the MDPR to
the biomass in that area. It is felt that the error caused by assuming such a linear
relationship is less than the error that would be caused by not accounting for the dif-
ference in such a value. It is hoped that taking such an approach results in more
precise estimates.

Another area in which linear relations were assumed was in the calculation of
different foods consumed by particular organisms. For example, it might be known that
three different plants made up the diet of a heterotroph and that the animal consumed a
total of 100 g dry wt/sq m/yr. The mixture of the consumed plants, however, might not
be known (i.e., how much of each of the three plants was consumed). In such instances,
the rate of consumption of each of these plants was assumed to be proportional to its
NPP rate. If plant A produced 50% of all NPP, it was assumed that 50% of the food
consumed by the heterotroph was plant A.

When data for a particular organism could not be found, information from a similar
organism was used in its place. For example, if data on the chemical makeup of a crab
were not available, information from a closely related organism or group of organisms
was substituted. An analysis of the average chemical makeup of invertebrates might be
used instead. If data on invertebrates were not available, the chemical makeup of a
generalized "animal" (see E. P. Odum 1971) might be used. When all else failed, a
"standard ecological conversion," such as 1 gram C/2.2 grams dry wt (Whittaker 1975),
was employed. Our intent here was to always use data from the most closely related
organism.

Uptake and release of nutrients was another area; in which poor data existed and
simplifying assumptions had to be made. Where data were not available, uptake was
estimated by multiplying the concentration of that nutrient in the biomass of the
organism by either GPP (for producers) or consumption (for consumers). Similarly,

release was calculated as the nutrient concentration multiplied by the rate of respi-
ration.

In constructing the I-O tables, several conventions were consistently followed.
Values representing physical units were always calculated in grams of that commodity
(e.g., g N, g P, g dry wt), and energy values are presented as kilocalories. In all
cases, storages were calculated on a per square meter basis, and flows were calculated
on a per square meter per year basis.

A commodity was entered in the I-0 table only if it existed in the habitat in that
form. For example, inorganic nitrogen is explicitly considered since it is found in
the system as such. Organic nitrogen was not considered explicitly, however, since it
is implicitly included as a constituent of organic matter or biomass.

Since a habitat may contain thousands of different species, it is obvious that
these could not all be included in the analyses. It was necessary to group func-
tionally similar organisms into aggregated categories (Bahr 1982 discusses the use of
functional taxonomy). In other words, a model might include consumers, decomposers,
and producers as aggregated categories. When calculating values for these functional
groups, only a limited number of the more functionally significant organisms could be
considered. For example, only four major macrophytes were used in the salt marsh
analysis. Estimates based solely on these four plants undoubtedly contain errors since
there are other plants in the marsh, but these four plants account for more than 90% of
the vegetated area, so the error should be small.

The preceding discussion is not meant to be an exhaustive accounting of how data

were prepared for the habitat I-O tables. The purpose is to give an idea of the gen-
eral way in which data were handled.
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HABITAT MODEL NOTES

The notes to the habitat models are coded to the habitat model I-O tables in the
following way: each note is labeled with a 2-number, 1l-character code. The first num-
ber denotes the commodity, the second number the process, and the character (1, 0, or
S) denotes whether the estimate is an input, output, or storage. For example, the note
labeled "1,2,I" in the agricultural notes explains how the input (I) of nitrogen (com-
modity 1) into sugarcane (process 2) was calculated. The notes are separated into
groups by commodity.

Flows of materials are recorded in the standard units of g/sq m/yr, while energy
flows are presented as kcal/sq m/yr. Storages are recorded as the annual average
standing crop in g/sq m. Flows and storages of a material are recorded explicitly as
grams of that material. For example, a flow of inorganic nitrogen is listed as gN/sq
m/yr, and flows of biomass are recorded as g dry wt of organic matter /sq m/yr.
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1. AGRICULTURE

Agriculture is an important activity in the MDPR. Although it uses only 2.8% of
all MDPR land and ranks eighth in area (Table 3), it provides numerous jobs as well as
resources. A map of the distribution of agriculture habitat is shown in Figure 5.

The region's major «crop, suggrcane, has an average annual harvest of 957.9 g
for an average square meter of farm. Hay, silage, and pasture produce an estimated
252.0 g/sq m/yr (note 10,3,0). Soybeans, another economically important crop, has a
smaller harvest of 24.4 g/sq m/yr (note 11,4,0).

Livestock products that are of economic importance in the deltaic plain are cattle
and calves (6.01 g/sq m/yr) and hogs (0.93 g/sq m/yr) (Table 4). Sheep, lamb, and wool
are also produced, along with dairy and poultry products.

Deltaic plain farmers apply an average of 28.6 g/sq m/yr of nitrogen, phosphorus,
potassium, and lime (Table 6). Pesticide applications (herbicide, insecticide, and
fungicide) amount to 0.58 g/sq m/yr (notes 7,6, and 7,9,I). Even with these chemicals,
pests consume an estimated 35.3 g/sq m/yr (Table 12).

Labor is another service used in farming. Total labor input to all crops and
livestock is estimated at 3.15 E-3 hrs/sq m/yr (Table 18). Of this, 61% comes from
hired labor, with the remaining 39% coming directly from farm households (Notes 18,11,0
and 18,12,0). The largest users of labor are sugarcane and other crops, which require
2.04 E-3 and 4.76 E-4 hrs/sq m/yr, respectively (Table 18).

On an average MDPR farm, 246.5 kcal/sq m/yr of fossil fuels are applied (Note
19,12,0). Soybeans require a large percentage of this, using 60.4 kcal/sq m/yr (Note
19,4,I). Such a large energy input allows farm production to take place with rela-
tively small inputs of labor.

In addition to fertilizers, pesticides, labor, and fossil fuels, farming requires
other goods and services: veterinary care, feed, machinery, and government services
such as extension programs. Total input of other goods and services to MDPR farms is
equal to 2.36 E-2 dollars/sq m/yr (note 20,12,0). The two main users of these goods
and services are sugarcane and livestock farmers.

The data used in the agricultural model are generally reliable, coming from U.S.
Agricultural Statistics and the U.S. Census of Agriculture. Where possible, data used
were for 1978 since this is the year of the most recent Census of Agriculture. Some
problems should be mentioned.

In this report, the area classified as agricultural, based on work by Wicker
(1980), is not synonymous with areas defined as agricultural by the U.S. Department of
Agriculture. For example, forested areas used as pasture are considered here as forest

3In this report, farm production was not calculated in the standard fashion, and thus
production values are lower than those normally reported. Farm production is usually
calculated by dividing the total weight of harvest crop by the farm area of that crop.
As an example, 6.4 E12 g of sugarcane was harvested from 2.8 E9 sq m of sugarcane
farms in Louisiana in 1978 (U.S. Bureau of Census 1981), giving a yield of 2.3 E3 g/sq
m. For this report, it was necessary to calculate the yield from an average farm;
sugarcane yield was therefore divided by the area of all Louisiana farms, and not just
the area of sugarcane farms. Thus sugarcane harvest for an average farm in the MDPR
is only 960' g/sq m (note 9,2,0).

24



[
e
[}

25

The distribution of MDPR agriculture habitat.

Figure 5.



9¢

EVAPOTRANSPIRATION

T

HAB!TATS

ATMOSPHERE

p—st-1.42 Eoﬁ
SHALLOW

/&Da 4 SEDIMENTS
UNDER

GROUND =
WATER

<@?=@@

&7

HABITAT 1
AGRICULTURE

Figure 6. Agriculture habitat flow diagram.



LT

Table 4.

Input-output table for agriculture habitat.

PROCESSES

HABITAT 1
AGRICULTURE .

&l
w» &
N4 3 &
COMMODITIES e N N
1 2 3 4 5 6
035 0.65 0.04 2.67 3.71 ] N/m;lyl
INORGANIC NITROGEN 1 an 371 9 N/m2pyp
0.06 0.1% 0.10 0.54 T T 0.85 - @ PimZiyr
INORGANIC PHOSPHORUS 2 0.85 0.85 g Pim2sye
INORGANIC CARBON 3
14 2.2 a7 15.7 B 24.0 — T eimZrye
OTHER NUTRIENTS 4 24.0 24.0 a/m?yr
TOTAL ORGANIC MATTER 5
: 154 €8 154 E8 o *o/'mﬁvi
WATER 6 154 E6 154 €6 erm2ryr
022 0.36 - 0.58 o TomZiye
PESTICIDES 7 0.58 0.58 orméiye
SHALLOW SEDIMENTS 8
- - 26.7 9579 9848 T emZiye
SUGARCANE BIOMASS 9 984.6 984.6 oImEryr
: - 70 252.5 2595 o/mZiye
PASTURE & HAY BIOMASS 10 250.5 259.5 oimiyr
. - 07 244 25.1 aim3rye
SOYBEAN BIOMASS 11 25.1 25.1 g/m2rye
: - 0.9 0.3 T a3l 343 - eimiye
OTHER CROPS BIOMASS 12 343 343 arm2ryr
WEED BIOMASS 13
CROP RESIDUE BIOMASS 14
SOIL ORGANISM BIOMASS 15
PEST BIOMASS 16 ves s om?
- 1 207 308 “umTiye
LIVESTOCK BIOMASS 17 308 208 arm2iye
T T 204 E-3 496 E-5 1.16E-4 476 E-4 471 E-4 N - 7'7/m2'1yy
LABOR SERVICES 18 124 €E-3 191 €-3 hrasmiyye
T 27 3.1 0.4 1215 287 T - - .c.u...i!,,
FOSSIL FUELS 19 2465 kcal/mSrye
T 133E-3 350E-4 334E-5 458E-5 9.55 E-3 1.23 €-2 T 236 €2 7 gty
OTHER GOODS & SERVICES 20 236 E-2 2.36 E-2 $/m?syc
FARM CAPITAL 21 o o )  oas - S 045 sim?
- 241E4 92364 SBAES  760ES T T 142 E8 Kearmiyr
1.42 €6 142 €6 keeal/mZrye

SUNLIGHT 22




considered here as forest and not agriculture. Thus, when calculating agricultural
area from USDA data, only the "cropland” and "other pastureland and rangeland" cate-
gories were included; "woodland" and "land in house lots, ponds, roads, wasteland,
etc." were excluded.

