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FURTHER ASPECTS 

Further aspects and embodiments of the invention are now set out in the following 

numbered Paragraphs; it is to be understood that the invention encompasses these aspects: 

Paragraph 1. A device for reducing biofouling on a substrate at least partially 

submerged in an aqueous environment, comprising: a structure comprising at least one 5 

vertically extending flexible sheet layer which is or becomes water permeable during use, said 

at least one vertically extending flexible sheet layer substantially surrounding at least a portion 

of a periphery of the substrate in the aqueous environment, the at least one vertically 

extending flexible sheet layer having an upper end at or near a surface of the aqueous 

environment and a lower end which extends downward into the aqueous environment to a first 10 

depth; the structure having a bottom surface which is at least partially open to the aqueous 

environment. 

Paragraph 2. The device of Paragraph 1, wherein said structure separates the aqueous 

environment into a local aqueous environment and an open aqueous environment, wherein the 

local aqueous environment extends from a surface of the substrate to at least an inner surface 15 

of the at least one vertically extending flexible sheet layer, wherein said structure provides an 

average water exchange of about 0.1% to 500% of a volume of water in the local aqueous 

environment each hour between the local aqueous environment and the open aqueous 

environment. 

Paragraph 3. The device of Paragraph 1, wherein a lowest point of the substrate 20 

extends a second depth into the aqueous environment, and the first depth is greater than the 

second depth. 

Paragraph 4. The device of Paragraph 1, wherein the substrate extends a second depth 

into the aqueous environment, and the first depth is a least twice the second depth. 

Paragraph 5. The device of Paragraph 1, wherein the aqueous environment includes a 25 

bottom surface located below the substate at a second depth, and the first depth is less than or 

equals the second depth. 

Paragraph 6. The device of Paragraph 1, wherein a submerged hull of the substrate 

extends a second depth into the aqueous environment, and the first depth is greater than the 

second depth. 30 
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Paragraph 7. The device of Paragraph 1, wherein the at least one vertically extending 

flexible sheet layer comprises a water permeable fabric. 

Paragraph 8. The device of Paragraph 1, wherein the at least one vertically extending 

flexible sheet layer comprises a 3-dimensional flexible material selected from the group 

consisting of natural and synthetic fabrics, natural and synthetic membranes, natural and 5 

synthetic sheets, and fabrics, membranes, films and sheets made from a combination of 

natural and synthetic materials. 

Paragraph 9. The device of Paragraph 1, wherein the structure maintains a dissolved 

oxygen content of a liquid within the local aqueous environment of at least an average of 10% 

or greater. 10 

Paragraph 10. The device of Paragraph 1, wherein water chemistry within said local 

aqueous environment is different than water chemistry within said open aqueous environment. 

Paragraph 11. The device of Paragraph 1, wherein a surface area of the structure is at 

least equal to or greater than a surface area of the substrate. 

Paragraph 12. The device of Paragraph 1, wherein a surface area of the structure is less 15 

than a surface area of the substrate. 

Paragraph 13. The device of Paragraph 1, wherein a ratio of a surface area of said 

structure to a volume of water within said local aqueous environment is about 0.4 feet-1 to 

about 800 feet-1 upon positioning the structure about the substrate. 

Paragraph 14. The device of Paragraph 1, wherein a ratio of a surface area of said 20 

structure to a volume of water within said local aqueous environment is greater than 350 feet-

1. 

Paragraph 15. The device of Paragraph 1, wherein a ratio of a surface area of said 

structure to a volume of water within said local aqueous environment is less than 350 feet-1. 

Paragraph 16. The device of Paragraph 1, wherein a ratio of a surface area of said 25 

structure to a surface area of said substrate is about 100 to 1 or less. 

Paragraph 17. The device of Paragraph 15, wherein the ratio of the surface area of said 

structure to the surface area of said substrate is about 2 to 1 or less. 
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Paragraph 18. The device of Paragraph 11, wherein the ratio of the surface area of said 

structure to the surface area of said substrate is about 1 to 2 or more. 

Paragraph 19. The device of Paragraph 1, wherein said at least one vertically extending 

flexible sheet layer does not incorporate biocide. 

Paragraph 20. The device of Paragraph 1, wherein said at least one vertically extending 5 

flexible sheet layer comprises biocide. 

Paragraph 21. The device of Paragraph 1, wherein the structure has a top surface 

which is at least partially open. 

