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This Technical Support Document addresses in more detail the existing scientific literature and
technical information in support of the final rule of the U.S. Environmental Protection Agency (EPA) and
U.S. Department of the Army’s (“the agencies”) which revises the definition of “waters of the United
States.”* The Preamble, the 2015 report Connectivity of Streams and Wetlands to Downstream Waters: A
Review and Synthesis of the Scientific Evidence, this Technical Support Document, and the rest of the
administrative record provide the basis for the definition of “waters of the United States” established in
the final rule. Where this Technical Support Document does not reflect the language in the preamble and
final rule, the language in the preamble and final rule controls and should be used for purposes of
understanding the scope, requirements, and basis of the final rule.
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I.  Science Report, More Recent Literature, and Other Scientific
Support

EPA’s 2015 report Connectivity of Streams and Wetlands to Downstream Waters: A Review and
Synthesis of the Scientific Evidence (hereafter the Science Report) summarizes and assesses relevant
scientific literature that is part of the administrative record for this final rule. In addition, the agencies
considered other sources of scientific information and literature, particularly for topics that were not
addressed in the Science Report. This includes peer-reviewed literature, federal and state government
reports, and other relevant information. The agencies also conducted a literature search for scientific
literature that had been published since the Science Report’s publication, which is described in more
detail in section 1.C. Section I.A.i of this document provides the major conclusions of the Science Report.
Section 11 provides additional detail of the scientific literature and the agencies’ reasoning in support of
the rule. The agencies’ interpretation of the Clean Water Act’s scope in this final rule is guided by the
best available peer-reviewed science, including on the connectivity and effects that streams, wetlands, and
open waters have on the chemical, physical, and biological integrity of traditional navigable waters, the
territorial seas, or interstate waters.

A. Science Report: Synthesis of Peer-Reviewed Scientific Literature

The Science Report provides much of the technical support for this final rule. The Science Report
is based on a review of more than 1,300 peer-reviewed publications. EPA’s Office of Research and
Development prepared the Science Report, a peer-reviewed synthesis of published peer-reviewed
scientific literature discussing the nature of connectivity and effects of tributaries and wetlands on
downstream waters. The Science Report was directly considered in the development of this final rule, as
was the peer review of the Science Report led by EPA’s Science Advisory Board (SAB), and is available
at http://cfpub.epa.gov/ncea/cfm/recordisplay.cfm?deid=296414. The SAB’s comprehensive peer review
of the Science Report is discussed in detail in section 1.B. The Science Report also underwent an earlier
external independent peer review, and the results of both peer reviews are available in the docket for the
final rule. Prior to the earlier peer review, the Science Report also underwent a peer consultation.

The Science Report reviews and synthesizes the peer-reviewed scientific literature on the
connectivity or isolation of streams and wetlands relative to large water bodies such as rivers, lakes,
estuaries, and oceans. The purpose of the review and synthesis is to summarize current scientific
understanding about the connectivity and mechanisms by which streams and wetlands, singly or in
aggregate, affect the physical, chemical, and biological integrity of downstream waters. Specific types of
connections considered in the Science Report include transport of physical materials and chemicals such
as water, wood, and sediment, nutrients, pesticides, and mercury; movement of organisms or their seeds
or eggs; and hydrologic and biogeochemical interactions occurring in surface and groundwater flows,
including hyporheic zones and alluvial aquifers. A hyporheic zone is the area next to and beneath a stream
or river in which hyporheic flow (water from a stream or river channel that enters subsurface materials of
the stream bed and bank and then returns to the stream or river) occurs. Science Report at A-6. An
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alluvial aquifer is an aquifer with geologic materials deposited by a stream or river (alluvium) that retains
a hydraulic connection with the depositing stream. Id. at A-1.

The final Science Report states that connectivity is a foundational concept in hydrology and
freshwater ecology. Connectivity is the degree to which components of a system are joined, or connected,
by various transport mechanisms and is determined by the characteristics of both the physical landscape
and the biota of the specific system. Connectivity for purposes of interpreting the scope of “waters of the
United States” under the Clean Water Act serves to demonstrate the “nexus” between upstream water
bodies and the downstream traditional navigable water, the territorial seas, or interstate water and the
strength of those connections. The scientific literature does not use the term “significant” as it is used in
the context of the geographic scope of the Clean Water Act, but it does provide information on the
strength of the effects on the chemical, physical, and biological functioning of traditional navigable
waters, the territorial seas, and interstate waters from the connections among tributaries, adjacent
wetlands, and intrastate waters that do not meet the criteria for jurisdiction under other categories of the
rule and those fundamental waters. The scientific literature also does not use the terms traditional
navigable waters, the territorial seas, or interstate waters. However, evidence of strong chemical, physical,
and biological connections to larger rivers, estuaries, and lakes applies to that subset of rivers, estuaries,
and lakes that are traditional navigable waters, the territorial seas, or interstate waters.

The agencies reiterate their previous conclusion that determining the presence of a significant
nexus is not a purely scientific inquiry. This section reflects the scientific consensus on the connections
and the strength of the effects that upstream tributaries, adjacent wetlands, and intrastate waters that do
not meet the criteria for jurisdiction under other categories of the rule can and do have on traditional
navigable waters, the territorial seas, or interstate waters. However, a significant nexus determination
requires legal, technical, and policy judgment, as well as scientific considerations, for example, to assess
the significance of any effects.

The Science Report presents evidence of those connections from various categories of waters,
evaluated singly or in combination, which affect downstream waters and the strength of that effect. The
objectives of the Science Report are (1) to provide a context for considering the evidence of connections
between downstream waters and their tributary waters, and (2) to summarize current understanding about
these connections, the factors that influence them, and the mechanisms by which the connections affect
the function or condition of downstream waters. The connections and mechanisms discussed in the
Science Report include transport of physical materials and chemicals such as water, wood, sediment,
nutrients, pesticides, and mercury; functions that adjacent wetlands perform, such as storing and cleansing
water; movement of organisms or their seeds and eggs; and hydrologic and biogeochemical interactions
occurring in and among surface and groundwater flows, including hyporheic zones? and alluvial aquifers.

The Science Report consists of six chapters. Chapter 1 outlines the purpose, scientific context,
and approach of the report. Chapter 2 describes the components of a river system and watershed; the types
of physical, chemical, and biological connections that link those components; the factors that influence
connectivity at various temporal and spatial scales; and methods for quantifying connectivity. Chapter 3

2 The hyporheic zone is the subsurface area immediately below the bed of intermittent and ephemeral streams that
remains wet even when there is no surface flow. These areas are extremely important to macro-benthic organisms
critical to the biochemical integrity of streams.
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reviews literature on connectivity in stream networks in terms of physical, chemical, and biological
connections and their resulting effects on downstream waters. Chapter 4 reviews literature on the
connectivity and effects of nontidal wetlands and certain open waters on downstream waters. Chapter 5
applies concepts and evidence from previous chapters to six case studies from published literature on
Carolina and Delmarva bays, oxbow lakes, prairie potholes, prairie streams, southwestern streams, and
vernal pools. Chapter 6 summarizes key findings and conclusions, identifies data gaps, and briefly
discusses research approaches that could fill those gaps. A glossary of scientific terms used in the report
and detailed case studies of selected systems (summarized in Chapter 5) are included in Appendix A and
Appendix B of the Report, respectively.

Since its publication in 2015, the scope, findings, and conclusions of the Science Report have at
times been misconstrued as inclusive of all waters and all types of interconnections, regardless of their
relevance to the Clean Water Act. This is not the case. As explained in the Executive Summary and
Introduction of the Report, the scope of the Science Report was clearly restricted to specific types of
surface waters, and considered only those connections having clearly documented scientific effects on the
integrity of larger downstream waters.

I. Summary of Major Conclusions of the Science Report

Based on the review and synthesis of more than 1,300 publications from the peer-reviewed
scientific literature, the evidence supports the Science Report’s five major conclusions. Citations have
been omitted from the text to improve readability; please refer to the Executive Summary and individual
chapters of the Science Report for supporting publications and additional information.

Conclusion 1: Streams

The scientific literature unequivocally demonstrates that streams, individually or cumulatively,
exert a strong influence on the integrity of downstream waters. All tributary streams, including perennial,
intermittent, and ephemeral streams, are physically, chemically, and biologically connected to
downstream rivers via channels and associated alluvial deposits where water and other materials are
concentrated, mixed, transformed, and transported. Streams are the dominant source of water in most
rivers, and the majority of tributaries are perennial, intermittent, or ephemeral headwater streams.
Headwater streams also convey water into local storage compartments such as ponds, shallow aquifers, or
stream banks, and into regional and alluvial aquifers; these local storage compartments are important
sources of water for maintaining baseflow in rivers. In addition to water, streams transport sediment,
wood, organic matter, nutrients, chemical contaminants, and many of the organisms found in rivers. The
literature provides robust evidence that streams are biologically connected to downstream waters by the
dispersal and migration of aquatic and semiaquatic organisms, including fish, amphibians, plants,
microorganisms, and invertebrates, that use both upstream and downstream habitats during one or more
stages of their life cycles, or provide food resources to downstream communities. In addition to material
transport and biological connectivity, ephemeral, intermittent, and perennial flows influence fundamental
biogeochemical processes by connecting channels and shallow ground water with other landscape
elements. Physical, chemical, and biological connections between streams and downstream waters
interact via integrative processes such as nutrient spiraling, in which stream communities assimilate and
chemically transform large quantities of nitrogen and other nutrients that otherwise would be transported
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directly downstream, increasing nutrient loads and associated impairments due to excess nutrients in
downstream waters.

Conclusion 2: Riparian/Floodplain Wetlands and Open Waters

The literature clearly shows that wetlands and open waters in riparian areas and floodplains are
physically, chemically, and biologically integrated with rivers via functions that improve downstream
water quality, including the temporary storage and deposition of channel-forming sediment and woody
debris, temporary storage of local ground water that supports baseflow in rivers, and transformation and
transport of stored organic matter. Riparian/floodplain wetlands and open waters improve water quality
through the assimilation, transformation, or sequestration of pollutants, including excess nutrients and
chemical contaminants such as pesticides and metals, that can degrade downstream water integrity. In
addition to providing effective buffers to protect downstream waters from point source and nonpoint
source pollution, these systems form integral components of river food webs, providing nursery habitat
for breeding fish and amphibians, colonization opportunities for stream invertebrates, and maturation
habitat for stream insects. Lateral expansion and contraction of the river in its floodplain result in an
exchange of organic matter and organisms, including fish populations that are adapted to use floodplain
habitats for feeding and spawning during high water, that are critical to river ecosystem function.
Riparian/floodplain wetlands and open waters also affect the integrity of downstream waters by
subsequently releasing (desynchronizing) floodwaters and retaining large volumes of stormwater,
sediment, and contaminants in runoff that could otherwise negatively affect the condition or function of
downstream waters.

Conclusion 3: Non-Floodplain Wetlands and Open Waters

Wetlands and open waters in non-floodplain landscape settings (hereafter called “non-floodplain
wetlands™) provide numerous functions that benefit downstream water integrity. These functions include
storage of floodwater; recharge of ground water that sustains river baseflow; retention and transformation
of nutrients, metals, and pesticides; export of organisms or reproductive propagules (e.g., seeds, eggs,
spores) to downstream waters; and habitats needed for stream species. This diverse group of wetlands
(e.g., many prairie potholes, vernal pools, playa lakes) can be connected to downstream waters through
surface-water, shallow subsurface-water, and groundwater flows and through biological and chemical
connections.

In general, connectivity of non-floodplain wetlands occurs along a gradient (Conclusion 4), and
can be described in terms of the frequency, duration, magnitude, timing, and rate of change of water,
material, and biotic fluxes to downstream waters. These descriptors are influenced by climate, geology,
and terrain, which interact with factors such as the magnitudes of the various functions within wetlands
(e.g., amount of water storage or carbon export) and their proximity to downstream waters to determine
where wetlands occur along the connectivity gradient. At one end of this gradient, the functions of non-
floodplain wetlands clearly affect the condition of downstream waters if a visible (e.g., channelized)
surface-water or a regular shallow subsurface-water connection to the river network is present. For non-
floodplain wetlands lacking a channelized surface or regular shallow subsurface connection (i.e., those at
intermediate points along the gradient of connectivity), generalizations about their specific effects on
downstream waters from the available literature are difficult because information on both function and
connectivity is needed. Although there is ample evidence that non-floodplain wetlands provide
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hydrologic, chemical, and biological functions that affect material fluxes (as of publication of the Science
Report in 2015), few scientific studies explicitly addressing connections between non-floodplain wetlands
and river networks have been published in the peer-reviewed literature. Even fewer publications
specifically focus on the frequency, duration, magnitude, timing, or rate of change of these connections.
In addition, although areas that are closer to rivers and streams have a higher probability of being
connected than areas farther away when conditions governing the type and quantity of flows—including
soil infiltration rate, wetland storage capacity, hydraulic gradient, etc.—are similar, information to
determine if this similarity holds is generally not provided in the studies we reviewed (for the Science
Report). Thus, current science (as of the Report’s publication in 2015) does not support evaluations of the
degree of connectivity for specific groups or classes of wetlands (e.g., prairie potholes or vernal pools).
Evaluations of individual wetlands or groups of wetlands, however, could be possible through case-by-
case analysis.

Some effects of non-floodplain wetlands on downstream waters are due to their isolation, rather
than their connectivity. Wetland “sink” functions that trap materials and prevent their export to
downstream waters (e.g., sediment and entrained pollutant removal, water storage) result because of the
wetland’s ability to isolate material fluxes. To establish that such functions influence downstream waters,
we also need to know that the wetland intercepts materials that otherwise would reach the downstream
water. The literature reviewed does provide limited examples of direct effects of wetland isolation on
downstream waters, but not for classes of wetlands (e.g., vernal pools). Nevertheless, the literature
reviewed supports the conclusion that sink functions of non-floodplain wetlands, which result in part from
their relative isolation, will affect a downstream water when these wetlands are situated between the
downstream water and known point or nonpoint sources of pollution, and thus intersect flowpaths
between the pollutant source and downstream waters.

Conclusion 4: Degrees and Determinants of Connectivity

Watersheds are integrated at multiple spatial and temporal scales by flows of surface water and
ground water, transport and transformation of physical and chemical materials, and movements of
organisms. Although all parts of a watershed are connected to some degree—by the hydrologic cycle or
dispersal of organisms, for example—the degree and downstream effects of those connections vary
spatially and temporally, and are determined by characteristics of the physical, chemical, and biological
environments and by human activities.

Stream and wetland connections have particularly important consequences for downstream water
integrity. Most of the materials—broadly defined as any physical, chemical, or biological entity—in
rivers, for example, originate from aquatic ecosystems located upstream or elsewhere in the watershed.
Longitudinal flows through ephemeral, intermittent, and perennial stream channels are much more
efficient for transport of water, materials, and organisms than diffuse overland flows, and areas that
concentrate water provide mechanisms for the storage and transformation, as well as transport, of
materials.

Connectivity of streams and wetlands to downstream waters occurs along a continuum that can be
described in terms of the frequency, duration, magnitude, timing, and rate of change of water, material,
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and biotic fluxes to downstream waters. These terms, which are referred to collectively as connectivity
descriptors, characterize the range over which streams and wetlands vary and shift along the connectivity
gradient in response to changes in natural and anthropogenic factors and, when considered in a watershed
context, can be used to predict probable effects of different degrees of connectivity over time. The
evidence unequivocally demonstrates that the stream channels and riparian/floodplain wetlands or open
waters that together form river networks are clearly connected to downstream waters in ways that
profoundly influence downstream water integrity. The connectivity and effects of non-floodplain
wetlands and open waters are more variable and thus more difficult to address solely from evidence
available in peer-reviewed studies.

Variations in the degree of connectivity influence the range of functions provided by streams and
wetlands, and are critical to the integrity and sustainability of downstream waters. Connections with low
values of one or more descriptors (e.g., low-frequency, low-duration streamflows caused by flash floods)
can have important downstream effects when considered in the context of other descriptors (e.g., large
magnitude of water transfer). At the other end of the frequency range, high-frequency, low-magnitude
vertical (surface-subsurface) and lateral flows contribute to aquatic biogeochemical processes, including
nutrient and contaminant transformation and organic matter accumulation. The timing of an event can
alter both connectivity and the magnitude of its downstream effect. For example, when soils become
saturated by previous rainfall events, even low or moderate rainfall can cause streams or wetlands to
overflow, transporting water and materials to downstream waters. Fish that use nonperennial or perennial
headwater stream habitats to spawn or rear young, and invertebrates that move into seasonally inundated
floodplain wetlands prior to emergence, have life cycles that are synchronized with the timing of flows,
temperature thresholds, and food resource availability in those habitats.

Conclusion 5: Cumulative Effects

The incremental effects of individual streams and wetlands are cumulative across entire
watersheds and therefore must be evaluated in context with other streams and wetlands. Downstream
waters are the time-integrated result of all waters contributing to them. For example, the amount of water
or biomass contributed by a specific ephemeral stream in a given year might be small, but the aggregate
contribution of that stream over multiple years, or by all ephemeral streams draining that watershed in a
given year or over multiple years, can have substantial consequences on the integrity of the downstream
waters. Similarly, the downstream effect of a single event, such as pollutant discharge into a single stream
or wetland, might be negligible but the cumulative effect of multiple discharges could degrade the
integrity of downstream waters.

In addition, when considering the effect of an individual stream or wetland, all contributions and
functions of that stream or wetland should be evaluated cumulatively. For example, the same stream
transports water, removes excess nutrients, mitigates flooding, and provides refuge for fish when
conditions downstream are unfavorable; if any of these functions is ignored, the overall effect of that
stream would be underestimated.
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ii. Discussion of Major Conclusions

The Science Report synthesized a large body of scientific literature on the connectivity and
mechanisms by which streams, wetlands, and open waters, singly or in aggregate, affect the physical,
chemical, and biological integrity of downstream waters. The major conclusions reflect the strength of
evidence available at that time in the peer-reviewed scientific literature for assessing the connectivity and
downstream effects of water bodies identified in Chapter 1 of the Science Report.

The conclusions of the Science Report were corroborated by two independent peer reviews by
scientists identified in the front matter of the Science Report and discussed in section 1.B of this
document.

The term connectivity is defined in the Science Report as the degree to which components of a
watershed are joined and interact by transport mechanisms that function across multiple spatial and
temporal scales. Connectivity is determined by the characteristics of both the physical landscape and the
biota of the specific system. ORD’s review found strong evidence supporting the central roles of the
physical, chemical, and biological connectivity of streams, wetlands, and open waters—encompassing
varying degrees of both connection and isolation—in maintaining the structure and function of
downstream waters, including rivers, lakes, estuaries, and oceans. ORD’s review also found strong
evidence demonstrating the various mechanisms by which material and biological linkages from streams,
wetlands, and open waters affect downstream waters, classified here into five functional categories
(source, sink, refuge, lag, and transformation; discussed below), and modify the timing of transport and
the quantity and quality of resources available to downstream ecosystems and communities. Thus, the
literature available at the time of its publication in January 2015 provided a large body of evidence for
assessing the types of connections and functions by which streams and wetlands produce the range of
observed effects on the integrity of downstream waters.

ORD identified five categories of functions by which streams, wetlands, and open waters
influence the timing, quantity, and quality of resources available to downstream waters:

e Source: the net export of materials, such as water and food resources;
¢ Sink: the net removal or storage of materials, such as sediment and contaminants;
o Refuge: the protection of materials, especially organisms;

e Transformation: the transformation of materials, especially nutrients and chemical contaminants,
into different physical or chemical forms; and

e Lag: the delayed or regulated release of materials, such as stormwater.

These functions are not mutually exclusive; for example, the same stream or wetland can be both
a source of organic matter and a sink for nitrogen. The presence or absence of these functions, which
depend on the biota, hydrology, and environmental conditions in a watershed, can change over time; for
example, the same wetland can attenuate runoff during storm events and provide groundwater recharge
following storms. Further, some functions work in conjunction with others; a lag function can include
transformation of materials prior to their delayed release. Finally, effects on downstream waters should
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consider both actual function and potential function. A potential function represents the capacity of an
ecosystem to perform that function under suitable conditions. For example, a wetland with high capacity
for denitrification is a potential sink for nitrogen, a nutrient that becomes a contaminant when present in
excessive concentrations. In the absence of nitrogen, this capacity represents the wetland’s potential
function. If nitrogen enters the wetland (e.g., from fertilizer in runoff), it is removed from the water; this
removal represents the wetland’s actual function. Both potential and actual functions play critical roles in
protecting and restoring downstream waters as environmental conditions change.

The evidence unequivocally demonstrates that the stream channels and riparian/floodplain
wetlands or open waters that together form river networks are clearly connected to downstream waters in
ways that profoundly influence downstream water integrity. The body of literature documenting
connectivity and downstream effects was most abundant for perennial and intermittent streams, and for
riparian/floodplain wetlands. Although less abundant, the evidence for connectivity and downstream
effects of ephemeral streams was strong and compelling, particularly in context with the large body of
evidence supporting the physical connectivity and cumulative effects of channelized flows that form and
maintain stream networks.

As stated in Conclusion 3, the connectivity and effects of wetlands and open waters that lack
visible surface connections to other water bodies were more difficult to address solely from evidence
available in the peer-reviewed literature at the time of publication of the Science Report. The limited
evidence available at the time showed that these systems have important hydrologic, water-quality, and
habitat functions that can affect downstream waters where connections to them exist; the literature also
provided limited examples of direct effects of non-floodplain wetland isolation on downstream water
integrity. The available peer-reviewed literature, however, did not identify which types or classes of non-
floodplain wetlands had or lacked the types of connections needed to convey the effects on downstream
waters of functions, materials, or biota provided by those wetlands.

iii. Key Findings for the Science Report’s Major Conclusions

This section summarizes key findings for each of the five major conclusions, above and in
Chapter 6 of the Science Report. Citations have been omitted from the text to improve readability; please
refer to individual chapters of the Science Report for supporting publications and additional information.

Conclusion 1, Streams: Key Findings

e Streams are hydrologically connected to downstream waters via channels that convey surface and
subsurface water either year-round (i.e., perennial flow), weekly to seasonally (i.e., intermittent
flow), or only in direct response to precipitation (i.e., ephemeral flow). Streams are the dominant
source of water in most rivers, and the majority of tributaries are perennial, intermittent, or
ephemeral headwater streams. For example, headwater streams, which are the smallest channels
where streamflows begin, are the cumulative source of approximately 60% of the total mean
annual flow to all northeastern U.S. streams and rivers.

¢ In addition to downstream transport, headwaters convey water into local storage compartments
such as ponds, shallow aquifers, or stream banks, and into regional and alluvial aquifers. These
local storage compartments are important sources of water for maintaining baseflow in rivers.
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Streamflow typically depends on the delayed (i.e., lagged) release of shallow ground water from
local storage, especially during dry periods and in areas with shallow groundwater tables and
pervious subsurfaces. For example, in the southwestern United States, short-term shallow
groundwater storage in alluvial floodplain aquifers, with gradual release into stream channels, is a
major source of annual flow in rivers.

Infrequent, high-magnitude events are especially important for transmitting materials from
headwater streams in most river networks. For example, headwater streams, including ephemeral
and intermittent streams, shape river channels by accumulating and gradually or episodically
releasing stored materials such as sediment and large woody debris. These materials help
structure stream and river channels by slowing the flow of water through channels and providing
substrate and habitat for aquatic organisms.

There is strong evidence that headwater streams function as nitrogen sources (via export) and
sinks (via uptake and transformation) for river networks. For example, one study estimated that
rapid nutrient cycling in small streams with no agricultural or urban impacts removed 20—40% of
the nitrogen that otherwise would be delivered to downstream waters. Nutrients are necessary to
support aquatic life, but excess nutrients lead to eutrophication and hypoxia, in which over-
enrichment causes dissolved oxygen concentrations to fall below the level necessary to sustain
most aquatic animal life in the stream and streambed. Thus, the influence of streams on nutrient
loads can have significant repercussions for hypoxia in downstream waters.

Headwaters provide habitat that is critical for completion of one or more life-cycle stages of
many aquatic and semiaquatic species capable of moving throughout river networks. Evidence is
strong that headwaters provide habitat for complex life-cycle completion; refuge from predators,
competitors, parasites, or adverse physical conditions in rivers (e.g., temperature or flow
extremes, low dissolved oxygen, high sediment); and reservoirs of genetic- and species-level
diversity. Use of headwater streams as habitat is especially critical for the many species that
migrate between small streams and marine environments during their life cycles (e.g., Pacific and
Atlantic salmon, American eels, certain lamprey species). The presence of these species within
river networks provides robust evidence of biological connections between headwaters and larger
rivers; because these organisms also transport nutrients and other materials as they migrate, their
presence also provides evidence of biologically mediated chemical connections. In prairie
streams, many fishes swim upstream into tributaries to release eggs, which develop as they are
transported downstream.

Human alterations affect the frequency, duration, magnitude, timing, and rate of change of
connections between headwater streams, including ephemeral and intermittent streams, and
downstream waters. Human activities and built structures (e.g., channelization, dams,
groundwater withdrawals) can either enhance or fragment longitudinal connections between
headwater streams and downstream waters, while also constraining lateral and vertical exchanges
and tightly controlling the temporal dimension of connectivity. In many cases, research on human
alterations has enhanced our understanding of the headwater stream-downstream water
connections and their consequences. Recognition of these connections and effects has encouraged
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the development of more sustainable practices and infrastructure to reestablish and manage
connections, and ultimately to protect and restore the integrity of downstream waters.

Conclusion 2, Riparian/Floodplain Wetlands and Open Waters: Key Findings

o Riparian areas and floodplains connect upland and aquatic environments through both surface and
subsurface hydrologic flowpaths. These areas are therefore uniquely situated in watersheds to
receive and process waters that pass over densely vegetated areas and through subsurface zones
before the waters reach streams and rivers. When pollutants reach a riparian or floodplain
wetland, they can be sequestered in sediments, assimilated into wetland plants and animals,
transformed into less harmful or mobile forms or compounds, or lost to the atmosphere. A
wetland’s potential for biogeochemical transformations (e.g., denitrification) that can improve
downstream water quality is influenced by local factors, including anoxic conditions and slow
organic matter decomposition, shallow water tables, wetland plant communities, permeable soils,
and complex topography.

o Riparian/floodplain wetlands can reduce flood peaks by storing and desynchronizing floodwaters.
They can also maintain river baseflows by recharging alluvial aquifers. Many studies have
documented the ability of riparian/floodplain wetlands to reduce flood pulses by storing excess
water from streams and rivers. One review of wetland studies reported that riparian wetlands
reduced or delayed floods in 23 of 28 studies. For example, peak discharges between upstream
and downstream gaging stations on the Cache River in Arkansas were reduced 10—20% primarily
due to floodplain water storage.

¢ Riparian areas and floodplains store large amounts of sediment and organic matter from upstream
and from upland areas. For example, riparian areas have been shown to remove 80—90% of
sediments leaving agricultural fields in North Carolina.

e Ecosystem function within a river system is driven in part by biological connectivity that links
diverse biological communities with the river system. Movements of organisms that connect
aquatic habitats and their populations, even across different watersheds, are important for the
survival of individuals, populations, and species, and for the functioning of the river ecosystem.
For example, lateral expansion and contraction of the river in its floodplain result in an exchange
of matter and organisms, including fish populations that are adapted to use floodplain habitats for
feeding and spawning during high water. Wetland and aquatic plants in floodplains can become
important seed sources for the river network, especially if catastrophic flooding scours vegetation
and seed banks in other parts of the channel. Many invertebrates exploit temporary hydrologic
connections between rivers and floodplain wetland habitats, moving into these wetlands to feed,
reproduce, or avoid harsh environmental conditions and then returning to the river network.
Amphibians and aquatic reptiles commonly use both streams and riparian/floodplain wetlands to
hunt, forage, overwinter, rest, or hide from predators. Birds can spatially integrate the watershed
landscape through biological connectivity.

