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Dr. Allison Aldous

EPA Science Advisory Board Draft Report: Connectivity of Streams and Wetlands to Downstream
Waters: A Review and Synthesis of the Scientific evidence

Responses to Charge Questions

Dr. Allison Aldous
December 9, 2013

Overall Clarity and Technical Accuracy of the Draft Report

1. Please provide your overall impressions of the clarity and technical accuracy of the draft
EPA Report, Connectivity of Streams and Wetlands to Downstream Waters: A Review and
Synthesis of the Scientific Evidence.

This technical document is a well-researched, well-organized, clearly-written, and thorough summary of
the peer-reviewed literature documenting the biological and physical connections among certain types
of streams and wetlands, and their associated downstream water bodies. Overall, the synthesis of this
body of information is technically accurate, and the majority of my comments are minor corrections,
additions, or clarifications. Major comments are found at the beginning of each section.

For each type of water body under consideration, first the relevant literature quantifying connectivity is
reviewed and then an assessment is made whether the amount of scientific evidence is adequate to
conclude those water bodies are significantly connected to one another. There is some lack of clarity
on how that decision was made.

Following the well-established concepts of watershed science described in Section 3, all aspects of a
watershed are connected to one another via multiple pathways, to varying degrees. The question being
answered appears to be how many studies have been done to quantify those pathways of connectivity.
The amount of research is related to how easy it is to study a certain ecosystem or process, in terms of
available methods and geographic scope and access. For example, direct river-floodplain connections
are easier to study with available methods than the cumulative water budget effects of hydrologic
changes to small dispersed wetlands across an ecoregion. Therefore this part of the assessment is
troublesome because the decision of significant connection (or not) is somewhat arbitrary.

Additional clarification is needed on how the decision was made that some types of wetlands were
found to have significant connections to downstream waters, and others were not. For example, the
wetlands for which the authors expressed the greatest uncertainty were unidirectional wetlands with no
surface water connection to downstream water bodies (Section 5.4). In case studies, they concluded
that there was adequate evidence for the relatively well- studied prairie potholes but not enough
evidence for the less well-studied Delmarva & Carolina Bays, despite many hydrologic similarities
between them. The same conclusion could have been drawn for vernal pools had it not been for the
detailed studies by Rains et al. (2006; 2008). Moreover, no research is described that concludes no
connectivity between wetlands and downstream waters.
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Conceptual Framework: An Integrated, Systems Perspective of Watershed Structure and
Function

2. Chapter 3 of the draft Report presents the conceptual basis for describing the hydrologic
elements of a watershed; the types of physical, chemical, and biological connections that link
these elements, and watershed climatic factors that influence connectivity at various temporal
and spatial scales (e.g., see Figure 3-1 and Table 3-1). Please comment on the clarity and
technical accuracy of this chapter and its usefulness in providing context for interpreting the
evidence about individual watershed components presented in the Report.

MajorComments.

The conceptual model presented in this chapter uses the watershed as the unit for analysis of
connectivity among water bodies. This is an appropriate and useful scale of analysis, and one under
which flow systems of different scales can be nested. Within the watershed unit, the types and
relationships of water bodies are accurately and clearly described, with some exceptions described
below, as are the ways in which water bodies are connected to one another and to downstream waters.

An important exception to the watershed concept is that groundwater catchments don’t necessarily
coincide with surface water catchments, particularly in areas with low relief. This is because surface
waters move along topographic gradients, whereas groundwater flows along head gradients due to
differences in aquifer characteristics. This exception is more important for regional confined aquifers
than the surficial unconfined aquifers considered in this report, but it should be noted regardless in the
section on groundwater (p.3-9 to 3-12).

Figure 3-5 (p. 3-11), illustrating the relationships between shallow groundwater flowpaths and rivers
and wetlands, is not accurate and a number of corrections need to be made.

1. The water table should be sloped, not flat

a. A water table is rarely flat in a landscape with as much topography as is pictured here.
The main intermediate or regional flowlines shown between the confining layers show
deeper groundwater flow from left to right, which could not be driven by a flat water
table.

b. Unless there are unusual geologic features, the water table of the unconfined aquifer
should be a subdued replica of topography. For example, the water table should be
slightly higher under the hills.

c. The water table should slope towards the gaining stream on the right, or else there is no
hydraulic head gradient to drive groundwater flow to that stream. The alternative would
be a geologic structure providing artesian conditions in proximity to the channel.

2. The flowline that is shown moving as an arc up and over the local confining layer in the upper
left is not correct. Instead, a flowline showing precipitation should move through the unsaturated
zone above the confining layer. That water will either flow around the confining layer to the left,
and continue to move through the unsaturated zone until it hits the water table, or it will
discharge to the surface along the slope in the area indicated as a spring.
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3. The flowline showing a spring discharging directly from the confining layer should be drawn
above the confining layer.

4. Groundwater flowpaths should not turn at nearly right angles as shown for the flowpaths
on the left side of the diagram.

5. This diagram could have been drawn to include a wetland that has developed at a point of shallow
groundwater discharge (e.g. a sloping fen). This kind of wetland would develop where the water
table is close to and intersects the ground surface, such as at a break in slope along one of the
hillsides. This hydrogeologic cross-section is a good opportunity to illustrate the ways that
shallow groundwater connects unidirectional wetlands to streams, as discussed in section 5.4.2.

Figure 3-15 on p. 3-34 and accompanying text on p. 3-40 do not adequately describe the role of
groundwater in streamflow.

1. The figure caption defines runoff as “...the difference between precipitation and
evapotranspiration at the watershed scale”. This definition ignores the role of groundwater
recharge, which accounts for some of the deposited precipitation, as well as groundwater
discharge to streams, which accounts for baseflow. Baseflow accounts for major differences in
the 5 hydrographs depicted, from the Metolius which has very high baseflow, to the San Pedro
which has no baseflow.

2. Text describing the hydrograph of the Noyo River (p. 3-40, lines 14-21) is confusing. The
statement “...impermeable bedrock prevents precipitation water from moving to deep
groundwater” implies that baseflow in this drainage is low. Thus the statement “...baseflow
levels are high during the winter and low during the dry summer season” is not accurate as
baseflow should be low year-round. In this system, baseflow is easily seen as the area under the
curve in Sep-Oct.

3. The hydrograph for the San Pedro shows no flow for most of the year, and this is used as an
example of a type of hydrograph common to desert SW streams. Depending on where this gage is
in the basin, this lack of baseflow could be due to groundwater pumping from the shallow
alluvial and deeper aquifers or land use changes that have altered floodplain connectivity to the
water table (Stromberg et al. 1996; Leenhouts et al. 2005; Marshall et al. 2010). The figure
caption should indicate whether or not this hydrograph is highly altered from its recent historic
condition, which will determine the extent to which it can be used as a hydrograph illustrating
this type of system.

MinorComments.

Page 3-5, line 12. Confusing sentence. “Like riparian areas, wetlands are transitional areas...”. This
makes it sound like riparian areas are not wetlands. Suggested edit: “Wetlands are transitional areas...as
was described previously for riparian wetlands”

Figure 3-4 legend (p. 3-9) state that the water table is indicated by an inverted triangle

Definition of aquiclude (p. 3-10, line 5-6) should indicate that in addition to not transmitting water,
it often prevents water from moving between geologic strata.
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p. 3-12 lines 34-36. Return flow is a term not generally used for springs supported by shallow
groundwater discharge. Return flow is most commonly used to refer to irrigation water that is not
consumed, and is returned to a stream, lake, or wetland. Unless there is a citation for this statement (there
isn’t one at the moment), | suggest this sentence be deleted. The term is not used elsewhere in the report.