Paragraph 22. A device for reducing biofouling on a substrate at least partially 

submerged in an aqueous environment, comprising: a structure comprising a plurality of 10 

vertically extending flexible sheets, the plurality of vertically extending flexible sheets 

surrounding a periphery of the substrate in the aqueous environment, each of the plurality of 

vertically extending flexible sheets having an upper end at or near a surface of the aqueous 

environment and a lower end which extends downward into the aqueous environment; 

wherein the structure is open to the aqueous environment at a bottom end of the structure. 15 

Paragraph 23. The device of Paragraph 22, wherein said structure separates the 

aqueous environment into a local aqueous environment and an open aqueous environment, 

wherein the local aqueous environment extends from a surface of the substrate to at least an 

inner surface of the at least one vertically extending flexible sheet layer,wherein said structure 

provides an average water exchange of about 0.1% to 500% of a volume of water in the local 20 

aqueous environment each hour between the local aqueous environment and the open aqueous 

environment. 

Paragraph 24. The device of Paragraph 22, wherein a lowest point of the substrate 

extends a second depth into the aqueous environment, and the first depth is greater than the 

second depth. 25 

Paragraph 25. The device of Paragraph 22, wherein the substrate extends a second 

depth into the aqueous environment, and the first depth is a least twice the second depth. 
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Paragraph 26. The device of Paragraph 22, wherein the aqueous environment includes 

a bottom surface located below the substate at a second depth, and the first depth is less than 

or equals the second depth. 

Paragraph 27. The device of Paragraph 22, wherein a submerged hull of the substrate 

extends a second depth into the aqueous environment, and the first depth is greater than the 5 

second depth. 

Paragraph 28. The device of Paragraph 22, wherein the at least one vertically 

extending flexible sheet layer comprises a water permeable fabric. 

Paragraph 29. The device of Paragraph 22, wherein the at least one vertically 

extending flexible sheet layer comprises a 3-dimensional flexible material selected from the 10 

group consisting of natural and synthetic fabrics, natural and synthetic membranes, natural 

and synthetic sheets, and fabrics, membranes, films and sheets made from a combination of 

natural and synthetic materials. 

Paragraph 30. The device of Paragraph 22, wherein the structure maintains a dissolved 

oxygen content of a liquid within the local aqueous environment of at least an average of 10% 15 

or greater. 

Paragraph 31. The device of Paragraph 22, wherein water chemistry within said local 

aqueous environment is different than water chemistry within said open aqueous environment. 

Paragraph 32. The device of Paragraph 22, wherein a surface area of the structure is at 

least equal to or greater than a surface area of the substrate. 20 

Paragraph 33. The device of Paragraph 22, wherein a surface area of the structure is 

less than a surface area of the substrate. 

Paragraph 34. The device of Paragraph 22, wherein a ratio of a surface area of said 

structure to a volume of water within said local aqueous environment is about 0.4 feet-1 to 

about 800 feet-1 upon positioning the structure about the substrate. 25 

Paragraph 35. The device of Paragraph 22, wherein a ratio of a surface area of said 

structure to a volume of water within said local aqueous environment is greater than 350 feet-

1. 
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Paragraph 36. The device of Paragraph 22, wherein a ratio of a surface area of said 

structure to a volume of water within said local aqueous environment is less than 350 feet-1. 

Paragraph 37. The device of Paragraph 22, wherein a ratio of a surface area of said 

structure to a surface area of said substrate is about 100 to 1 or less. 

Paragraph 38. The device of Paragraph 36, wherein the ratio of the surface area of said 5 

structure to the surface area of said substrate is about 2 to 1 or less. 

Paragraph 39. The device of Paragraph 32, wherein the ratio of the surface area of said 

structure to the surface area of said substrate is about 1 to 2 or more. 

Paragraph 40. The device of Paragraph 22, wherein said at least one vertically 

extending flexible sheet layer does not incorporate biocide. 10 

Paragraph 41. The device of Paragraph 22, wherein said at least one vertically 

extending flexible sheet layer comprises biocide. 

Paragraph 42. The device of Paragraph 22, wherein the structure has a top surface 

which is at least partially open. 

Paragraph 43. A device for reducing biofouling on a substrate at least partially 15 

submerged in an aqueous environment, comprising: a structure adapted to receive said 

substrate, wherein said structure separates an aqueous environment into a local aqueous 

environment and an open aqueous environment, wherein local aqueous environment extends 

from a surface of the substrate to at least an inner surface of the structure, said structure 

having at least one large opening in the structure comprising at least 10% of the surface area 20 

of the structure; an aqueous flow mechanism comprising a least one aqueous flow cavity, 

wherein at least a portion of said aqueous flow cavity is positioned within said local aqueous 

environment, wherein said aqueous flow cavity provides a sufficient flowrate of the aqueous 

medium to exchange an average of about 0.1% to 500% of a volume of water in the local 

aqueous environment each hour with a volume of water from the open aqueous environment. 25 

Paragraph 44. The device of Paragraph 43, wherein said aqueous flow mechanism 

comprises a pump. 