Conclusion 3, Non-floodplain Wetlands and Open Waters: Key Findings
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Water storage by wetlands well outside of riparian or floodplain areas can affect streamflow.
Hydrologic models of prairie potholes in the Starkweather Coulee subbasin (North Dakota) that
drains to Devils Lake indicate that increasing the volume of prairie pothole storage across the
subbasin by approximately 60% caused simulated total annual streamflow to decrease 50%
during a series of dry years and 20% during wet years. Similar simulation studies of watersheds
that feed the Red River of the North in North Dakota and Minnesota demonstrated qualitatively
comparable results, suggesting that the ability of prairie potholes to modulate streamflow could
be widespread across eastern portions of the prairie pothole region. This work also indicates that
reducing water storage capacity of wetlands by connecting formerly isolated prairie potholes
through ditching or drainage to the Devils Lake and Red River basins could increase stormflow
and contribute to downstream flooding. In many agricultural areas already crisscrossed by
extensive drainage systems, total streamflow and baseflow are increased by directly connecting
prairie potholes to stream networks. The impacts of changing streamflow are numerous, including
altered flow regime, stream geomorphology, habitat, and ecology. The presence or absence of an
effect of prairie pothole water storage on streamflow depends on many factors, including patterns
of precipitation, topography, and degree of human alteration. For example, in parts of the prairie
pothole region with low precipitation, low stream density, and little human alteration, hydrologic
connectivity between prairie potholes and streams or rivers is likely to be low.

Non-floodplain wetlands act as sinks and transformers for various pollutants, especially nutrients,
which at excess levels can adversely impact human and ecosystem health and pose a serious
pollution problem in the United States. In one study, sewage wastewaters were applied to forested
wetlands in Florida for 4.5 years; more than 95% of the phosphorus, nitrate, ammonium, and total
nitrogen were removed by the wetlands during the study period, and 66—86% of the nitrate
removed was attributed to the process of denitrification (chemical and biological processes that
remove nitrogen from water). In another study, sizeable phosphorus retention occurred in marshes
that comprised only 7% of the lower Lake Okeechobee basin area in Florida. A non-floodplain
bog in Massachusetts was reported to sequester nearly 80% of nitrogen inputs from various
sources, including atmospheric deposition, and prairie pothole wetlands in the upper Midwest
were found to remove >80% of the nitrate load via denitrification. A large prairie marsh was
found to remove 86% of nitrate, 78% of ammonium, and 20% of phosphate through assimilation
and sedimentation, sorption, and other mechanisms. Together, these and other studies indicate
that onsite nutrient removal by non-floodplain wetlands is substantial and geographically
widespread. The effects of this removal on rivers were generally not reported in the literature as
of the 2015 publication date of the Scientific Report.

Non-floodplain wetlands provide unique and important habitats for many species, both common
and rare. Some of these species require multiple types of waters to complete their full life cycles,
including downstream waters. Abundant or highly mobile species play important roles in
transferring energy and materials between non-floodplain wetlands and downstream waters.

Biological connections are likely to occur between most non-floodplain wetlands and
downstream waters through either direct or stepping stone movement of amphibians,
invertebrates, reptiles, mammals, and seeds of aquatic plants, including colonization by invasive
species. Many species in those groups that use both stream and wetland habitats are capable of
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dispersal distances equal to or greater than distances between many wetlands and river networks.
Migratory birds can be an important vector of long-distance dispersal of plants and invertebrates
between non-floodplain wetlands and the river network, although their influence has not been
guantified. Whether those connections are of sufficient magnitude to impact downstream waters
will either require estimation of the magnitude of material fluxes or evidence that these
movements of organisms are required for the survival and persistence of biota that contribute to
the integrity of downstream waters.

Spatial proximity is one important determinant of the magnitude, frequency and duration of
connections between wetlands and streams that will ultimately influence the fluxes of water,
materials and biota between wetlands and downstream waters. However, proximity alone is not
sufficient to determine connectivity, due to local variation in factors such as slope and
permeability.

The cumulative influence of many individual wetlands within watersheds can strongly affect the
spatial scale, magnitude, frequency, and duration of hydrologic, biological and chemical fluxes or
transfers of water and materials to downstream waters. Because of their aggregated influence, any
evaluation of changes to individual wetlands should be considered in the context of past and
predicted changes (e.g., from climate change) to other wetlands within the same watershed.

Non-floodplain wetlands can be hydrologically connected directly to river networks through
natural or constructed channels, nonchannelized surface flows, or subsurface flows, the latter of
which can travel long distances to affect downstream waters. A wetland surrounded by uplands is
defined as “geographically isolated.” Our review found that, in some cases, wetland types such as
vernal pools and coastal depressional wetlands are collectively—and incorrectly—referred to as
geographically isolated. Technically, the term “geographically isolated” should be applied only to
the particular wetlands within a type or class that are completely surrounded by uplands.
Furthermore, “geographic isolation” should not be confused with functional isolation, because
geographically isolated wetlands can still have hydrologic, chemical, and biological connections
to downstream waters.

Non-floodplain wetlands occur along a gradient of hydrologic connectivity-isolation with respect
to river networks, lakes, or marine/estuarine water bodies. This gradient includes, for example,
wetlands that serve as origins for stream channels that have permanent surface-water connections
to the river network; wetlands with outlets to stream channels that discharge to deep groundwater
aquifers; geographically isolated wetlands that have local groundwater or occasional surface-
water connections to downstream waters; and geographically isolated wetlands that have minimal
hydrologic connection to other water bodies (but which could include surface and subsurface
connections to other wetlands). This gradient can exist among wetlands of the same type or in the
same geographic region.

Caution should be used in interpreting connectivity for wetlands that have been designated as
“geographically isolated” because (1) the term can be applied broadly to a heterogeneous group
of wetlands, which can include wetlands that are not actually geographically isolated; (2)
wetlands with permanent channels could be miscategorized as geographically isolated if the
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designation is based on maps or imagery with inadequate spatial resolution, obscured views, etc.;
and (3) wetland complexes could have connections to downstream waters through stream
channels even if individual wetlands within the complex are geographically isolated. For
example, a recent study examined hydrologic connectivity in a complex of wetlands on the Texas
Coastal Plain. The wetlands in this complex have been considered to be a type of geographically
isolated wetland; however, collectively they are connected both geographically and
hydrologically to downstream waters in the area: During an almost 4-year study period, nearly
20% of the precipitation that fell on the wetland complex flowed out through an intermittent
stream into downstream waters. Thus, wetland complexes could have connections to downstream
waters through stream channels even when the individual wetland components are geographically
isolated.

Conclusion 4, Degrees and Determinants of Connectivity: Key Findings

The surface-water and groundwater flowpaths (hereafter, hydrologic flowpaths), along which
water and materials are transported and transformed, determine variations in the degree of
physical and chemical connectivity. These flowpaths are controlled primarily by variations in
climate, geology, and terrain within and among watersheds and over time. Climate, geology, and
terrain are reflected locally in factors such as rainfall and snowfall intensity, soil infiltration rates,
and the direction of groundwater flows. These local factors interact with the landscape positions
of streams and wetlands relative to downstream waters, and with functions (such as the removal
or transformation of pollutants) performed by those streams and wetlands to determine
connectivity gradients.

Gradients of biological connectivity (i.e., the active or passive movements of organisms through
water or air and over land that connect populations) are determined primarily by species
assemblages, and by features of the landscape (e.g., climate, geology, terrain) that facilitate or
impede the movement of organisms. The temporal and spatial scales at which biological
pathways connect aquatic habitats depend on characteristics of both the landscape and species,
and overland transport or movement can occur across watershed boundaries. Dispersal is essential
for population persistence, maintenance of genetic diversity, and evolution of aquatic species.
Consequently, dispersal strategies reflect aquatic species’ responses and adaptations to biotic and
abiotic environments, including spatial and temporal variation in resource availability and quality.
Species’ traits and behaviors encompass species-environment relationships over time, and
provide an ecological and evolutionary context for evaluating biological connectivity in a
particular watershed or group of watersheds.

Pathways for chemical transport and transformation largely follow hydrologic flowpaths, but
sometimes follow biological pathways (e.g., nutrient transport from wetlands to coastal waters by
migrating waterfowl, upstream transport of marine-derived nutrients by spawning of anadromous
fish, uptake and removal of nutrients by emerging stream insects).

Human activities alter naturally occurring gradients of physical, chemical, and biological
connectivity by modifying the frequency, duration, magnitude, timing, and rate of change of
fluxes, exchanges, and transformations. For example, connectivity can be reduced by dams,
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levees, culverts, water withdrawals, and habitat destruction, and can be increased by effluent
discharges, channelization, drainage ditches and tiles, and impervious surfaces.

Conclusion 5, Cumulative Effects: Key Findings

Structurally and functionally, stream-channel networks and the watersheds they drain are
fundamentally cumulative in how they are formed and maintained. Excess water from
precipitation that is not evaporated, taken up by organisms, or stored in soils and geologic layers
moves downgradient by gravity as overland flow or through channels carrying sediment,
chemical constituents, and organisms. These channels concentrate surface-water flows and are
more efficient than overland (i.e., diffuse) flows in transporting water and materials, and are
reinforced over time by recurrent flows.

Connectivity between streams and rivers provides opportunities for materials, including nutrients
and chemical contaminants, to be transformed chemically as they are transported downstream.
Although highly efficient at the transport of water and other physical materials, streams are
dynamic ecosystems with permeable beds and banks that interact with other ecosystems above
and below the surface. The exchange of materials between surface and subsurface areas involves
a series of complex physical, chemical, and biological alterations that occur as materials move
through different parts of the river system. The amount and quality of such materials that
eventually reach a river are determined by the aggregate effect of these sequential alterations that
begin at the source waters, which can be at some distance from the river. The opportunity for
transformation of material (e.g., biological uptake, assimilation, or beneficial transformation) in
intervening stream reaches increases with distance to the river. Nutrient spiraling, the process by
which nutrients entering headwater streams are transformed by various aquatic organisms and
chemical reactions as they are transported downstream, is one example of an instream alteration
that exhibits significant beneficial effects on downstream waters. Nutrients (in their inorganic
form) that enter a headwater stream (e.g., via overland flow) are first removed from the water
column by streambed algal and microbial populations. Fish or insects feeding on algae and
microbes take up some of those nutrients, which are subsequently released back into the stream
via excretion and decomposition (i.e., in their organic form), and the cycle is repeated. In each
phase of the cycling process—from dissolved inorganic nutrients in the water column, through
microbial uptake, subsequent transformations through the food web, and back to dissolved
nutrients in the water column—nutrients are subject to downstream transport. Stream and wetland
capacities for nutrient cycling have important implications for the form and concentration of
nutrients exported to downstream waters.

Cumulative effects across a watershed must be considered when quantifying the frequency,
duration, and magnitude of connectivity, to evaluate the downstream effects of streams and
wetlands. For example, although the probability of a large-magnitude transfer of organisms from
any given headwater stream in a given year might be low (i.e., a low-frequency connection when
each stream is considered individually), headwater streams are the most abundant type of stream
in most watersheds. Thus, the overall probability of a large-magnitude transfer of organisms is
higher when considered for all headwater streams in a watershed—that is, a high-frequency
connection is present when headwaters are considered cumulatively at the watershed scale,
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compared with probabilities of transport for streams individually. Similarly, a single pollutant
discharge might be negligible but the cumulative effect of multiple discharges could degrade the
integrity of downstream waters. Riparian open waters (e.g., oxbow lakes), wetlands, and
vegetated areas cumulatively can retain up to 90% of eroded clays, silts, and sands that otherwise
would enter stream channels. The larger amounts of snowmelt and precipitation cumulatively
held by many wetlands can reduce the potential for flooding at downstream locations. For
example, wetlands in the prairie pothole region cumulatively stored about 11-20% of the
precipitation in one watershed.

e The combination of diverse habitat types and abundant food resources cumulatively makes
floodplains important foraging, hunting, and breeding sites for fish, aquatic life stages of
amphibians, and aquatic invertebrates. The scale of these cumulative effects can be extensive; for
example, coastal ibises travel up to 40 km to obtain food from freshwater floodplain wetlands for
nesting chicks, which cannot tolerate salt levels in local food resources until they fledge.

iv. Science Report: Framework for Analysis

In support of the conclusions addressed above in this section, Chapter 2 of the Science Report
essentially provides the framework for the analysis by describing the components of a river system and
watershed; the types of physical, chemical, and biological connections that link those components; the
factors that influence connectivity at various temporal and spatial scales; and methods for quantifying
connectivity. In addition, Chapter 1 of the Science Report introduces the approach used for the analysis of
the peer-reviewed literature.

Justice Kennedy’s opinion in Rapanos v. United States, 547 U.S. 715 (2006) (Rapanos)
established the framework for a significant nexus analysis that mirrors the framework through which
scientists assess a river system — examining how the components of the system (e.g., wetlands), in the
aggregate (in combination), in the region, contribute and connect to the river (significantly affect the
chemical, physical, or biological integrity of traditional navigable waters, the territorial seas, or interstate
waters). In implementing the significant nexus standard under this rule for tributaries and adjacent
wetlands, all tributaries and adjacent wetlands within the catchment area (i.e., watershed) of the tributary
of interest will be analyzed as part of the significant nexus analysis. The watershed scale is a scientifically
valid scale for considering cumulative effects, including at the various levels of the watershed scale (e.g.,
small watersheds, the catchment level for an individual stream reach, the watershed that drains to the next
named stream, etc.). Watershed position influences function (e.g., storage or groundwater recharge or
surface outflow to other features), so it is defensible to allow for wetlands adjacent to the same tributary
reach to be aggregated together with that tributary reach at the catchment level to assess the functions that
work in concert to influence the traditional navigable water, the territorial seas, or the interstate water.
Density is another important factor, but the effects of functions of remaining wetlands in formerly-dense
wetland landscapes could become more important in light of cumulative losses.

To identify connections and effects of streams, wetlands, and other water bodies on downstream
waters, the Science Report used two types of evidence from peer-reviewed, published literature: (1) direct
evidence that demonstrated a connection or effect (e.g., observed transport of materials or movement of
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organisms from streams or wetlands to downstream waters) and (2) indirect evidence that suggested a
connection or effect (e.g., presence of environmental factors known to influence connectivity, a gradient
of impairment associated with cumulative loss of streams or wetlands). In some cases, an individual line
of evidence demonstrated connections along the entire river network (e.g., from headwaters to large
rivers). In most cases, multiple sources of evidence were gathered and conclusions drawn via logical
inference—for example, when one body of evidence shows that headwater streams are connected to
downstream segments, another body of evidence shows those downstream segments are linked to other
segments farther downstream, and so on. This approach, which borrows from weight-of-evidence
approaches in causal analysis is an effective way to synthesize the diversity of evidence needed to address
questions at larger spatial and longer temporal scales than are often considered in individual scientific
studies. Science Report at 1-14, 1-16 (citing Suter et al. 2002; Suter and Cormier 2011).

A river is the time-integrated result of all waters contributing to it, and connectivity is the
property that spatially integrates the individual components of the watershed. In discussions of
connectivity, the watershed scale is the appropriate context for interpreting technical evidence about
individual watershed components. Science Report at 2-1 (citing Newbold et al. 1982b; Stanford and Ward
1993; Bunn and Arthington 2002; Power and Dietrich 2002; Benda et al. 2004b; Naiman et al. 2005;
Nadeau and Rains 2007; Rodriguez-Iturbe et al. 2009). Such interpretation requires that freshwater
resources be viewed within a landscape—or systems—context. Id. (citing Baron et al. 2002). Addressing
the questions asked in the Science Report, therefore, requires an integrated systems perspective that
considers both the components contributing to the river and the connections between those components
and the river.

Components of the River System

In the Science Report, the term river refers to a relatively large volume of flowing water within a
visible channel, including subsurface water moving in the same direction as the surface water and lateral
flows exchanged with associated floodplain and riparian areas. Id. at 2-2 (Naiman and Bilby 1998).
Channels are natural or constructed passageways or depressions of perceptible linear extent that convey
water and associated materials downgradient. They are defined by the presence of continuous bed and
bank structures, or uninterrupted (but permeable) bottom and lateral boundaries. Although bed and bank
structures might in places appear to be disrupted (e.g., bedrock outcrops, braided channels, flow-through
wetlands), the continuation of the bed and banks downgradient from such disruptions is evidence of the
surface connection with the channel that is upgradient of the perceived disruption. Such disruptions are
associated with changes in the gradient and in the material over and through which the water flows. If a
disruption in the bed and bank structure prevented connection, the area downgradient would lack a bed
and banks, be colonized with terrestrial vegetation, and be indiscernible from the nearby land. The
concentrated longitudinal movement of water and sediment through these channels lowers local elevation,
prevents soil development, selectively transports and stores sediment, and hampers the colonization and
persistence of terrestrial vegetation. Streams are defined in a similar manner as rivers: a relatively small
volume of flowing water within a visible channel, including subsurface water moving in the same
direction as the surface water and lateral flows exchanged with associated floodplain and riparian areas.
Id. (citing Naiman and Bilby 1998).
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A river network is a hierarchical, interconnected population of channels that drains surface and
subsurface water from a watershed to a river and includes the river itself. Watershed boundaries
traditionally are defined topographically, such as by ridges. These channels can convey water year-round,
weekly to seasonally, or only in direct response to rainfall and snowmelt. 1d. (citing Frissell et al. 1986;
Benda et al. 2004b). The smallest of these channels, where streamflows begin, are considered headwater
streams. Headwater streams are first- to third-order streams, where stream order is a classification system
based on the position of the stream in the river network. 1d. (citing Strahler 1957; VVannote et al. 1980;
Meyer and Wallace 2001; Gomi et al. 2002; Fritz et al. 2006; Nadeau and Rains 2007). The point at
which stream or river channels intersect within a river network is called a confluence. The confluence of
two streams with the same order results in an increase of stream order (i.e., two first-order streams join to
form a second-order stream, two second-order streams join to form a third-order stream, and so on); when
streams of different order join, the order of the larger stream is retained.

Terminal and lateral source streams? typically originate at channel heads, which occur where
surface-water runoff is sufficient to erode a definable channel. Id. at 2-3 (citing Dietrich and Dunne
1993). The channel head denotes the upstream extent of a stream’s continuous bed and banks structure.
Channel heads are relatively dynamic zones in river networks, as their position can advance upslope by
overland or subsurface flow-driven erosion, or retreat downslope by colluvial infilling. Source streams
also can originate at seeps or springs and associated wetlands.

When two streams join at a confluence, the smaller stream (i.e., that with the smaller drainage
area or lower mean annual discharge) is called a tributary of the larger stream, which is referred to as the
mainstem. A basic way of classifying tributary contributions to a mainstem is the symmetry ratio, which
describes the size of a tributary relative to the mainstem at their confluence, in terms of their respective
discharges, drainage areas, or channel widths. Id. at 2-4 (citing Roy and Woldenberg 1986; Rhoads 1987;
Benda 2008).

Surface-water hydrologic connectivity within river network channels occurs, in part, through the
unidirectional movement of water from channels at higher elevations to ones at lower elevations—that is,
hydrologic connectivity exists because water flows downbhill. In essence, the river network represents the
aboveground flow route and associated subsurface-water interactions, transporting water, energy, and
materials from the surrounding watershed to downstream rivers, lakes, estuaries, and oceans (The River
Continuum Concept). Id. (citing (Vannote et al. 1980).

Streamflow and the quantity and character of sediment—interacting with watershed geology,
terrain, soils and vegetation—shape morphological changes in the stream channel that occur from river
network headwaters to lower rivers. Id. (citing Montgomery 1999; Church 2002). Headwater streams are
typically erosion zones in which sediment from the base of adjoining hillslopes moves directly into
stream channels and is transported downstream. As stream channels increase in size and decrease in
slope, a mixture of erosion and deposition processes usually is at work. At some point in the lower

3 Mock (1971) presented a classification of the streams comprising stream or river networks. He designated first-
order streams that intersect other first-order streams as sources. We refer to these as terminal source streams. Mock
defined first-order streams that flow into higher order streams as tributary sources, and we refer to this class of
streams as lateral source streams.
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portions of river networks, sediment deposition becomes the dominant process and floodplains form.
Floodplains are level areas bordering stream or river channels that are formed by sediment deposition
from those channels under present climatic conditions. These natural geomorphic features are inundated
during moderate to high water events. Id. (citing Leopold 1994; Osterkamp 2008). Floodplain and
associated river channel forms (e.g., meandering, braided, anastomosing) are determined by interacting
fluvial factors, including sediment size and supply, channel gradient, and streamflow. Id. (citing Church
2002; Church 2006).

Both riparian areas and floodplains are important components of river systems. Riparian areas are
transition zones between terrestrial and aquatic ecosystems that are distinguished by gradients in
biophysical conditions, ecological processes, and biota. They are areas through which surface and
subsurface hydrology connect water bodies with their adjoining uplands, and they include those portions
of terrestrial ecosystems that significantly influence exchanges of energy and matter with aquatic
ecosystems. Id. (citing National Research Council 2002). Riparian areas often have high biodiversity. Id.
(citing Naiman et al. 2005). They occur near lakes and estuarine-marine shorelines and along river
networks, where their width can vary from narrow bands along headwater streams to broad zones that
encompass the floodplains of large rivers.

Floodplains are also considered riparian areas, but not all riparian areas have floodplains. All
rivers and streams within river networks have riparian areas, but small streams in constrained valleys are
less likely to have floodplains than larger streams and rivers in unconstrained valleys. The “100-year
floodplain” is the area with a one percent annual chance of flooding. Id. at 2-5; USGS c. The 100-year
floodplain can but need not coincide with the geomorphic floodplain.

Wetlands are transitional areas between terrestrial and aquatic ecosystems. Wetlands include
areas such as swamps, bogs, fens, marshes, ponds, and pools. Science Report at 2-6 (citing Mitsch et al.
2009).

Many classification systems have been developed for wetlands. Id. (citing Mitsch and Gosselink
2007). These classifications can focus on vegetation, hydrology, hydrogeomorphic characteristics, or
other factors. Id. (citing Cowardin et al. 1979; Brinson 1993; Tiner 2003a; Comer et al. 2005). Because
the Science Report focuses on downstream connectivity, it considered two landscape settings in which
wetlands occur based on directionality of hydrologic flows. Directionality of flow also is included as a
component of hydrodynamic setting in the hydrogeomorphic approach and as an element of water
flowpath in an enhancement of National Wetlands Inventory data (the National Wetlands Inventory is a
mapping dataset of the U.S. Fish and Wildlife Service regarding the extent and types of wetlands and
deepwater habitats across the country) that provides descriptors for landscape position, landform, water
flow path, and waterbody type (LLLW). Id. (citing Brinson 1993; Smith et al. 1995, Tiner 2011); see also
U.S. FWS 2010. This emphasis on directionality of flow is necessary because hydrologic connectivity
plays a dominant role in determining the types of effects wetlands have on downstream waters.

A non-floodplain wetland setting is a landscape setting where a potential exists for unidirectional,
lateral hydrologic flows from wetlands to the river network through surface water or ground water. Such a
setting would include upgradient areas such as hillslopes or upland areas outside of the floodplain. A
floodplain is the level area bordering a stream or river channel that was built by sediment deposition from
the stream or river under present climatic conditions and is inundated during moderate to high flow
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events. Floodplains formed under historic or prehistoric climatic conditions can be abandoned by rivers
and form terraces. Any wetland setting where water could only flow from the wetland toward a river
network would be considered a non-floodplain setting, regardless of the magnitude and duration of flows
and of travel times. The Science Report refers to wetlands that occur in these settings as non-floodplain
wetlands.

A riparian/floodplain wetland setting is a landscape setting (e.g., floodplains, most riparian areas,
lake and estuarine fringes) that is subject to bidirectional, lateral hydrologic flows. Wetlands in
riparian/floodplain settings can have some of the same types of hydrologic connections as those in non-
floodplain settings. In addition, wetlands in these settings also have bidirectional flows. For example,
wetlands within a riparian area are connected to the river network through lateral movement of water
between the channel and riparian area (e.g., through overbank flooding, hyporheic flow). Given the
Science Report’s interest in addressing the effects of wetlands on downstream waters, it focused in
particular on the subset of these wetlands that occur in riparian areas with and without floodplains
(collectively referred to hereafter as riparian/floodplain wetlands); the Science Report generally does not
address wetlands at lake and estuarine fringes. Riparian wetlands are portions of riparian areas that meet
the Cowardin et al. (1979) three-attribute wetland criteria (i.e., having wetland hydrology, hydrophytic
vegetation, or hydric soils); floodplain wetlands are portions of the floodplain that meet these same
criteria. Id. at 2-7. Given that even infrequent flooding can have profound effects on wetland development
and function, the Science Report considers such a wetland to be in a riparian/floodplain setting.

Note that the scientific definition of “wetland” used in the Science Report is not the same as the
longstanding Clean Water Act regulatory definition of “wetlands,” retained in the final rule at paragraph
(c)(1)*. Only aquatic resources that meet the regulatory definition of “wetlands” at paragraph (c)(1) are
considered to be wetlands for Clean Water Act purposes under the final rule. The agencies are not
changing their longstanding regulation that requires that an aquatic resource must meet all three
parameters under normal circumstances to be considered a wetland in the regulatory sense. Cowardin
wetlands do not need to have all three parameters.® FGDC 2013. Conclusions in the Science Report apply
to the Cowardin wetlands, and the Cowardin definition of wetlands encompasses a larger universe of
wetlands than the regulatory definition. Therefore, the Science Report conclusions regarding Cowardin
wetlands apply to the wetlands meeting the regulatory definition because those wetlands are a subset of
the Cowardin wetlands. All wetlands that meet the regulatory definition also meet the Cowardin
definition of wetlands. Because wetlands under the regulatory definition of “wetlands” must meet all
three parameters under normal circumstances, it is even more likely that they provide the many functions
described in the Science Report due to the conditions in the waters that make them wetlands — that is,
their hydric soils (inundated or saturated soils), hydrophytic vegetation (plants that thrive in wet

4 The final rule at paragraph (c)(1) states, “Wetlands means those areas that are inundated or saturated by surface or
ground water at a frequency and duration sufficient to support, and that under normal circumstances do support, a
prevalence of vegetation typically adapted for life in saturated soil conditions. Wetlands generally include swamps,
marshes, bogs, and similar areas.” See also 33 CFR 328.3(b) (1987); 33 CFR 328.3(c)(16) (2021); 40 CFR 230.3(t)
(1988); 40 CFR 120.2(3)(xvi) (2021).

5> The Federal Geographic Data Committee (FGDC) (2013, p. 7) noted that “three (3) indicators — hydrophytic
vegetation, undrained hydric soil, and wetland hydrology; two (2) indicators—hydrophytic vegetation and wetland
hydrology or undrained hydric soil and wetland hydrology; and one (1) indicator—wetland hydrology, respectively,
would be used to make the identification [that a feature meets the Cowardin “wetland” definition], based on the
features available at the particular site.”
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conditions), and wetland hydrology (inundation or saturation at the surface at some time during the
growing season). In addition, many of the Cowardin wetland types are in fact open waters, as the
Cowardin definition encompasses open waters like ponds, and the Science Report utilizes many
references that include such open waters when discussing floodplain and non-floodplain wetlands. Thus,
open waters also provide the many functions described in the Science Report and throughout this
document. The Science Report acknowledges that its conclusions apply to open waters as well as
wetlands, stating, “although the literature review did not address other non-floodplain water bodies to the
same extent as wetlands, our overall conclusions also apply to these water bodies (e.g., ponds and lakes
that lack surface water inlets) because the same principles govern hydrologic connectivity between these
water bodies and downstream waters.” 1d. at 4-41. Wetlands and open waters are only jurisdictional when
they meet the definition of “waters of the United States.”

A major consequence of the two different landscape settings (non-floodplain versus
riparian/floodplain) is that waterborne materials can be transported only from the wetland to the river
network for a non-floodplain wetland, whereas waterborne materials can be transported from the wetland
to the river network and from the river network to the wetland for a riparian/floodplain wetland. In the
latter case, there is a mutual, interacting effect on the structure and function of both the wetland and river
network. In contrast, a non-floodplain wetland can affect a river through the transport of waterborne
material, but the opposite is not true. Note that the Science Report limits use of riparian/floodplain and
non-floodplain landscape settings to describe the direction of hydrologic flow; the terms cannot be used to
describe directionality of geochemical or biological flows. For example, mobile organisms can move
from a stream to a non-floodplain wetland. Id. at 2-8 (citing, e.g., Subalusky et al. 2009a; Subalusky et al.
2009b).

Both non-floodplain and riparian/floodplain wetlands can include geographically isolated
wetlands, or wetlands completely surrounded by uplands. Id. (citing Tiner 2003b). These wetlands have
no apparent surface-water outlets, but can hydrologically connect to downstream waters through spillage
or groundwater. The Science Report defines an upland as any area not meeting the Cowardin et al. (1979)
three-attribute wetland criteria, meaning that uplands can occur in both terrestrial and riparian areas.® 1d.
Thus, a wetland that is located on a floodplain but is surrounded by upland would be considered a
geographically isolated, riparian/floodplain wetland that is subject to periodic inundation from the river
network. Although the term “geographically isolated” could be misconstrued as implying functional
isolation (see Mushet et al. 2015), the term has been defined in the peer-reviewed literature to refer
specifically to wetlands surrounded by uplands. Furthermore, the literature explicitly notes that
geographic isolation does not imply functional isolation. Id. (citing Leibowitz 2003; Tiner 2003b).
Discussion of geographically isolated wetlands is essential because hydrologic gradients of connectivity
in these systems support a wide range of functions that can benefit downstream waters.