Lotic Systems: Ephemeral, Intermittent, and Perennial Streams

3(a) Chapter4 of the Report reviews the literature on the directional (downstream)
connectivity and effects of ephemeral, intermittent, and perennial streams (including flow-
through wetlands). Please comment on whether the Report includes the most

relevant published peer reviewed literature with respect to these types of streams. Please also
comment on whether the literature has been correctly summarized. Please identify any
published peer reviewed studies that should be added to the Report, any cited literature that is
not relevant to the review objectives of the Report, and any corrections that may be needed in
the characterization of the literature.

MajorComments

Chapter 4 contains a comprehensive summary of the large body of literature on upstream- downstream
connectivity. This section is technically accurate with some minor exceptions listed below.

Section 4.5 “Biological Connections” should include a section on plants. For example, streams
provide important means of dispersal for many floodplain species, such as cottonwood and willow.

p. 4-41, lines 13-23. This section needs more information about how the Ogallala aquifer is connected to
streams in the prairies. The current text states, “Regional movement of water through the aquifer is from
west to east, but locally the water moves toward major tributaries”. However, there is no information
about the spatial and temporal distribution of discharge to the stream, how groundwater-surface water
interactions affect streamflow, and how this has changed with water table declines in the aquifer.

MinorComments.

p. 4-3, lines 30-32. The term baseflow is not used correctly. Baseflow is only the groundwater discharge
component of the hydrograph. It does not include direct precipitation or overland flow resulting from
precipitation. The sentence should read, “For example, headwater streams which have stronger

connections to groundwater erwhicheonsistentlyreceivemereprecipitation, relative to downstream

reaches, will have a larger effect on river baseflows.

p. 4-3 and 4-4, lines 34-35 and 1-3. Explanation of Shaman et al. 2004 study is unclear. “Baseflow
discharge in smaller streams (i.e., with watersheds <8 km2) was more weakly correlated with
mainstem discharge than discharge in larger streams; the authors concluded

that this pattern reflected greater contributions by deep groundwater as drainage area increased
(Shaman et al., 2004).”

Is this a clearer explanation of these results? “Discharge in tributary and mainstem streams was more
strongly correlated in larger (>8 km?) compared to smaller watersheds (Shaman et al.,
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2004). The authors concluded that this pattern reflected greater contributions by deep
groundwater as drainage area increased.”

p. 4-6, figure 4-1. Typo. Y-axis top number should be 550.

p. 4-7, figure 4-2. Figure caption is missing information. What are (a) and (b)? Where are stream gages
in relation to one another?

p. 4-10, line 28. Sentence is missing the word tributary? “A long-term sediment budget for the
2
Coon Creek watershed (360 km ), a tributary stream to the Mississippi River in Wisconsin...”

p. 4-13, lines 29-33. A good citation for the sentence, “Groundwater temperature is largely buffered
from seasonal and short-term changes that affect air temperature, so that in temperate climates,
groundwater tends to be cooler than air temperature in summer but warmer in winter.” is Manga
(2001).

3(b) Conclusion (1) in section 1.4.1 of the Report Executive Summary discusses major
findings and conclusions from the literature referenced in Charge Question 3(a) above. Please
comment on whether the conclusions and findings in section 1.4.1 are supported by the
available science. Please suggest alternative wording for any conclusions and findings that are
not fully supported.

The conclusions discussed in this section are supported by the science described in Section 3.

Lentic Systems: Wetlands and Open Waters with the Potential for Non-tidal, Bidirectional
Hydrologic Flows with Rivers and Lakes

4(a) Section 5.3 of the Report reviews the literature on the directional (downstream) connectivity
and effects of wetlands and certain open waters subject to non-tidal, bidirectional hydrologic
flows with rivers and lakes. Please comment on whether the Report includes the most relevant
published peer reviewed literature with respect to these types of wetlands and open waters.
Please also comment on whether the literature has been correctly summarized. Please identify
any published peer reviewed studies that should be added to the Report, any cited literature that
is not relevant to the review objectives of the Report, and any corrections that may be needed in
the characterization

of the literature.

This section is technically accurate, with the following proposed changes.

p. 5-3, line 26. The report states that papers on riparian and floodplain wetlands do not state if the
area is a wetland. The authors do not list the papers, so it is not possible to confirm this statement,
however it should be possible from the intent of the paper to determine if the study ecosystem is a
wetland or not.
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p. 5-14, lines 10-14. Confusing sentence with proposed edits underlined. “In addition, microbial
biomass has been shown to be positively correlated with the loss of the herbicides 2,4-D (2,4-
dichlorophenoxyacetic acid) and dicamba, suggesting thegreater arelationshipbetween the amount of
microbial biomass in the soil, thegreater the capacity of an ecosystem to degrade pesticides (Voos and
Groffman, 1996)”.

p. 5-17, lines 7-9. Missing information indicated in parentheses. “From January to June 2003, 14 and
31% of total diatom and total green algae biomass [of a certain reach of the Sacramento River?],
respectively, was produced in the floodplain (Lehmanet al., 2008).”

4(b) Conclusion (2) in section 1.4.2 of the Report Executive Summary discusses major
findings and conclusions from the literature referenced in Charge Question 4(a) above. Please
comment on whether the conclusions and findings in section 1.4.2 are supported by the
available science. Please suggest alternative wording for any conclusions and findings that are
not fully supported.

The conclusions discussed in this section are supported by the science described in Section 4.

Lentic systems: Wetlands and Open Waters with Potential for Unidirectional Hydrologic
Flows to Rivers and Lakes, Including “Geographically Isolated Wetlands”

5(a) Section 5.4 of the draft Report reviews the literature on the directional (downstream)
connectivity and effects of wetlands and certain open waters, including “geographically isolated
wetlands,” with potential for unidirectional hydrologic flows to rivers and lakes. Please comment
on whether the Report includes the most relevant published peer reviewed literature with respect
to these types of wetlands and open waters. Please also comment on whether the literature has
been correctly summarized. Please identify any published peer reviewed studies that should be
added to the Report, any cited literature that is not relevant to the review objectives of the Report,
and any corrections that may be needed in the characterization of the literature.

This section is technically accurate, with the following proposed edits.
Section 5.4.2.2, Groundwater Connections: additional literature

1. Shallow groundwater can support the peatland water table, thus connecting wetlands across larger
areas to each other and to streams, as demonstrated in northern Minnesota (Glaser et al. 1997;
Siegel et al. 1995). These studies show that the peatland water table is a balance between
precipitation and the local groundwater flow system. Groundwater discharge at the base of the
peat is low during wet years, because the hydraulic head of precipitation maintains a high water
table. During dry years, the groundwater rises higher in the peat column, thus preventing the
water table from dropping as much as it might with no groundwater discharge. Thus the
groundwater partly decouples the peatland water table mound from climatic variation and
connects the peatland to the local or regional groundwater flow system.

2. Data from over 70 fens in the Midwest are summarized by Amon and co-authors (2002).
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The fens discussed are all supported by discharging groundwater; however, they differ in the
amount and form of water flowing out of the fens, ranging from significant sheet flow, to no
outflow.

3. Additional studies describing how groundwater flows through headwater wetlands and towards
mainstem rivers, often in shallow sub-surface pathways: Hill and Devito (1997); Almendinger
and Leete (1998).

Section 5.4.3.2, Unidirectional Wetlands as Sinks and Transformers for Downstream Waters:
additional literature

1. A number of studies have demonstrated the importance of peatlands in removing nitrogen
deposited from atmospheric sources. Peatland mosses have been shown to remove 50-
100% of N applied aerially (Aldous 2002; Bayley et al. 1987; Li and Vitt 1997,
Jauhiainen et al. 1999) and 100% of N from natural precipitation (Woodin and Lee 1987).

2. Several studies document how headwater peatlands help to maintain stream water quality by
intercepting excess nutrients and sediments coming from uplands (Drexler et al. 1999;

Boomer and Bedford 2008a; 2008b) and export organic matter, which often forms the base of
food webs in streams and lakes (Schiff et al. 1998).