Paragraph 45. The device of Paragraph 43, wherein said aqueous flow mechanism 

comprises a propeller. 
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Paragraph 46. The device of Paragraph 43, wherein said structure is water permeable. 

Paragraph 47. The device of Paragraph 43, wherein said structure is water 

impermeable 

Paragraph 48. The device of Paragraph 43, wherein the aqueous flow mechanism 

provides an average water exchange of about 0.1% to 200% of the volume of water in the 5 

local aqueous environment each hour with a volume of water from the open aqueous 

environment. 

Paragraph 49. The device of Paragraph 48, wherein the aqueous flow mechanism 

provides an average water exchange of about 0.2% to 120% of the volume of water in the 

local aqueous environment each hour with a volume of water from the open aqueous 10 

environment. 

Paragraph 50. The device of Paragraph 49, wherein the aqueous flow mechanism 

provides an average water exchange of about 0.2% to 20% of the volume of water in the local 

aqueous environment each hour with a volume of water from the open aqueous environment. 

Paragraph 51. The device of Paragraph 49, wherein the aqueous flow mechanism 15 

provides an average water exchange of about 20% to 50% of the volume of water in the local 

aqueous environment each hour with a volume of water from the open aqueous environment. 

Paragraph 52. The device of Paragraph 43, wherein said structure comprises a 3-

dimensional flexible material selected from the group consisting of natural and synthetic 

fabrics, natural and synthetic membranes, natural and synthetic sheets, and fabrics, 20 

membranes, films, and sheets made from a combination of natural and synthetic materials. 

Paragraph 53. The device of Paragraph 43, wherein the structure maintains a dissolved 

oxygen content within the local aqueous environment of at least an average of 10% or greater. 

Paragraph 54. The device of Paragraph 43, wherein water chemistry within said local 

aqueous environment is different than water chemistry within said open aqueous environment. 25 

Paragraph 55. The device of Paragraph 43, wherein surface area of said structure is at 

least equal to or greater than surface area of the substrate. 
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Paragraph 56. The device of Paragraph 43, wherein surface area of the structure is less 

than surface area of the substrate. 

Paragraph 57. The device of Paragraph 43, wherein a ratio of surface area of said 

structure to volume of water within said local aqueous environment is about 0.4 feet-1 to about 

800 feet-1 upon positioning the structure about the substrate. 5 

Paragraph 58. The device of Paragraph 43, wherein a ratio of surface area of said 

structure to volume of water within said local aqueous environment is greater than 350 feet-1. 

Paragraph 59. The device of Paragraph 43, wherein a ratio of surface area of said 

structure to volume of water within said local aqueous environment is less than 350 feet-1. 

Paragraph 60. The device of Paragraph 43, wherein a ratio of surface area of said 10 

structure to surface area of said substrate is about 100 to 1 or less. 

Paragraph 61. The device of Paragraph 60, wherein the ratio of surface area of said 

structure to surface area of said substrate is about 2 to 1 or less. 

Paragraph 62. The device of Paragraph 43, wherein the ratio of surface area of said 

structure to surface area of said substrate is about 1 to 2 or more. 15 

Paragraph 63. The device of Paragraph 43, wherein the structure does not incorporate 

biocide. 

Paragraph 64. The device of Paragraph 43, wherein the structure comprises biocide. 

Paragraph 65. A device for reducing biofouling on a substrate at least partially 

submerged in an aqueous environment, comprising: a structure which is or becomes water 20 

permeable during use, said structure having a fully open bottom and adapted to receive said 

substrate, wherein said structure separates an aqueous environment into a local aqueous 

environment and an open aqueous environment, wherein local aqueous environment extends 

from a surface of the substrate to at least an inner surface of the structure,wherein the structure 

modulates dissolved oxygen content from the open aqueous environment into the local 25 

aqueous environment. 
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Paragraph 66. The device of Paragraph 65, wherein the structure modulates the 

dissolved oxygen level within the local aqueous environment by maintaining the dissolved 

oxygen at or above an average of 10% dissolved oxygen within a 24-hour period. 

Paragraph 67. The device of Paragraph 66, wherein the structure modulates the 

dissolved oxygen level within the local aqueous environment by maintaining the dissolved 5 

oxygen at or above an average of 40% dissolved oxygen within the 24-hour period. 

Paragraph 68. The device of Paragraph 66, wherein the structure modulates the 

dissolved oxygen level within the local aqueous environment by maintaining the dissolved 

oxygen within a range of 20% to 120% dissolved oxygen within a 24-hour period. 

Paragraph 69. The device of Paragraph 65, wherein said local aqueous environment 10 

comprises a first dissolved oxygen content and open aqueous environment comprises a second 

dissolved oxygen content, wherein said first dissolved oxygen content is different than said 

second dissolved oxygen content. 