River System Hydrology

% Note that this definition of upland is the one that is used in the Science Report. The agencies are not promulgating
a definition of upland in the rule. In addition, while the agencies consistently use the phrase “dry land” in the
regulatory text to provide clarity to the public, the preamble and this Technical Support Document use the phrases
“dry land” and “upland” interchangeably.
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River system hydrology is controlled by hierarchical factors that result in a broad continuum of
belowground and aboveground hydrologic flowpaths connecting river basins and river networks. Id.
(citing Winter 2001; Wolock et al. 2004; Devito et al. 2005; Poole et al. 2006; Wagener et al. 2007,
Poole 2010; Bencala et al. 2011; Jencso and McGlynn 2011). At the broadest scale, regional climate
interacts with river-basin terrain and geology to shape inherent hydrologic infrastructure that bounds the
nature of basin hydrologic flowpaths. Different climate-basin combinations form identifiable hydrologic
landscape units with distinct hydrologic characteristics. Id. at 2-8 to 2-9 (Winter 2001; Wigington et al.
2013). Buttle (2006) posited three first-order controls of watershed streamflow generated under specific
hydroclimatic conditions: (1) the ability of different landscape elements to generate runoff by surface or
subsurface lateral flow of water; (2) the degree of hydrologic connectivity among landscapes by which
surface and subsurface runoff can reach river networks; and (3) the capacity of the river network itself to
convey runoff downstream to the river-basin outlet. Id. at 2-9. River and stream waters are influenced by
not only basin-scale or larger ground-water systems, but also local-scale, vertical and lateral hydrologic
exchanges between water in channels and sediments beneath and contiguous with river network channels.
Id. at 2-9 (citing Ward 1989; Woessner 2000; Malard et al. 2002; Bencala 2011). The magnitude and
importance of river-system hydrologic flowpaths at all spatial scales can radically change over time at
hourly to yearly temporal scales. 1d. (citing Junk et al. 1989; Ward 1989; Malard et al. 1999; Poole et al.
2006).

Because interactions between groundwater and surface waters are essential processes in rivers,
knowledge of basic groundwater hydrology is necessary to understand the interaction between surface
and subsurface water and their relationship to connectivity and effects within river systems. Subsurface
water occurs in two principal zones: the unsaturated zone and the saturated zone. Id. (citing Winter et al.
1998). In the unsaturated zone, the spaces between soil, gravel, and other particles contain both air and
water. In the saturated zone, these spaces are completely filled with water. Ground water refers to any
water that occurs and flows (saturated groundwater flow) in the saturated zone beneath a watershed
surface. Id. (citing Winter et al. 1998). Rapid flow (interflow) of water can occur through large pore
spaces in the unsaturated zone. Id. (citing Beven and Germann 1982).

Other hydrologic flowpaths are also significant in determining the characteristics of river
systems. The most obvious is the downstream water movement within stream or river channels, or open-
channel flow. River water in stream and river channels can reach riparian areas and floodplains via
overbank flow, which occurs when floodwaters flow over stream and river channels. 1d. at 2-12 (citing
Mertes 1997). Overland flow is the portion of streamflow derived from net precipitation that flows over
the land surface to the nearest stream channel with no infiltration. 1d. (citing Hewlett 1982). Overland
flow can be generated by several mechanisms. Infiltration-excess overland flow occurs when the rainfall
rates exceed the infiltration rates of land surfaces. Id. (citing Horton 1945). Saturation-excess overland
flow occurs when precipitation inputs cause water tables to rise to land surfaces so that precipitation
inputs to the land surfaces cannot infiltrate and flow overland. Id. (citing Dunne and Black 1970). Return
flow occurs when water infiltrates, percolates through the unsaturated zones, enters saturated zones, and
then returns to and flows over watershed surfaces, commonly at hillslope-floodplain transitions. Id. (citing
Dunne and Black 1970).

Alluvium consists of deposits of clay, silt, sand, gravel, or other particulate materials that running
water has deposited in a streambed, on a floodplain, on a delta, or in a fan at the base of a mountain.
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These deposits occur near active river systems but also can be found in buried river valleys—the remnants
of relict river systems. Id. (citing Lloyd and Lyke 1995). The Science Report was concerned primarily
with alluvium deposited along active river networks. Commonly, alluvium is highly permeable, creating
an environment conducive to groundwater flow. Alluvial groundwater (typically a mixture of river water
and local, intermediate, and regional groundwater) moves through the alluvium. Together, the alluvium
and alluvial ground water comprise alluvial aquifers. Alluvial aquifers are closely associated with
floodplains and have high levels of hyporheic exchange. Id. (citing Stanford and Ward 1993; Amoros and
Bornette 2002; Poole et al. 2006). Hyporheic exchange occurs when water moves from stream or river
channels into alluvial deposits and then returns to the channels. Id. at 2-12, 4-8 (citing Sjodin et al. 2001;
Bencala 2005; Gooseff et al. 2008; Leibowitz et al. 2008; Bencala 2011). Hyporheic exchange allows for
the mixing of surface water and groundwater. It occurs during both high- and low-flow periods, and
typically has relatively horizontal flowpaths at scales of meters to tens of meters and vertical flowpaths
with depths ranging from centimeters to tens of meters. Science Report at 2-12 (citing Stanford and Ward
1988; Woessner 2000 and references therein; Bencala 2005).

Riparian areas and floodplains can have a diverse array of hydrologic inputs and outputs, which,
in turn influence riparian/floodplain wetlands. Riparian areas and floodplains receive water from
precipitation; overland flow from upland areas; local, intermediate, regional ground water; and hyporheic
flows. 1d. at 4-14 (National Research Council 2002; Richardson et al. 2005; Vidon et al. 2010). Water
flowing over the land surface in many situations can infiltrate soils in riparian areas. 1d. If low
permeability subsoils or impervious clay layers are present, water contact with the plant root zone is
increased and the water is subject to ecological functions (e.g., sink or transformation) such as
denitrification before it reaches the stream channel. 1d. (citing National Research Council 2002; Naiman
et al. 2005; Vidon et al. 2010).

The relative importance of the continuum of hydrologic flowpaths among river systems varies,
creating streams and rivers with different flow duration (or hydrologic permanence) classes. Perennial
streams or stream reaches typically flow year-round. They are maintained by local or regional ground-
water discharge or streamflow from higher in the stream or river network. Intermittent streams or stream
reaches flow continuously, but only at certain times of the year (e.g., during certain seasons such as spring
snowmelt); drying occurs when the water table falls below the channel bed elevation. Ephemeral streams
or stream reaches flow briefly (typically hours to days) during and immediately following precipitation;
these channels are above the water table at all times. Streams in these flow duration classes often
transition longitudinally, from ephemeral to intermittent to perennial, as drainage area increases and
elevation decreases along river networks. Many headwater streams, however, originate from permanent
springs and flow directly into intermittent downstream reaches. At low flows, intermittent streams can
contain dry segments alternating with flowing segments. Transitions between flow duration classes can
coincide with confluences or with geomorphic discontinuities within the network. Id. at 2-14 (citing May
and Lee 2004; Hunter et al. 2005). Variation of streamflow within river systems occurs in response to
hydrologic events resulting from rainfall or snowmelt. Stormflow is streamflow that occurs in direct
response to rainfall or snowmelt, which might stem from multiple groundwater and surface-water sources.
Id. (citing Dunne and Leopold 1978). Baseflow is streamflow originating from groundwater discharge or
seepage (locally or from higher in the river network), which sustains water flow through the channel
between hydrologic events. Perennial streams have baseflow year-round; intermittent streams have
baseflow seasonally; ephemeral streams have no baseflow. All three stream types convey stormflow.
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Thus, perennial streams are more common in areas receiving high precipitation, whereas intermittent and
ephemeral streams are more common in the more arid portions of the United States. Id. (citing NHD
2008). The distribution of headwater streams (perennial, intermittent, or ephemeral) as a proportion of
total stream length is similar across geographic regions and climates.

Similar to streams, the occurrence and persistence of riparian/floodplain wetland and non-
floodplain wetland hydrologic connections with river networks, via surface water (both channelized and
nonchannelized) or groundwater, can be continuous, seasonal, or ephemeral, depending on the overall
hydrologic conditions in the watershed. For example, a non-floodplain wetland might have a direct
groundwater connection with a river network during wet conditions but an indirect regional ground-water
connection (via groundwater recharge) under dry conditions. Another non-floodplain wetland might have
direct surface water connections during wet periods (e.g., fill and spill) and groundwater connections
during drier periods. See, e.g., Rains et al. 2008; Leibowitz and Vining 2003; Leibowitz et al. 2016.
Geographically isolated wetlands can be hydrologically connected to the river network via
nonchannelized surface flow (e.g., swales or overland flow) or groundwater.

The portions of river networks with flowing water expand and contract longitudinally (in an
upstream-downstream direction) and laterally (in a stream channel-floodplain direction) in response to
seasonal environmental conditions and precipitation events. Id. at 2-18 (citing Hewlett and Hibbert 1967;
Gregory and Walling 1968; Dunne and Black 1970; Day 1978; Junk et al. 1989; Hunter et al. 2005;
Wigington et al. 2005; Rains et al. 2006; Rains et al. 2008). The longitudinal expansion of channels with
flowing water in response to major precipitation events represents a transient increase in the extent of
headwater streams. Intermittent and perennial streams flow during wet seasons, whereas ephemeral
streams flow only in response to rainfall or snowmelt. During dry periods, flowing portions of river
networks are limited to perennial streams; these perennial portions of the river network can be
discontinuous or interspersed with intermittently flowing stream reaches but may be flowing in the
hyporheic zone for thousands of meters before emerging. Id. (citing Stanley et al. 1997; Hunter et al.
2005; Larned et al. 2010). Thus, stream reaches can be perennial even if the entire stream channel is not.
As discussed previously, perennial streams typically flow year-round, intermittent streams flow
continuously only at certain times of the year (e.g., when they receive water from a spring, groundwater
source, or surface snow such as melting snow), and ephemeral streams flow briefly in direct response to
precipitation. In perennial streams, baseflow (the portion of flow contributed by groundwater) is typically
present year-round. The definition of “perennial” allows for infrequent periods of severe drought to cause
some perennial streams to not have flow year-round. Leopold 1994. Some studies have noted that
perennial flow is present greater than 90% of the time, except in periods of severe drought, or greater than
80% of the time, and these definitions are consistent with the one used in the Science Report. Hedman
and Osterkamp 1982; Hewlett 1982.

The dominant sources of water to a stream can shift during river network expansion and
contraction. Id. (citing Malard et al. 1999; McGlynn and McDonnell 2003; McGlynn et al. 2004; Malard
et al. 2006). Rainfall and snowmelt cause a river network to expand in two ways. First, local aquifers
expand and water moves into dry channels, which increases the total length of the wet channel; the
resulting intermittent streams will contain water during the entire wet season. Id. (citing Winter et al.
1998). Second, stormflow can cause water to enter ephemeral and intermittent streams. The larger the
rainfall or snowmelt event, the greater the number of ephemeral streams and total length of flowing
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channels that occur within the river network. Ephemeral flows cease within days after rainfall or
snowmelt ends, causing the length of wet channels to decrease and river networks to contract. The
flowing portion of river networks further shrinks as the spatial extent of aquifers with ground water in
contact with streams contract and intermittent streams dry. In many river systems across the United
States, stormflow comprises a major portion of annual streamflow. Id. (citing Hewlett et al. 1977; Miller
et al. 1988; Turton et al. 1992; Goodrich et al. 1997; Vivoni et al. 2006). In these systems, intermittent
and ephemeral streams are major sources of river water. When rainfall or snowmelt induces stormflow in
headwater streams or other portions of the river network, water flows downgradient through the network
to its lower reaches. As water moves downstream through a river network, the hydrograph for a typical
event broadens with a lower peak. This broadening of the hydrograph shape results from transient storage
of water in river network channels and nearby alluvial aquifers. Id. (citing Fernald et al. 2001).

During very large hydrologic events, aggregate flows from headwaters and other tributary
streams can result in overbank flooding in river reaches with floodplains; this occurrence represents
lateral expansion of the river network. Id. (citing Mertes 1997). Water from overbank flows can recharge
alluvial aquifers, supply water to floodplain wetlands, surficially connect floodplain wetlands to rivers,
and shape the geomorphic features of the floodplain. Id. at 2-18 to 2-19 (citing Wolman and Miller 1960;
Hammersmark et al. 2008). Bidirectional exchanges of water between ground water and river networks,
including hyporheic flow, can occur under a wide range of streamflows, from flood flows to low flows.
Id. at 2-19 to 2-20 (citing National Research Council 2002; Naiman et al. 2005; Vivoni et al. 2006).

Many studies have documented the fact that riparian/floodplain wetlands can attenuate flood
pulses of streams and rivers by storing excess water from streams and rivers. Bullock and Acreman
(2003) reviewed wetland studies and reported that wetlands reduced or delayed floods in 23 of 28 studies.
Id. at 2-21. For example, Walton et al. (1996) found that peak discharges between upstream and
downstream gaging stations on the Cache River in Arkansas were reduced 10-20% primarily due to
floodplain water storage. Id. Locations within floodplains and riparian areas with higher elevations likely
provide flood storage less frequently than lower elevation areas.

The interactions of high flows with floodplains and associated alluvial aquifers of river networks
are important determinants of hydrologic and biogeochemical conditions of rivers. 1d. at 2-21 (citing
Ward 1989; Stanford and Ward 1993; Boulton et al. 1998; Burkart et al. 1999; Malard et al. 1999;
Amoros and Bornette 2002; Malard et al. 2006; Poole 2010). Bencala (1993; 2011) noted that streams
and rivers are not pipes; they interact with the alluvium and geologic materials adjoining and under
channels. Id. In streams or river reaches constrained by topography, significant floodplain and near-
channel alluvial aquifer interactions are limited. In reaches with floodplains, however, stormflow
commonly supplies water to alluvial aquifers during high-flow periods through the process of bank
storage. Id. at 2-22 (citing Whiting and Pomeranets 1997; Winter et al. 1998; Chen and Chen 2003). As
streamflow decreases after hydrologic events, the water stored in these alluvial aquifers can serve as
another source of baseflow in rivers.

In summary, the extent of wetted channels is dynamic because interactions between surface water
in the channel and alluvial ground water, via hyporheic exchange, determine open-channel flow. The
flowing portion of river networks expands and contracts in two primary dimensions: (1) longitudinally, as
intermittent and ephemeral streams wet up and dry; and (2) laterally, as floodplains and associated
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alluvial aquifers gain (via overbank flooding, bank storage, and hyporheic exchange) and lose (via
draining of alluvial aquifers and evapotranspiration) water. Vertical ground-water exchanges between
streams and rivers and underlying alluvium are also key connections, and variations in these vertical
exchanges contribute to the expansion and contraction of the portions of river networks with open-
channel flow. Numerous studies have documented expansion and contraction of river systems; the
temporal and spatial pattern of this expansion and contraction varies in response to many factors,
including interannual and long-term dry cycles, climatic conditions, and watershed characteristics. Id.
(citing Gregory and Walling 1968; Cayan and Peterson 1989; Fleming et al. 2007).

Influence of Streams and Wetlands on Downstream Waters

The structure and function of rivers are highly dependent on the constituent materials stored in
and transported through them. Most of these materials, broadly defined here as any physical, chemical, or
biological entity, including water, heat energy, sediment, wood, organic matter, nutrients, chemical
contaminants, and organisms, originate outside of the river; they originate from either the upstream river
network or other components of the river system, and then are transported to the river by water movement
or other mechanisms. Thus, the fundamental way in which streams and wetlands affect river structure and
function is by altering fluxes of materials to the river. This alteration of material fluxes depends on two
key factors: (1) functions within streams and wetlands that affect material fluxes, and (2) connectivity (or
isolation) between streams and wetlands and rivers that allows (or prevents) transport of materials
between the systems. Id.

Streams and wetlands affect the amounts and types of materials that are or are not delivered to
downstream waters, ultimately contributing to the structure and function of those waters. Leibowitz et al.
(2008) identified three functions, or general mechanisms of action, by which streams and wetlands
influence material fluxes into downstream waters: source, sink, and refuge. Id. at 2-22 to 2-23. The
Science Report expanded on this framework to include two additional functions: lag and transformation.
These five functions provide a framework for understanding how physical, chemical, and biological
connections between streams and wetlands and downstream waters influence river systems.

These five functions are neither static nor mutually exclusive, and often the distinctions between
them are not sharp. A stream or wetland can provide different functions at the same time. These functions
can vary with the material considered (e.g., acting as a source of organic matter and a sink for nitrogen)
and can change over time (e.g., acting as a water sink when evapotranspiration is high and a water source
when evapotranspiration is low). The magnitude of a given function also is likely to vary temporally; for
example, streams generally are greater sources of organic matter and contaminants during high flows. Id.
at 2-24.

Leibowitz et al. (2008) explicitly focused on functions that benefit downstream waters, but these
functions also can have negative effects—for example, when streams and wetlands serve as sources of
chemical contamination. Id. In fact, benefits need not be linear with respect to concentration; a beneficial
material could be harmful at higher concentrations due to nonlinear and threshold effects. For example,
nitrogen can be beneficial at lower concentrations but can reduce water quality at higher concentrations.
Although the Science Report focused primarily on the effects of streams and wetlands on downstream
waters, these same functions can describe effects of downstream waters on streams and wetlands (e.g.,
downstream rivers can serve as sources of colonists for upstream tributaries). Id.
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Because many of these functions depend on import of materials and energy into streams and
wetlands, distinguishing between actual function and potential function is instructive. For example, a
wetland with appropriate conditions (e.g., a reducing environment and denitrifying bacteria) is a potential
sink for nitrogen: If nitrogen applied to the land is imported into the wetland, the wetland can remove it
by denitrification. The wetland will not serve this function, however, if nitrogen is not imported. Thus,
even if a stream and wetland do not currently serve a function, it has the potential to provide that function
under appropriate conditions (e.g., when material imports or environmental conditions change). These
functions can be instrumental in protecting those waters from future impacts. Ignoring potential function
also can lead to the paradox that degraded streams and wetlands (e.qg., those receiving nonpoint-source
nitrogen inputs) receive more protection than less impacted systems. Id. (citing Leibowitz et al. 2008).

Three factors influence the effect that material and energy fluxes from streams and wetlands have
on downstream waters: (1) proportion of the material originating from (or reduced by) streams and
wetlands relative to the importance of other system components, such as the river itself; (2) residence
time of the material in the downstream water; and (3) relative importance of the material. Id. In many
cases, the effects on downstream waters need to be considered in aggregate. For example, the contribution
of material by a particular stream and wetland (e.g., a specific ephemeral stream) might be small, but the
aggregate contribution by an entire class of streams and wetlands (e.g., all ephemeral streams in the river
network) might be substantial. Similarly, the functions of a given non-floodplain wetland relative to
nitrogen removal may be small, but the cumulative effects of nitrogen removal by the extant wetland on
the landscape will be substantive. See, e.g., Evenson et al. 2018; Evenson et al. 2021. Integrating
contributions over time also might be necessary, taking into account the frequency, duration, and timing
of material export and delivery. Considering the cumulative material fluxes that originate from a specific
stream and wetland, rather than the individual materials separately, is essential in understanding the
effects of material fluxes on downstream waters. Science Report at 2-26.

In general, the more frequently a material is delivered to the river (i.e., high connectivity), the
greater its effect. The effect of an infrequently supplied material, however, can also be large if the
material has a long residence time in the river and wetlands. Id. (citing Leibowitz et al. 2008). For
example, woody debris might be exported to downstream waters infrequently but it can persist in
downstream channels. In addition, some materials are more important in defining the structure and
function of a river. For example, woody debris can have a large effect on river structure and function
because it affects water flow, sediment and organic matter transport, and habitat. 1d. (citing Harmon et al.
1986; Gurnell et al. 1995). Another example is salmon migrating to a river: They can serve as a keystone
species to regulate other populations and as a source of marine-derived nutrients. Id. (citing Schindler et
al. 2005). For functions relating to sinks and transformations, often the less frequently a material is
delivered to the river (i.e., high disconnectivity), the greater the effect. More examples of disconnectivity
via sink functions are provided at the end of this section.

The functions discussed above represent general mechanisms by which streams and wetlands
influence downstream waters. For these altered material and energy fluxes to affect a river, however,
transport mechanisms that deliver (or could deliver) these materials to the river are necessary.
Connectivity describes the degree to which components of a system are connected and interact through
various transport mechanisms; connectivity is determined by the characteristics of both the physical
landscape and the biota of the specific system. Id. This definition is related to, but is distinct from,
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definitions of connectivity based on the actual flow of materials between system components. Id. (citing,
e.g., Pringle 2001). That connectivity among river-system components, including streams and wetlands,
plays a significant role in the structure and function of these systems is not a new concept. In fact, much
of the theory developed to explain how these systems work focuses on connectivity and linkages between
system components. Id. (citing, e.g., Vannote et al. 1980; Newbold et al. 1982a; Newbold et al. 1982b;
Junk et al. 1989; Ward 1989; Benda et al. 2004b; Thorp et al. 2006).

In addition to its central role in defining river systems, water movement through the river system
is the primary mechanism providing physical connectivity both within river networks and between those
networks and the surrounding landscape. Id. (citing Fullerton et al. 2010). Hydrologic connectivity results
from the flow of water, which provides a “hydraulic highway” along which physical, chemical, and
biological materials associated with the water are transported (e.g., sediment, woody debris,
contaminants, organisms). Id. (citing Fausch et al. 2002).

Ecosystem functions within a river system are driven by interactions between the river system’s
physical environment and the diverse biological communities living within it. Id. (Wiens 2002; Schroder
2006). Thus, river system structure and function also depend on biological connectivity among the
system’s populations of aquatic and semiaquatic organisms. Biological connectivity refers to the
movement of organisms, including transport of reproductive materials (e.g., seeds, eggs, genes) and
dormant stages, through river systems. Id. at 2-26 to 2-27. These movements link aquatic habitats and
populations in different locations through several processes important for the survival of individuals,
populations, and species. Id. at 2-27. Movements include dispersal, or movement away from an existing
population or parent organism; migration, or long-distance movements occurring seasonally; localized
movement over an organism’s home range to find food, mates, or refuge from predators or adverse
conditions; and movement to different habitats to complete life-cycle requirements. Biological
connectivity can occur within aquatic ecosystems or across ecosystem or watershed boundaries, and it can
be multidirectional. For example, organisms can move downstream from perennial, intermittent, and
ephemeral headwaters to rivers; upstream from estuaries to rivers to headwaters; or laterally between
floodplain wetlands and open waters, non-floodplain wetlands and open waters, rivers, lakes, or other
water bodies.

As noted above, streams, rivers, wetlands, and open waters are not pipes; they provide
opportunities for water to interact with internal components (e.g., alluvium, organisms) through the five
functions (i.e., sink, source, lag, transformation, and refugia) by which streams, wetlands, and open
waters alter material fluxes. Id. (citing Bencala 1993; Bencala et al. 2011). Connectivity between streams
and wetlands provides opportunities for material fluxes to be altered sequentially by multiple streams and
wetlands as the materials are transported downstream. The aggregate effect of these sequential fluxes
determines the proportion of material that ultimately reaches the river. The form of the exported material
can be transformed as it moves down the river network, however, making quantitative assessments of the
importance of individual stream and wetland resources within the entire river system difficult. For
example, organic matter can be exported from headwater streams and consumed by downstream
macroinvertebrates. Those invertebrates can drift farther downstream and be eaten by juvenile fish that
eventually move into the mainstem of the river, where they feed further and grow.
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The assessment of stream and wetland influence on rivers also is complicated by the cumulative
time lag resulting from these sequential transformations and transportations. For example, removal of
nutrients by streambed algal and microbial populations, subsequent feeding by fish and insects, and
release by excretion or decomposition delays the export of nutrients downstream.

Although the Science Report primarily focused on the benefits that connectivity can have on
downstream systems, isolation (or more accurately, degrees of “disconnectivity”) also can have important
positive effects on the condition and function of downstream waters, especially when considered in the
aggregate. Nevertheless, the literature reviewed supports the conclusion that sink functions of non-
floodplain wetlands, which result in part from their relative isolation, will affect a downstream water
when these wetlands are situated between the downstream water and known point or nonpoint sources of
pollution, and thus intersect flowpaths between the pollutant source and downstream waters. For example,
waterborne contaminants that enter a non-floodplain wetland (e.g., excessive nitrate) are processed
through transformations or sink functions and hence are not transported to a river system because the
wetland is on the “less frequently connected” side of the aquatic connectivity continuum (i.e., if the
wetland is hydrologically isolated from the river, except by non-hydrologic pathways. Id. at 2-28 to 2-29).
Furthermore, increased hydrologic isolation, again when considered in the aggregate, can attenuate
stormflows, decoupling storm peaks and decreasing flood risks to downgradient communities (e.g.,
Golden et al. 2021b). Increased isolation can also decrease the spread of pathogens and invasive species,
and increase the rate of local adaptation. 1d. at 2-29 (citing, e.g., Hess 1996; Bodamer and Bossenbroek
2008; Fraser et al. 2011). Thus, both connectivity and isolation should be considered when examining
material fluxes from streams and wetlands, and biological interactions should be viewed in light of the
natural balance between these two factors.

Spatial and Temporal Variability of Connectivity

Connectivity is not a fixed characteristic of a system, but varies over space and time. Id. (citing
Ward 1989; Leibowitz 2003; Leibowitz and Vining 2003). Variability in hydrologic connectivity results
primarily from the longitudinal and lateral expansion and contraction of the river network and transient
connection with other components of the river system. The variability of connectivity can be described in
terms of frequency, duration, magnitude, timing, and rate of change. When assessing the effects of
connectivity or isolation and the five general functions (sources, sinks, refuges, lags, and transformations)
on downstream waters, dimensions of time and space must be considered. Id. Water or organisms
transported from distant headwater streams or wetlands generally will take longer to travel to a larger
river than materials transported from streams or wetlands near the river. This can introduce a lag between
the time the function occurs and the time the material arrives at the river. In addition, the distribution of
streams and wetlands can be a function of their distance from the mainstem channel. For example, in a
classic dendritic network, there is an inverse geometric relationship between number of streams and
stream order. In such a case, the aggregate level of function could be greater for terminal source streams,
compared to higher order or lateral source streams. This is one reason why watersheds of terminal source
streams often provide the greatest proportion of water for major rivers. Connectivity, however, results
from many interacting factors. For example, the relationship between stream number and order can vary
with the shape of the watershed and the configuration of the network.
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The expansion and contraction of river networks affects the extent, magnitude, timing, and type
of hydrologic connectivity. For example, intermittent and ephemeral streams flow only during wetter
seasons or during and immediately following precipitation events. Thus, the spatial extent of connectivity
between streams and wetlands and rivers increases greatly during these high-flow events because
intermittent and ephemeral streams are estimated to account for 59% of the total length of streams in the
contiguous United States. Id. (citing Nadeau and Rains 2007). Changes in the spatial extent of
connectivity due to expansion and contraction are even more pronounced in the arid and semiarid
Southwest, where more than 80% of all streams are intermittent or ephemeral. 1d. at 2-29 to 2-30 (citing
Levick et al. 2008). Expansion and contraction also affect the magnitude of connectivity because larger
flows provide greater potential for material transport. Id. at 2-30.

Besides affecting the spatial extent and magnitude of hydrologic connectivity, expansion and
contraction of the stream network also affect the duration and timing of flow in different portions of the
network. Perennial streams have year-round surface water connectivity with a downstream river, while
intermittent streams have seasonal connectivity. The temporal characteristics of connectivity for
ephemeral streams depend on the duration and timing of storm events. Similarly, connectivity between
wetlands and downstream waters can range from permanent to seasonal to episodic.

The expansion and contraction of river systems also affect the type of connectivity. For example,
during wet periods when input from precipitation can exceed evapotranspiration and available storage,
non-floodplain wetlands could have connectivity with other wetlands or streams through surface spillage.
Id. (citing Leibowitz and Vining 2003; Rains et al. 2008). When spillage ceases due to drier conditions,
hydrologic connectivity could only occur through groundwater. Id. (citing Rains et al. 2006; Rains et al.
2008).