When possible, the data used were from parishes and counties within the MDPR.
Average per area values were then calculated by dividing by the total farm area in
those parishes and counties. When data were not available on the parish/county level,
state-wide data were used. Per area values were then calculated by dividing by the
total farm area in Louisiana and Mississippi. This method introduces a source of error
since it does not include any local deviations from the state-wide averages.

Another problem that was encountered .is that agricultural data are usually col-
lected for economic, and not ecological, purposes. For example, agricultural informa-
tion on primary production only includes the harvested portion of the plant. Non-
harvest portions (e.g., crop residues, belowground production) are not considered, with
the result that estimates in this section are all underestimates.

In addition, information on agricultural pests, such as insects and weeds, is
sparse. An insect biomass value of 1.65 g/sq m was estimated by assuming that all
farms have pest populations similar to soybean farms (Table 12). Information on insect-
pest energetics is scarce. Even fewer data exist on weed biomass and energetics.
While we include weeds as a commodity and process in this model, we are not now able to
fill in any of the quantitative detail, and a complete understanding of the agri-
cultural ecosystem is not possible at this time.

The energy and material flow diagram for the agriculture habitat is shown in
Figure 6. Table 4 is the I-0O table for agriculture.

Notes to Agriculture Habitat Model

Inorganic nitrogen.

1,2,I Input of inorganic nitrogen to sugarcane. 0.35 g/sq m/yr. Total application
of nitrogen fertilizer in Louisiana for 1978 was 1.05 E11 g (Table 6). 1In
1974, 23.0% of all nitrogen applied in Louisiana went to sugarcane (Table 7).
Assuming a similar percentage for 1978, 2.42 E10 g of nitrogen were applied
to sugarcane in Louisiana (sugarcane production in Mississippi is negligi-
ble). Total farm area of Louisiana and Mississippi is 6.95 E 10 sq m (Table
6, Note a). Thus the average input of nitrogen to sugarcane is equal to 0.35
g/sq m/yr.

1,3,I Input of inorganic nitrogen to pasture and hay. 0.65 g/sq m/yr. Total ap-
plication of nitrogen fertilizer in Louisiana and Mississippi for 1978 was
1.05 E11 and 1.53 El1 g, respectively (Table 6). In 1974, 15.1 and 19.4% of
all nitrogen applied in Louisiana and Mississippi went to pasture and hay,
respectively (Table 7). Assuming similar percentages for 1978, 1.58 E10 and
2.97 E10 g of nitrogen were applied to pasture and hay in Louisiana and Mis-
sissippi, respectively, for a total of 4.55 E10 g. Total farm area of
Louisiana and Mississippi is 6.95 E10 sq m (Table 6, Note a). Thus the
average input of nitrogen to pasture and hay is equal to 0.65 g/sq m/yr.

1,4,1 Input of inorganic nitrogen to soybeans. 0.04 g/sq m/yr. Total application
of nitrogen fertilizer in Louisiana and Mississippi for 1978 was 1.05 E11 and
1.53 E11 g, respectively (Table 6). In 1974, 1.1 and 0.9% of all nitrogen
applied in Louisiana and Mississippi went to soybeans, respectively (Table
7). Assuming similar percentages for 1978, 1.16 E9 and 1.38 E9 g of nitrogen
were applied to soybeans in Louisiana and Mississippi, respectively, for a
total of 2.54 E9 g. Total farm area of Louisiana and Mississippi is 6.95 E10
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sq m (Table 6, note a). Thus the average input of nitrogen to soybeans is
equal to 0.04 g/sq mw/yr.

Input of inorganic nitrogen to other crops. 2.67 g/sq m/yr. Total applica-
tion of nitrogen fertilizer in Louisiana and Mississippi for 1978 was 1.05
Ell and 1.53 Ell g, respectively (Table 6). In 1974, 60.8 and 79.7% of all
nitrogen applied in Louisiana and Mississippi went to other crops, re-
spectively (Table 7). Assuming similar percentages for 1978, 6.38 E10 and
1.22 Ell g of nitrogen were applied to other crops in Louisiana and Mis-
sissippi, respectively, for a total of 1.86 Ell g. Total farm area of
Louisiana and Mississippi 1s 6.95 E10 sq m (Table 6, note a). Thus the
average input of nitrogen to other crops is equal to 2.67 g/sq n/yr.

Output of inorganic nitrogen from exports/imports. 3.71 g/sq m/yr. Table 6.

Inorganic phosphorus.

Input of inorganic phosphorus to sugarcane. 0.06 g/sq m/yr. Total applica-
tion of phosphorus fertilizer in Louisiana for 1978 was 2.83 E10 g (Table 6).
In 1974, 14.7% of all phosphorus applied in Louisiana went to sugarcane
(Table 7). Assuming a similar percentage for 1978, 4.16 E9 g of phosphorus
were applied to sugarcane in Louisiana (sugarcane production in Mississippi
is negligible). Total farm area of Louisiana and Mississippi is 6.95 E 10 sq
m (Table 6, note a). Thus the average input of phosphorus to sugarcane is
equal to 0.06 g/sq m/yr.

Input of inorganic phosphorus to pasture and hay. 0.15 g/sq m/yr. Total ap-
plication of phosphorus fertilizer in Louisiana and Mississippi for 1978 was
2.83 E10 and 3.08 E10 g, respectively (Table 6). In 1974, 7.0 and 27.5% of
all phosphorus applied in Louisiana and Mississippi went to pasture and hay,
respectively (Table 7). Assuming similar percentages for 1978, 1.98 E9 and
8.47 E9 g of phosphorus were applied to pasture and hay in Louisiana and
Mississippi, respectively, for a total of 1.04 E10 g. Total farm area of
Louisiana and Mississippi is 6.95 E10 sq m (Table 6, note a). Thus the
average input of phosphorus to pasture and hay is equal to 0.15 g/sq m/yr.
Input of inorganic phosphorus to soybeamns. 0.10 g/sq m/yr. Total application
of phosphorus fertilizer in Louisiana and Mississippi for 1978 was 2.83 El10
and 3.08 E10 g, respectively (Table 6). 1In 1974, 6.4 and 17.4% of all phos-
phorus applied in Louisiana and Mississippi went to soybeans, respectively
(Table 7). Assuming similar percentages for 1978, 1.81 E9 and 5.36 E9 g of
phosphorus were applied to soybeans 1in Louisiana and Mississippi, re-
spectively, for a total of 7.17 E9 g. Total farm area of Louisiana and
Mississippi 1s 6.95 E10 sq m (Table 6, note a). Thus the average imput of
phosphorus to soybeans is equal to 0.10 g/sq m/yr.

Input of inorganic phosphorus to other crops. 0.54 g/sq m/yr. Total ap-
plication of phosphorus fertilizer in Louisiana and Mississippi for 1978 was
2.83 E10 and 3.08 El0 g, respectively (Table 6). In 1974, 71.9 and 55.1% of
all phosphorus applied in Louisiana and Mississippi went to other crops, re-
spectively (Table 7). Assuming similar percentages for 1978, 2.03 E10 and
1.70 E10 g of phosphorus were applied to other crops in Louisiana and Mis-
sissippi, respectively, for a total of 3.73 EI0O g. Total farm area of
Louisiana and Mississippi is 6.95 E10 sq m (Table 6, note a). Thus the
average input of phosphorus to other crops is equal to 0.54 g/sq m/yr.

Output of inorganic phosphorus from exports/imports. 0.85 g/sq m/yr. Table 6.

Other nutrients.

Input of other nutrients to sugarcane. 1.4 g/sq m/yr. Total application of
other nutrients (potassium and lime) in Louisiana for 1978 was 4.30 Ell g
(Table 6). In 1974, 22.6% of all potassium applied in Louisiana went to
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sugarcane (Table 7). Assuming a similar percentage for 1978 and using this
percentage for lime also, 9.72 E10 g of other nutrients were applied to
sugarcane in Louisiana (sugarcane production in Mississippi is negligible).
Total farm area of Louisiana and Mississippi is 6.95 E 10 sq m (Table 6, note
a). Thus the average input of other nutrients to sugarcane is equal to 1.4
g/sq m/yr.

Input of other nutrients to pasture and hay. 2.2 g/sq m/yr. Total applica-
tion of other nutrients in Louisiana and Mjssissippi for 1978 was 4.30 El1
and 1.24 E12 g, respectively (Table 6). In 1974, 2.7 and 11.6% of all potas-
sium applied in Louisiana and Mississippi went to pasture and hay, re-
spectively (Table 7). Assuming similar percentages for 1978 and using this
percentage for lime also, 1.16 E10 and 1.44 E11 g of other nutrients were ap-
plied to pasture and hay in Louisiana and Mississippi, respectively, for a
total of 1.56 E11 g. Total farm area of Louisiana and Mississippi is 6.95
E10 sq m (Table 6, note a). Thus the average input of other nutrients to
pasture and hay is equal to 2.2 g/sq m/yr.

Input of other nutrients to soybeans. 4.7 g/sq m/yr. Total application of
other nutrients in Louisiana and Mississippi for 1978 was 4.30 E1l1 and 1.24
E12 g, respectively (Table 6). In 1974, 12.1 and 22.3% of all potassium ap-
plied in Louisiana and Mississippi went to soybeans, respectively (Table 7).
Assuming similar percentages for 1978 and using this percentage for lime
also, 5.20 E10 and 2.76 E11 g of other nutrients were applied to soybeans in
Louisiana and Mississippi, respectively, for a total of 3.28 E11 g. Total
farm area of Louisiana and Mississippi is 6.95 E10 sq m (Table 6, note a).
Thus the average input of other nutrients to soybeans is equal to 4.7 g/sq
m/yr.