Paragraph 70. The device of Paragraph 65, wherein said local aqueous environment 

comprises a first dissolved oxygen content and open aqueous environment comprises a second 15 

dissolved oxygen content, wherein said first dissolved oxygen content is less than said second 

dissolved oxygen content. 

Paragraph 71. The device of Paragraph 65, wherein said local aqueous environment 

comprises a first dissolved oxygen content and open aqueous environment comprises a second 

dissolved oxygen content, wherein, on average, said first dissolved oxygen content is less than 20 

said second dissolved oxygen content. 

Paragraph 72. The device of Paragraph 65, wherein said local aqueous environment 

comprises a first dissolved oxygen content and open aqueous environment comprises a second 

dissolved oxygen content, wherein first dissolved oxygen content comprises a first rate of 

change and second dissolved oxygen content comprises a second rate of change, wherein first 25 

rate of change is the same as the second rate of change. 

Paragraph 73. The device of Paragraph 65, wherein said local aqueous environment 

comprises a first dissolved oxygen content and open aqueous environment comprises a second 

dissolved oxygen content, wherein first dissolved oxygen content comprises a first rate of 
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change and second dissolved oxygen content comprises a second rate of change, wherein first 

rate of change is slower or less than second rate of change. 

Paragraph 74. The device of Paragraph 65, wherein said local aqueous environment 

has a first dissolved oxygen content proximate to an inner wall of the structure and a second 

dissolved oxygen content proximate to an outer wall of the substrate, wherein first and second 5 

dissolved oxygen contents are different. 

Paragraph 75. The device of Paragraph 73, wherein said second dissolved oxygen 

content is less than the first dissolved oxygen content. 

Paragraph 76. The device of Paragraph 69, wherein said difference is at least 0.1% 

difference between the first and second dissolved oxygen contents. 10 

Paragraph 77. The device of Paragraph 69, wherein said difference is at least 5% 

difference between the first and second dissolved oxygen contents. 

Paragraph 78. The device of Paragraph 65, wherein the structure provides an average 

water exchange of about 0.1% to 500% of a volume of water in the local aqueous environment 

each hour between the local aqueous environment and the open aqueous environment. 15 

Paragraph 79. The device of Paragraph 65, wherein the structure includes a water 

permeable surface having a permeability of about 100 milliliters of water per second per 

square centimeter of substrate or less. 

Paragraph 80. The device of Paragraph 65, wherein the structure comprises a 3-

dimensional flexible material selected from the group consisting of natural and synthetic 20 

fabrics, natural and synthetic membranes, natural and synthetic sheets, and fabrics, 

membranes, films and sheets made from a combination of natural and synthetic materials. 

Paragraph 81. The device of Paragraph 65, wherein water chemistry within said local 

aqueous environment is different than water chemistry within said open aqueous environment. 

Paragraph 82. The device of Paragraph 70, wherein, on average, said first dissolved 25 

oxygen content is less than said second dissolved oxygen content at all times. 

Paragraph 83. The device of Paragraph 70, wherein, on average, said first dissolved 

oxygen content is less than said second dissolved oxygen content during daylight hours. 
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Paragraph 84. The device of Paragraph 70, wherein, on average, said first dissolved 

oxygen content lags said second dissolved oxygen content. 

Paragraph 85. The device of Paragraph 71, wherein, on average, said first rate of 

change lags said second rate of change. 

Paragraph 86. The device of Paragraph 70, wherein, on average, said first dissolved 5 

oxygen content is buffered compared to said second dissolved oxygen content. 

Paragraph 87. The device of Paragraph 71, wherein, on average, said first rate of 

change is buffered compared to said second rate of change. 

Paragraph 88. The device of Paragraph 65, wherein the structure does not incorporate 

biocide. 10 

Paragraph 89. The device of Paragraph 65, wherein the structure comprises biocide. 

Paragraph 90. A device for reducing biofouling on a substrate at least partially 

submerged in an aqueous environment, comprising: a structure which is or becomes water 

permeable during use, said structure having at least one large opening therein comprising at 

least 10% of the surface area of the structure, the structure adapted to receive said substrate, 15 

wherein said structure separates an aqueous environment into a synthetic local aqueous 

environment and an open aqueous environment, wherein synthetic local aqueous environment 

extends from a surface of the substrate to at least an inner surface of the structure, where an 

antifouling biofilm which is formed within the synthetic local aqueous environment, wherein 

said synthetic local aqueous environment comprises water chemistry differences compared to 20 

waters located proximate to but outside of the synthetic local aqueous environment. 