When the flow of water mediates dispersal, migration, and other forms of biotic movement,
biological and hydrologic connectivity can be tightly coupled. For example, seasonal flooding of
riparian/floodplain wetlands creates temporary habitat that fish, aquatic insects, and other organisms use.
Id. (citing Junk et al. 1989; Smock 1994; Tockner et al. 2000; Robinson et al. 2002; Tronstad et al. 2007).
Factors other than hydrologic dynamics also can affect the temporal and spatial dynamics of biological
connectivity. Such factors include movement associated with seasonal habitat use and shifts in habitat use
due to life-history changes, quality or quantity of food resources, presence or absence of favorable
dispersal conditions, physical differences in aquatic habitat structure, or the number and sizes of nearby
populations. Id. (citing Moll 1990; Smock 1994; Huryn and Gibbs 1999; Lamoureux and Madison 1999;
Gibbons et al. 2006; Gamble et al. 2007; Grant et al. 2007; Subalusky et al. 2009a; Schalk and Luhring
2010). For a specific river system with a given spatial configuration, variability in biological connectivity
also occurs due to variation in the dispersal distance of organisms and reproductive propagules. Id. (citing
Semlitsch and Bodie 2003).

Finally, just as connectivity from temporary or seasonal wetting of channels can affect
downstream waters, temporary or seasonal drying also can affect river networks. Riverbeds or streambeds
that temporarily dry up are used by aquatic organisms that are specially adapted to alternating flowing and
dry conditions, and can serve as egg and seed banks for several organisms, including aquatic invertebrates
and plants. 1d at 2-30 (citing Steward et al. 2012). These temporary dry areas also can affect nutrient
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dynamics due to reduced microbial activity, increased oxygen availability, and inputs of terrestrial
sources of organic matter and nutrients. Id. (citing Steward et al. 2012).

Numerous factors affect physical, chemical, and biological connectivity within river systems.
These factors operate at multiple spatial and temporal scales, and interact with each other in complex
ways to determine where components of a system fall on the connectivity-isolation gradient at a given
time. 1d. at 2-30 to 2-31. The Science Report focused on five key factors: climate, watershed
characteristics, spatial distribution patterns, biota, and human activities and alterations. Id. at 2-31. These
are by no means the only factors influencing connectivity, but they illustrate how many different variables
shape physical, chemical, and biological connectivity.

Climate-watershed Characteristics

The movement and storage of water in watersheds varies with climatic, geologic, physiographic,
and edaphic characteristics of river systems. Id. (citing Winter 2001; Wigington et al. 2013). At the
largest spatial scale, climate determines the amount, timing, and duration of water available to watersheds
and river basins. Key characteristics of water availability that influence connectivity include annual water
surplus (precipitation minus evapotranspiration), timing (seasonality) of water surplus during the year that
is heavily influenced by precipitation timing and form (e.g., rain, snow), and rainfall intensity.

Annual runoff generally reflects water surplus and varies widely across the United States.
Seasonality of water surplus during the year determines when and for how long runoff and ground-water
recharge occur. Precipitation and water surplus in the eastern United States is less seasonal than in the
West. Id. (Finkelstein and Truppi 1991). The Southwest experiences summer monsoonal rains, while the
West Coast and Pacific Northwest receive most precipitation during the winter season. Id. (citing
Wigington et al. 2013). Throughout the West, winter precipitation in the mountains occurs as snowfall,
where it accumulates in seasonal snowpack and is released during the spring and summer melt seasons to
sustain streamflow during late spring and summer months. Id. (citing Brooks et al. 2012). The flowing
portions of river networks tend to have their maximum extent during seasons with the highest water
surplus, when conditions for flooding are most likely. Typically, the occurrence of ephemeral and
intermittent streams is greatest in watersheds with low annual runoff and high water surplus seasonality
but also is influenced by watershed geologic and edaphic features. Id. (citing Gleeson et al. 2011).

Rainfall intensity can affect hydrologic connectivity in localities where watershed surfaces have
low infiltration capacities relative to rainfall intensities. Infiltration-excess overland flow occurs when
rainfall intensity exceeds watershed surface infiltration, and it can be an important mechanism in
providing water to wetlands and river networks (Goodrich et al. 1997; Levick et al. 2008). Overland flow
is common at low elevations in the Southwest, due to the presence of desert soils with low infiltration
capacities combined with relatively high rainfall intensities. The Pacific Northwest has low rainfall
intensities, whereas many locations in the Mid-Atlantic, Southeast, and Great Plains have higher rainfall
intensities. The prevalence of impermeable surfaces in urban areas can generate overland flow in virtually
any setting. Id. (citing Booth et al. 2002).

River system topography and landscape form can profoundly influence river network drainage
patterns, distribution of wetlands, and ground-water and surface-water flowpaths. Winter (2001)
described six generalized hydrologic landscape forms common throughout the United States. Id.
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Mountain Valleys and Plateaus and High Plains have constrained valleys through which streams and
rivers flow. Id. at 2-31, 2-33. The Mountain Valleys form has proportionally long, steep sides with narrow
to nonexistent floodplains resulting in the rapid movement of water downslope. In contrast, Riverine
Valleys have extensive floodplains that promote strong surface-water, hyporheic water, and alluvial
ground-water connections between wetlands and rivers. Id. at 2-33 to 2-34. Small changes in water table
elevations can influence the water levels and hydrologic connectivity of wetlands over extensive areas in
this landscape form. Local ground-water flowpaths are especially important in Hummocky Terrain.
Constrained valleys, such as the Mountain Valley landform, have limited opportunities for the
development of floodplains and alluvial aquifers, whereas unconstrained valleys, such as the Riverine
Valley landform, provide opportunities for the establishment of floodplains. Some river basins can be
contained within a single hydrologic landscape form, but larger river basins commonly comprise
complexes of hydrologic landscape forms. For example, the James River in Virginia, which flows from
mountains through the Piedmont to the Coastal Plain, is an example of a Mountain Valley-High Plateaus
and Plains-Coastal Terrain-Riverine Valley complex.

Floodplain hydrologic connectivity to rivers and streams occurs primarily through overbank
flooding, shallow ground-water flow, and hyporheic flow. Water-table depth can influence connectivity
across a range of hydrologic landscape forms, but especially in floodplains. Rivers and wetlands can shift
from losing reaches (or recharge wetlands) during dry conditions to gaining reaches (or discharge
wetlands) during wet conditions. Wet, high water-table conditions influence both ground-water and
surface-water connectivity. When water tables are near the watershed surface, they create conditions in
which swales and small stream channels fill with water and flow to nearby water bodies. Id. at 2-34
(citing Wigington et al. 2003; Wigington et al. 2005). Nanson and Croke (1992) noted that a complex
interaction of fluvial processes forms floodplains, but their character and evolution are essentially a
product of stream power (the rate of energy dissipation against the bed and banks of a river or stream) and
sediment characteristics. Id. They proposed three floodplain classes based on the stream power-sediment
characteristic paradigm: (1) high-energy noncohesive, (2) medium-energy noncohesive, and (3) low-
energy cohesive. The energy term describes stream power during floodplain formation, and the
cohesiveness term depicts the nature of material deposited in the floodplain. In addition, hyporheic and
alluvial aquifer exchanges are more responsive to seasonal discharge changes in floodplains with complex
topography. Id. (citing Poole et al. 2006).

Within hydrologic landscape forms, soil and geologic formation permeabilities are important
determinants of hydrologic flowpaths. Permeable soils promote infiltration that results in ground-water
hydrologic flowpaths, whereas the presence of impermeable soils with low infiltration capacities is
conducive to overland flow. In situations in which ground-water outflows from watersheds or landscapes
dominate, the fate of water depends in part on the permeability of deeper geologic strata. The presence of
an aquiclude (a confining layer) near the watershed surface leads to shallow subsurface flows through soil
or geologic materials.

These local ground-water flowpaths connect portions of watersheds to nearby wetlands or
streams. Id. at 2-35. Alternatively, if a deep permeable geologic material (an aquifer) is present, water is
likely to move farther downward within watersheds and recharge deeper aquifers. 1d. at 2-35 to 2-36. The
permeability of soils and geologic formations both can influence the range of hydrologic connectivity
between non-floodplain wetlands and river networks. Id. at 2-36.

Page 42 of 564



Climate and watershed characteristics directly affect spatial and temporal patterns of connectivity
between streams and wetlands and rivers by influencing the timing and extent of river network expansion
and contraction. Id. at 2-38. They also influence the spatial distribution of water bodies within a
watershed, and in particular, the spatial relationship between those water bodies and the river. Id. (citing,
e.g., Tihansky 1999)

Hydrologic connectivity between streams and rivers can be a function of the distance between the
two water bodies. Id. (citing Bracken and Croke 2007; Peterson et al. 2007). If channels functioned as
pipes, this would not be the case, and any water and its constituent materials exported from a stream
eventually would reach the river. Because streams and rivers are not pipes, water can be lost from the
channel through evapotranspiration and bank storage and diluted through downstream inputs. 1d. (Bencala
1993). Thus, material from a headwater stream that flowed directly into the river would be subject to less
transformation or dilution. On the other hand, the greater the distance a material travels between a
particular stream reach and the river, the greater the opportunity for that material to be altered (e.g., taken
up, transformed, or assimilated) in intervening stream reaches; this alteration could reduce the material’s
direct effect on the river, but it could also allow for beneficial transformations. For example, organic
matter exported from a headwater stream located high in a drainage network might never reach the river
in its original form, instead becoming reworked and incorporated into the food chain. Similarly, higher
order streams generally are located closer to rivers and, therefore, can have higher connectivity than
upstream reaches of lower order. Note that although an individual low-order stream can have less
connectivity than a high-order stream, a river network has many more low-order streams, which can
represent a large portion of the watershed; thus, the magnitude of the cumulative effect of these low-order
streams can be significant.

The relationship between streams and the river network is a function, in part, of basin shape and
network configuration. Elongated basins tend to have trellis networks where relatively small streams join
a larger mainstem; compact basins tend to have dendritic networks with tree-like branching, where
streams gradually increase in size before joining the mainstem. This network configuration describes the
incremental accumulation of drainage area along rivers, and therefore provides information about the
relative contributions of streams to downstream waters. Streams in a trellis network are more likely to
connect directly to a mainstem, compared with a dendritic network. The relationship between basin shape,
network configuration, and connectivity, however, is complex. A mainstem in a trellis network also is
more likely to have a lower stream order than one in a dendritic network. Id. at 2-38 to 2-39.

Distance also affects connectivity between non-floodplain and riparian/floodplain wetlands and
downstream waters. Id. at 2-39. Riverine wetlands that serve as origins for lateral source streams that
connect directly to a mainstem river have a more direct connection to that river than wetlands that serve
as origins for terminal source streams high in a drainage network. This also applies to riparian/floodplain
wetlands that have direct surface-water connections to streams or rivers. If geographically isolated non-
floodplain wetlands have surface-water outputs (e.g., depressions that experience surface-water spillage
or ground-water seeps), the probability that surface water will infiltrate or be lost through
evapotranspiration increases with distance. This is a beneficial function in attenuating storm flows and
providing area (and time) for biogeochemical processing. Golden et al. 2021b; Evenson et al. 2018. For
non-floodplain wetlands connected through ground-water flows, less distant areas are generally connected
through shallower flowpaths, assuming similar soil and geologic properties. These shallower ground-
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water flows have the greatest interchange with surface waters and travel between points in the shortest
amount of time. Although elevation is the primary factor determining areas that are inundated through

overbank flooding, connectivity with the river generally will be higher for riparian/floodplain wetlands
located near the river’s edge compared with riparian/floodplain wetlands occurring near the floodplain
edge.

Distance from the river network also influences biological connectivity among streams and
wetlands. For example, mortality of an organism due to predators and natural hazards generally increases
with the distance it has to travel to reach the river network. The likelihood that organisms or propagules
traveling randomly or by diffusive mechanisms such as wind will arrive at the river network decreases as
distance increases.

The distribution of distances between wetlands and river networks depends on both the drainage
density of the river network (the total length of stream channels per unit area) and the density of wetlands.
Science Report at 2-40. Climate and watershed characteristics influence these spatial patterns, which can
vary widely.

Biota

Biological connectivity results from the interaction of physical characteristics of the
environment—especially those facilitating or restricting dispersal—and species’ traits or behaviors, such
as life-cycle requirements, dispersal ability, or responses to environmental cues. Id. Thus, the types of
biota within a river system are integral in determining the river system’s connectivity, and landscape
features or species traits that necessitate or facilitate movement of organisms tend to increase biological
connectivity among water bodies.

Diadromous fauna (e.g., Pacific and Atlantic salmon, certain freshwater shrimps and snails,
American eels), which require both freshwater and marine habitats over their life cycles and therefore
migrate along river networks, provide one of the clearest illustrations of biological connectivity. Many of
these taxa are either obligate or facultative users of headwater streams, meaning that they either require
(obligate) or can take advantage of (facultative) these habitats; these taxa thereby create a biological
connection along the entire length of the river network. Id. (citing Erman and Hawthorne 1976;
Wigington et al. 2006). For example, many Pacific salmon species spawn in headwater streams, where
their young grow for a year or more before migrating downstream, living their adult life stages in the
ocean, and then migrating back upstream to spawn. Many taxa also can exploit temporary hydrologic
connections between rivers and floodplain wetland habitats caused by flood pulses, moving into these
wetlands to feed, reproduce, or avoid harsh environmental conditions and then returning to the river
network. 1d. at 2-40, 2-43 (citing Copp 1989; Junk et al. 1989; Smock 1994; Tockner et al. 2000;
Richardson et al. 2005).

Biological connectivity does not solely depend on diadromy, however, as many non-diadromous
organisms are capable of significant movement within river networks. Id. at 2-40. For example, organisms
such as pelagic-spawning fish and mussels release directly into the water eggs or larvae that disperse
downstream with water flow; many fish swim significant distances both upstream and downstream; and
many aquatic macroinvertebrates move or drift downstream. Id. at 2-40 (citing, e.g., Elliott 1971; Muller
1982; Gorman 1986; Brittain and Eikeland 1988; Platania and Altenbach 1998; Elliott 2003; Hitt and
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Angermeier 2008; Schwalb et al. 2010). Taxa capable of movement over land, via either passive transport
(e.g., wind dispersal or attachment to animals capable of terrestrial dispersal) or active movement (e.g.,
terrestrial dispersal or aerial dispersal of winged adult stages), can establish biotic linkages between river
networks and wetlands, as well as linkages across neighboring river systems. Science Report at 2-40
(citing Hughes et al. 2009).

Gradients of biological connectivity (i.e., the active or passive movements of organisms through
water or air and over land that connect populations) are determined primarily by species assemblages, and
by features of the landscape (e.g., climate, geology, terrain) that facilitate or impede the movement of
organisms. Science Report 6-10. For example, mass river insect migrations into headwater streams
provide food subsidies to support young-of-year fish (Uno and Power 2015), including diadromous
salmon (Bramblett et al. 2002). On the other hand, lower rates of movement between more isolated
habitats can decrease the spread of pathogens (e.g., Hess 1996) and invasive species (e.g., Bodamer and
Bossenbroek 2008) and increase regional biodiversity through adaptation to local conditions, (e.g., Fraser
et al. 2011), increasing resiliency of aquatic species to changing landuse and climate.

Human Activities and Alterations

Human activities frequently alter connectivity between headwater streams, riparian/floodplain
wetlands, non-floodplain wetlands, and downgradient river networks. Id. at 2-44. In doing so, they alter
the transfer and movement of materials and energy between river system components. In fact, the
individual or cumulative effects of headwater streams and wetlands on river networks often become
discernible only following human-mediated changes in degree of connectivity. These human-mediated
changes can increase or decrease hydrologic and biological connectivity (or, alternatively, decrease or
increase hydrologic and biological isolation). Id at 2-44 to 2-45. For example, activities and alterations
such as dams, levees, water abstraction, piping, channelization, and burial can reduce hydrologic
connectivity between streams and wetlands and rivers, whereas activities and alterations such as wetland
drainage, irrigation, impervious surfaces, interbasin transfers, and channelization can enhance hydrologic
connections. Id. at 2-45. Biological connectivity can be affected similarly: For example, dams and
impoundments might impede biotic movement, whereas nonnative species introductions artificially
increase biotic movement. Further complicating the issue is that a given activity or alteration might
simultaneously increase and decrease connectivity, depending on which part of the river network is
considered. For example, channelization and levee construction reduce lateral expansion of the river
network (thereby reducing hydrologic connections with floodplains), but might increase this connectivity
downstream due to increased frequency and magnitude of high flows.

The greatest human impact on riparian/floodplain wetlands and non-floodplain wetlands has been
through wetland drainage, primarily for agricultural purposes. Estimates show that, in the conterminous
United States, states have lost more than half their original wetlands (50%), with some losing more than
90%; wetland surface areas also have declined significantly. Id. (citing Dahl 1990).

Drainage causes a direct loss of function and connectivity in cases where wetland characteristics
are completely lost. Id. at 2-45. In the Des Moines lobe of the prairie pothole region, where more than
90% of the wetlands have been drained, a disproportionate loss of smaller and larger wetlands has
occurred. Accompanying this loss have been significant decreases in perimeter area ratios—which are
associated with greater biogeochemical processing and groundwater recharge rates—and increased mean
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distances between wetlands, which reduces biological connectivity. Id. at 2-45 to 2-46 (citing Van Meter
and Basu 2015). Wetland drainage also increases hydrologic connectivity between the landscape—
including drained areas that retain wetland characteristics—and downstream waters. Effects of this
enhanced hydrologic connectivity include (1) reduced water storage and more rapid conveyance of water
to the network, with subsequent increases in total runoff, baseflows, stormflows, and flooding risk; (2)
increased delivery of sediment and pollutants to downstream waters; and (3) increased transport of water-
dispersing organisms. Id. at 2-46 to 2-47 (citing Babbitt and Tanner 2000; Baber et al. 2002; Mulhouse
and Galatowitsch 2003; Wiskow and van der Ploeg 2003; Blann et al. 2009). Biological connectivity,
however, also can decrease with drainage and ditching, as average distances between wetlands increase
and limit the ability of organisms to disperse between systems aerially or terrestrially. 1d. at 2-47 (citing
Leibowitz 2003). Groundwater withdrawal also can affect wetland connectivity by reducing the number
of wetlands. Of particular concern in the arid Southwest is that ground-water withdrawal can decrease
regional and local water tables, reducing or altogether eliminating ground-water-dependent wetlands. Id.
(citing Patten et al. 2008). Groundwater withdrawal, however, also can increase connectivity in areas
where that ground water is applied or consumed.

B. Peer Review of Report

The process for developing the Science Report followed standard information quality guidelines
for EPA. In September 2013, EPA released a draft of the Science Report for an independent SAB review
and invited submissions of public comments for consideration by the SAB panel. In October 2014, after
several public meetings and hearings, the SAB completed its peer review of the draft Science Report
(hereafter, “SAB 2014a”). The SAB was highly supportive of the draft Science Report’s conclusions
regarding streams, riparian and floodplain wetlands, and open waters, and recommended strengthening
the conclusion regarding non-floodplain waters to include a more definitive statement that reflects how
numerous functions of such waters sustain the integrity of downstream waters. SAB 2014a. The final peer
review report is available on the SAB website, as well as in the docket for this final rulemaking. EPA
revised the draft Science Report based on comments from the public and recommendations from the SAB
panel.

The SAB was established in 1978 by the Environmental Research, Development, and
Demonstration Authorization Act (ERDDAA), to provide independent scientific and technical advice to
the EPA Administrator on the technical basis for Agency positions and regulations. Advisory functions
include peer review of EPA’s technical documents, such as the Science Report. At the time the peer
review was completed, the chartered SAB was comprised of more than 50 members from a variety of
sectors including academia, non-profit organizations, foundations, state governments, consulting firms,
and industry. To conduct the peer review, EPA’s SAB staff formed an ad hoc panel based on nominations
from the public to serve as the primary reviewers. The panel consisted of 27 technical experts in an array
of relevant fields, including hydrology, wetland and stream ecology, biology, geomorphology,
biogeochemistry, and freshwater science. Similar to the chartered SAB, the panel members represented
sectors including academia, a federal government agency, non-profit organizations, and consulting firms.
The chair of the panel was a member of the chartered SAB.

The SAB process is open and transparent, consistent with the Federal Advisory Committee Act, 5
U.S.C., App 2, and agency policies regarding Federal advisory committees. Consequently, the SAB has
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an approved charter, which must be renewed biennially, announces its meetings in the Federal Register,
and provides opportunities for public comment on issues before the Board. The SAB staff announced via
the Federal Register that they sought public nominations of technical experts to serve on the expert panel:
SAB Panel for the Review of the EPA Water Body Connectivity Report (via a similar process the public
also is invited to nominate chartered SAB members). 78 FR 15012 (March 8, 2013). The SAB staff then
invited the public to comment on the list of candidates for the panel. Once the panel was selected, the
SAB staff posted a memo on its website addressing the formation of the panel and the set of
determinations that were necessary for its formation (e.g., no conflicts of interest). In the public notice of
the first public meetings interested members of the public were invited to submit relevant comments for
the SAB Panel to consider pertaining to the review materials, including the charge to the Panel. Over
133,000 public comments were received by the Docket. Every meeting was open to the public, noticed in
the Federal Register, and had time allotted for the public to present their views. In total, the Panel held a
two-day in-person meeting in Washington, DC, in December 2013, and three four-hour public
teleconferences in April, May, and June 2014. The SAB Panel also compiled four draft versions of its
peer review report to inform and assist the meeting deliberations that were posted on the SAB website. In
September 2014, the chartered SAB conducted a public teleconference to conduct the quality review of
the Panel’s final draft peer review report. The peer review report was approved at that meeting, and
revisions were made to reflect the chartered SAB’s review. The culmination of that public process was
the release of the final peer review report in October 2014. All meeting minutes and draft reports are
available on the SAB website for public access.

C. Updates to the Literature Since Publication of the Science Report

The agencies requested that EPA’s Office of Research and Development (ORD) prepare an
updated summary of the scientific evidence on the connectivity and downstream effects of streams
(ephemeral, intermittent, and perennial) and both floodplain wetlands and open waters and non-floodplain
wetlands and open waters since the publishing of the Science Report. The major conclusions of the
Science Report are discussed in section 1.A.i above.

The goal of this update was to analyze and synthesize the peer-reviewed scientific literature
published in or after 2014, the year determined to correspond with the finalization of the Science Report,
and summarize the updated “scientific understanding about the connectivity and mechanisms by which
streams and wetlands, singly or in aggregate, affect the physical, chemical, and biological integrity of
downstream waters.” Science Report at ES-1.

As discussed in this section, since the publication of the Science Report in 2015, the published
literature has supported the conclusions of the Science Report and has expanded scientific understanding
and quantification of functions that ephemeral streams and non-floodplain waters perform that affect the
integrity of larger downstream, particularly in the aggregate. See also Sullivan et al. 2019a, 2019b, 2020;
CASS 2021. For example, the more recent literature (i.e., 2014-present) has strengthened the scientific
evidence underpinning the findings that non-floodplain wetlands have demonstrable hydrologic and
biogeochemical downstream effects, such as decreasing peak flows, maintaining baseflows, and
performing nitrate removal, particularly when considered cumulatively.
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In addition to the screening process discussed in this section, the agencies also reviewed
additional peer-reviewed literature published in or after 2014, including scientific references that were
provided to the agencies as part of the public comment process for the proposed rule. The review of this
additional literature is discussed in section 1.C.vi. below. EPA’s Science Advisory Board (SAB) also
chose to review the proposed rule, including aspects of the Technical Support Document, for technical
and scientific accuracy. The SAB’s review is discussed in section I.G.

I. Update Process

The specific charge questions addressed in this update are the same as the Science Report (p. 1-1)
report, namely:

A. What are the physical, chemical, and biological connections to and effects of ephemeral,
intermittent, and perennial streams on downstream waters (e.g., rivers, lakes, reservoirs,
estuaries)?

B. What are the physical, chemical, and biological connections to and effects of riparian or
floodplain wetlands and open waters (e.g., riverine wetlands, oxbow lakes) on downstream
waters?

C. What are the physical, chemical, and biological connections to and effects of wetlands
and open waters in non-floodplain settings (e.g., most prairie potholes, vernal pools) on
downstream waters?

Definitions used in this analysis follow the glossary available in the Science Report (i.e., at A-5
onwards) and Appendix B of this document.

ORD subject-matter scientists identified an initial database of 553 scientific peer-reviewed papers
relevant to the specific charge questions (i.e., questions related to the connectivity and/or effects of (a)
ephemeral, intermittent, and perennial streams, (b) floodplain wetlands and open waters, or (c) non-
floodplain wetlands and open waters) (Supplementary Material A). The focal paper citation database
(n=553) was screened for duplicates and provided to EPA’s Health and Environmental Research Online
(HERO) library research service. HERO library science staff conducted a ‘forward-citation mapping’
analysis within the Web of Science (WoS) global citation database for the 553-forward citation-mapping
papers that had identifiers within the WoS. There were 17,044 peer-reviewed scientific papers published
from 2014 onwards within WoS that had cited one or more of the 553 relevant papers provided by ORD.
These 17,044 papers were the set from which all three evidentiary reviews were conducted.

To analyze the updated scientific evidence within the available time frame, ORD scientists
determined to include or exclude articles based on the paper’s relevance to the specific charge questions
through a review of the title and abstract of the scientific articles within the SWIFT-Active Screener
environment (v. 1.061.0514 through v. 1.061.0527, Sciome, LLC., Research Triangle Park, NC). SWIFT-
Active Screener is a software program designed to facilitate collaborative systematic reviews through
application of a machine-learning algorithm that incorporates reviewer feedback (i.e., include/exclude) to
prioritize a population of articles for screening (Howard et al. 2020). Concurrently, a separate model
within SWIFT-Active Screener estimates how many relevant articles remain in the screening pool; ORD
established a target of 95% recall, or “...the percentage of truly relevant documents [to be] discovered
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during screening.” Howard et al. 2020 at 4. These two models within SWIFT-Active Screener provide the
opportunity to rapidly identify and screen the relevant articles from a dataset, in this case 17,044 scientific
papers.

ORD identified 15-20 papers from the 17,044 that were selected as an initial training set for each
of the evidentiary reviews (i.e., ephemeral, intermittent, and perennial streams; floodplain wetlands and
open waters; and non-floodplain wetlands and open waters; Supplementary Material B). These 15-20
papers were identified through preliminary screening as likely relevant (i.e., likely to be included) in the
active learning model, and these papers were moved to the top of the screening prioritization (i.e.,
screened within the 30 papers presented to reviewers). This initiated the model building within SWIFT-
Active Screener; this model was retrained after every 30 papers were screened. Howard et al. 2020. Three
ORD scientists independently screened at least 1,000 scientific papers each for the evidentiary review on
the connectivity and downstream effects of ephemeral, intermittent, and perennial streams. A separate
ORD screening team independently screened at least 1,000 scientific papers each focusing on floodplain
wetlands and open waters; that same team of three also independently screened at least 1,000 scientific
papers each on non-floodplain wetlands and open waters.

During the screening process, ORD scientists read and reviewed the title and abstract (hereafter
abstract) of each paper presented and determined if the paper was relevant to the appropriate charge
question noted above. If papers were determined to be relevant, several additional questions were
presented to the screener to extract further information associated with the charge questions (e.g., the
types of aquatic systems studied, etc.) and the ORD reviewer checked the appropriate boxes based on
knowledge gleaned from the abstract. Importantly, a question specific to the major conclusions of the
Science Report (see sections I.A.i and l.A.ii) was asked of each included paper. For instance, the
screeners assessed abstracts for included papers and considered the following statements for each paper,
having re-familiarized themselves with the full-text major conclusions of the Science Report. Note that
five of the six screeners were co-authors of the Report, and the remaining screener has worked as a
Research Ecologist on this topic since 2012. Thus, the ORD scientists who served as screeners were
subject-matter experts and well-versed in the Science Report and its conclusions, as well as literature that
has been published since the Report’s release. The Report’s conclusions were as follows:

Streams: The scientific literature unequivocally demonstrates that streams, individually or
cumulatively, exert a strong influence on the integrity of downstream waters. All tributaries,
regardless of size or flow duration, are physically, chemically, and biologically connected to
downstream waters and strongly influence their function.

Floodplain Wetlands and Open Waters: Wetlands and open waters in riparian areas and
floodplains are physically, chemically, and biologically integrated with rivers via functions that
improve downstream water quality. These systems buffer downstream waters from pollution and
are essential components of river food webs.