Input of other nutrients to other crops. 15.7 g/sq m/yr. Total application of
other nutrients in Louisiana and Mississippi for 1978 was 4.30 Ell1 and 1.24
E12 g, respectively (Table 6). In 1974, 62.6 and 66.1% of all potassium ap-
plied in Louisiana and Mississippi went to other crops, respectively (Table
7). Assuming similar percentages for 1978 and using this percentage for lime
also, 2.69 E11 and 8.20 E11 g of other nutrients were applied to other crops
in Louisiana and Mississippi, respectively, for a total of 1.09 E12 g. Total
farm area of Louisiana and Mississippi is 6.95 E10 sq m (Table 6, note a).
Thus the average input of other nutrients to other crops is equal to 15.7
g/sq m/yr.

Output of other nutrients from exports/imports. 24.0 g/sq m/yr. Total other
nutrients (potassium and lime) applied in Louisiana and Mississippi in 1978
equaled 24.0 g/sq m/yr (Table 6).

Water.

Input of water to soil. 1.54 E6 g/sq m/yr. The average precipitation in New
Orleans over a 40 year period was 59.64 in/yr (NOAA 1981), or 1.51 cu m/sq
m/yr. The density of water is 1 E6 g/cu m, and thus input of rain water to
farmland is equal to 1.51 E6 g/sq m/yr. In addition, 3.09 E-2 cu m/sq m/yr
(3.09 E4 g/sq m/yr) are applied through irrigation (Table 8). Total input of
water is therefore equal to 1.54 E6 g/sq m/yr.

Output of water from export/import. 1.54 E6 g/sq m/yr. Total amount of
water imported into the system is equal to 1.51 E6 g/sq m/yr of rain, and
3.09 E4 g/sq m/yr of irrigation (6,1,I). This gives a total import of 1.54
E6 g/sq m/yr.

Pesticides.

Input of pesticide to weeds. 0.22 g/sq m/yr. Total herbicide application in
Louisiana and Mississippi in 1974 was 1.55 E10 g (Table 9). Total farm area
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of Louisiana and Mississippi in 1974 was 6.92 E10 sq m (Table 8, note b).
Thus the average input of herbicide to weeds is equal to 0.22 g/sq m/yr.
Input of pesticide to pests. 0.36 g/sq m/yr. Total insecticide and fungi-
cide application in Louisiana and Mississippi in 1974 was 2.46 E10 g (Table
9). Total farm area of Louisiana and Mississippi in 1974 was 6.92 E10 sq m
(Table 8, note b). Thus the average input of pesticide to pests is equal to
0.36 g/sq m/yr.

Output of pesticides from exports/imports. 0.58 g/sq m/yr. Total pesticides
(herbicide, insecticide, and fungicide) applied in Louisiana and Mississippi
in 1978 was 4.01 E10 g (Table 9). Total farm area of Louisiana and Missis-
sippi in 1974 was 6.92 E10 sq m (Table 8, note b). Thus the average input of
pesticide is equal to 0.58 g/sq m/yr.

Sugarcane biomass.

Output of sugarcane biomass. 984.6 g/sq m/yr. Total 1978 sugarcane harvest
for MDPR parishes/counties was 3.87 E12 g (Table 10). Total farm area of
MDPR parishes/counties is 4.04 E9 sq m (Table 5). Average harvest is there-
fore 957.9 g/sq m/yr. Total sugarcane consumption by pests is equal to 26.7
g/sq m/yr (9,9,I). Thus total production is equal to 984.6 g/sq m/yr.

Input of sugarcane to pests. 26.7 g/sq m/yr. Using stinkbugs as an indi-
cator, total crop consumption by pests is equal to 35.3 g/sq m/yr (Table 12).
Harvests of sugarcane, pasture and hay, soybeans, and other crops are equal
to 957.9 (9,2,0), 252.5 (10,3,0), 24.4 (11,4,0), and 33.4 (12,5,0) g/sq m/yr,
respectively. Thus sugarcane accounts for 75.6% of all harvest. Assuming
consumption of crops by pests is in proportion to the percent of harvest,
sugarcane consumption is equal to the product of 35.3 and 0.756, or 26.7 g/sq
m/yr.

Input of sugarcane to export/import. 957.9 g/sq m/yr. Total 1978 sugarcane
harvest for MDPR parishes/counties is 957.9 g/sq m/yr (9,2,0).

Pasture and hay biomass.

Output of pasture and hay biomass. 259.5 g/sq m/yr. Total 1978 pasture and
hay harvest for MDPR parishes/counties was 1.02 E12 g (Table 10). Total
farm area of MDPR parishes/counties is 4.04 E9 sq m (Table 5). Average
harvest is therefore 252.5 g/sq m/yr. Total pasture and hay consumption by
pests is equal to 7.0 g/sq m/yr (10,9,I). Thus total production is equal to
259.5 g/sq m/yr.

Input of pasture and hay to pests. 7.0 g/sq m/yr. Using stinkbugs as an
indicator, total crop consumption by pests is equal to 35.3 g/sq m/yr (Table
12). Harvests of sugarcane, pasture and hay, soybeans, and other crops are
equal to 957.9 (9,2,0), 252.5 (10,3,0), 24.4 (11,4,0), and 33.4 (12,5,0) g/sq
m/yr, respectively. Thus pasture and hay accounts for 19.9% of all harvest.
Assuming consumption of crops by pests is in proportion to the percent of
harvest, pasture and hay consumption is equal to the product of 35.3 and
0.199, or 7.0 g/sq m/yr.

Input of pasture and hay to livestock. 252.5 g/sq m/yr. Total 1978 pasture
and hay harvest for MDPR parishes/counties was 252.5 g/sq m/yr (10,3,0). It
is assumed that all of this is consumed on local farms.

Soybean biomass.

Output of soybean biomass. 25.1 g/sq m/yr. Total 1978 soybean harvest for
MDPR parishes/counties was 9.84 E10 g (Table 10). Total farm area of MDFR
parishes/counties is 4.04 E9 sq m (Table 5). Average harvest is therefore
24.4 g/sq m/yr. Total soybean consumption by pests is equal to 0.7 g/sq m/yr
(11,9,1). Thus total production is equal to 25.1 g/sq m/yr.
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Input of soybeans to pests. 0.7 g/sq m/yr. Using stinkbugs as an indicator,
total crop consumption by pests is equal to 35.3 g/sq m/yr (Table 12).
Harvests of sugarcane, pasture and hay, soybeans, and other crops are equal
to 957.9 (9,2,0), 252.5 (10,3,0), 24.4 (11,4,0), and 33.4 (12,5,0) g/sq m/yr,
respectively. Thus soybeans account for 1.9% of all harvest. Assuming con-
sumption of crops by pests is in proportion to the percent of harvest, soy-
bean consumption is equal to the product of 35.3 and 0.019, or 0.7 g/sq m/yr.
Input of soybeans to export/import. 24.4 g/sq m/yr. Total 1978 soybean
harvest for MDPR parishes/counties was 24.4 g/sq m/yr (11,4,0).

Other crops biomass.

Output of other crops biomass. 34.3 g/sq m/yr. Total 1978 harvest of other
crops for Louisiana and Mississippi was 2.32 E12 g (Table 11). Total farm
area of Louisiana and Mississippi is 6.95 E10 sq m (Table 6, note a).
Average harvest is therefore 33.4 g/sq m/yr. Total other crops consumption
by pests is equal to 0.9 g/sq m/yr (12,9,I). Thus total production is equal
to 34.3 g/sq m/yr.

Input of other crops to pests. 0.9 g/sq m/yr. Using stinkbugs as an indi-
cator, total crop consumption by pests is equal to 35.3 g/sq m/yr (Table 12).
Harvests of sugarcane, pasture and hay, soybeans, and other crops are equal
to 957.9 (9,2,0), 252.5 (10,3,0), 24.4 (11,4,0), and 33.4 (12,5,0) g/sq m/yr,
respectively. Thus other crops account for 2.6% of all harvest. Assuming
consumption of crops by pests is in proportion to the percent of harvest,
soybean consumption is equal to the product of 35.3 and 0.026, or 0.9 g/sq
m/yr.

Input of other crops to households. 0.3 g/sq m/yr. Harvest of other crops
in Louisiana and Mississippi is 1.29 E12 and 1.03 E12 g, respectively (Table
11). Value of all crops consumed at the farm in Louisiana and Mississippi is
equal to 5,850 and 17,385 thousand dollars, respectively (USDA 1979). Total
value of all crops was 986,819 and 1,109,168 thousand dollars (USDA 1979).
Thus 0.6 and 1.6% of all crops were consumed at the farm in Louisiana and
Mississippi. On-farm consumption is therefore equal to 7.74 E9 and 1.65 E10
g, for a total of 2.42 E10 g. Total farm area of Louisiana and Mississippi
is 6.95 E10 sq m (Table 6, note a). Thus average on-farm consumption is
equal to 0.3 g/sq m/yr.

Input of other crops to export/import. 33.1 g/sq m/yr. Total 1978 other
crops harvest for Louisiana and Mississippi was 33.4 g/sq m/yr (11,4,0), 0.3
of which is consumed on the farm (12,11,I). Thus the remaining 33.1 g/sq
m/yr are exported.

Pest biomass.

Pest biomass. 1.65 g/sq m. Using stinkbugs as an indicator, pest biomass is
equal to 1.65 g/sq m (Table 12).

Livestock biomass.

Output of livestock biomass. 30.8 g/sq m/yr. Total production of livestock
and dairy products in Louisiana and Mississippi was 2.14 E12 g in 1978 (Table
16). Total farm area of Louisiana and Mississippi is 6.95 E10 sq m (Table 6,
note a). Average production is therefore equal to 30.8 g/sq m/yr.