Paragraph 91. The device of Paragraph 90, wherein said synthetic local aqueous 

environment comprises a first dissolved oxygen content and open aqueous environment 

comprises a second dissolved oxygen content, wherein said first dissolved oxygen content is 

different than said second dissolved oxygen content. 25 

Paragraph 92. The device of Paragraph 91, wherein said first dissolved oxygen content 

is less than said second dissolved oxygen content. 

Paragraph 93. The device of Paragraph 91, wherein said local aqueous environment 

comprises a first dissolved oxygen content and open aqueous environment comprises a second 
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dissolved oxygen content, wherein, on average, said first dissolved oxygen content is less than 

said second dissolved oxygen content. 

Paragraph 94. The device of Paragraph 91, wherein said local aqueous environment 

comprises a first dissolved oxygen content and open aqueous environment comprises a second 

dissolved oxygen content, wherein first dissolved oxygen content comprises a first rate of 5 

change and second dissolved oxygen content comprises a second rate of change, wherein first 

rate of change is the same as the second rate of change. 

Paragraph 95. The device of Paragraph 91, wherein said local aqueous environment 

comprises a first dissolved oxygen content and open aqueous environment comprises a second 

dissolved oxygen content, wherein first dissolved oxygen content comprises a first rate of 10 

change and second dissolved oxygen content comprises a second rate of change, wherein first 

rate of change is slower or less than second rate of change. 

Paragraph 96. The device of Paragraph 90, wherein said local aqueous environment 

has a first dissolved oxygen content proximate to an inner wall of the structure and a second 

dissolved oxygen content proximate to an outer wall of the substrate, and the first and second 15 

dissolved oxygen contents are different. 

Paragraph 97. The device of Paragraph 90, wherein the structure provides an average 

water exchange of about 0.1% to 500% of a volume of water in the local aqueous environment 

each hour between the local aqueous environment and the open aqueous environment. 

Paragraph 98. The device of Paragraph 90, wherein said structure comprises a 20 

permeability of about 100 milliliters of water per second per square centimeter of substrate or 

less. 

Paragraph 99. The device of Paragraph 90, wherein said structure comprises a 3-

dimensional flexible material selected from the group consisting of natural and synthetic 

fabrics, natural and synthetic membranes, natural and synthetic sheets, and fabrics, 25 

membranes, film, and sheets made from a combination of natural and synthetic materials. 

Paragraph 100. The device of Paragraph 91, wherein, on average, said first dissolved 

oxygen content is less than said second dissolved oxygen content at all times. 
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Paragraph 101. The device of Paragraph 91, wherein, on average, said first dissolved 

oxygen content is less than said second dissolved oxygen content during daylight hours. 

Paragraph 102. A method of creating an artificially created biofilm for reducing 

biofouling on a substrate in an aqueous environment, comprising: 

Paragraph placing a structure which is or becomes water permeable during use around 5 

the substrate to substantially enclose said substrate in an artificial local aqueous environment 

which extends from a surface of the substrate to at least an inner surface of the structure, the 

structure having an open bottom, wherein the structure modulates dissolved oxygen content 

from the open aqueous environment into the local aqueous environment, wherein the reduced 

level of dissolved oxygen within the artificial local aqueous environment induces an alteration 10 

in the biofilm. 

Paragraph 103. The method of Paragraph 102, wherein the reduced level of dissolved 

oxygen within the artificial local aqueous environment induces a reduction in the prevalence 

of at least one member of the group consisting of cyanobacteria, diatoms and bacterial phyla 

in the artificial local aqueous environment. 15 

Paragraph 104. The method of Paragraph 102, wherein the reduced level of dissolved 

oxygen within the artificial local aqueous environment induces an increase in the prevalence 

of at least one member of the group consisting of cyanobacteria, diatoms and bacterial phyla 

in the artificial local aqueous environment 

Paragraph 105. The method of Paragraph 102, wherein the biofilm deposited by the 20 

artificial mix of microorganisms on the substrate is thinner than a naturally occurring biofilm 

in the aqueous environment. 

Paragraph 106. The method of Paragraph 102, wherein the biofilm deposited by the 

artificial mix of microorganisms on the substrate has a weaker structural integrity than a 

naturally occurring biofilm in the aqueous environment. 25 

Paragraph 107. The method of Paragraph 102, wherein the biofilm deposited by the 

artificial mix of microorganisms comprises predominantly Proteobacteria or Bacteroidetes. 
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Paragraph 108. The method of Paragraph 102, wherein the biofilm deposited by the 

artificial mix of microorganisms comprises very low quantities of Verrucomicrobia and 

Actinobacteria. 