MinorComments

p. 5-21, lines 18-19. Slope wetlands such as fens often have diffuse inflow via groundwater but
channelized outflow — see notes and literature above related to section 5.4.2.2

p. 5-24, lines 31-32. Please provide an example for this unusual case, | cannot think of any examples: “A
wetland can also be hydrologically isolated from streams and rivers if it recharges a groundwater
aquifer that does not feed surface waters.”

Table 5-2, p. 5-34, Oregon spotted frog (Rana pretiosa) should be included in this list. Habitat
requirements of the Oregon spotted frog differ depending on the stage of its life cycle; it lays its eggs in
shallow temporary pools, often in unidirectional wetlands, and moves to deeper perennial streams as an
adult (Pearl et al. 2005; 2009).

Table 5-3, p. 5-38. Final bullet point under “Physical Connectivity and Function” should include flow,
as in “Groundwater that flows through riparian areas and into the stream helps moderate stream
temperatures andflow”

Table 5-4, p. 5-39. Second bullet point should include surficial geology, which in many cases plays a
more important role than soils. “The degree to which outputs (or connections) are dominated by
surface water vs. groundwater is controlled in part by surficialgeologyand soil permeability:
Permeable geologicdepositsand soils favor groundwater outputs, while impermeable geologicdeposits
and soils result in surface water outputs. Other factors, such as topographic setting, can also play a
role.”
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5(b) Conclusion (3) in section 1.4.3 of the Report Executive Summary discusses major
findings and conclusions from the literature referenced in Charge Question 5(a) above. Please
comment on whether the conclusions and findings in section 1.4.3 are supported by the
available science. Please suggest alternative wording for any conclusions and findings that are
not fully supported

Major Comments

The conclusions drawn here are thorough and technically accurate. However, see comment above
(listed under the first question related to overall clarity and technical accuracy), which applies
directly to this section.

Minor Comments
p. 1-10, lines 29-30. The term baseflow is not used correctly. Baseflow is only the groundwater
component of the river hydrograph. Better phrasing is “These functions include storage of

floodwater; retention, and transformation of nutrients, metals, and pesticides; and recharge of
groundwater thatwillsupport seureesef river baseflow.”
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Dr. Genevieve Ali
Last modified: December 1%, 2013

I would like to acknowledge a thoroughly documented report on downstream connectivity-related
research with countless impeccable figures, tables, paragraphs and sections. The elements currently
included in the draft report generally require no correction or further explanation but I would be
interested in knowing why some areas of research were not covered (or not detailed) in the draft report.
| tried to separate my general, overall comments (see part A) from my answers to the technical charge
questions (part B).

A) GENERAL COMMENTS

= Would it be possible to relax the constraint that was set by the authors about using only peer-
reviewed material as the basis for this draft report? | understand that a line had to be drawn
when establishing a methodology but government publications, in particular, might have
provided interesting case studies to report on.

= The effects of altering (i.e., enhancing or preventing) or restoring connectivity through human
modifications of the landscape are mentioned in passing in multiple places in Chapters 3, 4 and
5 but not covered extensively. | find it to be the main weakness of the draft report, especially in
light of the technical charge document which states that:

“understanding the physical, chemical, and biological connections by which streams,
wetlands, and open-waters affect downstream waters such as rivers, lakes, and oceans
is central to successful watershed management and to meeting water quality goals. It is
also central to informing policy decisions that guide our efforts to meet these goals”

and also that:

“findings from this Report will help inform EPA and the U.S. Army Corps of Engineers
in their continuing policy work and efforts to clarify what waters are covered by the
Clean Water Act. ”

In relation to streams, for example, it is unclear to me why man-made drainage features such as
surface drains, roadside ditches or tile drains were not discussed in more detail. Also, in relation
to wetlands, it might have been interesting to include case studies on the altered connectivity of
wetlands that have been fully drained, consolidated, cropped, etc. | think that the issue of
connectivity in highly anthropized environments would gain in being detailed in a separate
chapter or emphasized in Chapter 6, especially when it comes to stream restoration (what
stream properties should be restored?), surface drainage (artificial versus natural drainage
density), wetland drainage and wetland restoration (what wetland functions should be
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restored?). Another suggestion could be, for Chapters 4 and 5, to include an additional case
study that specifically addresses the impact of human landscape features on connectivity.

= The draft report does not include any significant discussion of potential competing watershed
management goals, e.g., enhancing biological connectivity while preventing hydrologic and
chemical connectivity. While watershed management is a vital end-use of research around
connectivity (and that is the motivation for the draft report), the real issue “in practice” is often
to determine the appropriate level of connectivity or disconnectivity to be achieved for each
niche: hydrological, chemical, biological, etc. (Bracken et al., 2013). Those issues could be
emphasized in Chapter 6.

= Concepts of temporal thresholds and tipping points are not at all discussed in the report, but
they should as they would clarify the definition of (and assumptions behind the concept of)
isolated wetlands. Please refer to my answer to technical charge question 5a).

= Research studies on the connectivity of roads to streams are not described in the draft report and
should, at least, be mentioned if not detailed in a “case study” format. Roads are human
landscape features that are critical to consider not only because of their connectivity with
channels at stream crossings but also because road-associated gullying leads to an extension of
the channel network (e.g., Montgomery, 1994; Wemple et al., 1996, 2003; Croke and Mockler,
2001; Wigmosta and Perkins, 2001; Croke et al., 2005; Thompson et al., 2008).

= Chapter 6 opens a small window on the issue of detecting impairments to connectivity but does
not expand on it, especially when it comes to techniques that might be available to isolate
effects or impairments that are cumulative.

= While the use of multiple case studies is great to support the elements presented in Chapters 4
and 5, the draft report fails to do a synthesis of techniques or assessment methods to
characterize (measure) connectivity in practice. It is true that there is no consensus about the
variables, metrics or indicators to use to measure the magnitude, duration or timing of
connectivity (especially hydrologic connectivity) but it would be worth stating lack of
consensus. In its current state, the report seems to imply that the science around hydrologic
connectivity is well established and relies on a universal (or largely agreed upon)
methodological framework, while it is not at all the case.

= Figure 6.1 should probably be expanded to include some of the “metrics and indicators used in
EPA’s national assessments of streams, rivers, lakes, wetlands, and coastal waters” (page 6-5).
Also, the literature on connectivity indicators or metrics cited in Chapter 6 is mostly of
ecological nature and mostly concerns longitudinal connectivity. It would be worth specifying
why we need connectivity indicators or metrics for management purposes: some indicators or
metrics available in the literature can be used to characterize the degree of connectivity from
data collected in the field, while some others can only help us answer the question: what leads a
potential stream or wetland function to become an actual one? In association with Figure 6.1, it
would be beneficial to make a list of such indicators or metrics and classify them according to
whether they are stress indicators, exposure indicators or response indicators.
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B)ANSWERS TO TECHNICAL CHARGE QUESTIONS

Overall Clarity and Technical Accuracy of the Draft Report

1. Please provide your overall impressions of the clarity and technical accuracy of the draft EPA
Report, Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of
the Scientific Evidence.

As stated in my general comments above, | find the draft report to be very thorough in its
treatment of the topics that are indeed included in the report. Most of my comments above and
below concern elements that were not treated in the drafted report.

Conceptual Framework: An Integrated. Systems Perspective of Watershed Structure and Function

2. Chapter 3 of the draft Report presents the conceptual basis for describing the hydrologic elements
of a watershed; the types of physical, chemical, and biological connections that link these elements,
and watershed climatic factors that influence connectivity at various temporal and spatial scales
(e.g., see Figure 3-1 and Table 3-1). Please comment on the clarity and technical accuracy of this
chapter and its usefulness in providing context for interpreting the evidence about individual
watershed components presented in the Report.