Non-Floodplain Wetlands and Open Waters: Wetlands and open waters located outside of
riparian areas and floodplains, even when lacking surface water connections, provide numerous
functions that could affect the integrity of downstream waters. Some benefits of these wetlands
are due to their relative isolation rather than their connections.
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For this particular question, screeners chose from the following answers: supports findings,
refutes findings, cannot be discerned. The full list of questions asked and possible answers for selection
are listed in Supplementary Material C.

ii. Results
1. Process

ORD subject-matter experts screened the abstracts of 12,659 scientific papers across the three
aquatic system topic areas. Papers were assessed on connectivity and downstream effects of ephemeral,
intermittent, and/or perennial streams (total papers screened = 4,194, 24.6% of the scientific literature
published in or after 2014), floodplain wetlands and open waters (total screened = 4,183, 24.5% of the
presented scientific literature), and non-floodplain wetlands and open waters (total screened =4,282,
25.1% of the presented scientific literature). The total number of papers screened by each reviewer varied
by aquatic system, with stream screeners ranging from 1,200-1,527 papers screened (average = 1,398),
floodplain wetland and open water screeners ranging from 1,273-1,600 (average = 1,394), and non-
floodplain wetlands and open waters ranging from 1,080-2,100 (average = 1,427). ORD screeners did not
reach their SWIFT-Active Screener informed discovery and review target of 95% of the relevant literature
(Howard et al. 2020) for any of the three aquatic systems analyzed. When the SWIFT-Active Screener
recursive model-rebuilding ended for stream systems, 986 of 1,225.5 papers were included for a recall
value of 80.5%. Floodplain wetland and open water systems screeners included 660 papers of a predicted
813.8, a recall value of 81.1%. The calculated non-floodplain wetlands and open water systems recall
value was 89.6%, with 491 papers of 547.8 included.

The vast majority of the relevant papers were found earlier in the process, with fewer and fewer
relevant papers found towards the end (e.g., frequently dozens to hundreds of papers screened prior to
finding a relevant paper to include as the screening process neared completion).

The ratio of included to excluded papers varied between screeners and across the three systems
analyzed. The total included (n=2,137) to excluded (n=10,522) resulted in a ratio of 0.20; the
include:exclude ratio was lowest for non-floodplain wetlands and open waters (0.13, indicating fewer
papers were included), 0.19 for floodplain wetlands and open waters, and 0.31 for stream systems. The
include:exclude ratio across screeners ranged from 0.10 to 0.34. Of the 2,137 total papers included, there
were 2,022 unique papers, as 115 papers were relevant to multiple systems. The 2,022 unique papers are
listed in Appendix C1.

2. Analysis and Synthesis
a. Ephemeral, Intermittent, and/or Perennial Streams

Nine hundred and eighty-six (986) scientific papers published in or after 2014 were included by
the screeners. See Appendix C1. The stream type(s) (e.g., ephemeral, intermittent, perennial, headwater
[first- to third-order streams, can be ephemeral, intermittent, or perennial] for included papers was
discernable in 38% of the papers (n=379; further analyzed below), with 607 papers not sufficiently
descriptive to determine the stream type.
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Across all screened and included papers (n=986), biological connectivity and effects was the
most commonly reported type (=344, or 35%), followed by physical (n=200, 20%) and chemical
(n=163, 17%). Multiple types of connectivity and effects were noted in 265 (27%) papers, with physical
and biological (=122, 12%) and physical and chemical (n=101, 10%) more commonly found than
chemical and biological (n=10, 1%). All three connectivity and effects types were reported in 32 papers
(3%). Thirteen papers were noted as “connection and effects type[s]” could not be discerned, and one
paper was marked as chemical connectivity and effects as well as “effect type cannot be discerned.” The
plurality of the papers were marked as addressing watershed-scales (e.g., cumulative connections and
effects; n=379 or 38%), followed by reach-scale studies (=360, 37%), and “scale not discernable” in 211
papers (21%). Both reach and watershed scales were marked in 32 papers (4%). The location of most
studies (n=613, 62%) was not discernible from the abstract (e.g., a specific geographic location was not
given in the abstract) or noted as outside of the United States. The balance was noted as having sufficient
information in the abstract, such as a place name, to select occurring in the United States or parts thereof
(n=373, 38%). The contributions of climate change, land use, or water use on connectivity and effects of
the aquatic systems were analyzed for each paper. Most papers screened were noted as having no
interacting effects (n=581, 59%), though climate interactions (n=167, 17%) and land use (n=132, 13%)
were frequently noted, as was a combination of interacting effects (n=78, 8%). Water use was noted as an
interacting effect in 28 papers (3%).

The screeners assessed whether the abstract contained sufficient information to support or refute
the major conclusions on stream systems from the Science Report (discussed in sections L.A.i and L.A.ii).
Forty-eight percent (n=471) of the papers were determined to lack sufficient information to assess their
support or refutation vis-a-vis the conclusions. Of the remaining 515 papers, 506 (98%) were found to
support the physical, biological, and chemical connectivity and effects of stream systems on
downgradient waters. Four papers (1%) were marked as refuting the findings, while two were marked as
both supports and refutes the findings. Three additional papers were marked as both supports the findings
and support or refutation “cannot be discerned.”

Analyzing a subset of papers where stream type was discernable to the screeners (379 of 986
papers, or 38%), the majority of the papers with indicated stream type(s) identified headwaters (n=179,
47%). Screeners noted ephemeral in 26 papers (7%), intermittent in 44 (12%), and perennial in 22 (6%),
with the balance of papers a combination of types. Analyzing the 379 papers with known stream types,
biological connections and/or effects were the most commonly reported (=111, 29%), followed by
physical (n=77, 20%), then chemical (n=73, 19%). Fifty-three papers (14%) were noted to have both
physical and biological connections and/or effects, 38 (10%) had physical and chemical, and 21 (6%) had
all three connectivity and effects types. Watershed-scale connectivity and effects were most commonly
marked (n=166, 44%) followed by reach-scale (h=147, 39%) and both reach-scale and watershed-scale
(n=16, 4%). The scale of the study could not be discerned in 50 of the screened papers with a known
stream type denoted (13%). Forty percent of the studies (n=151) were noted as occurring in the United
States or parts of the United States, whereas the location could not be discerned or did not encompass the
United States in 60% (n=228) of the papers. Climate (n=80, 21%) and land use (n=53, 14%) were the
most commonly occurring interactions noted, along with water use (n=11, 3%) and any combination of
interacting effects (n=32, 8%).
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Of the included papers with a known stream type marked (n=379), whether the conclusions
supported or refuted the Science Report could be discerned in 224 of the papers (59%). Based on the
abstracts read, the scientific papers reviewed with known types denoted unequivocally supported the
connectivity and effects of ephemeral, intermittent, perennial, and headwater stream systems with 219
(98%) supporting the major conclusions of the Science Report and one paper noted as refuting the
findings. Three papers were marked as supports and “cannot be discerned” and one paper was marked as
both supports and refutes.

A further analysis was conducted on two smaller paper subsets on ephemeral streams (n=28) and
both ephemeral and intermittent streams (n=70). Twenty-eight were marked as focusing on ephemeral
streams (n=28, i.e., marked as ephemeral [n=26], ephemeral and headwater [n=1], and ephemeral and
“stream type not discernable [n=1]). Of these, 22 papers were noted as supporting the Science Report
major conclusions and zero papers were marked as refuting the findings. Two additional papers noted as
both supporting and “cannot be discerned.” Support or refutation could not be discerned in an additional
four papers.

An additional 70 papers (19%) were demarcated as ephemeral and intermittent (n=14),
intermittent (n=44), headwater and intermittent (n=11), and headwater plus ephemeral and intermittent
(n=1). Support or refutation was discerned in 35 of those papers. The data presented to the screeners in
the abstracts were sufficient for all 35 (100%) to be denoted as supporting the major conclusions of the
Science Report, namely that these systems were physically, chemically, and/or connected to and exerted a
strong influence on downgradient waters.

b. Floodplain Wetlands and Open Waters

Based on the content of the abstracts read by the screeners, six hundred and sixty (660) scientific
papers published in or after 2014 were included for analyses. Of these, 62% (n=406) were noted as
focusing specifically on floodplain (or riparian) wetlands and open waters (further analyzed below), 31
(5%) on riverine (i.e., within channel) systems, 92 (14%) addressed multiple wetland types (e.g., riverine,
floodplain wetlands, non-floodplain wetlands, etc.), and 33 (5%) lacked sufficient information to discern
the aquatic system.

Biological connections and effects were noted as the most commonly occurring in the papers
reviewed (n=195, 30%), followed by chemical (n=144, 22%) and physical (n=143, 22%). Multiple
connections and effect types were frequently noted, with both physical and chemical most common
(n=103, 16%), followed by physical and biological (n=34, 5%), and chemical and biological (n=10, 2%).
Eighteen papers (3%) were marked as having all three types of connections and effects, and 13 papers
(2%) were noted as connection and/effect type could not be discerned.

The scale of most screened and included papers were individual functions, connections, and
effects (n=174, 26%) and landscape-scale analyses (n=162, 25%); 123 papers were marked as addressing
both scales (19%). Fifty-three papers (8%) focused on watershed-scale analyses, while 57 (9%) noted
both an individual and watershed-scale focus, 57 (9%) addressed landscape- and watershed-scales, and 14
(2%) addressed all three listed scales. Twenty-six papers (4%) lacked sufficient information for screeners
to note scale, and one paper noted both landscape-scale and “scale not discernable.” Thirty-nine percent
(n=254) of the papers emanated from studies in the United States, whereas the balance (n=406) either
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were outside of the United States or the study location could not be discerned from the abstract. Most
papers did not have interacting effects noted (n=567, 86%), though 34 papers noted climate and 33 land
use (5% each). Both water use and any combination of the three interacting effects were noted to occur in
13 papers (2% each).

The Science Report concludes that wetlands and open waters in riparian areas and floodplains are
physically, chemically, and biologically integrated with rivers through functions that affect downstream
water quality. Based on the abstracts reviewed from scientific papers published in or after 2014, 449
papers presented sufficient material in the abstract relative to this finding. Of those papers, 95% (n=427)
supported the conclusion, with another 3% (n=12) marked as supports and cannot be discerned. Seven
papers (2%) were noted as both supporting and refuting, two papers were marked as refutes and cannot be
discerned, and one paper was marked as refuting the major conclusions.

Focusing specifically on a subset of papers with the aquatic system type noted as floodplain
wetlands and open waters (n=406), these focal aquatic systems were found to mainly connect and/or
affect flowing waters through biological connections and effects (n=123, 30%), followed by physical
(n=85, 21%) and chemical (n=81, 20%) connections and effects. Both physical and chemical connections
were noted on 76 papers (19%), followed by physical and biological (=25, 6%), and chemical and
biological (n=5, 1%). All three connectivity and effects types (n=7, 2%) were found infrequently, and
connection and effect type were not discernable in four papers (1%).

Individual system-scales of analyses was the most commonly selected scale (n=121, 30%),
followed by landscape-scale (n=76, 19%); both were pipped in 96 papers (24%). Watershed-scale studies
were noted in 29 cases (7%), and both individual and watershed-scales in 41 papers (10%), and
landscape- and watershed-scales in 22 papers (5%). All three scales of analysis were denoted in nine
papers (2%), whereas no scale was discernable in twelve papers (3%).

Findings related to the major conclusions of the Science Report were discerned in 298 of the 406
papers that focused on floodplain wetlands and open waters (74%). Of those 298 papers, 98% were found
to support the findings on the interrelatedness and connectivity of floodplain wetlands and open waters
with rivers. Four papers (1%) were marked as both supporting and “cannot be discerned.” Two papers
(1%) were noted as both supporting and refuting the major conclusions.

C. Non-Floodplain Wetlands and Open Waters

Four-hundred and ninety-one (491) scientific papers published in or after 2014 were included by
the screeners, and 51% (n=250, further analyzed below) were marked as explicitly focusing on known
non-floodplain wetland types. A further 113 (23%) were marked as either multiple wetland types and
spatial locations, and 20 (4%) had both “explicitly about known non-floodplain wetland type” and
“multiple wetland types” marked. Six papers were marked as both multiple wetland types and wetlands
type not discernable (1%). Wetland type was not discernable in 102 included papers (21%).

Physical connectivity and/or effects were most commonly noted (n=160, 33%), followed by
biological connectivity and/or effects (n=147, 30%), and chemical connectivity and/or effects (n=90,
18%). Multiple connectivity and/or effects were frequently marked (n=82, 17%), with all but four (1%
noted as chemical and biological) including physical connectivity and/or effects (e.g., 48 papers marked
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as addressing physical and chemical effects, 12 papers addressing physical and biological, and 18 papers
including all three connectivity types). The frequency of physical connectivity and effects was likely a
result of surface, shallow subsurface, or groundwater serving as the physical medium directly connecting
non-floodplain wetlands to downgradient systems. Surface water, shallow subsurface water, or
groundwater also serves to functionally connect non-floodplain wetlands, for instance by mobilizing
dissolved or entrained materials into non-floodplain wetlands whereby lags, transformation, or sink
functions affecting downgradient systems occur. Leibowitz et al. 2018.

The plurality of papers (n=182, 37%) addressed landscape-scale types of connections and effects
(e.g., connections, functions, and/or effects on other features, such as a stream). One hundred and two
papers (21%) focused on watershed-scale downgradient or downstream cumulative connections,
functions, and/or effects, while 75 papers (15%) were noted as addressing functions or scales associated
with individual wetland and open waters. Fifty-seven (12%) addressed individual and landscape scales
while 40 were marked as both landscape and watershed connections (8%). Twelve were marked as
individual and watershed scales (2%), five were noted as a combination of all three scales (1%), and 18
(4%) did not have scale discernible from the abstracts. Fifty-two percent (n=257) were marked as being
conducted in the US or parts thereof. Sixty-five percent (n=317) lacked interacting effects while 17%
(n=81) involved climate effects and 12% (n=61) addressed land use effects. Seventeen papers (n=4%)
addressed water use and fifteen papers (3%) addressed some combination of the three effects.

Two hundred and thirty papers (47%, n=230) of included scientific papers (n=491) presented
sufficient information in the abstract to assess findings vis-a-vis the major conclusions from the Science
Report. Of the 230 papers assessed, 97% (n=223) were marked as supporting the findings of the Science
Report. Three papers (1%) were noted as refuting the findings, two papers (1%) were noted as both
supporting and refuting, and two papers (1%) were noted as supporting and “cannot be discerned.”

There were 250 papers (51% of 491 included papers) marked as explicitly focusing on known
non-floodplain wetland and open water types. Of these papers, most were noted as having physical
connectivity and effects (n=89, 36%) followed by biological (=68, 27%), and chemical (=53, 21%);
connection and/or effect type(s) were not discernable in seven papers (3%). Twenty papers were noted as
addressing physical and chemical connectivity and effects (8%), with two each of physical and chemical
or biological and chemical (1% each). Nine papers (4%) addressed all three connectivity and effects
types. The scale of the included studies specific to non-floodplain wetland types tended towards
landscape-scale papers (n=86, 34%), followed by watershed-scale papers (n=46, 18%), and individual
wetlands and waters were noted as the paper focus in 45 instances (18%); 10 papers were marked as
“scale not discernable” by the screeners (4%). Thirty-six papers (14%) were noted as addressing both
individual and landscape-scale analyses, while 15 (6%) were marked as both landscape- and watershed-
scale, and eight (3%) marked as individual and watershed-scale. Four papers (2%) were noted to be a
combination of all three scales. Sixty percent (n=149) of the papers noted research was conducted in the
United States or parts of the United States. Most papers (n=154, 62%) did not include an interacting
effect. Forty-five papers addressed climate interactions (18%), 35 addressed land use (14%), six
addressed water use (2%), and 10 papers had a combination of interacting effects.

Major conclusions from the Science Report on the connectivity and effects of non-floodplain
wetlands and open waters on downstream waters state that these systems provide numerous functions that
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could affect the integrity of downstream waters, and that some benefits of these wetlands emerge from
their relative isolation (or disconnectivity) rather than their connections. The finding was supported when
sufficient information was available in the abstract to assess. Across papers marked as explicitly focusing
on known non-floodplain wetland types and sufficiently descriptive to assess the findings vis-a-vis the
major conclusions (n=133 of 250), 99% of all papers (n=131) were found to support the findings, with
one paper marked as both supporting and refuting the findings, and one paper noted to refute the findings.

iil. Discussion

The goal of this summary review of the scientific evidence was to analyze and synthesize the
peer-reviewed scientific literature (published in or after 2014) and to provide updates on the “...scientific
understanding about the connectivity and mechanisms by which streams and wetlands, singly or in
aggregate, affect the physical, chemical, and biological integrity of downstream waters.” Science Report
at ES-1. As noted, the summarized state-of-the-science in the Science Report is given in sections I.A.i and
I.A.ii; updated assessments of the state of the science were peer-reviewed and published as a Featured
Collection in the Journal of the American Water Resources Association. Alexander et al. 2018; Fritz et al.
2018; Goodrich et al. 2018; Lane et al. 2018, Leibowitz et al. 2018; Schofield et al. 2018.

The analysis by ORD subject-matter experts summarized in this document was conducted over a
six-week period and consisted of reviewing the titles and abstracts of identified peer-reviewed literature
published in or after 2014. The resulting citation database, with analysis of trends and illustrative
summaries of abstracts for papers published since 2014, confirm that recent research reinforces the major
conclusions of the Science Report, and that this report remains the authoritative standard regarding the
connections, disconnections, and resulting effects between the nation’s streams, rivers, lakes, estuarine
systems and seas, and the focal aquatic systems summarized here: (a) ephemeral, intermittent, and
perennial streams, (b) riparian or floodplain wetlands and open waters, and (c) wetlands and open waters
in non-floodplain settings.

The screening process recovered a number of papers that directly addressed data gaps or needs
identified in the Science Report and identified meaningful trends in the scientific literature published in or
after 2014. For instance, the scientific literature published in or after 2014 on the downgradient
connectivity and effects of non-floodplain wetlands and open waters has notably and markedly expanded
the total available literature on these systems. Research published in or after 2014 has seen an increase in
studies on connectivity and effects across multiple spatial scales, from individual systems to landscape-
and watershed-scale findings reviewed here support the findings of the Science Report as well as fill data
gaps. For example, 133 papers reviewed were marked as specifically focusing on a known non-floodplain
wetland and/or open water and sufficiently descriptive to address the major conclusions. Of those, 99%
(n=131) were reported to support the conclusions of the Science Report, noting the nutrient removal,
flood-peak attenuation, base-flow maintenance, and habitat functions of non-floodplain wetlands and
open waters affecting downgradient aquatic systems. These scientific advancements now provide a solid
scientific foundation that builds upon the Scientific Report’s conclusions on wetlands and open waters in
non-floodplain wetland settings. Based on the abstracts reviewed here, and on a recent review by Lane et
al. (2018) which also updated the Science Report, the literature demonstrates that non-floodplain
wetlands and open waters, particularly when evaluated in the aggregate, have substantive effects on
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downstream waters through hydrological, biogeochemical, and biological connectivity pathways and
gradients, performing functions affecting downstream water integrity.

The Science Report concludes that all tributaries, including ephemeral and intermittent systems,
are demonstrably and conclusively connected downgradient through physical, chemical, and biological
pathways. Nearly 100 scientific papers published in or after 2014 specifically addressing the connectivity
and effects of ephemeral and intermittent stream systems were identified through the screening process
(98 papers; 28 ephemeral stream studies plus 70 ephemeral and intermittent stream studies). When
sufficient information in the abstracts from which to draw conclusions was available (57 papers), 100% of
the papers were noted by abstracts reviewed here to support the finding that these stream systems,
individually and cumulatively, exert a demonstrative effect on downstream waters. These additional
papers further underpin while continuing to advance the scientific findings specific to ephemeral and
intermittent systems.

Likewise, riparian and floodplain wetlands and open waters were found in the Science Report to
be integrated with and connected to downgradient waters through processes that improve water quality,
recharge groundwater, and attenuate storm flows. In this analysis, 98% of 298 scientific papers published
in or after 2014 that explicitly focused on floodplain wetlands and open waters were found to support the
Science Report, underlining the connections between and multiple functions performed by floodplain
wetlands and open waters directly affecting downgradient rivers, streams, lakes, and other larger waters.

The abstracts reviewed for this analysis included studies conducted outside of the United States.
This research was reviewed to investigate the validity of scientific principles developed from studies
inside the United States by comparing them to principles developed from research on similar systems in
other locations. For example, studies on the Canadian Prairie Pothole Region encompass wetlands north
of the Prairie Pothole Region in the United States that are part of the same ecoregion, and provide insights
into the intrinsic functions of similar wetlands in the United States that are generally more drained or
filled for agriculture and other purposes. In addition, research on ephemeral streams in arid regions of
Australia can be informative of the functions of similar ephemeral streams in arid portions of the United
States.

The sections below provide a scientific narrative on the connectivity, functions, and effects of the
three aquatic systems on downgradient rivers, streams, and other larger waters that draws on findings
from the screening, as well as the available scientific literature. The screeners identified papers within
each of the three focal systems analyzed wherein connectivity and/or effects were illustrative; these
papers were noted and a plain-text assessment of their content provided in Appendix C2. Incorporation of
additional peer-reviewed scientific literature places the summary review in the context of the existing
scientific knowledge on the connectivity and effects of ephemeral, intermittent, and perennial streams,
floodplains and open waters, and non-floodplain wetlands and open waters on downstream waters. After
contextualizing the findings, the few papers found in the screening of the titles and abstracts marked as
disagreeing with the findings of the Science Report are discussed. This section concludes with a note on
the benefits and limitations of this analysis.
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1. Ephemeral, Intermittent, and Perennial Streams

The Science Report, as well as the peer-reviewed updated synthesis of the scientific literature by
Fritz et al. (2018), Schofield et al. (2018), and Goodrich et al. (2018), conclude that the scientific
evidence unequivocally demonstrates that streams, including ephemeral, intermittent, and perennial
streams and rivers are physically, chemically, and biologically connected to downstream rivers via
channels and associated alluvial deposits. The scientific evidence in the Science Report (and Fritz et al.
2018, Schofield et al. 2018, Goodrich et al. 2018) notes that streams, individually or cumulatively, exert a
strong influence on the integrity of downstream waters, and that all tributaries, regardless of size or flow
duration, are connected to and strongly influence the functioning of downstream waters. ORD’s analyses
of 4,194 relevant abstracts published in or after 2014 supports these findings.

The past seven years of published, peer-reviewed scientific literature have seen an increased
research focus on the extent, abundance, connectivity, and effects of these flowing water systems. For
instance, though Horton (1945) established that headwater streams are the most abundant components of
the fluvial network, recent estimates suggest that nearly 89% of global stream longitudinal extent is
comprised of headwater stream systems. Allen et al. 2018. In the United States, headwater stream systems
represent ~50-80% of the total currently mapped conterminous United States stream length (Nadeau and
Rains 2007; Hill et al. 2014; Colvin et al. 2019), certainly an underestimation of headwater stream
abundance (Fesenmyer et al. 2021). For instance, Fritz et al. (2013) analyzed nine forest watersheds and
determined that the high-resolution (1:24,000-scale or better) National Hydrography Dataset (NHD)
depicted only 21-33% of the actual linear stream network length in seven of the nine watersheds.
Fesenmyer et al. (2021) recently coupled the high-resolution NHD with a contributing area threshold
model, concluding that 48% of stream length in the conterminous United States is likely ephemeral (43-
56%, depending on flow-area characteristics).

Ephemeral, intermittent, and perennial stream networks are hydrologically connected to
downstream systems, from the source area of headwaters to the flowing waters connected downgradient,
to their terminus at endorheic lakes or estuarine systems. For instance, headwater streams supply the
majority of flow in most river systems. Alexander et al. 2007; Fritz et al. 2018. By providing flows to
higher-order systems that comprise the full watershed network, headwaters directly connect to and affect
downstream waters.

Flow response in headwater streams from precipitation varies regionally, affected by
transmission, evaporation, transpiration, and groundwater recharge. The headwater streamflow response
to precipitation and downgradient volume contributions can be nonlinear, with substantial increases (and
decreases) in flow volumes as headwater-drained contributing areas become active on the rising limb and
inactive on the falling limb of the hydrograph. McGuire and McDonnell 2010; Bergstrom et al. 2016. For
instance, van Meerveld et al. (2019) noted that travel times (e.g., of water, material in the stream network,
etc.) changed based on stream-network extension (during periods of higher precipitation) and retraction
(during periods of lower precipitation). Travel times were skewed towards shorter, faster transit of
dissolved and entrained materials during wetter periods as the stream network fully reconnected and
longer, more uniform travel times during drier periods as the network retracted.

The spatial and temporal distribution of river network connectivity is a primary nonlinear control
on the network’s precipitation-runoff response. Bachmair and Weiler 2014. When water begins to flow in
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headwater tributaries and longitudinally connect with other parts of the network, their confluence with
larger-order streams can have profound effects on the receiving system due to the abrupt increase in
water, sediment, wood, and other entrained materials. Benda et al. 2004a; Xu 2016. For instance,
sediments from ephemeral tributaries provided important salmonid habitat in downgradient waters in a
study in the United Kingdom. Marteau et al. 2020. Reconnecting a tributary to downgradient receiving
waters increased sediment yield to the receiving water by 65%. Marteau et al. 2017.

As the network contracts and disconnects during hydrograph recession, streams that were
temporarily higher-order systems (e.g., stream order 2+, depending on flow characteristics) revert to
performing headwater stream functions. Phillips et al. 2011. Godsey and Kirchner (2014) demonstrated
the dynamism of headwater networks, mapping a 2.6 to 7.5-fold increase in both flowing network lengths
and drainage densities in four drainages between fall (dry conditions) and spring (wet conditions).
Surface-flow disconnected, low-order stream reaches may also function similarly to ponded or perched
wetland systems (e.g., Rains et al. 2006) until network re-wetting and subsequent expansion. For
instance, Gallo et al. (2020) found Arizona streams in their study area — which were noted to be important
groundwater recharge systems — were highly variable in their expansion and retraction. Streams supported
flowing waters for 0.6-82.4% of the time, but water was present for 4-33x longer than the stream flow
(from 10-301 days) likely providing habitat, a water source, aquatic refugia, and a biogeochemically
active area.

The dynamic nature of headwater streams and downgradient connectivity is well-supported in the
literature — headwater streams are neither spatially nor temporally invariant but rather dynamic systems
that expand, contract, fragment, and reconnect across predictable spatial and temporal scales. Hewlett and
Nutter 1970. The heterogeneity of dynamic flow paths creates storage and (subsequent) flow asynchronies
by ephemeral, intermittent, and perennial stream systems, by delaying and attenuating downgradient
storm flows and maintaining baseflows. Saco and Kumar 2002. Similarly, the variability in vulnerable
water source area expansion and contraction (i.e., parts of watersheds that generate overland flow)
produces subsequent variability in the timing of headwater stream connectivity at the reach-scale. The
connectivity response by ephemeral, intermittent, and perennial streams thereby affects the timing and
magnitude of watershed-scale hydrological fluxes in non-linear ways. The convolution of these diverse
vulnerable water storages and flows across watersheds imparts hydrological stability, deepening the
aquatic network’s resistance to drought and deluge perturbations See, e.g., Chezik et al. 2017; Li 2019;
Rupp et al. 2021.

Headwater streams without apparent surface flow often have complex and abundant hyporheic
flow that maintains a downgradient hydrological connection, supports characteristic surface flows
(Covino 2017; Magliozzi et al. 2018), and maintains habitats. In fact, Stanley et al. (1997) noted that in
arid environments, streams and rivers unconstrained by valley topography may have zero surface flow for
weeks to months yet flow in the hyporheic zone for thousands of meters before reconnecting with (and
hence directly affecting) the surface-flowing network. Ebersole et al. (2015) found that even where they
do not provide direct habit for salmon themselves, ephemeral streams can contribute to the habitat needs
of salmon by supplying sources of cold water that these species need to survive (i.e., by providing
appropriate physical conditions for cold water upwelling to occur at river confluences), transporting
sediment that supports fish habitat downstream, and providing and transporting food for juveniles and
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adults downstream. Similarly, Kelson and Carlson (2019) determined that groundwater discharge to
tributaries in California were important in supporting steelhead trout habitat, especially during dry years.