Input of livestock to households. 1.1 g/sq m/yr. Total on-farm consumption
of livestock and dairy products in Louisiana and Mississippi was 7.37 EI10 g
in 1978 (Table 16). Total farm area of Louisiana and Mississippi is 6.95 E10
sq m (Table 6, note a). Average on-farm consumption is therefore equal to
1.1 g/sq m/yr.
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Input of livestock to export/import. 29.7 g/sq m/yr. Total production of
livestock and dairy products in Louisiana and Mississippi is 30.8 g/sq m/yr
(17,10,0), 1.1 of which is consumed on-farm (17,11,I). The remaining 29.7
g/sq m/yr are exported.

Labor services.

Input of labor to sugarcane. 2.04 E-3 hr/sq m/yr. Table 18.

Input of labor to pasture and hay. 4.98 E-5 hr/sq m/yr. Table 18.

Input of labor to soybeans. 1.16 E-4 hr/sq m/yr. Table 18.

Input of labor to other crops. 4.76 E-4 hr/sq m/yr. Table 18.

Input of labor to livestock. 4.71 E-4 hr/sq m/yr. Table 18.

Output of labor from households. 1.24 E-3 hr/sq m/yr. Total labor input to
crops and animals is equal to 3.15 E-3 hr/sq m/yr (Table 18). Of this, 1.91
E-3 hr/sq m/yr come from hired labor (18,12,0). The remaining 1.24 E-3 hr/sq
m/yr come from farm households.

Output of labor from export/import. 1.91 E-3 hr/sq m/yr. Total input of
hired labor to farms in MDPR parishes/counties was 7.73 E6 hrs for 1978
(Table 19). Total area of MDPR parishes/counties is 4.04 E9 sq m (Table 5).
Average import of labor is therefore 1.91 E-3 hr/sq m/yr.

Fossil fuels.

Input of fossil fuels to sugarcane. 32.7 kcal/sq m/yr. Total input of
fossil fuels to farms in MDPR parishes for 1978 was 9.59 E11 kcal (Table 20).
In 1974, 13.8% of all energy used in Louisiana agriculture went to sugarcane
(Table 21). Assuming a similar percentage for 1978, 1.32 E11 kcal were used
for sugarcane in MDPR parishes (sugarcane production in Mississippi is negli-
gible). Total farm area of MDPR parishes/counties is 4.04 E9 sq m (Table 5).
Thus the average input of fossil fuels to sugarcane is equal to 32.7 kcal/sq
n/yr.

Input of fossil fuels to pasture and hay. 3.1 kcal/sq m/yr. Total input of
fossil fuels to farms in MDPR parishes/counties for 1978 was 9.59 E11 and
3.66 E10 kcal, respectively (Table 20). 1In 1974, 1.2 and 2.5% of all energy
used in Louisiana and Mississippi went to pasture and hay, respectively
(Table 21). Assuming similar percentages for 1978, 1.15 E10 and 9.15 E8 kcal
were used for pasture and hay in MDPR parishes/counties, for a total of 1.24
E10 kcal. Total farm area of MDPR parishes/counties is 4.04 E9 sq m (Table
5). Thus the average input of fossil fuels to pasture and hay is equal to
3.1 kcal/sq m/yr.

Input of fossil fuels to soybeans. 60.4 kcal/sq m/yr. Total input of fossil
fuels to farms in MDPR parishes/counties for 1978 was 9.59 E11 and 3.66 E10
kcal, respectively (Table 20). In 1974, 24.5 and 25.4% of all energy used in
Louisiana and Mississippi went to soybeans, respectively (Table 21). Assuming
similar percentages for 1978, 2.35 E11 and 9.30 E9 kcal were used for soy-
beans in MDPR parishes/counties, for a total of 2.44 E11 kcal. Total farm
area of MDPR parishes/counties is 4.04 E9 sq m (Table 5). Thus the average
input of fossil fuels to soybeans is equal to 60.4 kcal/sq m/yr.

Input of fossil fuels to other crops. 121.5 kcal/sq m/yr. Total input of
fossil fuels to farms in MDPR parishes/counties for 1978 was 9.59 E11 and
3.66 E10 kcal, respectively (Table 20). In 1974, 49.2 and 51.6% of all
energy used in Louisiana and Mississippi went to other crops, respectively
(Table 21). Assuming similar percentages for 1978, 4.72 E11 and 1.89 E10 kcal
were used for other crops in MDPR parishes/counties, for a total of 4.91 E11
kcal. Total farm area of MDPR parishes/counties is 4.04 E9 sq m (Table 5).
Thus the average input of fossil fuels to other crops is equal to 121.5
kcal/sq m/yr.
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Input of fossil fuels to livestock. 28.7 kcal/sq m/yr. Total input of fos-
sil fuels to farms in MDPR parishes/counties for 1978 was 9.59 E11 and 3.66
E10 kcal, respectively (Table 20). In 1974, 11.3 and 20.5% of all energy
used in Louisiana and Mississippi went to livestock, respectively (Table 21).
Assuming similar percentages for 1978, 1.08 E11 and 7.50 E9 kcal were used
for livestock in MDPR parish counties, for a total of 1.16 E11 kcal. Total
farm area of MDPR parishes/counties is 4.04 E9 sq m (Table 5). Thus the
average input of fossil fuels to livestock is equal to 28.7 kcal/sq m/yr.
Output of fossil fuels from exports/imports. 246.5 kcal/sq m/yr. Total in-
put of fossil fuels to farms in MDPR parishes/counties for 1978 was 9.96 E11
kcal (Table 20). Total farm area of MDPR parishes/counties is 4.04 E9 sq m
(Table 5). Thus import of fossil fuels is equal to 246.5 kcal/sq m/yr.

Other goods and services.

Input of other goods and services to sugarcane. 1.33 E-3 dollars/sq m/yr.
Dollar value of seeds, bulbs, plants, and trees for MDPR parishes/counties is
7.11 E6 dollars (Table 22). Total farm area of MDPR parishes/counties is
4.04 E9 sq m (Table 5). Average input to all crops is therefore 1.76 E-3
dollars/sq m/yr. Assuming that input into sugarcane is proportional to its
percentage of the total crop harvest, input of other goods and services into
sugarcane is equal to the product of 1.76 E-3 and 0.756, the percent of total
harvest coming from sugarcane (9,9,1). This is equal to 1.33 E-3 dollars/sq
m/yr.

Input of other goods and services to pasture and hay. 3.50 E-4 dollars/sq
m/yr. Average input of other goods and services to all crops is 1.76 E-3
dollars/sq m/yr (20,2,1). Assuming that input into pasture and hay is pro-
portional to its percentage of the total crop harvest, input of other goods
and services into pasture and hay is equal to the product of 1.76 E-3 and
0.199, the percent of total harvest coming from pasture and hay (10,9,I).
This is equal to 3.50 E-4 dollars/sq m/yr.

Input of other goods and services to soybeans. 3.34 E-5 dollars/sq m/yr.
Average input of other goods and services to all crops is 1.76 E-3 dollars/sq
m/yr (20,2,I). Assuming that input into soybeans is proportional to its per-
centage of the total crop harvest, input of other goods and services into
soybeans is equal to the product of 1.76 E-3 and 0.019, the percent of total
harvest coming from soybeans (11,9,I). This is equal to 3.34 E-5 dollars/sq
m/yr.

Input of other goods and services to other crops. 4.58 E-5 dollars/sq m/yr.
Average input of other goods and services to all crops is 1.76 E-3 dollars/sq
m/yr (20,2,1). Assuming that input into other crops is proportional to their
percentage of the total crop harvest, input of other goods and services into
other crops is equal to the product of 1.76 E-3 and 0.026, the percent of
total harvest coming from other crops (12,9,I). This is equal to 4.58 E-5
dollars/sq m/yr.

Input of other goods and services to livestock. 9.55 E-3 dollars/sq m/yr.
Dollar value of livestock and poultry purchased, feed, and animal health
costs for MDPR parishes/counties is equal to 9.65 E6, 2.79 E7, and 1.04 E6
dollars (Table 22), for a total of 3.86 E7 dollars. Total farm area of MDPR
parishes/counties is 4.04 E9 sq m (Table 5). Average input to livestock is
therefore 9.55 E-3 dollars/sq m/yr.

Input of other goods and services to farm households. 1.23 E-2 dollars/sq
m/yr. Dollar value of machinery and equipment for MDPR parishes/counties is
equal to 3.36 E6 dollars (Table 22). Total farm area of MDPR parishes/
counties is 4.04 E9 sq m (Table 5). Average input to farm households is
therefore 8.32 E-4 dollars/sq m/yr. Dollar value for other expenses for U.S.
farms is equal to 4.16 E10 dollars (Table 23). Total area of U.S. farms
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("total cropland" plus "other pastureland and rangeland”) is 3.63 E12 sq m
(U.S. Bureau of Census 1981). Average input to farm households is therefore
1.15 E-2 dollars/sq m/yr. Total input of other goods and services to farm
households is equal to the sum, or 1.23 E~2 dollars/sq m/yr.

Output of other goods and services from export/import. 2.36 E-2 dollars/sq
m/yr. Import of other goods and services is equal to the sum of goods and
services used for crops, livestock, and households. These equal 1.76 E-3
(20,2,1), 9.55 E-3 (20,10,I), and 1.23 E-2 (20,11,I) dollars/sq m/yr. This
gives a total of 2.36 E-2 dollars/sq m/yr.

Farm capital.

Capital assets of farms. 0.45 dollars/sq m. Total capital assets of farms
in MDPR parishes/counties are 1.82 E9 dollars (Table 24). Total farm area of
MDPR parishes/counties is 4.04 E9 sq m (Table 5). Average farm assets is
therefore equal to 0.45 dollars/sq m.

Sunlight.