Chapter 3 is very easy to read and very pedagogical in its description of the conceptual
framework. My only comment is about the definition of connectivity adopted throughout the
report, namely “the degree to which components of a system are joined, or connected, by
various transport mechanisms”. This definition raises two questions that are not explicitly
addressed in the remainder of the draft report. First, the phrase “the degree to which” clearly
implies that connectivity is not a binary property but rather a continuum of system states, which
| agree with; however the draft report does not explicitly describe how those successive states
should be measured or monitored. Also, in the definition of connectivity, the phrase “transport
mechanisms” does not specify the timescale of interest, i.e. it is unclear whether system
components linked via regional groundwater over decadal scales are considered in the same
way as system components linked via surface flow at the scale of precipitation events. That
issue of timescale or cutoff time for the definition of connectivity is especially important when
defining the isolation of wetlands (see my answer to question 5a) below).

Lotic Systems: Ephemeral. Intermittent, and Perennial Streams

3(a) Chapter 4 of the Report reviews the literature on the directional (downstream) connectivity and
effects of ephemeral, intermittent, and perennial streams (including flow-through wetlands). Please
comment on whether the Report includes the most relevant published peer reviewed literature with
respect to these types of streams. Please also comment on whether the literature has been correctly
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summarized. Please identify any published peer reviewed studies that should be added to the Report,
any cited literature that is not relevant to the review objectives of the Report, and any corrections
that may be needed in the characterization of the literature.

I was expecting to find explicit references to environmental flow requirements, especially in
relation to biological connectivity. As for the concept of nutrient spiraling or spiraling length:
can it be used to define levels of (scientifically and socially) acceptable and unacceptable
chemical connectivity?

3(b) Conclusion (1) in section 1.4.1 of the Report Executive Summary discusses major findings and
conclusions from the literature referenced in Charge Question 3(a) above. Please comment on
whether the conclusions and findings in section 1.4.1 are supported by the available science. Please
suggest alternative wording for any conclusions and findings that are not fully supported.

| did not find any major discrepancy between the material in Chapter 4 and the executive
summary of the draft report.

Lentic Systems: Wetlands and Open Waters with the Potential for Non-tidal, Bidirectional
Hydrologic Flows with Rivers and Lakes

4(a) Section 5.3 of the Report reviews the literature on the directional (downstream) connectivity and
effects of wetlands and certain open waters subject to non-tidal, bidirectional hydrologic flows with
rivers and lakes. Please comment on whether the Report includes the most relevant published peer
reviewed literature with respect to these types of wetlands and open waters. Please also comment on
whether the literature has been correctly summarized. Please identify any published peer reviewed
studies that should be added to the Report, any cited literature that is not relevant to the review
objectives of the Report, and any corrections that may be needed in the characterization of the
literature.

The draft report states that “riparian and floodplain areas can reduce flood peaks by storing
and desynchronizing floodwaters” (page 1-9 and elsewhere) and although that statement is
generally true, it should be nuanced in light of the impact of seasonally frozen ground,
especially in northern Prairie States (where frozen soil inhibits the runoff and nutrient trapping
capacity of riparian areas).

4(b) Conclusion (2) in section 1.4.2 of the Report Executive Summary discusses major findings and
conclusions from the literature referenced in Charge Question 4(a) above. Please comment on
whether the conclusions and findings in section 1.4.2 are supported by the available science. Please
suggest alternative wording for any conclusions and findings that are not fully supported.

| did not find any major discrepancy between the material in section 5.3 and the executive
summary of the draft report.
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Lentic systems: Wetlands and Open Waters with Potential for Unidirectional Hydrologic Flows to
Rivers and Lakes. Including “Geographically Isolated Wetlands”

5(a) Section 5.4 of the draft Report reviews the literature on the directional (downstream)
connectivity and effects of wetlands and certain open waters, including “geographically isolated
wetlands,” with potential for unidirectional hydrologic flows to rivers and lakes. Please comment on
whether the Report includes the most relevant published peer reviewed literature with respect to
these types of wetlands and open waters. Please also comment on whether the literature has been
correctly summarized. Please identify any published peer reviewed studies that should be added to
the Report, any cited literature that is not relevant to the review objectives of the Report, and any
corrections that may be needed in the characterization of the literature.

One clarification question: the phrase “geographic isolation” does not mean a lack of
hydrologic connectivity but does it mean a lack of other types of connectivity (e.g., genetic)?

The draft report mentions issues related to the delineation of geographically isolated wetlands
from coarse-resolution maps and also suggests that wetlands should not be considered
individually but rather as part of larger complexes (i.e., consider wetland complexes as
functional units). However no guidance is given as to how to delineate complexes rigorously
from maps (while avoiding the coarse resolution issue, that is).

The draft report rightfully states that geographic isolation (concept used for wetlands
completely surrounded by uplands, with uplands being areas that do not meet any of the three
Cowardin criteria) should not be confused with functional isolation. The draft report also states
that spatial scale is important when evaluating geographic isolation but the importance of
temporal scale with respect to functional isolation is largely omitted. When comparing Chapters
4 and 5, it was interesting for me to realize that the adopted definitions of perennial, intermittent
and ephemeral streams were very precise and tied to specific time scales (i.e. streams flowing
all year long, seasonally or in response to precipitation events only) while the terminology used
for wetlands was much more vague with references to permanent, frequent or infrequent surface
water connection or inundation. For wetlands that are groundwater-dominated, the way
(functional) isolation is (or should be) defined is strongly dependent on the relative presence of
local, intermediate or regional flow systems (described in Chapter 3) and groundwater travel
time. For example, assuming a typical Prairie Pothole setting with intermediate groundwater
flow systems and groundwater travel times to the stream ranging from 90 to 400 days, if a
cutoff time of one month were chosen to define functional isolation, then all unidirectional,
geographically isolated wetlands (potholes) would also be functionally isolated. Using a cutoff
time of one year, however, would only lead the most geographically (and hydraulically) remote
potholes to be considered functionally isolated. | find the idea of a cutoff time critical for
process understanding and management purposes because:

= It helps define a gradient of functional connectivity (or isolation) that the draft report
currently refers to but deems difficult to establish (page 5-33).
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= It is aligned with the definition of connectivity adopted in the draft report and that refers
to “the degree to which system components are connected”; the “degree to which” is not
only timescale-dependent (in its definition) but also time-variable (in its climate-driven
evolution).

= It can be applied differentially for different niches, i.e. the cutoff time for chemical
connectivity should probably be much longer than for hydrologic connectivity to
prevent contaminants “trapped” in geographically (but not functionally) isolated
wetlands from reaching the stream network in a short period of time. It might even be
worth discussing what a socially acceptable definition of isolation (for water versus
contaminants) should be and establish standard cutoff times for the definition of
functional connectivity accordingly.

One valuable paper about the importance of the temporal scale or cutoff time to define
(functional) isolation is Winter and Labaugh (2003): it is currently cited in the draft report but
only in reference to the definition of groundwater systems and not in relation to the
characterization of wetland isolation. If possible, I think that more emphasis should be put on
functional isolation and a little less on geographic isolation because the former provides more
information about system behaviours and its understanding can lead to better targeted
management decisions.

Lastly, the draft report mentions the beneficial effects of isolation versus the beneficial effects
of connectivity (depending on the material fluxes considered): would it be possible, in the
report, to summarize the beneficial effects of connectivity versus isolation in a table and suggest
a continuum of desirable and undesirable conditions and hence go beyond the simple literature
review?

5(b) Conclusion (3) in section 1.4.3 of the Report Executive Summary discusses major findings and
conclusions from the literature referenced in Charge Question 5(a) above. Please comment on
whether the conclusions and findings in section 1.4.3 are supported by the available science. Please
suggest alternative wording for any conclusions and findings that are not fully supported.

| did not find any major discrepancy between the material summarized in section 5.4 and the
executive summary of the draft report.
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Dr. David Allan

RESPONSE TO TECHNICAL CHARGE QUESTIONS
J. David Allan, December 7, 2013

Charge Question 1: The overall clarity and technical accuracy of the draft EPA Report,
“Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of
Scientific Evidence” is excellent. The Report is extremely thorough, comprehensive, and, where
appropriate, cautious about the state of knowledge.