Paragraph 109. A device for reducing the biofouling on a substrate at least partially 

submerged in an aqueous environment, comprising: wherein said structure has an open bottom 5 

and separates an aqueous environment into a local aqueous environment and an open aqueous 

environment, wherein local aqueous environment extends from a surface of the substrate to at 

least an inner surface of the structure, wherein a first measurement of a first water chemistry 

factor within said local aqueous environment is different than a second measurement of the 

first water chemistry factor in said open aqueous environment. 10 

Paragraph 110 The device of Paragraph 109, wherein the first water chemistry factor is 

ammonium, and the first measurement is higher than the second measurement. 

Paragraph 111. The device of Paragraph 110, wherein the difference between the first 

and second measurements occurs within 3 days of placement of the structure into the aqueous 

environment. 15 

Paragraph 112. The device of Paragraph 109, wherein the first water chemistry factor 

is ammoniacal nitrogen, and the first measurement is higher than the second measurement. 

Paragraph 113. The device of Paragraph 112, wherein the first measurement is greater 

than 0.1 parts per billion (ppb). 

Paragraph 114. The device of Paragraph 113, wherein the first measurement is greater 20 

than 1 parts per billion (ppb). 

Paragraph 115. The device of Paragraph 114, wherein the first measurement is greater 

than 10 parts per billion (ppb). 

Paragraph 116. The device of Paragraph 115, wherein the first measurement is greater 

than 100 parts per billion (ppb). 25 

Paragraph 117. The device of Paragraph 112, wherein the difference between the first 

and second measurements takes at least 30 days of immersion to develop. 
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Paragraph 118. The device of Paragraph 109, wherein the first water chemistry factor 

is nitrite, and the first measurement is higher than the second measurement. 

Paragraph 119. The device of Paragraph 118, wherein the first measurement is higher 

than 0.1 parts per billion (ppb). 

Paragraph 120. The device of Paragraph 119, wherein the first measurement is higher 5 

than 0.1 parts per million (ppm). 

Paragraph 121. The device of Paragraph 120, wherein the first measurement is higher 

than 0.5 parts per million (ppm). 

Paragraph 122. The device of Paragraph 121, wherein the first measurement is higher 

than 1 parts per million (ppm). 10 

Paragraph 123. The device of Paragraph 109, wherein the first water chemistry factor 

is phosphate, and the first measurement is higher than the second measurement. 

Paragraph 124. The device of Paragraph 123, wherein the difference between the first 

and second measurements takes within 3 days of immersion to develop. 

Paragraph 125. The device of Paragraph 109, wherein the permeable structure 15 

comprises a permeable portion that permits an average water exchange of about 0.1% to 200% 

of the volume of water in the local aqueous environment each hour between the local aqueous 

environment and the open aqueous environment. 

Paragraph 126. The device of Paragraph 125, wherein said structure includes a water 

permeable surface having a permeability of about 100 milliliters of water per second per 20 

square centimeter of substrate or less. 

Paragraph 127. A device according to Paragraph 109, wherein said water permeable 

structure comprises a 3-dimensional flexible material selected from the group consisting of 

natural and synthetic fabrics, natural and synthetic membranes, natural and synthetic sheets, 

and fabrics, membranes, films and sheets made from a combination of natural and synthetic 25 

materials. 

Paragraph 128. The device of Paragraph 109, wherein the structure incorporates a 

biocidal substance. 
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Paragraph 129. The device of Paragraph 109, wherein structure does not incorporate 

any biocidal substance. 

Paragraph 130. A method of reducing biofouling on a substrate at least partially 

submerged in an aqueous environment, comprising: using a structure which is or becomes 

water permeable during use, said structure adapted to receive said substrate, said structure 5 

having a large opening therein of at least 10% of the surface area of the structure, wherein said 

structure separates an aqueous environment into a local aqueous environment and an open 

aqueous environment, wherein local aqueous environment extends from a surface of the 

substrate to at least an inner surface of the structure, dispensing a substance which reduces 

dissolved oxygen content within the local aqueous environment by at least 10%. 10 

Paragraph 131. The method of Paragraph 130, wherein substance comprises nitrogen 

gas. 

Paragraph 132. The method of Paragraph 131, wherein the step of dispensing the 

substance into the sea water comprises sparging the sea water with nitrogen gas. 

Paragraph 133. The method of Paragraph 130, wherein the substance comprises iron 15 

filings. 

Paragraph 134. The method of Paragraph 130, wherein the structure provides an 

average water exchange of about 0.1% to 500% of the volume of water in the local aqueous 

environment each hour between the local aqueous environment and the open aqueous 

environment. 20 

Paragraph 135. The method of Paragraph 130, wherein the structure includes a water 

permeable surface having a permeability of about 100 milliliters of water per second per 

square centimeter of substrate or less. 