Many organisms use and connect the entirety of the stream network, including ephemeral,
intermittent, and perennial reaches. Schofield et al. 2018. Koizumi et al. (2017) found that a small
tributary dried during the summer, yet four months after resuming flow, >10,000 immature fish of three
species (including rainbow trout) were found using the stream. Samia and Lutscher (2017) showed that
upstream habitats are important refugia maintaining organisms (i.e., fish), especially those with high
dispersal abilities, during hydrologic disturbances (e.g., droughts, floods). Upstream systems, such as
headwater streams, contribute to downstream protist and rotifer community persistence and stability in the
face of disturbances. Seymour et al. 2015. Teachey et al. (2019) reported that a microbial study in
Georgia showed that upgradient systems repeatedly enriched (or repopulated) down-stream systems,
contributing to the stability of the aquatic network. Similarly, variation in stream networks and habitat
mosaics across a large, free-flowing watershed in Alaska was shown to support Pacific salmon
populations by maintaining resilient natal and juvenile rearing habitat in face of climatic and other
perturbations. Brennan et al. 2019. In some cases, headwater stream networks and dispersal dynamics
increase or decrease genetic diversity, which was found by Chiu et al. (2020) to also depend on
metapopulation (i.e., a group of spatially distributed populations) characteristics of macroinvertebrates.

Headwater streams are biogeochemical reactors within hydrologic networks, transforming and
sequestering materials affecting downgradient physical and chemical characteristics and concentrations
along the full aquatic network. Sanford et al. 2007; Creed et al. 2015; Fritz et al. 2018. The full extent of
the draining river network routes significant material fluxes from the terrestrial landscape into the
watershed’s aquatic ecosystems via overland flow and other dispersed flow paths. Sabo and Hagen 2012;
Li 2019. Headwater streams affect the variability of downgradient network exports, such as carbon (e.g.,
Creed et al. 2015, Senar et al. 2018), with effects increasing with flow magnitude, drainage density
expansion, and hydrogeochemical interactions.

Concomitant with the longitudinal expansion and contraction as well as varying lateral and
hillslope connectivity (e.g., Jencso et al. 2009), headwater streams function as both sinks and sources of
carbon, nitrogen, dissolved organic matter, and sediment in flowing hydrologic networks. Minshall et al.
1983, Benda et al. 2004b, Creed and Beall 2009, Phillips et al. 2011. These biogeochemical functions can
markedly affect downgradient metabolism, trophic states, and integrity. Creed et al. 2015; Ali and English
2019; Fovet et al. 2020. For instance, dissolved organic material varies in its carbon lability and forms a
basis for energy inputs supporting stream and river metabolism. The conveyance and sequestration of
heterogenous dissolved organic material by headwater streams affects the state of downgradient systems.
Lynch et al. 2019. For example, Creed et al. (2015) demonstrated high spatial heterogeneity and temporal
variability in dissolved organic material in headwater streams across the United States, noting that storm
events affected organic-material inputs into headwater streams. These ephemeral, intermittent, and
perennial streams were sources of dissolved organic material during storm events, with mineral-soil flow
paths rapidly transitioning to rich organic-soil flow paths. Mooney et al. (2020) noted that smaller
tributaries connected to the Great Lakes and provided disproportionately high nutrient loads (biased
towards dissolved inorganic forms) than expected for their relative area. Marcarelli et al. (2019) similarly
analyzed over 2,800 tributaries to Lake Superior, finding these ephemerally, intermittently, or perennially
flowing waters were detectable nutrient and organic-matter sources, contributing the bulk of these
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constituents to the lake during snow-melt driven flows in the winter and spring and rain-driven flows
during the other times of the year. lowa tributaries contributed excessive nitrate to the Gulf of Mexico
(Jones et al. 2018c). Volumetric mixing and dilution suggest the biogeochemical influence of headwater
streams on downgradient systems and disturbance-mitigation capacity may wane with increasing tributary
contributions and stream order in the flowing network. See, e.g., Vannote et al. 1980; Benda et al. 2004a;
Kellman 2004; Covino 2017.

Research has shown that headwater stream systems can readily remove nitrogen (e.g., up to 50%
of dissolved inorganic nitrogen; see, e.g., Cooper 1990; Ranalli and Macalady 2010), and headwater
biogeochemical processing rates are most efficient at low flows. See, e.g., Alexander et al. 2007; Preston
et al. 2011. Scanlon et al. (2010) noted that low-order streams “dominate the overall removal of nitrogen,
primarily due to the large portion of the network that is composed of these headwater reaches.”
Christensen et al. (2013) reported down-stream nitrogen concentrations were primarily a function of
inputs at headwater stream reaches, with stream-buffer removal effectiveness decreasing markedly with
increasing stream size. Schmadel et al. (2019) reported highest nitrogen removal in headwater stream
systems, though the removal efficiency varied across river networks of the Mid-Atlantic and New
England. In-channel denitrification was more efficient within first-to-third order streams as they removed
~8% of the nitrogen versus 16% in first-to-fifth order streams. Alexander et al. 2007; Wollheim et al.
2008. French et al. (2020) found that smaller headwater stream systems in Alaska played a
disproportionately important role in predicting stream chemistry through the river network. Similar
findings were reported in a European study by Abbott et al. (2018). Shogren et al. (2019) reported the
dominant spatial scale for controlling organic carbon and inorganic nutrient stream concentrations were
(headwater) watersheds of 3-30 km? in area.

Biogeochemical dynamics in headwater stream systems that are longitudinally, laterally, and
vertically expanding, contracting, and mixing with groundwater or hyporheic flow for thousands of
meters affects downgradient systems. Covino 2017. Nutrient inputs to headwater streams are removed
through multiple pathways, including abiotic and biotic processes that either sequester or transform
nutrients as they move to downgradient systems. Hedin et al. 1998; Bernhardt et al. 2005. Stanley et al.
(1997) noted that the occurrence of nitrification in headwater streams and arid river hyporheic zones
stimulated microbial and algal productivity for hundreds of meters downgradient of stream
(re)emergence. Hyporheic exchange flows are predominantly a function of headwater stream systems and
“play a significant role in biogeochemical cycling (e.g., [carbon]) and nutrient availability and
transformation, ecological food webs, and habitat for diverse organisms.” Magliozzi et al. 2018 at 6163.

It is evident that flow variability emerging from ephemeral, intermittent, and perennial stream
network storage and their source areas is asynchronously connected over time and space and maintains an
adaptive downgradient system, resilient to watershed-scale perturbations. See, e.g., Moore et al. 2015;
Chezik et al. 2017; Rupp et al. 2021. Watershed properties (e.g., Klaus et al. 2015) coupled with
precipitation patterning (e.g., Jencso et al. 2009) affect headwater stream storage and flows (Ward et al.
2018), with downgradient implications. Ephemeral, intermittent, and perennially flowing waters create a
varied mosaic of aquatic habitats that are connected over space and time, through surface, near-surface
(e.g., hyporheic), and groundwaters to affect downgradient stream communities. See, e.g., Ebersole et al.
2015; Schofield et al. 2018; Kelson and Carlson 2019; Chiu et al. 2020. Alterations affecting the
synchrony of timed storage and fluxes from headwater streams at the reach-scale similarly decrease
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network-scale resilience to hydrologic disturbance. Headwater streams also incontrovertibly affect
downgradient systems through export of food resources (Schofield et al. 2018) and biogeochemical
processing and functioning. Headwater streams affect the delivery, timing, and concentrations (see, e.g.,
Enanga et al. 2017, Senar et al. 2018) of entrained materials into downgradient waterways, with changes
in timing and concentration amplified by the interaction between climate, drainage areas, and the
receiving headwater stream systems. Mengistu et al. 2013a; Mengistu et al. 2013b.

2. Floodplain Wetlands and Open Waters

The Science Report concludes that floodplain wetlands and open waters are physically,
chemically, and biologically integrated with rivers via functions that improve downstream water quality.
Among other functions, the Science Report notes that these systems buffer downstream waters from
pollution through biogeochemical processing and sedimentation, desynchronize floodwaters and thereby
decrease flood magnitudes, and are essential components of river food webs. Our analysis of the titles and
abstracts of 4,183 papers published in or after 2014 supports the findings of the Science Report.

Floodplain wetlands and open waters are integrated with streams and rivers through surface and
groundwater interactions and exchanges. Surface water interactions occur when riverbanks are
overtopped and the floodplain, including wetlands and open waters, is inundated. Groundwater
connectivity occurs through discharge from the floodplain system to the flowing water network, as well as
recharge from the flood-induced inundation events. Covino 2017. For instance, Webb et al. (2017)
reported floodplain inundation occurred during only 12% of their study period yet contributed to 72-76%
of the groundwater discharge (to the river network). Inundation events often provide nutrient-laden
floodwaters to floodplain wetlands and open waters wherein both physical settling and biogeochemical
processing occurs. Gordon et al. (2020) reviewed the literature and found that floodplains remove an
average of 200 kg-N ha yr of nitrate and 21 kg-P ha™* yr? of total or particulate phosphorus; their
synthesis reported that floodplain wetlands are most effective when located within river systems with
higher nutrient loads. Dwivedi et al. (2018), who analyzed Colorado River riparian areas, demonstrated
that reduced zones (i.e., areas low in sediment oxygen, such as wetlands) in the floodplain had 70%
greater nitrate removal capacity than non-reduced zones. Scott et al. (2014) analyzed nitrate removal in
the Atchafalaya River floodplain during a 2011 major flood event, noting that ~75% nitrate reduction
occurred within the floodplain, reducing total nitrate delivered downgradient by 17%. A similar result was
found by Macdonald et al. (2018), who noted nitrate reduction from floodplain systems as important for
protecting local drinking water supplies. Gillespie et al. (2018) analyzed sedimentation, nutrient loading,
and mineralization in floodplain systems of the Valley and Ridge physiographic province in the United
States and found that nutrient and sediment removal in floodplain systems improved downgradient water
quality. Jensen and Ford (2019) coupled high-resolution water quality data and simulation modeling to
assess the physical (e.g., hydrologic, hydraulic) and biogeochemical processes affecting nitrate cycling in
a confluence floodplain wetland along the Ohio River (June 2017-June 2018). Despite the wetland
comprising only 0.42% of the overall watershed drainage area, 2.6% to 58.5% of the annual nitrate loads
entering the wetland were removed by the wetland. Longer water residence times in the wetland and less
frequent connectivity with the river (and its oxygenated waters, which decrease denitrification rates)
allowed nitrate removal to occur at higher rates. The findings by Jensen and Ford (2019, p.1545)
“demonstrate the significance of [wetland] connectivity [and disconnectivity] on watershed nitrate
loadings to floodplain wetland soils.”
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Floodplain wetlands and open waters are intimately connected to riverine food webs. Rees et al.
(2020) studied riverine food webs through isotopic analyses, noting that floodplain-derived carbon
following floodplain inundation was incorporated into the riverine food webs and was measurably found
for up to four months following the flood peak. Battauz et al. (2017) noted that floodplain open waters
were often highly vegetated with floating and emergent plants serving as zooplankton sources for
downgradient waters when reconnected by flood events. Zooplankton are important food web
components, and over 70 different zooplankton species were found on roots and submerged parts
awaiting the proper environmental cues to emerge.

Floodplain wetlands and open waters are important habitats. Pyron et al. (2014, p.14) sampled
and examined fish assemblages in 41 floodplain open waters and wetlands in the Ohio River Basin. Their
results demonstrated “that floodplain lakes in the Ohio River basin contain high species richness and are
important habitats to conserve because they have the potential to act as source pools for river fish
populations.” Carlson et al. (2016) noted that backwater habitats in the Missouri River flowing through
South Dakota and Nebraska provided floodwater refugia, important for maintaining fish assemblages.
Martens and Connolly (2014) found seasonally disconnected side channels (i.e., floodplain open waters)
resulted in improved survival for juvenile salmon during periods of disconnection. Upon reconnection
with the main channel, the previous cohort would rejoin the main population while new young of year
salmon would move into the side channels.

Floodplain wetlands and open waters also exert significant controls on downgradient stream
temperature, impacting in-stream refugia. Dick et al. (2018) analyzed riparian wetlands and found that in
periods of high river and riparian wetland connectivity (i.e., inundation), the coupled saturation and
connectivity decreased the relative importance of the riparian wetland for temperature regulation.
Conversely, dry periods with less river and riparian floodplain hydrologic connectivity were found to be
important periods of distinctions between river water and riparian wetland temperatures (e.g., lower-
temperature waters were coming from the riparian wetland to the riverine system).

High river flows can create downgradient flood hazards. Flow through floodplain wetlands and
open waters slows river flows, desynchronizing floodwaters and mitigating flood magnitude effects. Quin
and Destouni (2018) found that watersheds comprised of approximately 15% lakes and 0.5% floodplain
wetlands decreased the streamflow variability to around 10-15%, compared to areas without lakes or
floodplain wetlands, which had approximately 20-25% higher streamflow variabilities due to low
landscape water storages. Similarly, Fossey et al. (2016) incorporated floodplain wetlands into a
hydrological model, reporting that floodplain moderation of high flows (and support of base flows)
occurred in proportion to the frequency of floodplain connectivity. Floodwaters significantly expand the
connectivity of the stream, riparian, and non-riparian wetlands. Vanderhoof et al. (2016) analyzed
remotely sensed data, finding that surface waters connected stream networks and wetlands from 90 m to
1,400 m, depending on the (Upper Midwestern) ecoregion. Most of the stream and wetland connectivity
occurred through riparian (i.e., floodplain) wetlands.

Physical, chemical, and biological connectivity and effects by floodplain wetlands and open
waters were found abundantly in the screened scientific literature that was reviewed. The peer-reviewed,
scientific literature strongly supports the findings that floodplain wetlands and open waters are intimately
connected to and affect downstream waters.
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3. Non-Floodplain Wetlands and Open Waters

The Science Report concludes that wetlands and open waters located outside of riparian areas and
floodplains (i.e., non-floodplain wetlands and open waters), even when lacking surface water connections,
provide numerous functions that can affect the integrity of downstream waters. The report further noted
that the literature at that time (circa 2014) was insufficient to provide a definitive conclusion regarding the
connectivity and effects of specific classes or groups of non-floodplain wetlands, with notable exceptions
(for example, the Report concludes that non-floodplain wetlands situated between a pollution source and
a downstream water, intercepting the [surface or near-surface] flowpath, do affect downstream waters
through sink functions). However, substantive scientific advances since the publication of the Science
Report have focused on the connectivity and effects of non-floodplain wetlands (e.g., Creed et al. 2017),
which recent studies conclude comprise approximately 16% of existing total freshwater-wetland areal
extent in the conterminous United States. Lane and D'Amico 2016.

Based on this analysis of 4,282 scientific peer-reviewed papers published in or after 2014, it is
evident that non-floodplain wetlands — individually and in the aggregate — are connected to and can affect
the physical, chemical, and biological conditions and characteristics of downgradient waters (e.g.,
streams, rivers, and lakes). As noted in an updated 2018 analysis and synthesis on the connectivity and
effects of non-floodplain wetlands, Lane et al. (2018) stated that peer-reviewed scientific research in
hydrological modeling, remote sensing analyses, field-based observations, and coupled field and remote-
sensing studies were sufficiently advanced to conclude that all non-floodplain wetlands were
unequivocally interconnected with stream and river networks. See, e.g., Marton et al. 2015, Cohen et al.
2016, Rains et al. 2016, Calhoun et al. 2017, Creed et al. 2017. They further noted that connectivity of
non-floodplain wetlands and open waters occurs along a gradient (see also Science Report at 1-4) and:

“varies in frequency, duration, magnitude, and timing [and that this] complex landscape-scale
connectivity, in turn, affects water and material fluxes — the resultants of substantial
hydrological, physical, and chemical functioning in NFWs [non-floodplain wetlands] — that
modify the characteristics and function of downstream waters...”

Lane et al. 2018 at 363.

The findings noted in the cited literature above plus the literature we reviewed for this evidentiary
summary (published in or after 2014) demonstrate that non-floodplain wetlands, particularly when
analyzed in the aggregate, are connected to and can exert a substantive and important influence on the
integrity of downstream waters through notable functions affecting downgradient systems including
hydrological lag and storage functions (i.e., affecting baseflow and stormflows/flood-hazards in stream
systems) and biogeochemical functions (i.e., microbial, physical, or chemical functions transforming
compounds, such as denitrification, carbon mineralization, and phosphorus sequestration).

Similarly, in a 2018 peer-reviewed review paper, Schofield et al. (2018) provided an updated
analysis of the biological connectivity and effects of non-floodplain wetlands (e.g., serving as refugia,
migratory “stepping-stones,” resting and feeding habitats, and breeding habitats). They concluded that
biota connected streams and non-floodplain wetlands, part of the landscape-scale “freshwater ecosystem
mosaic,” through the lateral active or passive movements of organisms and propagules. Our analysis of
the current literature supports these findings. For instance, Michelson et al. (2018) noted that tree
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swallows (Tachycineta bicolor), an avian insectivore, specialized in feeding on emergent aquatic insects
in non-floodplain wetland dominated landscapes. Kappas et al. (2017) hypothesized that avian species
providing passive transportation between relatively isolated non-floodplain wetland and open waters were
one potential reason fairy shrimp (Streptocephalus torvicornis) were genetically panmictic, or expressed
high genetic diversity suggesting abundant genetic transmission across landscapes in a European study.
Likewise, Mushet et al. (2013) noted that northern leopard frogs (Lithobates pipiens) were found to use
the streams, non-floodplain wetlands, and other available habitat throughout the breadth of their 68-
kilometer North Dakota study area, with high genetic diversity suggesting abundant population
connectivity. However, distance between available wetland (and stream) habitats is important for many
species (e.g., Uden et al. 2014), such as the reticulated flatwoods salamander (Ambystoma bishopi) of the
Southeastern United States. Wendt et al. (2021) reported that migration between wetland habitats >400
meters was low, limiting population interactions. However, distances from streams (i.e., increased aquatic
“isolation”) can often limit fish presence in non-floodplain open waters and wetlands. The lack of
amphibian predators can positively affect certain species. For instance, Davis et al. (2017) reported that
the ornate chorus frog (Pseudacris ornata), an “ephemeral wetland specialist” responded positively to
drought conditions as fish were excluded. Coupling the hydrological and biogeochemical functions noted
above (and further discussed below), it is evident that across all three connectivity and effect types (i.e.,
physical, chemical, and biological), some benefits of non-floodplain wetlands are due to their relative
isolation rather than their connections. Creed et al. 2017.

Non-floodplain wetlands are the flow-generating origins of many downgradient systems. By
providing water to downgradient systems, non-floodplain wetlands maintain and affect the physical,
chemical, and biological integrity of those systems. In a chloride-tracer study across 260 North American
catchments, Thorslund et al. (2018) determined that non-floodplain wetlands generated surface runoff
contributing to downstream systems at ~1.2 times the catchment averages (i.e., they were watershed-scale
sources of water). Nearly 90% of Florida’s headwaters are sourced by non-floodplain wetlands. White
and Crisman 2016; Lane et al. 2018. Brooks et al. (2018) conducted an isotopic analysis of a North
Dakota watershed dominated by non-floodplain wetlands and found that surface water originating in
wetlands contributed significant amounts of water to the perennial stream across high- to low-flow
conditions. Vanderhoof et al. (2016) reported that surface-water expansion (e.g., increased stream flows
coupled with wetland filling, merging, and spilling) resulted in increased wetland and stream connections,
in some cases connecting over 90-1,400 meters. Ameli and Creed (2017) modeled non-floodplain wetland
interactions with draining networks in Alberta and found quantifiable contributions from non-floodplain
wetlands occurred up to 30-kilometers from the stream, further indicating non-floodplain wetlands have
the potential to impart substantial flow affecting downstream systems and flow-synchrony. Similarly, at
the maximum expansion of the spatially variable contributing source area, non-floodplain wetlands (i.e.,
vernal pools and swales) in the Central Valley of California were fully surface-water connected into — and
hence contributing to — an integrated and hydrologically dynamic headwater drainage network, often for
months (Rains et al. 2006). Likewise, Vanderhoof et al. (2017) found that spring expansion of the
hydrologic network in Maryland and Delaware connected streams and depressional wetlands, increasing
hydrologic interactions (and likely material exchanges) by 12-93% by area and 12-60% by count.

In contrast to their flow-generating properties, non-floodplain wetlands can also act as flow-
dampening systems, attenuating surface flow through storage functions and providing watershed-scale
resilience to hydrologic disturbances. Rains et al. 2016; Cohen et al. 2016. The watershed-scale effects
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provided by surface-water and groundwater “disconnected” non-floodplain wetlands is demonstrated
throughout the literature. Shaw et al. (2012) noted 61% of a studied watershed’s wetlands were
disconnected from overland flow paths, hence serving as so-called flow gate-keepers (i.e., holding back
and thereby dampening stream flow and modifying the aquatic network until a flow-threshold is crossed
and flow-connections occur; Leibowitz et al. 2016). Shook et al. (2021) reported that depressional
(wetland) water storage was found to control the fraction of the watershed that contributes flow to
downgradient stream systems. The effects of depressions varied — when there were few extant
depressions, their size and location on the landscape was most important. In systems with greater
depression abundance, depressions still controlled the relationship between water storage and the fraction
of the watershed contributing surface flow downgradient, but the spatial location within the watershed
decreased in importance. Nasab and Chu (2020) analyzed flows in the Red River (North Dakota, South
Dakota, Minnesota), finding that non-floodplain wetlands controlled flow, most dramatically in the early
spring months (e.g., preventing rain-on-snow events from creating down-stream deluges). Similarly,
Shook et al. (2015) reported depressions in the Canadian Prairie Pothole Region controlled precipitation
and runoff (e.g., through storage and lag functions), directly altering stream flows. Nasab et al. (2017)
reported gate-keeper effects of non-floodplain wetlands predominated at low flows, whereas non-
floodplain wetlands increased streamflow during high precipitation events (e.g., as the network wetted up
and the watershed became increasingly connected). Yeo et al. (2019) found that non-floodplain wetlands
of coastal Maryland and Delaware functioned in the aggregate to control (attenuate) streamflow and
reduce flood magnitudes. Golden et al. (2016) analyzed non-floodplain wetlands in North Carolina,
concluding that increased water storage associated with non-floodplain wetlands decreased streamflows.
Rajib et al. (2020) modeled the effects of 455,000 non-floodplain wetlands in the Upper Mississippi River
Basin, reporting that streamflow simulations showed statistically significant changes in 70% of the basins
when non-floodplain wetland storages were incorporated into the model—meaning wetland storage was
an important control on downstream flows. Similar findings were reported by Mekonnen et al. (2016) in
the Prairie Pothole Region. Green et al. (2019) found that drained non-floodplain wetlands and open
waters in lowa could (still) store over 900 million m® of runoff, enough to contain a one-year, 24-hour
rainfall event. Evenson et al. (2018) modeled a 1.3 to 2.8-fold increase in runoff-contributing areas
affecting stream flow when non-floodplain wetlands and their cumulative water-retention capacities were
lost from the landscape. This increase produced higher flood peaks and greater flow velocities in modeled
downgradient systems. Similarly, modeled hydrological retention in non-floodplain wetlands was found
to decrease peak stream flows by 7 to 16% (Fossey and Rousseau 2016). Wang et al. (2019) analyzed the
influence of small, spatially distributed surface depressions (i.e., non-floodplain systems inferred to be
Prairie Pothole wetlands and open waters) in North Dakota, with model results demonstrating that
depressions in the aggregate retained precipitation, demonstrably preventing excessive downgradient
storm flows. Ameli and Creed (2019) reported wetlands closer to streams performed greater peak-flow
attenuation than distal non-floodplain wetlands, while both types regulated baseflow (i.e., dampened
baseflow variance).

Non-floodplain wetlands and open waters are frequently connected to their local and regional
aquifers, and hence to the stream networks, through groundwater flows (Nitzsche et al. 2017, Neff and
Rosenberry 2018). For instance, Park et al. (2020) found groundwater discharge (in)to studied non-
floodplain wetlands in the Southeastern United States, and that the groundwater contributing area
increased during drier periods (which may in effect retard stream baseflow). Like Brooks et al. (2018) in
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the Prairie Pothole Region, Bugna et al. (2020) used isotopic analyses in Florida and demonstrated
groundwater connectivity between non-floodplain wetlands and a nearby sinkhole. Lewis and Feit (2015)
reported surface-water and groundwater connectivity in a regional aquifer in Florida, noting that increased
groundwater withdrawals changed biogeochemical dynamics in groundwater-connected non-floodplain
wetlands. Bam et al. (2020) demonstrated that not only do non-floodplain wetlands connect to and
recharge local and regional groundwaters (providing water to farm and rural communities), but that
ephemerally inundated non-floodplain wetlands were the dominant recharge source. Sampath et al. (2015)
demonstrated that an “isolated” Michigan fen was connected to local and regional groundwater, other
regional fens, as well as a nearby pond through a groundwater “pipeline.” Ameli and Creed (2017) noted
that non-floodplain wetlands have “fast” surface-water and slow groundwater connections and that
groundwater connected non-floodplain wetlands from throughout the watershed (while storm events
connected the system via surface waters). Neff and Rosenberry (2018) noted that geologic heterogeneity
can either promote or prevent groundwater connectivity and synchrony between wetlands and
downstream waters because of variations in bedrock properties (e.g., composition and associated
permeability). McLaughlin et al. 2014 simulated the regional hydraulic effects of non-floodplain
wetlands, which were likened to a capacitor — dampening the effects of hydrologic disturbances to the
aquatic network by modulating surficial aquifer dynamics and buffering stream baseflow. In their study,
non-floodplain wetlands functioned as groundwater sinks during wet periods and water sources during
drier periods. McLaughlin et al. (2014) further emphasized “that the role these [non-floodplain wetlands]
play in buffering surficial dynamics and downstream base flow is realized even where water in these
systems may never physically reach downstream systems.”

Non-floodplain wetlands are bioreactors (sensu Marton et al. 2015) performing important sink
and transformation functions affecting downgradient waters, which is well-supported in the literature.
Bernal and Mitsch 2013; Biggs et al. 2017; Cheng and Basu 2017; Creed et al. 2017; Lane et al. 2018;
Leibowitz et al. 2018; Golden et al. 2019. Non-floodplain wetland biogeochemical functions emerge from
the convolution of aerobic and anaerobic microbial processes (e.g., denitrification), plant uptake, physical
processes (e.g., settling, photo-degradation), and residence time in the wetland. These processes are
controlled, in part, by hydrologic connectivity and isolation (i.e., degrees of “disconnectivity”)
characteristics (Cohen et al. 2016), which affect transformation, sequestration, and transport rates. Reddy
and DeLaune 2008; Baron et al. 2013; Evenson et al. 2018. For instance, Senar et al. (2018) noted
watershed-scale carbon dynamics were controlled by microbial biogeochemical processing within non-
floodplain wetlands and via precipitation-mediated transport to nearby headwater streams and on to
downgradient systems. Excessive carbon export from non-floodplain wetlands with increasing drought
and deluge cycling (allowing for carbon build up during drought followed by rapid flushing events) and
temperature-mediated microbial activity could result in “brownification” (Monteith et al. 2007) of
downstream waterbodies and concomitantly change aquatic metabolism (and hence affect aquatic
integrity) by blocking light affecting primary productivity. Senar et al. 2018. Enanga et al. (2016; 2017)
similarly noted watershed-scale nitrogen dynamics were controlled by microbial biogeochemical
processing within non-floodplain wetlands and via precipitation-mediated transport to headwater streams
and on to downgradient systems.

Storage, sequestration, and processing within non-floodplain wetlands and open waters are
substantive. For example, Marton et al. (2015) reviewed the scientific literature, estimating that non-
floodplain wetlands sequestered or processed 21-317 g carbon m™? yr, 0.01-5.0 g phosphorus m2 yr?,
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and 0.8-2.0 g nitrogen m? yr. In a synthesis of over 600 articles, Cheng and Basu (2017) determined that
the first-order reaction rate constants for nitrogen and phosphorus were inversely proportional to wetland
water residence times, a result that implies that >50% of the nitrogen removal across all water bodies
occurs in small wetlands (<325 m?). Cohen et al. (2016) found that most non-floodplain wetlands were
“unambiguously small,” suggesting an out-sized role in landscape nutrient dynamics. Evenson et al.
(2018) modeled wetland water residence times at the watershed scale, noting a 75% decrease in residence
time (and hence opportunities lost for biogeochemical processing) when smaller non-floodplain wetlands
were removed from the landscape. Incorporating non-floodplain wetlands into a watershed model by
Golden et al. (2019) resulted in a 7% average annual decrease in the nitrate yield to downgradient
systems. A recent model analyses of the nearly 500,000 km? Upper Mississippi River Basin determined
cumulative restoration of ~2% of the area to non-floodplain wetlands would result in ~12% nitrate
reduction (Evenson et al. 2021). Martin et al. (2019) analyzed farmed non-floodplain wetlands, reporting
that their study wetlands reduced nitrate levels in 85% of the multi-day inundation events while serving as
downstream phosphorus sources from phosphorus absorbed onto agricultural soils. Denver et al. (2014)
found that farmed non-floodplain wetlands in Delaware and Maryland improved water quality through
nutrient processing (i.e., transformation and sink functions). Similarly, Flint and McDowell (2015)
reported headwater non-floodplain wetlands decreased nitrate and increased dissolved organic carbon,
while seasonally affecting downstream total dissolved nitrogen concentrations.