Input of sunlight to sugarcane. 2.41 E4 kcal/sq m/yr. Average solar insola-
tion at New Orleans, Louisiana, from 1952-1975 was 389.8 cal/sq cm/day (Knapp
et al. 1980), or 1.42 E6 kcal/sq m/yr. Assuming input of sunlight to sugar-
cane is proportional to its percent of total farm area, input is equal to the
product of 1.42 E6 and 0.017, the percent of area in sugarcane (Table 25).
This is equal to 2.41 E4 kcal/sq m/yr.

Input of sunlight to pasture and hay. 9.23 E4 kcal/sq m/yr. Solar insola-
tion in southern Louisiana is equal to 1.42 E6 kcal/sq m/yr (23,2,I).
Assuming input of sunlight to pasture and hay is proportional to its percent
of total farm area, input is equal to the product of 1.42 E6 and 0.065, the
percent of area in pasture and hay (Table 25). This is equal to 9.23 E4
kcal/sq m/yr.

Input of sunlight to soybeans. 5.54 E5 kcal/sq m/yr. Solar insolation in
southern Louisiana is equal to 1.42 Eé kcal/sq m/yr (23,2,I). Assuming input
of sunlight to soybeans is proportional to its percent of total farm area,
input is equal to the product of 1.42 E6 and 0.390, the percent of area in
soybeans (Table 25). This is equal to 5.54 E5 kcal/sq m/yr.

Input of sunlight to other crops. 7.50 E5 kcal/sq m/yr. Solar insolation in
southern Louisiana is equal to 1.42 E6 kcal/sq m/yr (23,2,I). Assuming input
of sunlight to other crops is proportional to their percent of total farm
area, input is equal to the product of 1.42 E6 and 0.528, the percent of area
in other crops (Table 25). This is equal to 7.50 E5 kcal/sq m/yr.

Qutput of sunlight from export/import. 1.42 E6 kcal/sq m/yr. Import of
energy to MDPR farms is equal to the average solar insolation for southern
Louisiana, which is 1.42 E6 kcal/sq m/yr (23,2,I).
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Table 5. Farm area in MDPR parishes/counties, 1978.2

Parish/county Area (sq m)
Louisiana
Iberia 4.44 E8
Jefferson 1.29 E7
Lafourche 4.80 E8
Orleans 3.68 E5
Plaquemines 1.54 E8
St. Bernard 5.80 E6
St. Charles 3.59 E7
St. James 1.75 E8
St. John 5.53 E7
St. Mary 2.79 E8
St. Tammany 1.78 E8
Tangipahoa 4.34 E8
Terrebonne 1.63 E8
Vermilion 1.36 E9
Total 3.78 E9
Mississippi
Hancock 1.16 E8
Harrison 8.00 E7
Jackson 6.77 E7
Total 7.64 E8
TOTAL 4.04 E9
3pata from U.S. Bureau of Census (1981). Farm area
included here is '"cropland" and "other pastureland and
rangeland."  Other farm area is excluded to maintain

comparability with habitat classification used in this
study (see text).
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Tablea6. Fertilizer use on Louisiana and Mississippi farms,
1978.

Louisiana Mississippi TOTAL
g g 8 g/sq m
Nitrogen 1.05 E11 1.53 E11 2.58 E11 3.71
Phosphorus 2.83 E10 3.08 E10 5.91 E10 0.85
Potassium 5.98 E10 6.93 E10 1.29 E11 1.86
Lime 3.70 E11 1.17 E12 1.54 E12  22.16

aWeights of nitrogen, phosphorus, and potassium (as N, P,
and K) are taken from USDA (1979). Lime data and farm
areas taken from U.S. Bureau of Census (1981). Areas of
Louisiana and Mississippi farmland ("cropland" and
"other pastureland and rangeland") are 3.06 E10 and 3.89
E10 sq m, respectively, for a total of 6.95 E10 sq m.

Table 7. Fertilizer use by crop for Louisiana and
e e . a
Mississippi, 1974.

Location Nitrogen Phosphorus Potassium

g % g % g %

Louisiana
Sugarcane 2.07 E10 23.0
Pastgre and

o

.33 E9 14.7 1.04 E10 22.6

hay 1.36 E10 15.1 4.42 E 9 7.0 1.27 E 9 2.7
Soybeans 9.52 E8 1.1 4.02E9 6.4 5.56 E9 12.1
Other crops 5.48 E10 60.8 4.55 E10 71.9 2.88 E10 62.6
Total 9.00 E10 6.33 E10 4.60 E10

Mississippi
Pastgre and

hay 2.63 E10 19.4 8.68 E9 27.5 2.91E 9 11.6
Soybeans 1.26 E9 0.9 5.51E9 17.4 5.60E 9 22.3
Other crops 1.08 E11 79.7 1.74 E10 55.1 1.66 E10 66.1
Total 1.36 E11 3.16 E10 2.51 E10

8pata from USDA (1976). Phosphorus and potassium are
as P,O_ and K,0, respectively. Percent is the percent

of tﬁa% fertiTizer applied for that state.
Corn silage, sorghum silage, alfalfa, and "other hay."
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Table 8. Water agplied through irrigation in Louisiana and
Mississippi, 1974.

Location Total applied Application rateb
cu m cu m/sq m

Louisiana 1.52 E9 -

Mississippi 6.24 E8 -

TOTAL 2.14 E9 3.09 E-2

®Data from USDA (1976).

In 1978, farm area in Louisiana and Mississippi was
equal to 3.89 E10 and 5.61 E10 sq m, respectively (U.S.
Bureau of Census 1981). 0f this, 3.06 E10 (78.7%) and
3.89 E10 (69.3%) sq m was "cropland" and 'other
pastureland and rangeland." Total area of Louisiana and
Mississippi farmland in 1974 was 3.70 E10 and 5.79 E10
sq m, respectively (U.S. Bureau of Census 1981).
Assuming similar distributions of land, area of
"cropland" and '"other pastureland and rangeland" is
equal to 2.91 E10 and 4.01 E10 sq m in 1974 for
Louisiana and Mississippi, respectively. This gives a
total of 6.92 E10 sq m. Other farm area is excluded to
maintain comparability with habitat classification used
in this study (see text).

Table 9. Pesticide use on Louisiana and Mississippi farms,
1974.

Location Herbicide Insecticide Fungicide Total
Louisiana 6.00 E 9 8.00 E 9 3.79 E7 1.40 E10
Mississippi 9.46 E 9 1.63 E10 2.76 E8 2.60 E10
Total 1.55 E10 2.43 E10 3.14 E8 4.01 E10

31n grams. Data from USDA (1976).
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Table 10. Production of selected <crops in MDPR

parishes/counties, 1978.

Location Sugag- Hay ang d e
cane silage Pasture Soybean
Louisiana
Iberia 1.04 E12 8.94 E 9 5.12 E10 9.47 E 9
Jefferson - 3.27 E 8 4.97 E 9
Lafourche 9.69 E11 8.90 E 9 1.34 E11 8.08 E 8
Orleans - - -
Plaquemines - - 7.64 E10
St. Bernard - 4.92 E 8 1.89 E 9
St. Charles - 1.41 E 9 1.15 E10
St. James 4.74 El11 1.77 E 8 7.61 E 9 6.95 E 9
St. John 1.69 E11 6.56 E 8 2.41 E9 1.83 E 9
St. Mary 8.30 E11 1.12 E 8 7.85 E 9 4.25 E 9
St. Tammany - 1.47 E10 7.15 E10 6.99 E 8
Tangipahoa - 5.49 E10 1.85 E11 3.37E9
Terrebonne 3.26 El1 2.17E 9 1.97 E10 4.92 E 9
Vermilion 6.22 E10 1.22 E10 2.56 El1 5.31 E10
Total 3.87 E12 1.05 E11 8.30 E11 8.54 E10
Mississippi
Hancock - 5.90 E 9 4.22 E10 3.91 E 9
Harrison - 2.01E9 2.06 E10 4.45 E 9
Jackson - 1.12 E 9 1.14 E10 4.63 E 9
Total - 9.03 E 9 7.42 E10 1.30 E10
TOTAL 3.87 E12 1.14 E11 9.04 E11 9.84 E10

%In g of harvested crop. Data from U.S. Bureau of Census
b(1981).
CSugarcane for sugar and for seed.
Hay crops (alfalfa hay, small grain hay, other tame dry
hay, wild hay, grass silage and haylage, and hay crops
cut and fed green), corn for silage or green chop, and
sorghum for silage or green chop. Green weight for
latter two categories converted to dry weight by
ddividing by three.
Acreage of pastureland ("cropland used only as pasture"
and "other pastureland and rangeland") converted to
production by using a yield value of 3 tons dry wt/acre
of pasture (pers. comm., Dr. O. D. Curtis, La.
Cooperative Extension Service, LSU).
Bushels converted to grams by wusing the conversion 1 bu
= 27,216 g (U.S. Dept. of Agr. 1979).
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Table 11. Production of miscellaneous crops in Louisiana

and Mississippi, 1978.2

Louisiana Mississippi Total

Corn” 6.69 E10 1.68 E11 2.35 E11
Sorgh 1.09 E10 1.86 E10 2.95 E10
Wheat 1.09 E10 5.04 E10 6.13 E10
Barl;ye 5.21 E 7 - 5.21 E 7
Oats 6.16 E 9 5.67 E 9 1.18 E10
Millet® - 3.34 E 7 3.34 E 7
Ricg 1.02 E12 4.16 E11 1.44 E12
Rye 3.64 E 7 - 3.64 E 7
Sunflower Seed - 1.32 E 9 1.32 E9
Cotton' 1.03 E11 2.92 El1 3.95 El1
Tobacco 3.99 E 7 - 3.99 E 7
Field Peas’ 2.93E 7 1.67 E 8 1.96 E 8
Irish Potatoes 6.66 E 9 1.74 E 9 8.40 E 9
Sweet Potatoes 5.64 E10 1.35 E10 6.99 E10
Peanuts 8.09 E 8 4.98 E 9 5.79 E 9
Vegetables 4.58 E 9 5.79 E1l0 6.25 E10
Total 1.29 E12 1.03 E12 2.32 E12
4A11 quantities reported as grams. Data from U.S.
Bureau of Census (1981). All conversions from USDA
b(1979).