Paragraph 136. The method of Paragraph 130, wherein the structure comprises a 3-

dimensional flexible material selected from the group consisting of natural and synthetic 25 

fabrics, natural and synthetic membranes, natural and synthetic sheets, and fabrics, 

membranes, films and sheets made from a combination of natural and synthetic materials. 
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Paragraph 137. The method of Paragraph 130, wherein the structure maintains a 

dissolved oxygen content of a liquid within the local aqueous environment of at least an 

average of 10% or greater. 

Paragraph 138. The method of Paragraph 130, wherein water chemistry within said 

local aqueous environment is different than water chemistry within said open aqueous 5 

environment. 

Paragraph 139. The method of Paragraph 130, wherein a surface area of the structure 

is at least equal to or greater than a surface area of the substrate. 

Paragraph 140. The method of Paragraph 130, wherein a surface area of the structure 

is less than a surface area of the substrate. 10 

Paragraph 141. The method of Paragraph 130, wherein a ratio of a surface area of said 

structure to a volume of water within said local aqueous environment is about 0.4 feet-1 to 

about 800 feet-1 upon positioning the structure about the substrate. 

Paragraph 142. The method of Paragraph 130, wherein a ratio of a surface area of said 

structure to a volume of water within said local aqueous environment is greater than 350 feet-15 

1. 

Paragraph 143. The method of Paragraph 130, wherein a ratio of a surface area of said 

structure to a volume of water within said local aqueous environment is less than 350 feet-1. 

Paragraph 144. The method of Paragraph 130, wherein a ratio of a surface area of said 

structure to a surface area of said substrate is about 100 to 1 or less. 20 

Paragraph 145. The method of Paragraph 130, wherein the ratio of the surface area of 

said structure to the surface area of said substrate is about 2 to 1 or less. 

Paragraph 146. The method of Paragraph 130, wherein the ratio of the surface area of 

said structure to the surface area of said substrate is about 1 to 2 or more. 

Paragraph 147. The method of Paragraph 130, wherein said structure does not 25 

incorporate biocide. 

Paragraph 148. The method of Paragraph 130, wherein said structure comprises 

biocide. 
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Paragraph 149. A method of reducing biofouling on a substrate at least partially 

submerged in an aqueous environment, comprising: using a structure which is or becomes 

water permeable during use, said structure adapted to receive said substrate, said structure 

having at least one opening therein, the at least one opening comprising a total of at least 10% 

of the surface area of the structure, wherein said structure separates an aqueous environment 5 

into a local aqueous environment and an open aqueous environment, wherein the local 

aqueous environment extends from a surface of the substrate to at least an inner surface of the 

structure, dispensing a substance which alters a dissolved oxygen content within the local 

aqueous environment to be different than a dissolved oxygen content of the open aqueous 

environment. 10 

Paragraph 150. The method of Paragraph 149, wherein the dissolved oxygen content 

within the local aqueous environment is as least 10% different than the dissolved oxygen 

content of the open aqueous environment. 

Paragraph 151. The method of Paragraph 149, wherein the structure provides an 

average water exchange of about 0.1% to 500% of the volume of water in the local aqueous 15 

environment each hour between the local aqueous environment and the open aqueous 

environment. 

Paragraph 152. The method of Paragraph 149, wherein the structure includes a water 

permeable surface having a permeability of about 100 milliliters of water per second per 

square centimeter of substrate or less. 20 

Paragraph 153. The method of Paragraph 149, wherein the structure comprises a 3-

dimensional flexible material selected from the group consisting of natural and synthetic 

fabrics, natural and synthetic membranes, natural and synthetic sheets, and fabrics, 

membranes, films and sheets made from a combination of natural and synthetic materials. 

Paragraph 154. The method of Paragraph 149, wherein the structure maintains a 25 

dissolved oxygen content of a liquid within the local aqueous environment of at least an 

average of 10% or greater. 

Paragraph 155. The method of Paragraph 149, wherein water chemistry within said 

local aqueous environment is different than water chemistry within said open aqueous 

environment. 30 
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Paragraph 156. The method of Paragraph 149, wherein a surface area of the structure 

is at least equal to or greater than a surface area of the substrate. 

Paragraph 157. The method of Paragraph 149, wherein a surface area of the structure 

is less than a surface area of the substrate. 

Paragraph 158. The method of Paragraph 149, wherein said structure does not 5 

incorporate biocide. 