The abstracts that were reviewed provide additional evidence that non-floodplain wetlands and
open waters substantively affect downgradient streams, rivers, lakes, and other aquatic systems through
variable connections which support diverse functions that improve downstream waters. Non-floodplain
wetlands and open waters exist along physical, biogeochemical, and biological connectivity continuums
that affect downstream waters at all points along those continuums. Many of the functions of non-
floodplain wetlands and open waters are most readily discerned and quantified in the aggregate (e.g.,
flood-magnitude attenuation, excessive nutrient mitigation, groundwater recharge, support for
metapopulation dynamics). Importantly, many of the functions performed by non-floodplain wetlands and
open waters that affect downstream waters result from the disconnections (often hydrological, e.g.,
surface water storage) that create and maintain conditions conducive to the performance of beneficial
functions (frequently hydrological and biogeochemical, e.g., mitigation of flood peak flows, sequestration
of contaminants).

iv. Abstracts Noted in the Screening Process to Disagree with the Major
Conclusions of the Science Report

The Science Report concluded that the scientific evidence unequivocally demonstrates that
streams, including ephemeral, intermittent, and perennial streams and rivers are physically, chemically,
and biologically connected to downstream rivers via channels and associated alluvial deposits. The
Science Report similarly concluded that floodplain wetlands and open waters are physically, chemically,
and biologically integrated with rivers via functions that improve downstream water quality. Further, the
Science Report noted non-floodplain wetlands and open waters affect the integrity of downstream waters
through numerous functions, including storage of floodwater; recharge of ground water that sustains river
baseflow; retention and transformation of nutrients, metals, and pesticides; export of organisms or
reproductive propagules to downstream waters; and habitats needed for stream species. Despite ample
evidence that non-floodplain wetlands provide hydrologic, chemical, and biological functions that affect
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material fluxes to downstream waters, few scientific studies explicitly addressing connections between
non-floodplain wetlands and river networks had been published in the peer-reviewed literature — with
notable exceptions. For example, the Science Report concluded that non-floodplain wetlands affect
downstream waters when they intercept flowpaths and runoff emanating from pollution sources.

The evidence presented in the overwhelming majority of the scientific papers addressing the
connectivity and effects of the three systems analyzed led ORD subject-matter experts to confirm that
recent research reinforces the findings from the Science Report, and that substantive scientific advances
in or after 2014 have expanded scientific knowledge regarding the mechanisms of connectivity and
quantitative effects of these systems. For instance, when sufficient information was provided in the
abstract to make a determination, 100% of the scientific publications specific to ephemerally and
intermittently flowing stream systems screened (n=57) were found to support the Science Report that
ephemeral and intermittent streams are connected to and significantly affect downgradient systems. Non-
floodplain wetlands and open waters were found to connect to and/or perform functions substantively
affecting downgradient systems in 99% of the sufficiently descriptive papers screened (131 of 133). The
Science Report concluded that floodplain wetlands and open waters were integrated to river networks,
performing important functions affecting downgradient waters. The literature screened similarly
incontrovertibly supports that finding, with 99% (n=292 of 298) papers with floodplain wetlands and
open waters types discerned marked in support of the 2015 Science Report conclusions.

Papers noted as both supporting and refuting, or outright refuting the findings were rarely found.
Screeners noted six stream papers of 515 with a refuting conclusion determination (1%); of those two
were noted as both supporting and refuting (Milner et al. 2019; Richardson 2019) and four stream papers
were noted as refuting the findings (Fryirs and Gore 2014; Laughlin et al. 2016; Schmidt et al. 2018;
Anderson et al. 2020). However, of those papers, only Richardson (2019) and Anderson et al. (2020)
were noted as addressing a focal stream type (headwater stream and perennial stream, respectively); the
other four stream papers were marked by screeners as “stream type not discernible.”

Ten screened and included floodplain wetland and open water papers of 449 (2%) were noted as
both supports and refutes (Azinheira et al. 2014; Puttock et al. 2017; Kasak et al. 2018; Wegener et al.
2018; Gulbin et al. 2019; Redder et al. 2021; Leuthold et al. 2021; n=7) refuting and cannot be discerned
(Quin et al. 2015, Beesley et al. 2020), and refuting (Painter et al. 2015). Riverine (within-channel)
systems were noted as the focal ecosystem type for Painter et al. (2015), Puttock et al. (2017); and Kasak
et al. (2018). Quin et al. (2015) was noted as wetland type not discernible, whereas Gulbin et al. (2019)
was noted as addressing multiple wetland types and/or spatial locations (e.g., floodplain, riverine, non-
floodplain wetland, etc.). Azinheira et al. (2014), Wegener et al. (2018), and Beesley et al. (2020) were
noted as conducting research on both floodplain (or riparian system) and riverine (i.e., within-channel)
systems, while Redder et al. (2021) and Leuthold et al. (2021) addressed floodplain wetlands and open
waters.

Five non-floodplain wetland and open water papers of 230 (2%) were noted as both supporting
and refuting (Sullivan et al. 2019a, Acreman et al. 2021) or refuting (Quin et al. 2015; Arheimer and Pers
2017; Johnston and Mclntyre 2019). The focal system under study was not discernible for Arheimer and
Pers (2017). Both Quin et al. (2015) and Acreman et al. (2021) were marked as addressing multiple
wetland types and/or spatial locations noted (e.g., non-floodplain wetlands, floodplain wetlands, streams,
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etc.). Only Johnston and Mclintyre (2019) and Sullivan et al. (2019a) were noted by the screener to be
papers explicitly about a known non-floodplain wetland type (e.g., geographically isolated wetland, non-
floodplain wetland, etc.).

1. Ephemeral, Intermittent, and Perennial Stream Systems

Examining stream abstracts, a screener reported that Schmidt et al. (2018, p.320) found subtle
population genetic structure in a common fish (Leiopotherapon unicolor) that disperses widely in arid
Australian river systems. However, the same species in a tropical river system was found to have small
but detectable genetic differences between upstream and downstream populations. This suggests that for
this species, dispersal between tributaries and the mainstem of the river itself is more limited in the
tropical system, possibly due to differences in migratory patterns. Laughlin et al. (2016, p.1808) analyzed
stable isotopes from the otoliths of channel catfish (Ictalurus punctatus) and blue catfish (Ictalurus
furcatus) between the middle Mississippi River and tributaries. Though differences in river water
constituents were found between the main channel and tributaries, otolith characteristics suggested that
channel and blue catfish were “primarily recruited from the large rivers (Missouri and Mississippi)...with
minimal contributions from smaller tributaries.” Fryirs and Gore (2014) analyzed sediment movement
between a tributary and a mainstem river. This paper was noted as refuting the Science Report findings as
the tributary in this study was found to not provide any sediment because the main stem river had created
a sediment block that prevented sediments from reaching the main river. Anderson et al. (2020) assessed
the effects of a high-head dam along the perennially flowing Upper Mississippi River, finding similarity
in upgradient and downgradient assemblages (a “supporting” statement) while also noting certain
migratory species, such as skipjack herring (Alosa chrysochloris) were not present above the dam (a
“refuting” statement regarding upstream/downstream connectivity).

Two stream paper abstracts were noted as both supporting and refuting the Science Report.
Richardson (2019) wrote a scientific review that was marked in the screening process as both supporting
and refuting the Report’s findings. The abstract notes that headwaters are the (hydrologic) source of all
stream networks, a supporting statement. Conversely, the screener noted that the abstract also stated that a
characteristic of some headwaters was “isolation,” implying a limited of lack of connectivity to
downgradient systems (i.e., two ends of a connectivity gradient). Lastly, Milner et al. (2019) analyzed
macroinvertebrate assemblages of dammed and free-flowing stream tributaries in the Sierra Nevada
Mountains in California, finding that macroinvertebrate diversity was higher in the tributaries on the free-
flowing river (a supporting claim) but that there were no differences in macroinvertebrate diversity
downgradient of tributary junctions nor differences in diversity within the dammed river (a refuting
claim).

An examination of these abstracts points to these papers, which focused on very specific kinds of
connections and effects (e.g., of species responses to their environments), as exceptions to the general
rules summarized in Major Conclusions 1, 2, and 3 of the Science Report. Their findings are consistent
with the Science Report’s Major Conclusion 4, that variations in the type, degree and downstream effects
of connections are determined by characteristics of the physical, chemical, and biological environments
and by human activities, and that these variations support different ecosystem functions. As discussed in
section I.A.i above, connectivity of streams to downstream waters occurs along a continuum that can be
described in terms of the frequency, duration, magnitude, timing, and rate of change of water, material,
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and biotic fluxes to downstream waters. These connectivity descriptors characterize the range over which
streams and wetlands vary and shift along the connectivity gradient in response to changes in natural and
anthropogenic factors and, when considered in a watershed context, can be used to predict probable
effects of different degrees of connectivity over time.

2. Floodplain Wetland and Open Water Systems

A screener marked that Painter et al. (2015) refuted the floodplain wetland and open water
findings of the Science Report. The refutation in this case hinged on the data in the abstract demonstrating
that mercury from sediments in the systems studied (beaver ponds within a riparian zone) was
transformed (methylated) in the floodplain open waters and subsequently incorporated into the aquatic
food web, demonstrating both chemical and biological connection. But, in this case, the connection
resulted in degrading water quality (though through transformation functions affecting downgradient
waters). However, this paper also supports the Report’s conclusion that floodplain wetlands and waters
serve as an important part of the food web for species that also utilize downstream waters. Beesley et al.
(2020) and Quin et al. (2015) were papers marked as both refute and “cannot be discerned.” Beesley et al.
(2020) reported that local biofilms within floodplain habitats supported fish during inundation periods
(i.e., fish fed in connected floodplain habitats when inundated) but articulated that large-bodied fish
(specifically) of a northern Australian river were not found to transport carbon from the floodplain and
return it to the river. Quin et al. (2015) conducted a statistical modeling approach analyzing the effects of
wetlands and other features on downstream pollutant retention. They found that the main effects were
distance the pollutant traveled before reaching the coastal waters and the presence of major lakes; wetland
contributions to pollution abatement were not detected. The screener marked this paper as both refuting
and “cannot be discerned” and noted that the specific wetland type (e.g., floodplain wetland and open
water) was not detailed in the abstract.

Seven papers were noted during the screening process as both supporting and refuting the Science
Report’s major conclusions for floodplain wetlands and open waters. Azinheira et al. (2014, p.6168)
modeled floodplain solute retention, finding that modeled “inset” floodplains were inundated ~1% of the
year (a supporting statement regarding connectivity), yet the flow amount residence times were too short
and hence this paper was also marked as refuting the major conclusions, as there was no “substantial
impact on dissolved contaminants flowing downstream.” Puttock et al. (2017, p.430) found riparian
beaver activity substantively increased floodplain wetland and open water storage, sedimentation,
nitrogen and phosphorus retention, and flow attenuation, resulting “in lower diffuse pollutant loads in
water downstream.” A screener noted that these riparian open waters also increased dissolved organic
carbon contributions, which was perceived by the screener as deleterious to downstream water quality.
Kasak et al. (2018, p.1) reported a two-year old constructed “in-stream free surface flow” wetland
removed annually 14% of phosphate (improving water quality, a supporting claim) but was a source of
total nitrogen (a pollutant in excess, a refuting claim). Wegener et al. (2018) analyzed nitrate dynamics in
riparian areas of mountainous stream reaches in Colorado, finding that studied riparian zones were
sources of nitrate (noted as a refuting claim) while one wider zone was also a nitrate sink at high flows
(marked as a supporting statement). Gulbin et al. (2019) developed a hydrologic model of the endorheic
Devils Lake in North Dakota, finding that given the climate drivers affecting the region wetland
restoration does not change the current flood risk (perceived as a refuting statement) but restoration would
provide complimentary flood-mitigation benefits under modified climate scenarios. Both Redder et al.
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(2021) and Leuthold et al. (2021) addressed the movement of nitrogen from riparian systems to streams,
indicating connectivity between floodplain wetlands and open waters. Redder et al. (2021) noted that
groundwater seeps in riparian areas were connecting to downgradient waters (supporting phrase),
providing nutrients that may end up degrading water quality (the refuting clause). Similarly, Leuthold et
al. (2021) found riparian wetlands connected with downgradient systems through a late-winter flush of
mineralized nitrogen (a supporting point regarding connectivity), a potential pollutant (refuting point).

An examination of these abstracts suggests that the results of the studies are consistent with the
Science Report’s finding that the floodplain wetlands and open waters function as a source, sink, and
transformer of materials, including nutrients. Regardless of the perceived benefit (e.g., nutrient sink) or
detriment (e.g., nutrient source), the connection between the floodplain and the downstream water effect
remains. The Report noted that these functions are not mutually exclusive; for example, the same wetland
can be both a source of one nutrient and a sink for another nutrient. The presence or absence of these
functions, which depend on the biota, hydrology, and environmental conditions in a watershed and can
change over time. Some of the “refuting” papers also likely support the conclusion that connectivity
occurs on a continuum, as discussed in section I.C.iv.1.

3. Non-Floodplain Wetland and Open Water Systems

Three papers screened for non-floodplain wetland and open water systems were noted as refuting
the major conclusions of the Science Report. Quin et al. (2015; also noted immediately above in the
floodplain wetlands and open water section (section 1.C.iv.2)), determined that wetland contributions to
pollution retention were not detected in their study (though specific wetland type, such as a non-
floodplain wetland or open water, was not described or noted by the screeners). Arheimer and Pers (2017)
conducted a study in Sweden of over 1,574 constructed wetlands, demonstrating that their effects on
nutrient reductions were minor (i.e., 0.2% for nitrogen and 0.5% for phosphorus); this was marked as a
refuting paper, though it should be noted that wetland type was not discernable and that the reductions
though minor were nonetheless found to reduce the pollutant loads to the seas. Johnston and Mclntyre
(2019) conducted a study on the effects of grassland-to-cropland conversion on various geospatial metrics
of non-floodplain wetland (prairie pothole) connectivity in North and South Dakota. They found that
wetland area across the study system decreased by 25%, wetland size decreased by ~0.4 ha, and wetland
density decreased by 16%, largely due to splitting of large wetlands into smaller wetlands and reduction
in the area of smaller wetlands. Their analysis of landscape connectivity metrics, however, found that the
geospatial connectivity of remaining wetlands remained intact, and could still support metapopulation
dynamics for some species (e.g., waterfowl).

Acreman et al. (2021) explored the effectiveness of nature-based solutions to water issues in
Africa; this paper was screened and noted as both supporting and refuting the Science Report’s major
conclusions for non-floodplain wetlands and open waters. This review paper addressed multiple wetland
types and determined that floodplain wetlands can improve water quality and reduce flood risk, whereas
headwater (non-floodplain) wetlands were only found to positively affect water quality (and not affect
flood risk). Sullivan et al. (2019a) analyzed non-floodplain wetlands that had been ditched, drained, and
converted to agricultural production until they were restored; this paper was noted as both refuting and
supporting the major conclusions of the Science Report. The legacy agricultural nutrients
(“agrochemicals”) in the wetlands were noted to be threats to downgradient waters (a refuting statement),
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with wetlands closer to streams and conveyances having a greater threat potential. Wetlands further from
the stream network would be expected to better retain the agrochemicals (a supporting statement).

The abstracts described in this section focus on research pertaining to two findings in the Science
Report: (1) connectivity and associated effects occur along discernable gradients and (2) non-floodplain
wetland functions are not mutually exclusive (e.g., a wetland can improve water quality, attenuate floods,
or both (see, e.g., Evenson et al. 2018), as further discussed in sections I.C.iv.1 and 2. The Science Report
found that gradients of non-floodplain connectivity can be described in terms of the frequency, duration,
magnitude, timing, and rate of change of water, material, and biotic fluxes to downstream waters. As
discussed in section I.A.i, these descriptors are influenced by factors such as climate, geology, and terrain,
which interact with other factors such as the magnitudes of the various functions within wetlands (e.g.,
amount of water storage or carbon export) and their proximity to downstream waters to determine where
wetlands occur along the connectivity gradient. Recognizing these complexities, the Science Report noted
that evaluations of individual wetlands or groups of wetlands, however, could be possible through case-
specific analysis.

V. Screening Benefits and Limitations

There are two main approaches to screening scientific literature for review, that of a “brute-force”
approach wherein hundreds to thousands of papers are read and summarized, and an active-screening
approach used here, with machine-learning models prioritizing papers to be screened. The brute-force
approach is laborious and time-consuming. However, by reading the full paper, its context as well as
specifics necessary to answer important questions on the findings can often be discerned. Conversely, the
active-screening approach allows for thousands of papers to be screened expeditiously, but the screening
consists only of an abstract, and important contextual details are often missing.

Furthermore, while screeners were all presented with the same instructions as to include or
exclude a paper and to complete the additional information section, experiential and perceptual
differences between screeners exist, nonetheless. Thus, these differences may result in different
characterizations of some abstracts. The screening was also conducted such that each abstract was only
screened by one person rather than two or more persons screening (and then requiring unanimity to
“accept” an abstract for inclusion). There was a necessary trade-off between the number of papers to be
screened and measured concordance between screeners.

Due to the available time for this review and the number (>17,000) of abstracts to review, only
abstracts were read. The active-screening approach calculated that screeners reviewed between 81-90% of
the relevant scientific literature. But, like any review, some relevant papers were likely missed during the
screening process. The screening population is established early, and papers that end up being missed by
the forward-citation mapping (e.g., papers that are published subsequent to the mapping process) are not
presented to the screeners as those papers are simply not part of the population of papers to be screened
(e.g., Crabot et al. 2021; Evenson et al. 2021; Golden et al. 2021a). Further limitations include some
assumptions that may have been made. For instance, abstracts exploring the effects of “depressions” (e.g.,
Wang et al. 2019) were typically assumed to be depressional wetlands (e.g., Lewis and Feit 2015).
Floodplain ecosystems include wetlands and open waters, as well as non-wetland systems.
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Biogeoochemical processing, such as denitrification, often requires anoxic or reduced soil conditions
typically found in wetlands and open waters. Hence, in references where biogeochemical processing was
noted to occur within floodplains, it was assumed to be occurring within floodplain wetlands and open
waters (unless material in the abstract characterized the study differently). A complete read of each paper
would likely obviate many uncertainties but was beyond the scope of this review. However, given that the
scientific papers published in or after 2014 and reviewed by the team provided overwhelming support
substantiating the findings and conclusions of the Science Report, the limitations of the approach are
unlikely to affect the main findings reported here.

In late October 2021, ORD reviewers additionally identified another 37 scientific papers the
initial effort had not captured since their review began in mid-June 2021 (e.g., scientific manuscripts
accepted or published since the screening process began or missed by the original screening; see
Appendix C3 for the 37 papers). Some of these papers were identified because the ORD reviewers were
co-authors of the papers, while others were found in part by reviewing scientific journal tables of contents
or by Google Scholar gueries.

Vi. Review of Additional Literature

As part of the notice and comment process, the agencies solicited comment on the scientific
literature contained in Appendix C of the Technical Support Document for the Proposed Rule and
requested from the public additional scientific literature and references relevant to the Science Report’s
conclusions on the connectivity and effects of streams, floodplain wetlands and open waters, and non-
floodplain wetlands and open waters on the chemical, physical, and biological integrity of larger
downstream waters. Several commenters provided additional literature to the agencies.

The agencies reviewed those citations submitted as part of the notice and comment process along
with the 37 scientific papers noted above for relevance to the report. Some of the references provided by
public commenters were already included in Appendix C of the Technical Support Document for the
Proposed Rule and were not reviewed because they had already been screened by the agencies, as
described further in section 1.C.i. Other submitted references were determined to not meet the agencies’
criteria (i.e., they were not published in or after 2014, they were not peer-reviewed, or the agencies could
not ascertain if the references had undergone peer review). Other references were determined to not be
relevant to the conclusions of the Science Report (i.e., the findings of the paper were outside the context
described in section 1.C). The agencies have considered such references for relevance to other aspects of
this Technical Support Document and have included such relevant references where appropriate (e.g.,
where they were relevant to implementation of the final rule).

In total, the agencies reviewed and read 80 additional peer-reviewed scientific papers published in
or after 2014 to determine if their findings are relevant to the conclusions of the Science Report. This
included the 37 scientific papers that the agencies had identified in October 2021 (see Appendix C2ii) as
well as 43 peer-reviewed citations published in or after 2014 that were submitted to and assessed by the
agencies as part of the public comment process. Thirty papers were found to have sufficient information
to draw conclusions regarding the most up-to-date and submitted literature on the findings of the Science
Report. In all cases, the conclusions of the Science Report were substantiated by these scientific
references. See Appendix C3 for additional information.
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vii. ~ Summary and Conclusions

After analyzing the available abstracts of 12,659 scientific peer-reviewed papers published in or
after 2014 and additional literature published during that period (see section I.C.vi), the evidence
reviewed is conclusive: ephemerally, intermittently, and perennially flowing streams, floodplain wetlands
and open waters, and non-floodplain wetland and open waters are hydrologically, biologically,
chemically, and functionally connected to downstream systems and substantively and definitively affect
down-gradient aquatic systems. This conclusion echoes the findings relative to streams and floodplain
systems, while updating the non-floodplain wetland and open water findings of the Science Report.
ORD’s review across all three systems found overwhelming evidence from the abstracts that were
screened conclusively supporting the connectivity and down-gradient effects of stream, floodplain, and
non-floodplain wetland and open water systems.

Furthermore, science has substantively advanced since 2014 regarding, in particular, the
downstream connectivity and effects of non-floodplain wetlands and open waters, with many examples of
consequential effects in the Discussion section (section 1.C.iii) above. Those advances include evidence
from a study by Rains et al. (2016) titled “Geographically isolated wetlands are part of the hydrological
landscape” that analyzed how non-floodplain wetlands (geographically isolated wetlands, or GIWSs, in
their parlance) were nodes in hydrologic networks that had aquatic network-scale effects (e.g., through
lag, sink, and source functions). Non-floodplain wetlands were the dominant source of groundwater
recharge, replenishing groundwaters for farm and rural communities in an isotopic study by Bam et al.
(2020). Isotopic analyses, a relatively recently applied tool for hydrologic studies, have conclusively
demonstrated surface-water connectivity between non-floodplain wetlands and stream systems. See, e.g.,
Brooks et al. 2018. An additional large spatial-scale hydrological analysis of 260 non-floodplain wetland
catchments across 10 study regions throughout North America by Thorslund et al. (2018) found that non-
floodplain wetlands were watershed sources to downgradient systems. Importantly, Thorslund et al.
(2018) noted there was no specific relationship between landscape position (e.g., linear distance vis-a-vis
a stream network) and the hydrologic connectivity of the non-floodplain wetland catchments. They
reported the following:

Significant positive correlations between GIW [geographically isolated wetland] subcatchment
runoff generation and distance measures...were observed in only 2 of 53 investigated cases. We
therefore conclude with regard to Research Question 3 [how well can runoff generation of GIW
subcatchments be predicted from simple geographic characteristics (e.g., distance and elevation
relative to the stream network)?] that runoff generation is poorly predicted by simple geography.
This contradicts the contention that GIWs are less hydrologically connected when further away
from the stream network. The absence of distance, or indeed any consistent linear predictive
associations, provides support for the explanation that runoff generation controls are specific to
local topography (e.g., spill elevations), vegetation (impacting ET [evapotranspiration] and
infiltration), and geology (impacting groundwater conveyance).

Thorslund et al. 2018 at 5. Golden et al. (2016, p. 21) found that more distal geographically isolated
wetlands may be less frequently connected to downstream waters than wetlands that are closer to the
stream network, but that can still have hydrologic impacts downstream (“The further GIWSs are from a
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stream, the greater their capacity to increase streamflow due to the physiographic setting, hypothesized
transit times, and sequencing of watershed hydrologic connectivity in the study area.”)

The presence of hydrologic heterogeneity in wetland connectivity — which includes varying
degrees of disconnection — across the landscape is important for biological, biogeochemical, and
hydrological functions cumulatively affecting downgradient systems. According to Cohen et al. (2016,
p.1978), the heterogenous hydrologic connectivity of non-floodplain wetland systems (i.e., the presence
of a connectivity continuum) is “precisely what enhances some GIW [geographically isolated wetland]
functions and enables others.” Marton et al. (2015) conducted a review of the biogeochemical functions
of non-floodplain wetlands, determining that non-floodplain wetlands were “biogeochemical reactors” on
the landscape due to their chemical processing rates and sequestration functions that influence and effect
water quality (i.e., sink and transformation functions). Marton et al. (2015, p.408) note that non-
floodplain wetlands are “integral to biogeochemical processing on the landscape and therefore [to]
maintaining the integrity of US waters.” Cohen et al. (2016, p.1978) conclude that “sustaining landscape
functions requires conserving the entire continuum of wetland connectivity, including GIWs.” This is
echoed by Creed et al. (2017), who also note that “vulnerable waters” such as headwater streams and non-
floodplain wetlands provide $15.7 trillion and $673 billion, respectively, in ecosystem services in the
conterminous United States annually. These findings and others were summarized by Lane et al. (2018)
in an updated and peer-reviewed state-of-the-science on the connectivity and effects of non-floodplain
wetlands and open waters. They concluded (p. 363) all non-floodplain wetlands “are interconnected with
streams and river networks” and that the emergent heterogeneity of those convoluted connections and
disconnections affect the hydrological, biogeochemical, and physical functions of non-floodplain
wetlands, “modify[ing] the characteristics and function[s] of downstream waters.”

It is evident that the conclusions of the Science Report have been bolstered by scientific advances
published since 2014. The science demonstrates that the aquatic systems analyzed in the Science Report
and in subsequent publications are dynamically connected laterally, longitudinally, vertically, and over
time with other surface waters, with groundwater, and with the landscapes in which they function. These
connections exist on gradients that vary across space and time from highly connected to highly
disconnected streams, wetlands, and open waters. Similarly, the functions that affect downgradient waters
also occur along connectivity gradients, from functions that predominate during highly connected periods
to those that occur more so at periods of lower or no connectivity. Disconnections (i.e., less connected or
“isolated” conditions) such as stream-network surface-flow fragmentation (e.g., as can occur with
ephemeral or intermittent reaches), wetland perched on clay substrates within a floodplain, or non-
floodplain wetlands embedded in uplands, often provide the optimal conditions for biogeochemical,
hydrological, and biological functions of streams, wetlands, and open waters that substantively affect
down-gradient waters.

D. Closing Comments on the Science Report and Updated Literature

This section updates the Closing Comments from the Executive Summary of the Science Report
with information from the scientific literature published since the Report’s release, including the literature
reviewed and discussed in section I.C.

The structure and function of downstream waters highly depend on materials—broadly defined as
any physical, chemical, or biological entity—that originate outside of the downstream waters. Most of the
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constituent materials in rivers, for example, originate from aquatic ecosystems located upstream in the
drainage network or elsewhere in the drainage basin, and are transported to the river through flowpaths
illustrated in the introduction to this report. Thus, the effects of streams, wetlands, and open waters on
rivers are determined by the presence of (1) physical, chemical, or biological pathways that enable or
inhibit the transport of materials and organisms to downstream waters; and (2) functions within the
streams, wetlands, and open waters that alter the quantity and quality of materials and organisms
transported along those pathways to downstream waters.

The strong hydrologic connectivity of river networks is apparent in the existence of stream
channels that form the physical structure of the network itself. Given the evidence reviewed in the
Science Report and in more recent literature, it is clear that streams and rivers are much more than a
system of physical channels for efficiently conveying water and other materials downstream. The
presence of physical channels, however, is a compelling line of evidence for surface-water connections
from tributaries, or water bodies of other types, to downstream waters. Physical channels are defined by
continuous bed-and-banks structures, which can include apparent disruptions (such as by bedrock
outcrops, braided channels, flow-through wetlands) associated with changes in the material and gradient
over and through which water flows. The continuation of bed and banks downgradient from such
disruptions is evidence of the surface connection with the channel that is upgradient of the perceived
disruption.