Corn for grain or seed. Bushels converted to grams by
using the conversion 1 bu = 31,752 g.

Sorghum for grain or seed. Bushels converted to grams
by using the conversion 1 bu = 25,402 g.

Wheat for grain. Bushels converted to grams by using

the conversion 1 bu = 27,216 g.

Barley for grain. Bushels converted to grams by using

the conversion 1 bu = 21,773 g.

Oats for grain. Bushels converted to grams by using the
conversion 1 bu = 14,515 g.

Proso millet. Bushels converted to grams by using the
conversion 1 bu = 22,226 g.

Rye for grain. Bushels converted to grams by using the

.conversion 1 bu = 25,402 g.

Net weight. Bales converted to grams by using the

.conversion 1 bale = 217,728 g.

JDry field and seed peas, and cowpeas for dry peas.
Bushels of cowpeas converted to grams by using the
conversion 1 bu = 27,216 g.

Bushels converted to grams by using the conversion 1 bu
= 24,948 g.

Data for vegetables ("for fresh markets and for
processing") are from USDA (1979).
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Table 12. Biomass and consumption rates of southern green
stinkbug (Nezara viridula (L.)) and brown stinkbug
{Euschistus serrus (Say)) on soybeans in Louisiana.

Organism Densitya Biomassb ConsumptionC

Nezara viridula

Nymph 2.45 0.56 10.9

Adult 3.38 0.78 17.6
Euschistus serrus

Nymph 0.58 0.13 2.6

Adult 0.80 0.18 4.2
TOTAL 7.21 1.65 35.3

%In individuals/sq m. Densities of E. serrus nymphs and
adults and N. viridula adults estimated from a graph in
Gandour (1977). A row width of 42 inches (1.07 m) was
assumed in calculating density. Density of N. wviridula
nymphs was calculated by multiplying adult density by
0.725, the ratio of nymph to adult densities for E.
serrus. -
In g/sq m. Laboratory-reared N. viridula have an
average weight of 0.23 g/individual (pers. comm., K. M.
Kester, Dept. Entomology, LSU). This value is used to
convert all densities to biomass.

“In g/sq m/yr. Average feeding rate for N. wviridula is
0.074 and 0.087 g/individual/day for nymphs and adults,
respectively (Marsolan 1976). A feeding season of 60
days/yr is used.
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Table 13. Livestgck and wool production in Louisiana and
Mississippi, 1978.
Louisiana Mississippi Total
b
Cattle and calves
Total production 1.73 E11 2.45 E11 4.18 E11
On-farm cgnsumption
Percent 4.05 2.15
Quantity 7.01 E 9 5.27 E 9 1.23 E10
Hogsb
Total production 1.85 E10 4.63 E1I0 6.48 E10
On-farm cgnsumption
Percent 21.3 13.4
Quantity 3.94 E 9 6.20 E 9 1.01 E10
Sheep and 1ambsb
Total production 1.93 E 8 - 1.93 E 8
On-farm cgnsumption
Percent 32.8 -
Quantity 6.33 E 7 - 6.33 E 7
Woold
Total production® 3.72 E 7 1.13E 7 4.85E 7
TOTAL
Total production 1.92 E11 2.91 E11 4.83 El1
On-farm consumption
Quantity 1.10 E10 1.15 E10 2.25 E10
®Production and consumption in grams. Data from USDA
(1979).

Quantity produced on farms, in live weight.

Percent of total production consumed on farm is the
ratio of value of animals slaughtered for home
consumption to the gross income (cash receipts from
livestock sales plus value of animals slaughtered for
home use), multiplied by one hundred. This ratio is
multiplied by total production to give the amount
consumed at the farm.

Production of shorn wool.

Data for Mississippi are from 1977.
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Tablea14.
1978.

Dairy production in Louisiana

and Mississippi,

Louisiana Mississippi Total

Milk and milkfat

Total production 5.00 E11 3.93 E11 8.93 El11

On-farm consumption 1.18 E10 8.62 E 9 2.04 E10
Eggsb

Total production 3.45 E10 1.00 E11 1.34 E11

On-farm consumption 5.31 E 8 4.72 E 8 1.00 E 9
TOTAL

Total production 5.34 E11 4.93 E11 1.03 E12

On-farm consumption 1.23 E10 9.09 E 9 2.14 E10

a . . ;
Production and consumption are in grams.

(1979).
Hens and pullets.

Cases of

Data from USDA

eggs converted to grams by

using the conversions 1 case = 30 dozen eggs and 1 egg =

59 g (USDA 1979).

Tablg 15. Poultry production in Louisiana and Mississippi,
1978
Louisiana Mississippi Total

Chickensb

Total production 6.85 E 9 1.74 E10 2.42 E10

On-farm consumption 4.63 E 8 7.26 E 8 1.19 E 9
Broilers®

Total production 1.30 E11 4.76 E11 6.06 E11

On-farm consumption 8.79 E 9 1.98 E10 2.86 E10
TOTAL

Total production 1.37 E11 4.93 E11 6.30 E11

On-farm consumption 9.25 E 9 2.05 E10 2.98 E10
#production and consumption in grams live weight. Data

from USDA (1979).
cExcluding broilers.

In Louisiana and Mississippi,
production is consumed
used to calculate on-farm consumption of broilers.

at the farm.
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Table 16. Producgion
Mississippi, 1978.

of animal products in

Louisiana

and

Louisiana Mississippi Total

. b
Livestock and wool

Total production 1.92 El11 2.91 E11 4.83 E11

On-farm consumption 1.10 E10 1.15 E10 2.25 E10
DairyC

Total production 5.34 E11 4.93 E11 1.03 E12

On-farm consumption 1.23 E10 9.09 E 9 2.14 E10
Poultryd

Total production 1.37 E11 4.93 E11 6.30 E11

On-farm consumption 9.25 E 9 2.05 E10 2.98 E10
TOTAL

Total production 8.63 E11 1.28 E12 2.14 E12

On-farm consumption 3.26 E10 4.11 E10 7.37 E10

From Table 13.
From Table 14.
From Table 15.

an o e

Production and consumption

in

grams.

Table 17. Labor costs of sugarcane in Louisiana, 1982.2

Operation Three row One row Average
machinery machinery
Fallow and plant 2.96 E-3 4.35 E-3 3.66 E-3
Cultivation and
harvest 2.17 E-3 2.54 E-3 2.36 E-3
Heat treatment 5.04 E-3 5.04 E-3 5.04 E-3
TOTAL 1.11 E-2

aProjected labor costs (hours/sq m)
River, Teche, and Western areas.

al. (1982).
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Table 18. Labor requirements for selected crops and
livestock, 1974-1978.

Commodity Labor Produg- Total labor®
inputa tion
hr hr/sq m
Crops
Sugarcane e - - 8.24 E6 2.04 E-3
Hay and silage 1.76 E-6 1.14 E11 2.01 E5 4.98 E-5
Soybeans 4.78 E-6 9.84 E10 4.70 E5 1.16 E-4
Other crops
Corn 1.26 E-6 2.35 E11 2.96 E5 4.26 E-6
Sorghum 3.15 E-6 2.95 E10 9.29 E4 1.34 E-6
Whea% 3.67 E-6 6.13 E10 2.25 E5 3.24 E-6
Rice - - 8.61 E6 1.24 E-4
Other grains® 2.69 E-6 1.77 E10 4.76 E4 6.85 E-7
Cotton 5.05 E-5 3.95 E11 1.99 E7 2.86 E-4
Tobacco 2.87 E-4 3.99 E 7 1.14 E4 1.64 E-7
Potatoes 3.31 E-6 7.83 E10 2.59 E5 3.73 E-6
Vegetables® - - 3.62 E6 5.21 E-5
Total other crops 4.76 E-4
Total all crops 2.68 E-3
Livestock?
Cattle 3.09 E-5 4.18 E11 1.29 E7 1.86 E-4
Hogs 1.32 E-5 6.48 E10 8.55 E5 1.23 E-5
Milk 8.82 E-6 8.93 E11 7.88 E6 1.13 E-4
Eggs 5.07 E-5 1.34 E11 6.79 E6 9.78 E-5
Chickens 6.61 E-5 2.42 E10 1.60 E6 2.30 E-5
Broilers 4.41 E-6 6.06 E11 2.67 E6 3.85 E-5
Total 4.71 E-4

aAverage labor requirement for the U.S. From USDA
(1979).

Production data from Tables 10, 11, 13, 14, and 15.
Production for hay and silage and soybeans are for MDPR
parishes/counties, only, whereas production for other
crops and for livestock are for all of Louisiana and

CMississippi.
Total labor (hours) 1is equal to the product of labor
input and production. Areal 1labor input is calculated

by dividing total hours of labor by the total farm area.
For hay and silage and soybeans, total farm area is for
MDPR parishes/counties, and is equal to 4.04 E9 sqm
(Table 5). For other crops and livestock, total farm
area is for all of Louisiana and Mississippi, and is
equal to 6.95 E10 sq m (Table 6, note a).

(continued)
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Table 18. Concluded.

dThe estimated labor costs of sugarcane in Louisiana for
1982 are 1.11 E-2 hr/sq m of sugarcane farm (Table 17).
In 1978 there were 7.42 E8 sq m of sugarcane farms in
MDPR parishes/counties (U.S. Bureau of Census 1981).
Total hours of 1labor are equal to the product of these
two, or 8.24 E6 hr. Areal input of labor for an average
MDPR farm is calculated by dividing the total hours by
the total area of farms in MDPR parishes/counties, which
is 4.04 E9 sq m (Table 5).

Labor requirement listed 1is for hay, but is also used
for silage. It is assumed that pasturage requires no
labor, and is therefore omitted.