Charge Question 2: Chapter 3 of the Report sets forth the conceptual framework for
connectivity in detail. It is essential to understand river systems from a network perspective, to
appreciate the very important role of headwaters, and to recognize the extent of downstream
influences as well as upstream influences as, for example, by movement of fish and other
organisms. Connectivity as a fundamental property of streams and wetlands, and the factors that
influence connectivity (or isolation), are explained clearly and accurately. This conceptual
framework is very helpful for interpreting evidence about individual watersheds and appreciating
the complexity of interacting factors.

Charge Question 3a: Chapter 4, Lotic Systems, provides a comprehensive, clear and
compelling explanation of the physical, chemical and biological connections that link ephemeral,
intermittent and perennial streams into a stream or river network. The reviewed literature is the
most relevant, and it is correctly summarized and woven together to fully explain how river
systems “work”. While additional papers could no doubt be identified to further elaborate some
details, the authors have included the appropriate literature.

Charge Question 3b: Conclusion (1) in section 1.4.1 and the major findings and conclusions to
Charge Question 3(a) are fully supported by the available science.

Charge Question 4a: Section 5.3 of the Report summarizes existing knowledge with regard to
(directional) downstream connectivity and the interactions of riparian and floodplain wetlands
with rivers. Physical, chemical and biological connectivity are amply documented and clearly
explained. Table 5-1 of the Report provides an excellent summary of the five functions (source,
sink, refuge, transformation and lag) that make up the mechanisms of linkage. Table 5.3 provides
a well-supported list of key conclusions regarding the effects of riparian and floodplain wetlands
on physical, chemical and biological connectivity with rivers. The evidence in support of
connectivity is significant and without question. While additional papers could no doubt be
identified to further elaborate some details, the authors have included the appropriate literature.

Charge Question 4b: Conclusion (2) in section 1.4.2 and the major findings and conclusions to
Charge Question 4(a) are fully supported by the available science.

Charge Question 5a: Section 5.4 of the Report summarizes existing knowledge with regard to
(directional) downstream connectivity and effects of diverse types of wetlands with rivers. The
Report refers to these wetlands as unidirectional wetlands, occurring along a gradient of
hydrologic connectivity. The Report suitably notes that the state of scientific knowledge for this
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class of wetlands makes it difficult to generalize about the degree of connectivity, such that case
by case studies may be necessary for specific situations. Nonetheless, Table 5.4 provides a well-
supported list of key conclusions regarding the effects of unidirectional wetlands on physical,
chemical and biological connectivity with rivers. The Report further makes it clear that use of the
term “geographically isolated wetlands” should be used with extreme caution, if at all, because
distance alone, especially in the absence of detailed hydrologic analyses, could result in incorrect
conclusions about actual connectivity. While additional papers could no doubt be identified to
further elaborate some details, the authors have included the appropriate literature.

Charge Question 5b: Conclusion (3) in section 1.4.3 and the major findings and conclusions to
Charge Question 5(a) are fully supported by the available science. As new methods of analysis
become available, future research may increase the ability to make scientific generalizations
about unidirectional wetlands.
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Dr. Lee Benda

Dr. Lee Benda (Earth Systems Institute)
Answers to Charge Questions 1 — 5b.

Question 1: Overall impression of the clarity and technical accuracy of EPA’s draft report.

I have a good overall impression of EPA’s draft report. It appears to be very thorough in many
(most) respects without building an entire text book on the topic, which of course the topic could
merit. | thought the figures were helpful and appropriate, with many of them designed to
introduce physical and biological concepts to a lay audience.

| agree with the general structure as outlined in the table of contents, although I might suggest
adding another subheading under the “Conceptual Framework” that discusses the issue of
connectivity significance but at the population level of headwater streams (see Question 2
below).

| found some of the information covered in Section 5.0 difficult to sort out since it is complicated
by the issue raised about the literature on floodplains and riparian areas vs. riparian/floodplain
wetlands (pg. 5-3). I understand the author’s dilemma and their solution to use all literature.
However, all riparian areas are not wetlands; all floodplains are not wetlands. In the various
subsections in 5.0, some of them continually refer to “riparian/floodplain wetlands” while other
sections only mention “riparian areas” or “floodplains” (as if they were written by different
authors which they might have been). I would like to see a bit more discussion about how
wetlands and riparian area research is used interchangeably. | do not doubt the logic process but
the approach needs to stand up to scrutiny by a skeptical audience.

| liked the case studies at the end of the Report. If the Report included an highlighted section on
connectivity significance in terms of integration of the entire population of tributary and wetland
source areas (see Question #2), it would be effective to include a case study illustrating that, but
it might need to rest on simulation results, given the expanded space and time elements of that
concept.

Question 2: Overall impression of the clarity, technical accuracy, and usefulness of the
conceptual framework describing the hydrological elements of a watershed and the physical,
chemical and biological connections linking these elements.

The Conceptual Framework section of the EPA Stream and Wetland Connectivity Report is quite
comprehensive and highlights the general state of the watershed sciences as it pertains to river
networks and wetlands within a watershed context. The level of detail it contains is
approximately equivalent to an undergraduate course in geomorphology but with a heavy focus
on connectivity that is more likely found in graduate level classes in lotic ecology and fluvial
geomorphology.
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The Conceptual Framework could use a bit of reinforcing in a couple of key areas.

(1) Although mentioned in several areas of the Framework (and also within the body of the
Report), the concept of the “aggregate effect” or the integration of the many smaller, headwater
streams on the functioning of larger rivers in a watershed need to be additionally highlighted and
discussed. I think it is sufficiently relevant and important to merit its own subsection (e.g.,
Assessing Connectivity Significance: Single versus the Integrated Effects of Numerous Smaller
Tributaries and Wetlands). This is an important concept because any individual small stream (or
wetland) may be ecologically insignificant to any single larger (navigable) river (or other water
body). As highlighted in the House of Representative’s letter to Drs. Rodewald and Allen (Nov.
6, 2013), the question of “significant nexus” (Justice Kennedy in Rapanos v. United States,
2006) is raised. Contained in the House’s additional charge questions is: “The real question...is
the scientific significance of...connections on downstream traditional navigable waters...does
the science provide a method to establish whether connections are significant?”

In the context of mainstem rivers integrating and accumulating the flow, sediment, nutrient, and
biological materials of numerous smaller headwater tributaries (and connected and disconnected
wetlands), the significance of connectivity must be heavily facilitated by the integration of all of
the smaller (and perhaps individually insignificant) sources. For example, at the scale of a single
200 km? watershed, the flow and sediment originating from a single first-order stream with a
drainage area of < 1 km? would be considered insignificant (to the mainstem river) but the space-
time integration of all 200 first- and second-order streams in the watershed governs the total
sediment mass balance of the larger river and the resulting in-channel sediment storage, channel
morphology and aquatic habitat.

In this vein, the “significance nexus”, although it could rest on location to location connectivity
of a single small tributary or wetland to a larger river, could also be defined more appropriately
as a population attribute of all small headwater streams and wetlands in a watershed (a river
network statistical attribute). This infers that a number of headwater streams and wetlands could
be ecologically compromised without serious ramifications to mainstream rivers; there is also a
dilution effect. However, ecological impairment of mainstem rivers could occur if a sufficient
number of the intersecting smaller streams and wetlands was impacted. Thus, the test of
“significance” rests on a convolution (both in space and time) of each headwater tributaries’ time
series of water, sediment, organic debris, nutrients, and biological material production, export
and storage downstream through larger river channels. This concept could be highlighted,
discussed and illustrated in its own subsection of the Report, or it could be highlighted here and
there in a sentence or two in several sections of the Report as it now occurs.