Paragraph 159. The method of Paragraph 149, wherein said structure comprises 

biocide. 
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CLAIMS 

1. A device for reducing biofouling on a surface at least partially submerged in an aqueous 

environment, the device comprising: 

a structure comprising at least one flexible layer which is or becomes water permeable 

during use and which is formed of at least one of mesh, lattice, fenestration, or holes that 5 

enable fluid flow therethrough, the structure substantially surrounding at least a portion 

of a periphery of the surface in the aqueous environment, the structure having an upper 

end and a lower end which extends downward into the aqueous environment to a first 

depth; 

the structure defining at least one opening that forms one or more paths in the aqueous 10 

environment around the structure leading toward the surface such that fluid from the 

aqueous environment is able to flow around the structure, through the at least one 

opening, and toward the surface without having to pass through the at least one of mesh, 

lattice, fenestration, or holes; 

in which the at least one flexible layer comprises a 3-dimensional flexible material. 15 

2. A device according to Claim 1, in which the structure is configured to attach to a 

floatable device to extend downwardly into the aqueous environment from a top to a bottom. 

3. A device according to Claim 2, further comprising one or more connection features 

configured to attach to the floatable device, in which the structure is connected to the one or 

more connection features so as to extend downwardly into the aqueous environment below the 20 

floatable device. 

4. A device according to Claim 2, in which the structure forms a skirt for the floatable 

device. 

5. A device according to Claim 1, in which the structure is configured to attach to and 

surround a floatable device to reduce biofouling on the floatable device. 25 

6. A device according to Claim 1, in which the structure is flexible and defines a first side 

and a second side, 

in which, when the structure at least partially surrounds the surface in the aqueous 

environment such that the first side of the structure faces the surface, the structure 
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allows fluid exchange through the structure to the surface while preventing or limiting 

biofouling on the surface such that a first chemistry of the aqueous environment 

between the surface and the first side of the structure is different than a second 

chemistry of the aqueous environment on the second side of the structure, in which the 

first chemistry is measured in the aqueous environment proximate the surface, in which 5 

the second chemistry is measured in the aqueous environment at a spaced apart distance 

from the second side of the structure facing away from the surface. 

7. A device according to Claim 6, in which, when the structure at least partially surrounds 

the surface in the aqueous environment, the structure modulates dissolved oxygen content 

between the second side and the first side. 10 

8. A device according to Claim 1, in which the structure further comprises a plurality of 

flexible layers, in which at least one of the plurality of flexible layers is removeable from a 

remaining set of the plurality of flexible layers. 

9. A device according to Claim 1, in which the a structure comprises biocide. 

10. The device according to Claim 6, in which the spaced apart distance from the second 15 

side of the structure is 12 inches. 

11. The device according to Claim 1, in which a surface area of the structure is less than a 

surface area of the surface. 

12. The device according to Claim 1, in which a lowest point of the surface extends to a 

second depth into the aqueous environment, and the first depth is greater than the second 20 

depth. 

13. The device according to Claim 1, in which the surface extends into the aqueous 

environment to a second depth, and the first depth is less than or equals the second depth. 

14. The device according to Claim 1, in which the structure provides an average water 

exchange of about 0.1% to 500% of a volume of water each hour therethrough. 25 

15. The device according to Claim 1, further comprising an aqueous flow mechanism that is 

positioned between the structure and the surface, in which the aqueous flow mechanism is 

configured to at least one of disturb the aqueous environment or add or remove liquid, 

compounds, or other materials to or from the aqueous environment. 
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16. The device according to Claim 1, further comprising a modification compound that is 

positioned between the structure and the surface, in which the modification compound is 

configured to condition the aqueous environment by applying a change in water chemistry of 

the aqueous environment. 

17. A roll of material used to form the device according to any preceding claim, in which 5 

the material includes the structure. 

18. A method of reducing biofouling on a surface at least partially submerged in an aqueous 

environment, the method comprising: 

providing a structure comprising at least one flexible layer which is or becomes water 

permeable during use and which is formed of at least one of mesh, lattice, fenestration, 10 

or holes that enable fluid flow therethrough, in which the at least one flexible layer 

comprises a 3-dimensional flexible material; and 

positioning the structure into the aqueous environment so as to substantially surround at 

least a portion of a periphery of the surface in the aqueous environment and such that the 

structure has an upper end and a lower end which extends downward into the aqueous 15 

environment to a first depth,  

the structure defining at least one opening that forms one or more paths in the aqueous 

environment around the structure leading toward the surface such that fluid from the 

aqueous environment is able to flow around the structure, through the at least one 

opening, and toward the surface without having to pass through the at least one of mesh, 20 

lattice, fenestration, or holes. 

19. A method according to Claim 18, further comprising causing an aqueous flow 

mechanism to at least one of disturb the aqueous environment between the structure and the 

surface or add or remove liquid, compounds, or other materials to or from the aqueous 

environment between the structure and the surface. 25 

20. A method according to Claim 18, further comprising positioning a modification 

compound between the structure and the surface, in which the modification compound is 

configured to condition the aqueous environment by applying a change in water chemistry of 

the aqueous environment. 