The estimated labor costs of rice in Louisiana for 1982
(average of water and dry planted) are 2.61 E-3 hr/sqm
of rice farm (Musick 1982). In 1978 there were 3.30 E9
sqm of rice farms in Louisiana and Mississippi (U.S.
Bureau of Census 1981). Total hours of labor are equal
to the product of these two, or 8.61 E6 hr. Areal input
of labor for an average Louisiana/Mississippi farm is
calculated by dividing the total hours by the total area
of farms in Louisiana and Mississippi, which is 6.95 E10
sq m (Table 6, Note a).

BBarley, oats, rye, millet, and peanuts. Labor
requirement is the average of corn, sorghum, and wheat
values.

.Irish potatoes and sweet potatoes.

'The average estimated labor costs of selected vegetables
in Louisiana for 1982 are 4.15 E-2 hr/sq m of vegetable

farm (Ellerman and Law 1982). In 1978 there were 8.73
E7 sq m of vegetable farms in Louisiana and Mississippi
(U.S. Bureau of Census 1981). Total hours of labor are

equal to the product of these two, or 3.62 E6 hr. Areal
input of labor for an average Louisiana/Mississippi farm
is calculated by dividing the total hours by the total
area of farms in Louisiana and Mississippi, which is
.6.95 E10 sq m (Table 6, note a).
JSheep'sand lamb's wool are not included due to negligible
production values.
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Table 19. Input of hired labor to MDPR farms, 1978.

Location Total wagesa Total 1aborb
(thousand dollars) (thousand hours)
Louiciana
Iberia 2900 1007
Jefferson 243 84
Lafourche 3360 1167
Orleans - -
Plaquemines 195 68
St. Bernard 213 74
St. Charles 136 47
St. James 1446 502
St. John 736 256
St. Mary 3640 1264
St. Tammany 2148 746
Tangipahoa 3360 1167
Terrebonne 1572 546
Vermilion 1893 657
Total 21842 7589
Mississippi
Hancock 137 49
Harrison 163 58
Jackson 117 42
Total 417 149
TOTAL 22259 7738

3Total wages paid for hired farm labor and contract labor
b(U.S. Bureau of Census 1981).

The reciprocal of the wage rate for all hired farm
workers is 1 hr/$2.88 and 1 hr/$2.81 for Louisiana and
Mississippi, respectively (USDA 1979). Total labor is
the product of total wages and the reciprocal wage rate.
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Table 20. Fossil fuel consumption in MDPR parishes/counties, 1978.2

Location Gasolineh Diesel fuet® Bottled gas(J Fuel ojlP Natural gasf Kerosenvg Eloctricityh TOTAL
kcal
gal “'keal Eél T keal géigrﬁrv kcal gal kcal S kcal S kcal S kcal (E9)
(E3) (E9) (E3) (E9) (E3) (E9) (E3) (£9) (E3) (E9) (E3) (E9) (E3) (EY)
Loulsiana

[beria 820 25.8 2030 69.1 362 9.0 93 3.2 15 1.6 151 13.1 135 11.5 133.3
Jetferson 57 1.8 - - 3 0.1 - - 8 0.9 6 0.5 11 0.9 4.2
Lafourche 800 25.2 1612 54.8 43 1.1 121 4.2 3 0.3 104 9.4 3 4.5 94.5
Orleans 4 0.1 - - - - - - - - 1 0.1 - - 0.2
Plaquemines 105 3.3 216 7.3 11 0.3 - - - - 25 2.2 - - 13.1
St. Bernard 36 1.1 4 0.1 - - - - 21 2.3 b 0.3 9 0.8 4.6
St. Charles 47 1.5 79 2.7 - - - - - - 5 0.4 4 0.3 4.9
St. James 457 14.4 918 31.2 57 1.4 12 0.4 10 1.1 94 8.1 34 2.9 59.5
St. John 104 5.3 167 5.7 30 0.7 - - - - 21 1.8 7 0.6 12.1
St. Mary 519 16.4 1442 49 .1 166 4.1 lo 0.6 7 0.8 97 8.4 50 4.2 83.6
St. Tammany 4995 15.6 314 10.7 151 3.7 6 0.¢ 29 3.2 40 3.5 161 13.7 50.6
Tangipahoa 1325 41.8 874 29.7 187 4.6 23 0.8 47 5.1 109 9.4 583 49 . 6 141.0
lerrebonne 376 11.8 634 21.6 50 1.2 43 t.5 4 0.4 63 5.4 56 4.8 46 .7
Vermilion 2166 68.73 4814 163.8 1228 30.4 235 8.2 62 6.8 331 28.6 - - 306. 1
Total 230.4 445 .8 56.6 19.1 22.5 91.2 93.8  959.4

Mississtppi
Hancock 114 $.b 159 5.4 6 0.1 1 0.0 1 0.1 19 1.0 - - 10.8
Harrison 128 4.0 113 3.8 22 0.5 - - 4 0.4 15 1.3 32 2.7 12.7
Jackson 109 3.4 145 4.9 37 0.9 1 0.0 - - 15 1.3 30 2.6 13.1
Total 11.0 14.1 1.5 0.0 0.5 4.2 5.3 6.6
TOTAL 241.4 459.9 58.1 141 23.0 95.4 G901 9496 .0

Data trom U.S. Bureau of Census (1981). In calculating kcal, the conversions 42 gal/bbl and 0.252 kcal/BTU were used. Heat content
Job various fuels (BTU/bbl or BTU/cu tt) taken from U.S. Dept. ot Energy (1978).
31,518 kceal/gal.

LSA,OJO keal/gal. The heat content  of Kerosene is used for diesel fuel.
LLP gas, butane, and propane. 24,780 kcal/gal. The heat content of a 60% butane/40% propane mixture is used.
34,950 kcal/gal. The heast content of distillate fuel oil is used.
109,533 keat/s. The 1978 price ot $2.34Y/thousand cu ft for residential users of natural gas is used to convert cubic feet to
dollars (U.S. Dept. ot kEnergy 1978).
Includes motor oil and grease. 86,565 kcal/$. The 1978 wholesale price of kerosene ($0.393/gal) is used to convert gallons

llu dollars (U.S. Dept. of knergy 1978).

85,082 kcal/$. The average 1978 price of electricity in Louisiana was 3.327¢/kwh ftor residential users and 2.997¢/kwh for
commercial users (pers. comm., Ms. Janice Burbank, Gulf States Utilities, Baton Rouge, La.). The average of these two (3.16¢/kwh}
is used for making this calculation. 10,669 BTU of fussil fuel energy are required to produce 1 kwh of electricity (U.S. Dept. of
Energy 1978).
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Table 21. Energy use
Mississippi, 1974.

by crop

for

Louisiana

and

Location Energy use
Quantity Percent
Louisiana
Sugarcane 674 13.8
Pastuge and
hay 58 1.2
Soybeans 1202 24.5
Other crops 2411 49.2
Livestock 554 11.3
Mississippi
Pasture and
hay (b) 126 2.5
Soybeans 1274 25.4
Other crops 2589 51.6
Livestock 1031 20.5

aQuantity of energy is in billions of kcal, and is energy
consumed directly. This was calculated as total energy

minus indirect energy.
direct energy consumed
(1976).

Corn silage, sorghum silage, alfalfa, and "other hay."

in that state.
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Table 22. Selected farm expenses in MDPR parishes/counties, 1978.2

b

Location Livestock and Feed Animal health Seeds, bulbs, Machinery agd Total
poultry purchased costs plants, and trees equipment

Louisiana
Iberia 143 948 45 327 437 1900
Jefferson 51 121 11 22 38 243
Lafourche 549 316 47 226 420 1558
Orleans - 3 - 17 - 20
Plaquemines 1068 78 27 44 83 1300
St. Bernard - 27 - 171 1 199
St. Charles 88 67 29 6 9 199
St. James 17 25 3 136 109 290
St. John 13 32 4 38 41 128
St. Mary 101 34 20 133 163 451
St. Tammany 950 2110 105 691 69 3925
Tangipahoa 4904 21,586 572 372 399 27,833
Terrebonne 152 139 18 29 136 474
Vermilion 594 1244 106 4593 1248 7785

Mississippi
Hancock 324 677 18 71 8 1170
Harrison 541 269 15 103 64 992
Jackson 154 199 18 134 68 573

TOTAL 9649 27,875 1038 7113 3365 49,040

31n thousand dollars. Data from U.S. Bureau of Census (1981).
CFeed for livestock and poultry, including commercially mixed formula feed.
Custom work and rental of machinery and equipment.



Table. 23. Selected expenses for U.S.

farms, 1978.2

Operation Cost
Repairs and operation

of capital items 10,835
Depreciation and other

consumption of farm

capital 16,648
Taxes on farm property 4,226
Interest on farm

mortgage debt 5,232
Net rent to non-

operator landlords 4,713
TOTAL 41,654

3Cost in millions of dollars.

Agr. (1979).
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Table  24. Capital  assets of farms in MDPR

parishes/counties, 1978.

Location Land an Machinery and Total

buildings equipment

Louisiana
Iberia 1.76 E8 2.32 E7 1.99 E8
Jefferson 2.35 E7 1.01 E6 2.45 E7
Lafourche 1.65 E8 1.62 E7 1.81 E8
Orleans 4.92 E5 6.30 E&4 5.55 E5
Plaquemines 4.30 E7 2.34 E6 4.53 E7
St. Bernard 4.31 E6 4.94 E5 4.80 E6
St. Charles 3.17 E7 1.50 E6 3.32 E7
St. James 9.70 E7 1.07 E7 1.08 E8
St. John 4.06 E7 2.80 E6 4.34 E7
St. Mary 1.02 E8 1.32 E7 1.15 E8
St. Tammany 1.23 E8 9.77 E6 1.33 E8
Tangipahoa 2.12 E8 2.88 E7 2.41 E8
Terrebonne 7.77 E7 6.96 E6 8.47 E7
Vermilion 4.25 E8 6.56 E7 4.91 E8

Mississippi
Hancock 4.18 E7 4.12 E6 4.59 E7
Harrison 3.22 E7 3.23 E6 3.54 E7
Jackson 3.51 E7 3.79 E6 3.89 E7

TOTAL 1.82 E9

31n dollars.