There are a number of other charge questions from the House (which I understand from Tom
Armitage that we are not to address at this time) that could also motivate a few upgrades in the
Conceptual Framework. For example, “What is the difference between a stream (using the
Report’s definition) and a road side or agricultural ditch? Do a majority of ditches perform the
entire suite of functions performed by streams?” (e.g., the Conceptual Framework could include
a subsection on “Artificial Channels, Diversions and Ditches”, considering the proliferation of
such drainage structures across the U.S.).
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(2) The Conceptual Framework section could also use a bit more heft when it discusses Factors
Influencing Connectivity, specifically Human Activities and Alterations (3.4.4). About % page is
devoted to the issue of dams, which could be expanded to cover many impacts not discussed
such as fish migration barriers and sediment starvation downstream, thereby altering channel and
floodplain habitats. In addition, the question of negative cumulative watershed effects could be
discussed in detail. It has ramifications for the concept of the aggregate (positive) influences of
many small tributaries on mainstem rivers (as outlined above), but from the flip side of
integrating numerous negative impacts originating from many small tributaries including
increased sediment, thermal and nutrient pollution. The concurrence between negative
cumulative watershed effects framed within the structure of network integration of many point
sources (of everything) would add a nice theoretical touch to the Framework.

Question 3 (a): Comments on EPA’s review and characterization of the literature on directional
(downstream) connectivity and effects of ephemeral, intermittent, and perennial streams.

This section is relatively thorough and touches on the majority of relevant topics concerning
physical, chemical, and biological connections to rivers. However, it could use additions in a
couple of key areas.

The issue of map resolution on headwater stream delineation (such as the NHD 100,000 scale
coverage missing many first and second order streams), although mentioned in several areas in
the Report, could be effectively illustrated in a figure. A related topic is the increasing
availability of LIDAR digital elevation models (DEMSs) and thus the increasing ability to create
more accurate and densified synthetic stream networks (e.g., the NHD is a cartographic product
created from maps such as the blue line topographic maps [NHD+]). A comparison between the
different technologies in a figure would be informative, including for the lay person, further
illustrating how new technologies may influence the findings of connectivity significance.

Perhaps part of the reason why headwater streams (and perhaps small wetlands) are off the radar
screen (at least in some state and federal jurisdictions) is because they remain poorly mapped.
However, the increasing availability of high resolution DEMs (including the National Elevation
Dataset [NED] 10 m DEM) and more robust flow routing algorithms means that more accurate
stream maps (or GIS layers) are becoming increasingly available. Thus the ability to predict (and
discern) hydrologic, geomorphic and ecological connections between small and large streams is
increasing rapidly. For example, using better DEMSs, many organizations are rapidly building
higher resolution stream networks, fish habitat maps, more accurate floodplain maps, and
predicting headwater streams prone to debris flows during storms and following wildfires. Thus,
information about headwater streams will greatly increase in the near future and that information
will be broadly disseminated across agencies, NGOs, and the public, oftentimes freely from
websites. Hence, “connectivity” and “significant nexus” are not only issues related to the best
available science (e.g., House charge questions, Smith and Stewart 2013) but are also issues
pertaining to (and will be determined in some part by) technology (e.g., better digital data and
more web dissemination).
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For example, only in the last decade has the science and technology arrived to the point where it
can predict the risk posed by mudflows or debris flows originating from small headwater streams
(< 1 km?) either following wildfires and logging (even if this risk has a low probability of
occurrence of once every 200 years). Prior to this technology, small headwater streams were
commonly off the policy radar screen, even if professional qualitative judgment indicated
otherwise. Thus, has the significance of the nexus changed over a period of a decade based
primarily on new technology? In addition, the significance question relates to the aggregation or
population of tributaries outlined in #2 above. For instance, perhaps the risk of debris flows
every 200 years on downstream fish habitat (not to mention homes and highways, not addressed
here) would be considered not a significant nexus. However, at the scale of entire watersheds
containing hundreds of individual headwater streams, the annual probability of debris flows
increases to 100%. At the population level, the nexus is significant.

Question 3 (b): Comments on EPA’s findings and conclusions concerning the directional
(downstream) connectivity and effects of ephemeral, intermittent, and perennial streams
(including flow through wetlands) are supported by the available science.

| agree overall with the findings and conclusions concerning the issue of connectivity and its
relationship to ephemeral, intermittent, and perennial streams in the Report (e.g., they are
supported by the available science). A few comments follow. In a couple of places in the Report,
it states that salmon utilize “headwater streams” (pgs 3-41, 4-30). By definition in the Report,
headwater streams are primarily first- through third (Strahler) order. In general in the Pacific
Northwest, scientists consider “headwater” streams to be off limits to anadromous salmonids, too
steep and too small; headwaters are usually defined as first and second order streams. | might
suggest reviewing the distinction between headwater and non-headwater streams. In the Pacific
Northwest, for example, the distinction is usually made at the second order—third order break,
because first and second order channels are filled with a combination of alluvium and colluvium
and thus are distinct from larger, higher order streams that are dominated by alluvium.

The “geomorphologic dispersion” (Rodriguez-Iturbe and Valdes 1979) (pg. 4-8/4-8) is often
referred to as the “geomorphic unit hydrograph” concept.

If the Conceptual Framework of the Report included greater discussion (or its own subsection)
on mainstem integration of tributary sources (see Question 2 above), then parts of Section 4.0,
specifically the ones dealing with sediment and wood, could be expanded to account for this
integrative characteristic of watersheds (again highlighting that connectivity significance is a
function of the population behavior of tributaries that varies in both space and time, rather than
the behavior of any single tributary).

Human modifications to physical (chemical) connectivity are mentioned briefly on pg. 4-16.
Would Section 4.0 benefit from an expanded treatment of human alternations? The literature on
this topic is rather extensive. Or is that covered sufficiently in the Conceptual Framework (but
see comment in Question 2 above)? For example, Section 4 could include a subsection (4.x) that
reviews how land use can alter the natural patterns (and thus connectivity) of the fluxes and
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storage of water, sediment, wood, nutrients and thermal, including at the population of channels
level (e.g., cumulative watershed effects).

Question 4 (a): Comments on EPA’s review and characterization of the literature on directional
(downstream) connectivity and effects of wetlands and certain open waters.

| am not an expert in wetland science by education or experience and thus | am not qualified to
weigh in on the wetland section in detail, other than those aspects that deal indirectly with
hydrology, floodplains and channels. Overall, I thought the wetland section, as it relates to
fluvial geomorphology and hydrology, is sound.

However, | had some difficulty with mixing floodplains and riparian area science (and literature)
with floodplain wetlands and riparian wetlands science and literature (see my comment in
Question #1).

Question 4 (b): Comments on EPA’s findings and conclusions concerning the directional
(downstream) connectivity and effects of wetlands and certain open waters (including flow
through wetlands) are supported by the available science.

As indicated above, | lack the background in wetland science to determine if the material on
wetlands in the Report reflects the available science. My quick reading over this material
suggests that it does use the available science and draws sound conclusions. | can see from the
House’s charge questions, specifically addressing wetlands and their connections to other bodies
of water (larger rivers), that there are issues that might need clarifying in the wetland section of
the Report. For example and as it relates to my comment on mixing the large body of
floodplain/riparian science/literature with wetland science/literature, House charge questions
include “did the peer-review studies examined with respect to wetlands evaluate features which
met the Cowardin definition of wetland or the federal regulatory definition of wetland.”

Question 5 (a): Comments on EPA’s review and characterization of the literature on directional
(downstream) connectivity and effects of wetlands and certain open waters, including
geographically isolated wetlands, with potential for unidirectional flows to rivers and lakes.

As indicated above, | lack the knowledge to comment on the science review of geographically
isolated wetlands. Nevertheless, the section seems solid, particularly in reference to subsurface
hydrology and the number of supporting citations. However, as stated in the Report, it is not a
trivial exercise to determine specific subsurface and groundwater conditions of geographically
isolated wetlands. The Report highlights the challenges in determining whether and how these
types of wetlands are connected to other wetlands and to stream networks, on a case by case
basis. Typically some form of subsurface drilling and or tracer work would be required to
determine source of incoming flow and groundwater field conditions.