Although the peer-reviewed literature available at the time of the Science Report’s publication
(January 2015) did not provide information to categorically identify types of non-floodplain wetlands that
have the types of connections or disconnections that confer important functional effects to downstream
waters, the evidence did support the conclusion that non-floodplain wetlands provide these functions and
that additional information (e.g., from field assessments, analysis of existing or new data, reports from
local resource agencies) could be used in combination with evidence from literature in case-specific
analysis. The Science Report also concluded that information from emerging research on functions
occurring along the gradients of connectivity observed in non-floodplain wetlands, including studies of
the types identified in Section 4.5.2 of the Science Report, could close some of the existing data gaps in
the near future:

Recent scientific advances in the fields of mapping, assessment, modeling, and landscape
classification indicate that increasing availability of high-resolution data sets, promising
new technologies for watershed-scale analyses, and methods for classifying landscape
units by hydrologic behavior can facilitate and improve the accuracy of connectivity
assessments. Emerging research that expands our ability to detect and monitor
ecologically relevant connections at appropriate scales, metrics to accurately measure
effects on downstream integrity, and management practices that apply what we already
know about ecosystem function will contribute to our ability to identify waters of
national importance and maintain the long-term sustainability and resiliency of valued
water resources.

Science Report at ES-15.

ORD'’s update of relevant literature published since 2014-2015 shows that scientific
understanding of the watershed functions of non-floodplain wetlands has substantively advanced in recent
years. The results of recent research confirm that functions provided by these systems support water
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quality and availability in streams, rivers, lakes, reservoirs, coastal waters, and aquifers and increase the
resilience of communities and ecosystems to a changing climate by mitigating for effects of floods and
droughts. The research described in section 1.C of this document provides new insights into the factors
governing the types and degrees of connectivity that confer functional effects downstream, including
evidence supporting the Science Report’s finding that spatial distance must be considered in context with
other factors such as topography, vegetation, soils, geology and climate, to determine the magnitude of
downstream effects of non-floodplain wetland systems.

E. Other Scientific Support

In preparation for this final rule, the agencies considered scientific and technical information
other than the Science Report and the literature updating the Report discussed in section I.C. This
includes peer-reviewed published literature, other publications, and other information that was outside the
scope of the Science Report. The agencies also reviewed and considered other data and information
including jurisdictional determinations, relevant agency guidance and implementation manuals, federal
and state reports, letters and commentary from the SAB on past rulemaking efforts, comment letters
received on previous rulemaking efforts, consultation comment letters for this rule, letters received to the
pre-proposal recommendations docket, and timely comments and associated scientific literature provided
as part of the public comment period. This additional technical and scientific support is cited throughout
this technical support document.

F. Emerging Science

As the agencies work to finalize and then implement the rule, they will be guided by the
transparent review and application of the best available science that further informs and underpins
regulatory decisions and fills data gaps on connectivity and effects across stream systems, floodplain
wetlands and open waters, and non-floodplain wetlands and open waters. Examples of recent advances
include quantifying the probability of perennial stream flow (e.g., Jaeger et al. 2019), quantifying
streamflow responses to shifts in future climates (e.g., Jaeger et al. 2014), mapping stream systems (e.g.,
Allen et al. 2018; Hafen et al. 2020), isotopically analyzing material exchange between floodplain
wetlands and adjoining stream networks (e.g., Tetzlaff et al. 2014; Sanchez-Carrillo and Alvarez-Cobelas
2018), and incorporating high temporal and high spatial resolution data into coupled floodplain and
stream models (e.g., Hansen et al. 2018; Jensen and Ford 2019).

Emerging scientific advances since 2015 have continued to inform the connectivity and effects of
non-floodplain wetlands and open waters, in particular when assessed at the watershed-scale. As stated in
Conclusion 3 of the Science Report, the connectivity and effects of wetlands and open waters that are not
hydrologically linked to other water resources by surface water or by stream channels and their lateral
surface extensions into riparian areas and floodplains are more difficult to address solely from evidence
available in peer-reviewed studies at the time of the report’s publication. However, as discussed in section
I.C, advances have been made since then that can help inform case-specific significant nexus
determinations. The currently available scientific literature on non-floodplain wetlands and open waters
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shows that these systems have important hydrologic, water-quality, and habitat functions that can affect
the integrity of downstream waters. The Science Report noted these effects were particularly evident
where (a) connections from the non-floodplain wetlands and open waters to the downstream waters exist,
(b) when non-floodplain wetlands and open waters intersect flow paths from known point or non-point
sources, or (¢) when considered cumulatively with other non-floodplain wetlands and open waters. The
current scientific literature supports these findings, and also provides additional examples of the direct
effects of non-floodplain wetland and open water “isolation” on downstream water integrity, e.g., through
attenuating flood peaks and mitigating excessive nutrient levels. Currently available peer-reviewed
literature and scientific wetland classification systems clearly document the importance of natural
variation in the types and degrees of connectivity in non-floodplain wetlands and open waters, and the
effects of that natural variation on the types of ecosystem functions and services such wetlands provide.

The body of peer-reviewed scientific literature regarding the watershed functions of non-
floodplain wetlands and open waters and their cumulative effects on downstream waters continues to
grow since the publication of the Science Report (e.g., Marton et al. 2015; Rains et al. 2016; Cohen et al.
2016; Creed et al. 2017; Alexander et al. 2018; Mushet et al. 2019; Mengistu et al. 2020; Evenson et al.
2021; Golden et al. 2021a). Importantly, data from ongoing and emerging research not yet published in
the peer-reviewed literature could close perceived data gaps in the near future. Scientific advances in the
fields of mapping (e.g., Heine et al. 2004; Tiner 2011; Lang et al. 2012; Wu et al. 2014b; Wu et al. 2015;
Wu and Lane 2016; Lane and D’ Amico 2016; Wu and Lane 2017; Allen et al. 2018, Colvin et al. 2019;
Vanderhoof and Lane 2019; Borja et al. 2020; Fesenmyer et al. 2021), assessment (e.g., McGlynn and
McDonnell 2003; Gergel 2005; McGuire et al. 2005; Ver Hoef et al. 2006; Leibowitz et al. 2008;
Moreno-Mateos et al. 2008; Lane and D’ Amico 2010; Ver Hoef and Peterson 2010; Shook and Pomeroy
2011; Powers et al. 2012; McDonough et al. 2015; Harvey et al. 2019; Schmadel et al. 2019; Ali and
English 2019; Harvey et al. 2021), modeling (e.g., Golden et al. 2013; McLaughlin et al. 2014; Fossey
and Rousseau 2016; Jones et al. 2018a; Rajib et al. 2020; Evenson et al. 2021; Golden et al. 2021a), and
landscape classification (e.g., Wigington et al. 2013; White and Crisman 2016; Klammler et al. 2020)
indicate that increasing availability of high-resolution data sets, promising new technologies for
watershed-scale analyses, and methods for classifying landscape units by hydrologic behavior can
facilitate such individual and cumulative functional characterizations by broadening their scope and
improving their accuracy. Id. at 6-13. Emerging research that expands the ability to detect and monitor
chemically, physically, and biologically relevant connections at appropriate scales, metrics to accurately
measure effects on downstream integrity, and management practices that apply what is already known
about non-floodplain wetlands and open water functioning, will contribute to advance the ability to
maintain the long-term sustainability and resiliency of valued water resources. Scientific inventories of
wetlands and wetland functions or ecosystem systems are likely to continue to expand the understanding
of the benefits non-floodplain wetland and open water ecosystem functions and services provide to
humans and the environment.

G. SAB Review of the Proposed Rule

The agencies also engaged with the SAB on several occasions during the development of this
rule. As discussed in section 1.B., the SAB was established in 1978 to provide independent scientific and
technical advice to the EPA Administrator on the technical basis for agency positions and regulations.
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On January 28, 2022, during the public comment period, the agencies met with the SAB Work
Group for Review of Science Supporting EPA Decisions to explain the proposed rule, including its basis,
and to address the SAB Work Group’s initial questions. On February 7, 2022, the SAB Work Group
signed a memorandum recommending that the Chartered SAB should review the adequacy of the science
supporting the proposed rule. SAB 2022a. On March 7, 2022, during the public meeting of the Chartered
SAB, the Chartered SAB unanimously voted to review the scientific and technical basis of the proposed
rule. The SAB has similarly reviewed the technical and scientific basis of other past rulemakings revising
the definition of “waters of the United States.” See SAB 2014b; SAB 2020. The SAB formed a Work
Group of its chartered members which issued a draft review on May 9, 2022, and the Chartered SAB held
a public meeting on the matter on May 31 and June 2, 2022. The SAB issued their final review on July 5,
2022. SAB 2022b (hereafter 2022 SAB Review). All materials related to the 2022 SAB Review are
available in the docket for this rule and on the SAB’s website.

The SAB’s review of the proposed rule was overall supportive of the science underpinning the
proposed rule, including the Technical Support Document, and the discussion of shallow subsurface flow.
The SAB made some recommendations on the discussion of climate change. The SAB’s
recommendations relevant to the final rule were also raised during the public comment period and have
been considered by the agencies during their drafting of this Technical Support Document. A
memorandum summarizing the agencies’ interactions with the SAB and the SAB’s review of the
proposed rule and its supporting documents is available in the docket for this rule.

H. Other Scientific Information
I. Ecosystem Services

Streams, wetlands, lakes, ponds, and other types of aquatic resources are well-known to provide a
variety of functions that translate into ecosystem services. See, e.g., Creed et al. 2017. Ecosystem services
are benefits that humans obtain from ecosystems, including provisioning, regulating, cultural, and
supporting ecosystem services. Millennium Ecosystem Assessment 2005. Provisioning services relate to
the food, water, timber, fiber, and other resources provided by wetlands and other aquatic resources that
are consumed. Id. Regulating services affect climate, floods, disease, wastes, and water quality. 1d.
Cultural services include all non-material benefits obtained from ecosystems and can include recreational,
aesthetic, educational, and spiritual benefits. Id. Supporting services are necessary for the production of
other ecosystem services and include nutrient cycling, photosynthesis, and soil formation. Id.

Wetlands are recognized as one of the most valuable ecosystems in the planet. Costanza et al.
1997; Mitsch et al. 2015. For example, wetlands provide a wide range of ecosystem services that are
directly used or appreciated by humans. See, e.g., Brander et al. 2012a; Brander et al. 2012b;
Chaikumbung et al. 2016; De Groot et al. 2018; Ghermandi et al. 2010; McLaughlin and Cohen 2013;
Mitsch and Gosselink 2007; Mitsch et al. 2015. Provisioning services provided by wetlands include the
maintenance of fisheries and wildlife for consumption, the production of rice for food, fuel sources (such
as peat), medicines and pharmaceuticals derived from wetland plants and animals, ornamental resources
(e.g., animal and plant products used as ornaments or for landscaping), and surface and groundwater
supply. See, e.g., Millennium Ecosystem Assessment 2005. Regulating services include flood protection
(Ameli and Creed 2019; Evenson et al. 2018; Lawrence et al. 2019; Martinez-Martinez et al. 2014; Tang
et al. 2020; Taylor et al. 2022; Watson 2016; Wu et al. 2008), water purification (Ewel 1997; Ghermandi
et al. 2010), erosion control/sediment retention (Hopkins et al. 2018; Richardson et al. 2011),
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groundwater recharge (Cowdery et al. 2019; Harvey et al. 2004; Williams et al. 2015), carbon
sequestration (Nag et al. 2017; Nahlik et al. 2016; Mitsch et al. 2013; Tangen et al. 2020), and natural
hazard regulation (e.g., the role coastal wetlands play in reducing the damage of hurricanes) (Millennium
Ecosystem Assessment 2005). Some of these services have been monetarily valued, as discussed further
in the Economic Analysis. For example, Lawrence et al. (2019) and Watson (2016) both provide
examples of monetized flood protection benefits via avoided property damages. Additionally, Hopkins et
al. (2018) provides an example of monetized sediment-bound nitrogen retention benefits. Cultural
services provided by wetlands include cultural diversity; spiritual and religious values; educational
values; inspiration for art, folklore, national symbols, architecture, and advertising; aesthetic values (e.g.,
parks, scenic viewpoints); social relations; sense of place; cultural heritage values (including culturally
significant species); and recreation and ecotourism. Millennium Ecosystem Assessment 2005. Supporting
services provided by wetlands include soil formation, photosynthesis in wetland plants, primary
production, nutrient cycling, and water cycling. 1d. Some ecosystem services like erosion control can be
categorized as both a supporting and a regulating service, depending on the time scale and how
immediately humans benefit from the ecosystem service. Id.

Similarly, streams, including headwater streams, provide many ecosystem services to society.
This includes water supply, water quality benefits (for example, via nitrogen transformation and
phosphorus sequestration), and climate regulation (for example, via carbon sequestration). Creed et al.
2017. Streams provide of the same provisioning, regulating, cultural, and supporting services that
wetlands provide to society.

Ephemeral streams and their associated wetlands, wetlands that did not meet the 2020 NWPR’s
revised adjacency criteria, and other aquatic resources not protected by the 2020 NWPR provide
numerous and critical ecosystem services, as discussed in the Science Report. See also Sullivan et al.
2020 (“Removal of federal protection [of ephemeral streams and non-floodplain wetlands] is likely to
diminish numerous ecosystem services, such as safeguarding water quality and quantity, reducing or
mitigating flood risk, conserving biodiversity, and maintaining recreationally and commercially valuable
fisheries™). This is echoed by Creed et al. (2017), who also note that “vulnerable waters” such as
headwater streams and non-floodplain wetlands provide $15.7 trillion and $673 billion, respectively, in
ecosystem services in the conterminous United States annually. These findings and others were
summarized by Lane et al. (2018) in an updated and peer-reviewed state-of-the-science on the
connectivity and effects of non-floodplain wetlands and open waters.

As discussed further in section I11.E.iv, a significant nexus analysis is limited to an assessment of
only those functions that have a nexus to the chemical, physical, or biological integrity of traditional
navigable waters, the territorial seas, or interstate waters. Therefore, there are some important functions
provided by wetlands, tributaries, and waters evaluated under paragraph (a)(5) that translate into
ecosystem services that benefit society that will not assessed in a significant nexus analysis under the final
rule because they do not relate to the chemical, physical, or biological integrity of traditional navigable
waters, the territorial seas, and interstate waters. There are also a wide variety of functions that streams,
wetlands, and open waters provide that translate into ecosystem services that benefit society that would
not be assessed in a significant nexus analysis under this rule. These include provision of areas for
personal enjoyment (e.g., fishing, hunting, boating, and birdwatching areas), ceremonial or religious uses,
production of fuel, forage, and fibers, extraction of materials (e.g., biofuels, food, such as shellfish,
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vegetables, seeds, nuts, rice), plants for clothes and other materials, and medical compounds from wetland
and aquatic plants or animals. While these types of ecosystem services can contribute to the economy,
they are not relevant to the chemical, physical, or biological integrity of paragraph (a)(1) waters and
would not be considered in a significant nexus analysis under this rule. See also section Il1.E.iv for a
discussion of functions that can be considered as part of the significant nexus analysis.

The Economic Analysis for the Final Rule also discusses ecosystem services, with a focus on the
monetized benefits of ecosystem services provided by wetland areas protected due to Clean Water Action
section 404 mitigation requirements.

1. Executive Order 13990 and Review of the Navigable Waters
Protection Rule

A. Executive Order 13990

On January 20, 2021, President Joseph R. Biden, Jr. signed Executive Order 13990, entitled
“Executive Order on Protecting Public Health and the Environment and Restoring Science to Tackle the
Climate Crisis,” which provides that “[i]t is, therefore, the policy of my Administration to listen to the
science; to improve public health and protect our environment; to ensure access to clean air and water; to
limit exposure to dangerous chemicals and pesticides; to hold polluters accountable, including those who
disproportionately harm communities of color and low-income communities; to reduce greenhouse gas
emissions; to bolster resilience to the impacts of climate change; to restore and expand our national
treasures and monuments; and to prioritize both environmental justice and the creation of the well-paying
union jobs necessary to deliver on these goals.” 86 FR 7037 (published January 25, 2021, signed January
20, 2021). The order “directs all executive departments and agencies (agencies) to immediately review
and, as appropriate and consistent with applicable law, take action to address the promulgation of Federal
regulations and other actions during the last 4 years that conflict with these important national objectives,
and to immediately commence work to confront the climate crisis.” Id. at section 2(a). “For any such
actions identified by the agencies, the heads of agencies shall, as appropriate and consistent with
applicable law, consider suspending, revising, or rescinding the agency actions.” Id. The order also
specifically revoked Executive Order 13778 of February 28, 2017 (Restoring the Rule of Law,
Federalism, and Economic Growth by Reviewing the “Waters of the United States” Rule), which had
initiated development of the Navigable Waters Protection Rule (2020 NWPR).

After completing the review mandated by the Executive Order and reconsidering the record for
the 2020 NWPR, on June 9, 2021, the agencies announced their intention to revise or replace the rule. The
agencies’ decision was based on consideration of the text of the Clean Water Act; Congressional intent
and the objective of the Clean Water Act; Supreme Court precedent; the current and future harms to the
chemical, physical, and biological integrity of the nation’s waters due to the 2020 NWPR; concerns raised
by stakeholders about the 2020 NWPR, including implementation-related issues; the principles outlined
in the Executive Order; and issues raised in ongoing litigation challenging the 2020 NWPR. EPA and the
Army concluded that the 2020 NWPR did not appropriately consider the effect of the revised definition of
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“waters of the United States” on the integrity of the nation’s waters, and that the rule threatened the loss
or degradation of waters critical to the protection of traditional navigable waters, among other concerns.

The agencies’ review of the 2020 NWPR consistent with Executive Order 13990, as well as
consideration some of the other directives of the Order are discussed in the sections below. The agencies
also believe that they have fulfilled the Order’s directive to “listen to the science,” as is appropriate, and
their consideration of the science is discussed in more detail in sections I and I11.

B. Review of the 2020 NWPR

Pursuant to the direction in Executive Order 13990, the agencies reassessed the administrative
record and basis for the 2020 NWPR and have a number of serious concerns about the 2020 NWPR. The
agencies are concerned about the rule’s failure to consider the statutory objective in determining the scope
of “waters of the United States,” including through its elimination of the significant nexus standard and
the absence of any alternative standard that would protect the chemical, physical, and biological integrity
of the nation’s waters. The 2020 NWPR is also inconsistent with scientific information about protecting
water quality, and indeed, it drastically reduced the numbers of waters protected by the Clean Water Act,
including waters that significantly affect the integrity of downstream traditional navigable waters, the
territorial seas, and interstate waters. Finally, implementing the 2020 NWPR posed significant technical
challenges for federal, state, and tribal agency staff as well as stakeholders because foundational concepts
of the rule are confusing and not reasonably implementable, resulting in arbitrary outcomes.

I. Impacts of the 2020 NWPR

The failure of the 2020 NWPR to advance the objective of the Clean Water Act, as well as its
inconsistency with science and the challenges it presents in implementation, have had real-world
consequences. The agencies have found that substantially fewer waters are protected by the Clean Water
Act under the 2020 NWPR compared to previous rules and practices. It is important to note that the
definition of “waters of the United States” affects most Clean Water Act programs designed to restore and
maintain water quality—including not only the section 402 NPDES and section 404 dredged and fill
permitting programs, but water quality standards under section 303, identification of impaired waters and
total maximum daily loads under section 303, section 311 oil spill prevention, preparedness, and response
programs, and the section 401 Tribal and State water quality certification programs—because the Clean
Water Act provisions establishing such programs use the term “navigable waters” or “waters of the
United States.” While the 2020 NWPR was promulgated with the expressed intent to decrease the scope
of federal jurisdiction, the agencies now are concerned that the actual decrease in water resource
protections was more pronounced than the qualitative predictions in the 2020 NWPR preamble and
supporting documents anticipated and acknowledged to the public. These data support the agencies’
conclusion that the 2020 NWPR is not a suitable alternative to the final rule.
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Through an evaluation of jurisdictional determinations completed by the Corps between 2016 and
2021,” EPA and the Army have identified consistent indicators of a substantial reduction in waters
protected under the Clean Water Act by the 2020 NWPR. See section 11.B.i for discussion on methods and
results of the agencies’ analyses. These indicators include an increase in the number and proportion of
jurisdictional determinations completed where aquatic resources were found to be non-jurisdictional, an
increase in determinations made by the Corps that no Clean Water Act section 404 permit is required for
specific projects, and an increase in requests for the Corps to complete approved jurisdictional
determinations (AJDs), rather than preliminary jurisdictional determinations (PJDs) which treat a feature
as jurisdictional. These trends all reflect the narrow scope of jurisdiction in the 2020 NWPR’s definitions.
Additionally, the agencies find that these indicators likely account for only a fraction of the 2020
NWPR’s impacts, because many project proponents did not seek any form of jurisdictional determination
for waters that the 2020 NWPR categorically excluded, such as ephemeral streams, and the Corps would
not have knowledge of or ability to track such projects. A closer look at each of these indicators will help
demonstrate some of the more pronounced impacts of the 2020 NWPR on traditional navigable waters,
the territorial seas, and interstate waters than were identified for the public in the 2020 NWPR and its
supporting documents. As explained in detail above and in the final rule’s preamble, when a water falls
outside the scope of the Clean Water Act, that means, among other things, that no federal water quality
standards will be established, and no federal permit will be required to control the discharge of pollutants,
including dredged or fill material, into such waters unless the pollutants reach jurisdictional waters. And
since many entities did not believe that they would need to seek a jurisdictional determination under the
2020 NWPR, it is impossible to fully understand the scope of degradation the 2020 NWPR’s definition
caused to traditional navigable waters, the territorial seas, and interstate waters.

1. Review of Jurisdictional Determinations and Permit Data

Consistent with Executive Order 13390, EPA and Army staff conducted four assessments on the
effects of the 2020 NWPR on jurisdictional determinations and related individual aquatic resources using
data sourced from the Corps’ internal regulatory management database, Operation and Maintenance
Business Information Link, Regulatory Module (referred to as the ORM2 database). See supra note 7.
The aim of these assessments is to identify any noticeable trends relating to jurisdictional findings under

" A jurisdictional determination is a written Corps determination that a water is subject to regulatory jurisdiction
under section 404 of the Clean Water Act (33 U.S.C. 1344) or a written determination that a waterbody is subject to
regulatory jurisdiction under section 9 or 10 of the Rivers and Harbors Act of 1899 (33 U.S.C. 401 et seq.).
Jurisdictional determinations are identified as either preliminary or approved, and both types are recorded in
determinations through an internal regulatory management database, called Operation and Maintenance Business
Information Link, Regulatory Module (ORM2). This database documents Department of the Army authorizations
under Clean Water Act section 404 and Rivers and Harbors Act section 10, including permit application processing
and jurisdictional determinations. This database does not include aquatic resources that are not associated with a
jurisdictional determination or that are not associated with alternatives to jurisdictional determinations (such as
delineation concurrences or “No jurisdictional determination required” findings, where the Corps finds that a
jurisdictional determination is not needed for a project), or permit request or resource impacts that are not associated
with a Corps permit or enforcement action. An approved jurisdictional determination (AJD) is an official Corps
document stating the presence or absence of “waters of the United States” on a parcel or a written statement and
map identifying the limits of “waters of the United States” on a parcel. A preliminary jurisdictional determination
(PJD) is a non-binding written indication that there may be “waters of the United States” on a parcel; an applicant
can elect to use a PJD to voluntarily waive or set aside questions regarding Clean Water Act jurisdiction over a
particular site and thus move forward assuming all waters will be treated as jurisdictional without making a formal
determination.
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the 2020 NWPR compared to prior regulatory practice—in particular, the implementation of 1986
definitions® of “waters of the United States” consistent with relevant caselaw and associated guidance
documents.® This implementation will be referred to as pre-2015 practice for brevity, even though the
regulatory regime was in place after 2015 (both in light of litigation surrounding the 2015 Clean Water
Rule and due to finalization of the 2019 Repeal Rule, which intended to restore pre-2015 practice).

Trends in jurisdictional findings are assessed nationally and in two states within the arid West —
Arizona and New Mexico. The arid West is assessed in order to determine if the 2020 NWPR is having
geographically unequal impacts across the nation. A further analysis of trends in number of actions that
did not require Clean Water Act section 404 permits due to definitions of “waters of the United States” is
carried out at the national scale.

The four assessments use the following metrics:

o Total number of approved jurisdictional determinations (AJDs) and preliminary jurisdictional
determinations (PJDs) by given time period (see Methods).

o0 The above metric was further broken down by total number of AJDs that included
jurisdictional and non-jurisdictional determinations.®

e Total number of individual aquatic resources found to be jurisdictional and non-jurisdictional
within AJDs by given time period.

0 The above metric was further broken down for individual aquatic resource types found to
be jurisdictional and non-jurisdictional under the 2020 NWPR — in particular, wetlands
and streams are enumerated.™

o Total number of individual aquatic resources tied to AJDs, PJDs, delineation concurrences and
findings of no JD required in two states in the arid West, Arizona and New Mexico, that were
found to be jurisdictional and non-jurisdictional. This was further broken down by stream
resources.*?

8 EPA and the Corps have separate regulations defining the statutory term “waters of the United States,” but their
interpretations were substantially similar and remained largely unchanged between 1977 and 2015. See, e.g., 42 FR
37122, 37144 (July 19, 1977); 44 FR 32854, 32901 (June 7, 1979). For convenience, in this document and in the
preamble the agencies will generally cite the Corps’ longstanding regulations and will refer to them as “the 1986
regulations,” “the pre-2015 regulations,” or “the regulations in place until 2015.” These references are inclusive of
EPA’s comparable regulations that were recodified in 1988 and of the exclusion for prior converted cropland, which
both agencies added in 1993.

° As implemented in the time period under these assessments, the 1986 regulations were bolstered by multiple
memorandums and guidance documents, including guidance related to Supreme Court decisions. This included the
Rapanos Guidance. See U.S. EPA and U.S. Army Corps of Engineers. Clean Water Act Jurisdiction Following the
U.S. Supreme Court’s Decision in Rapanos v. United States and Carabell v. United States (Dec. 2, 2008) (“Rapanos
Guidance™), available at https://www.epa.gov/sites/default/files/2016-
02/documents/cwa_jurisdiction_following_rapanos120208.pdf.

10 The 2020 NWPR AJD data entry in ORM2 allows for and is often used to compile determinations about both
jurisdictional and non-jurisdictional aquatic resources together for a single project site; under prior regulatory
regimes, data entry in ORM2 restricted project managers to entering AJDs in separate entries for jurisdictional and
non-jurisdictional resources on the same project site.

1 Individual aquatic resources were only assessed under the 2020 NWPR because jurisdictional determinations
carried out under prior regimes had less clear differentiation between types of aquatic resources. For example, a lake
under prior regimes could have been classified as a tributary, an impoundment, a traditional navigable water, an
interstate water, and sometimes even an adjacent water or adjacent wetland.

12 Arizona and New Mexico were assessed because the ecosystems in these states are predominantly desert.
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o Total number of projects that resulted in ‘“No Permit Required’ closure methods.

The ORM2 database was deployed to all of the Corps’ 38 districts in 2008 and has been
continuously improving since that time. Because of changes to regulatory practice and tracking priorities,
the data are most reliable from the year 2016 to present.*?

a. Background

The Operation and Maintenance Business Information Link, Regulatory Module (ORM2) is the
Corps’ internal database that documents Clean Water Act section 404 application and permit data,
including information on jurisdictional determinations (JDs).** JDs are identified as either preliminary or
approved, and both types are recorded in ORM2. An AJD is an official Corps document stating the
presence or absence of “waters of the United States” on a parcel or a written statement and map
identifying the limits of “waters of the United States” on a parcel. A PJD is a non-binding written
indication that there may be “waters of the United States” on a parcel; an applicant can elect to use a PJD
to voluntarily waive or set aside questions regarding Clean Water Act jurisdiction over a particular site
and thus move forward assuming all waters will be treated as jurisdictional without making a formal
determination.*

b. Methods

In the ORM2 database, an AJD can contain one or multiple aquatic resources. For this reason, the
agencies assessed data on the AJD-level and at the individual aquatic resource level (i.e., total number of
individual aquatic resources). Similarly, PJD data was assessed at both the PJD-level and at the aquatic
resource level, although information on the type of aquatic resource is not defined for PJDs. For arid west
(Arizona and New Mexico) data, delineation concurrences and findings of “no JD requ