Calculated by multiplying the
buildings per farm times the

Data from U.S. Bureau of Census (1981).
average value of land and
number of farms.

Table 25. Farm area by crop for Louisiana and Mississippi.a
Crop Louisiana Mississippi Total Percent
Sugarcane 0.12 E10 - 0.12 E10 1.7
Pasture and

hay 0.17 E10 0.28 E10 0.45 E10 6.5
Soybeans 1.22 E10 1.49 E10 2.71 E10 39.0
Other

crops 1.55 E10 2.12 E10 3.67 E10 52.8
TOTAL 3.06 E10 3.89 E10 6.95 E10 100.0

a .
Area in sq m

. Data from U.S. Bureau of Census (1981).
Calculated by subtracting sugarcane
area from total area.
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2. BEACH AND DUNE

The beach areas in Louisiana are characterized by gently sloping fine sand that
extends several meters from the shoreline giving way to dunes varying in height from
0.5 to 4 m. Some beaches are located on barrier islands and some line the mainland in
areas unprotected by islands. 1In general, barrier islands in the MDPR are long and
narrow, with very low elevation (approximately 5 m) and are separated from the mainland
by shallow bays.

Beach and dune habitat represents a very small portion of the MDPR (4328 ha in
1978, or 0.12%) (Wicker et al. 1980a). Figure 7 is a map of the distribution of beach
and dune habitat.

This habitat serves as a barrier to storms. Sand is stored in beach dunes between
major storm events and eroded during storms, thus absorbing storm energy and protecting
landward marshlands.

The geologic aspects of these areas have been closely studied (Morgan and Larimore
1957; Adams et al. 1978; Penland and Boyd 1981) because most of the barrier islands in
Louisiana are rapidly eroding and moving shoreward. Ecological aspects of beaches and
dunes in the MDPR have been little examined.

The rooted vegetation closest to the edge of the Gulf of Mexico is found in the
dunes. Plants here include dog tooth grass (Panicum repens), beach morning glory
(Ipomoea stolonifera), frogbit (Erigeron repens), Heterotheca subaxilaris, evening
primrose (Oenothera sp.) sandspur (Cenchrus sp.), and sea rocket (Cakile sp.).

Behind the foredunes there may be a meadow =zone inhabited by beardgrass
(Andropogon sp.), fingergrass (Chloris petraea), saltmarsh fimbristylis (Lippea
lanciolata), frogbit, pennywort (Hydrocotyl ©bonariensis), black rush (Juncus
roemerianus), three cornered grass (Scirpus olneyi), softstem bulrush (Scirpus
validus), widgeon grass (Ruppia maritima), sandspur, morning glory, heterotheca,
sabbatia (Sabbatia sp.), wiregrass, dog tooth grass, and Bermuda grass (Cynodon

dactylon).

01d dunes that have been stranded inland from the meadow zone and that have
achieved sufficient elevation are typically colonized by trees and shrubs, including
live oak (Quercus virginiana), hackberry (Celtis laevigata), Hercules-club (Zanthoxylum
clava-herculis), wax myrtle (Myrica cerifera), and St. Augustine grass (Stenotophrum
secundatum). A further description of the vegetation characteristic of beach and dune
habitat can be found in Bahr and Hebrard (1976).

Although the rate of primary production in dune areas 1is considerably lower than
that of marsh habitats, the role of dune plants in stabilizing and accumulating sedi-
ments is critical. The plants trap wind-blown sand that would otherwise be lost to the
beach system. The vegetation in the beach habitat supports populations of rabbits and
other small mammals, birds, and reptiles.

There is little known about nutrient cycling in the beach and dune habitat. Plants
adapted to the dune areas must be able to tolerate xeric conditions and low nutrient
concentrations. Preliminary studies by Mendelssohn et al. (in preparation) revealed an
average total nitrogen councentration of 1.82 ppm for foredune and middune regions and
3.07 ppm for beaches in the MDPR compared with 12.00 ppt for cypress swamp soils (Table
73) and 15.00 ppt for fresh marsh soils (Table 76). The average phosphorus concentra-
tions are 70.75 ppm and 70.25 ppm for dune and beach areas, respectively. Wullstein
and Pratt (1980) found that grasses adapted to survival on sand dunes have rhizosheaths
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on their roots. These sheaths are enriched in organic carbon and are associated with
nitrogen fixation. They may also serve as storage areas for moisture.

The intertidal portion of the beach habitat is the focus of active energy flux,
much of it hidden from view. A characteristic community of burrowing organisms feeds
on organic matter that is pumped through beach sands by tidal and wave energy. These
organisms are eaten by predatory burrowers and by shorebirds that are specialized to
feed in the swash zone. An excellent description of the dynamics of this community can

be found in Peterson and Peterson (1979). The intertidal beach community includes
meiobenthic fauna, especially the so-called interstitial fauna: tiny crustaceans that
live in the spaces between sand grains. The most conspicuous of the larger animals

that occupy the lower beach habitat are the molluscs (including bivalves such as
clams), cockles, gastropods, and decapod crustaceans (e.g., Orchestoidea sp., Emerita
sp., Ocypode quadrata). Some benthic beach inhabitants are deeply burrowing forms that
are rarely seen without sampling the sediments. These include polychaetes such as
Diopatra sp. and hemichordates (Balanoglossus sp.). Burrowing forms are important food
sources for specialized shorebirds, including plovers, willets, sandpipers, and turn-
stones that forage in the swash zone during low tide. During times of inundation, the
benthic fauna in the beach habitat serve as a rich food source for marine demersal
nekton. The functional partitioning of this intertidal food source by various fish and
bird groups is described in detail by Peterson and Peterson (1979).

In addition to the intertidal sand flat feeding areas, the higher beach and dune
areas are stopover, resting, and staging points for migrating birds such as warblers and
as nesting grounds for shorebirds. In a study carried out in 1972 in dune ridges
inland from Caminada Bay (Barataria hydrologic unit), 69 species of migrating birds
used the dune habitat during the spring migration period (Hebrard, unpublished data
cited in Bahr and Hebrard 1976). Nesting colonies of black skimmers, sandwich terns,
royal terns, least terns, Caspian terns, gull-billed termns, Forster's terns, laughing
gulls, and oystercatchers are all found in the barrier island beach and dune habitats
in the MDER.

Because of the vulnerability of the beach and dune habitat to storm erosion and
because of the lack of sediment enrichment in many parts of the MDPR caused by the en-
trainment of the Mississippi, the erosion of barrier islands and retreat of shore lines
is a serious problem. Penland and Boyd (1981) estimated that the Chandeleur Islands
have been receding at rates of from 1 to 20 m per year (averaging 7 m/yr) during the
past 60 years. It is likely that this island chain will totally disappear during the
next century, causing increased marsh erosion in the Pontchartrain hydrologic unit
(Baumann et al., in preparation).

Although there has been some o0il and gas industry activity on Timbalier Island,
the only barrier island in Louisiana that has been extensively developed is Grand Isle.
As of 1970, more than one-third of the island was in residential, commercial, or in-
dustrial use. In addition to the o0il and gas industry activities, Grand Isle is a
widely used recreational area.

Although the beach and dune habitat is not a dominant one in terms of area, it is
an important habitat ecologically and economically. Further study of the ecological

relationships and methods for slowing the erosion of these areas is warranted.

The beach and dune habitat was not selected for detailed modeling. Figure 8 shows
an unquantified material and energy diagram for the beach and dune habitat.
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Figure 7.

The distribution of MDPR beach and dune habitat.
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Beach and dune habitat flow diagram.

Figure 8.



3. BOTTOMLAND HARDWOOD

The forested wetlands of the MDPR contain two types of plant communities--bottom-
land hardwoods and the baldcypress-water tupelo swamps. Bottomland hardwood forests
covered 46,127 ha in the MDPR in 1978 (Wicker et al. 1980a). They are found in better
drained areas of swampland with moist soil and brief, occasional floodings. A map of
the distribution of bottomland hardwood habitat is shown in Figure 9.

In the upper Barataria Basin the bottomland hardwood forest and cypress-tupelo
swamp lie below 1.5 m in elevation (Conner and Day 1976). Elevation on natural levees
of the Mississippi River in the upper basin may reach 9 m above mean sea level (Day et
al. 1981). Small changes in elevation in the swamp can have major effects on vege-
tative composition. Brown (1972) called a 15-cm change in elevation in the swamp as
important as a 30-m change in mountainous regions.

The character of bottomland hardwood forests is determined by hydrological condi-
tions. Such factors as the rate, seasonality, and amount of water flow are crucial in
determining community structure, composition, and chemical cycling (Day et al. 1981).

Bottomland hardwood sites are flooded each year for a period of several weeks to a
few months. The rest of the time the water table is near or just below the soil
surface (Conner and Day, 1982 ). A bottomland hardwood site in the des Allemands
swamp where primary productivity was measured experienced 15 to 30 cm of flooding for a
period of 2 to 3 months (Conner and Day 1976). Net sediment deposition occurs as flood
waters spread out and slow down over the forest floor. Most sediment movement occurrs
during relatively brief periods of high flooding (Wharton et al. 1982). Leaf litter
and organic matter are carried out of the bottomland hardwood forest during high-water
periods.

The bottomland hardwood swamp community includes more plant species than the
cypress-tupelo swamp. Conner and Day (1976) reported 23 tree species in a hardwood
site in the des Allemands swamp, compared with nine species in a nearby deep bald-
cypress-water tupelo swamp. Bell (1974) found that as flooding frequency in a flood-
plain forest decreased, the number of herbaceous species increased.

Bottomland hardwood forest sites with a hydrological regime unaltered by man
appear to be slightly more productive than unaltered cypress-tupelo swamp sites. Pro-
duction in a MDPR bottomland hardwood community measured by C