Given that earlier in the Report it states that approximately 50% of wetlands (presumably mostly

geographically isolated) in the U.S. have been drained (and developed), it might be useful to
elaborate (possibly in a new subsection) how historical and present day land uses have impacted
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and continue to impact wetland functions. In addition, if many of the geographically isolated
wetlands had some type of connectivity (hydrologic, biotic, other), then a reduction of some 50%
of wetlands should have had some profound ecological impacts, either on the remaining wetlands
or on the stream network they were connected to (if not, were they significantly connected?).
The Report could highlight what these impacts are so that one could infer what ecological
impacts the continuing loss of geographically isolated wetlands would have.

Question 5 (b): Comments on EPA’s review and characterization of the literature on directional
(downstream) connectivity and effects of wetlands and certain open waters, including
geographically isolated wetlands, with potential for unidirectional flows to rivers and lakes are
supported by the available science.

Because | lack academic experience with the wetland literature, I am not in a position to

comment on the available science. As indicated above, the review of the science (based on the
number of citations and geographic variation of them), appears valid.
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Dr. Emily Bernhardt
Comments of Emily S. Bernhardt

EPA Connectivity Report
In response to the Technical Charge

Overall Clarity and Technical Accuracy of the Draft Report

1. Please provide your overall impressions of the clarity and technical accuracy of the draft EPA
Report, Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the
Scientific Evidence.

This EPA report represents a heroic effort to synthesize the vast literature describing how rivers work
as hydrologic, chemical and biological systems. | particularly liked the opening sentence of Chapter
3 which recognizes that “A river is the time-integrated result of all waters contributing to it, and
connectivity is the property that spatially integrates individual components.”

That said, this well researched document seems less strategic than it could be, if it is indeed designed
to help inform regulatory decisions about the scope and jurisdiction of the federal government in
enforcing the Clean Water Act. Much of the energy and length of this document is aimed at
explaining dynamics in systems that are unquestionably connected to waters of the United States. Far
too little text is devoted to the truly thorny issues of establishing where streams begin, how many
features a channel must have to qualify as a stream (e.g. duration of flow, presence of aquatic
biota), and how isolated a wetland must be to be “unconnected”. No text is devoted at all to the
manmade infrastructure (agricultural ditches, stormwater pipes, piped streams) that is directly linked
into the stream network, effectively expanding drainage network density in many agricultural and
urban settings.

The present document is a catalogue of well organized information that would be a useful primer for
students of Aquatic Ecology or water resources courses, yet | wish that a more focused and strategic
document could have been created that dealt with the hard issue of defining the edge of connectivity.
In the actual world, all components of the land surface are to some degree connected to draining
streams, the issue is where along this continuum a line could usefully be drawn to protect the
structure and function of our nation’s waters.

Because there is so much information and detail, it is quite difficult to find the main points of the
document. This is less a document about connectivity than one about aquatic ecosystem structure and
function.

Conceptual Framework: An Integrated, Systems Perspective of Watershed Structure and
Function

2. Chapter 3 of the draft Report presents the conceptual basis for describing the hydrologic elements
of a watershed; the types of physical, chemical, and biological connections that link these elements,
and watershed climatic factors that influence connectivity at various temporal and spatial scales (e.g.,
see Figure 3-1 and Table 3-1). Please comment on the clarity and technical accuracy of this chapter
and its usefulness in providing context for interpreting the evidence about individual watershed
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components presented in the Report.

This chapter does a nice job laying out the many key terms and concepts that are necessary to
interpret connectivity.

Line 28 on p. 3-27 — The statements that the more frequently a material is delivered to the river, the
greater its effect or that The effect of an infrequently supplied material, however, can be large if the
material has a long residence time in the river are poorly supported. Episodic pulses of toxins, salts or
sediments can have devastating effects even if they happen only once. The focus here on woody
debris and salmon as the only examples is problematic. | would recommend either removing this
paragraph completely or more thoroughly examining the literature on this topic of material additions
to streams.

Line 29 on p. 3-30 — .. .cations in stream water convert dissolved organic matter to fine particulate
organic matter (FPOM, particle size <1 mm) that is taken up directly by benthic bacteria, delaying its
export downstream.”, - this sentence should include a description of the mechanism of cation
bridging that I assume the line refers to and a citation.

I think Figure 3-20 is very instructive and useful.

Line 22 p. 3-50, this paragraph appears to mix empirical data, conceptual ideas and mathematical
models indiscriminately. More focus on real data on these issues would improve this section. |
especially take issue with this last sentence that says restoration improves floodplain connectivity
based on a model... how about some data on this one.

At the beginning of section 3.4.5, please provide some justification for investing this much text in
describing a single place. Is this particularly data rich, particularly illustrative of some particular
point. Please justify the decision to spend so much time on this paper. Rather than repeating this
comment for each chapter, | will say here that these case studies require some more justification for
their inclusion. They add tremendous bulk to the document to no clear purpose.

Lotic Systems: Ephemeral, Intermittent, and Perennial Streams

3(a) Chapter 4 of the Report reviews the literature on the directional (downstream) connectivity and
effects of ephemeral, intermittent, and perennial streams (including flow-through wetlands). Please
comment on whether the Report includes the most relevant published peer reviewed literature with
respect to these types of streams. Please also comment on whether the literature has been correctly
summarized. Please identify any published peer reviewed studies that should be added to the Report,
any cited literature that is not relevant to the review objectives of the Report, and any corrections that
may be needed in the characterization of the literature.

This chapter is technically sound, but left me wondering why it was necessary to invest 70 pages of
text in drawing the extremely basic conclusion that headwaters are connected to downstream rivers. |
wish this section were more targeted to focus on the most questionable portions of the network,
addressing the connectivity of ephemeral streams and dry washes, or manmade conveyances that are
directly hooked into river networks (stormwater pipes, agricultural ditches and tile drains). The long
discussion of the processing of materials and the movement of organisms through stream networks
does not seem particularly useful to the difficult issue of deciding what is and is not connected to
downstream waters.
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Given the exhaustive nature of the review of literature, I was surprised and disappointed that this
article was not included in this chapter, as it directly addresses the issue of connectivity of
headwaters. This paper reflects my more comprehensive thoughts on how to assess connectivity
between streams and rivers.

Doyle, M\W. and E.S. Bernhardt 2011. What is a stream? Environmental Science and Technology
45:354-359.

3(b) Conclusion (1) in section 1.4.1 of the Report Executive Summary discusses major findings and
conclusions from the literature referenced in Charge Question 3(a) above. Please comment on
whether the conclusions and findings in section 1.4.1 are supported by the available science. Please
suggest alternative wording for any conclusions and findings that are not fully supported.

1.4.1a - yes, well put

1.4.1b — example not necessary for this high level conclusion

1.4.1.c — remove example

1.4.1.d - far too long for an overarching conclusion, the first two sentences are all that are
required

1.4.1.e —is this conclusion about nitrogen or about nutrients? Is it a conclusion (really) if it says
streams are sources and sinks? I would suggest that this one be subsumed in point d. | certainly
would not refer to a single study (not cited) in a report conclusion.

1.4.1.f — okay, but more specifically to the issue of connectivity, do all headwaters provide
critical habitats... I would state this differently than all preceding conclusions, because this is
not universally true. Desert washes are headwaters, but they are so ephemeral that this is not a
function one would expect them to serve.

Lentic Systems: Wetlands and Open Waters with the Potential for Non-tidal, Bidirectional
Hydrologic Flows with Rivers and Lakes

4(a) Section 5.3 of the Report reviews the literature on the directional (downstream) connectivity and
effects of wetlands and certain open waters subject to non-tidal, bidirectional hydrologic flows with
rivers and lakes. Please comment on whether the Report includes the most relevant published peer
reviewed literature with respect to these types of wetlands and open waters. Please also comment on
whether the literature has been correctly summarized. Please identify any published peer reviewed
studies that should be added to the Report, any cited literature that is not relevant to the review
objectives of the Report, and any corrections that may be needed in the characterization of the
literature. Page 3

This section provides a good summary of the relevant literature on the hydrologic connectivity of

wetlands to downstream waters and on the exchange of materials and biota. | do not find the case
study examples at the end of the chapter to be particularly useful.
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4(b) Conclusion (2) in section 1.4.2 of the Report Executive Summary discusses major findings and
conclusions from the literature referenced in Charge Question 4(a) above. Please comment on
whether the conclusions and findings in section 1.4.2 are supported by the available science. Please
suggest alternative wording for any conclusions and findings that are not fully supported.

1.4.2.a — with the caveat that those buffers actually have to be in contact with inflows — many
riparian zones are short-circuited by pipes or tile drains. So position and residence time make
some riparian wetlands more effective than others.

1.4.2.b The conclusions seem to oscillate between talking about riparian/floodplain areas vs.
talking more specifically about wetlands in floodplains or riparian zones. | would prefer to see
a separate conclusion specific to riparian/floodplain wetlands.

1.4.2.c — remove example and reference to an unnamed study and simply state the conclusion.
1.4.2.d — remove reference and summary from an unnamed study.

1.4.2.e — this could be simpler, many aquatic organisms rely upon access to riparian and
floodplain habitats during some portion of their life cycle, thus damage to these habitats can
damage aquatic communtities.

Lentic systems: Wetlands and Open Waters with Potential for Unidirectional Hydrologic Flows
to Rivers and Lakes, Including “Geographically Isolated Wetlands”

5(a) Section 5.4 of the draft Report reviews the literature on the directional (downstream)
connectivity and effects of wetlands and certain open waters, including “geographically isolated
wetlands,” with potential for unidirectional hydrologic flows to rivers and lakes. Please comment on
whether the Report includes the most relevant published peer reviewed literature with respect to
these types of wetlands and open waters. Please also comment on whether the literature has been
correctly summarized. Please identify any published peer reviewed studies that should be added to
the Report, any cited literature that is not relevant to the review objectives of the Report, and any
corrections that may be needed in the characterization of the literature.

This section provides a good summary of the relevant literature on the hydrologic connectivity of
wetlands to downstream waters and on the exchange of materials and biota. | do not find the case
study examples at the end of the chapter to be particularly useful.

5(b) Conclusion (3) in section 1.4.3 of the Report Executive Summary discusses major findings and
conclusions from the literature referenced in Charge Question 5(a) above. Please comment on
whether the conclusions and findings in section 1.4.3 are supported by the available science. Please
suggest alternative wording for any conclusions and findings that are not fully supported.

1.4.3.a. First sentence is all that is needed here.

1.4.3.b same comment
1.4.3.c middle sentence adds very little
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1.4.3.d good.
1.4.3.e 1 would place this as the first conclusion

1.4.3.f — It is not clear to me that this is of broad enough significance to qualify as a major
conclusion.
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Dr. Robert Brooks

EPA’s Connectivity of Streams and Wetlands...
(Written comments on draft report from Robert P. Brooks, 9 Dec 2013)

Executive Summary

The summary conclusions satisfactorily characterize the findings of the report. Major points are
sufficiently separated for clarity. My only substantive comment pertains to Sec. 1.4.3.e Unidirectional
Wetlands. Although it is difficult to generalize about the (hydrologic) connectivity between these types
of wetlands (prairie potholes, vernal pools, etc.), the statement “...can make it difficult to determine or
generalize...”, I believe we can be more specific when speaking about single types, and therefore, we
should attempt to do that even if generalization is difficult.

Introduction

Sec. 3— Could add a couple of citations that focus on holistic views of headwaters (Brooks et al. 2006,
Brooks et al. 2013).

pdf p.39 — “Headwater streams are first to third order...” Although this is a suitable definition for the
report, a quick mention that the literature varies in what orders are used to designate headwater streams
(perhaps second to fourth — and add a few citations), but many use first through third order, as revealed
on 1:24,000 scale USGS topographic maps. Map scale can greatly influence where to begin with a first
order designation.

[p. 91 - OKAY, THIS IS DISCUSSED FURTHER ON P.91 W/R SCALE ISSUES, BUT WITH NHD
ONLY ESTIMATED JUST ABOVE 50% OF THE TOTAL, THIS SEEMS GROSSLY INADEQUATE
AND MISLEADING TO THE READER. ALSO, COMING LATER IN THE REPORT MAY LEAVE
THE READER WITH CONFUSING PERSPECTIVES.]

p.43 — Do we want to include examples of regional wetland (water) classification systems? (e.g.,
Stewart and Kantrud 1971 report (prairie potholes), Golet and Larson 1974(?) report (NE wetlands),
Brooks et al. 2011 Wetlands (HGM for Mid-Atlantic). Some may provide more explicit descriptions and
distinctions among difficult types, like prairie potholes.

p.55 Fig. 3-9 — Because these figures were constructed from NHD 1:100,000 data, it is likely that the
report’s definition of a first order (and maybe second order) stream will not be included here. This scale
of data often misses the lowest order streams. Okay to use the figures, but should be qualified in the text
and figure caption regarding this scale issue — otherwise, the legend %s are misleading.

p.59 — Inclusion of Bullock and Acremann 2003 % of studies showing flood storage is a good way to
show predominance in the literature (23 of 28 studies).
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Sec. 3.4 (e.g., p.59 lines 13-23) — Here, | do not see adequate mention of (or diagramming of) wetlands
that have intimate contact with stream channels over long distances — where connectivity would be
maximized. Examples would include saturated valley bottoms that remain permanently saturated at or
near the surface yearround due to significant groundwater outputs with highly meandering streams,
and/or broad landscapes with high water tables where the shallow stream channels highly meander
through the terrain, with bog or marsh habitats lining the streambanks (e.g., muskeg, coastal plain
freshwater emergent wetlands). These types of systems are NOT affected significantly by flood pulses
or floodwaters, but rather they tend to have fairly constant water levels over time due to landscape
position and high groundwater flows. Perhaps these are considered bidirectional systems in the report’s
terminology?

Also, Hychka et al. 2013 (or her dissertation, Hychka 2010) provides analysis of wetland well data, and
how they respond to both drought and disturbance.

p.62 — Too much reliance on Leibowitz et al. 2008 (although an important reference!). Would like to see
the four dimensions detailed by Thorp et al. 2006 also described and discussed (longitudinal, lateral,
vertical, and temporal). This would bring in concepts from Ward & Poff, for example (which are
mentioned in the next section 3.3.2.1)

Sec. 3.4.3 - p.84 — Should add more on aquatic invertebrates, e.g., obligates to stream or floodplain, vs.
facultative species that move back and forth with fluctuating waters. Suzy Yetter (Yetter 2013, in
Brooks and Wardrop 2013) has a good book chapter that proposes a model for this, including effects of
degradation on the system. | can provide a copy.

Sec 4. Streams to Rivers — generally, the flux of materials is handled well, and has adequate citations to
back up statements.

4.5 Biological Conditions - p.118 Invertebrates and fishes are covered, but not another vertebrate group
that often replaces fish as the top headwater predator — salamanders (Stream Plethodontid Assemblage,
see Rocco et al. 2004 (research report to EPA), especially for the vulnerable Appalachians. These should
be added, as they are important in eastern streams (vs. salmonids in western streams).

4.7 Prairie Streams Case Study — seems well states, but outside my area of expertise.
4.8 Southwestern Streams Case Study - seems well states, but outside my area of expertise.
5 Wetlands ...

5.3 — Riparian Wetlands and Floodplains — if these are bidirectional wetlands w/r to hydrologic flows,
the same comments listed for 3.4 above, apply (repeated here) — Sec. 3.4 (e.g., p.59 lines 13-23) — Here,
| do not see adequate mention of (or diagramming of) wetlands that have intimate contact with stream
channels over long distances — where connectivity would be maximized. Examples would include
saturated valley bottoms that remain permanently saturated at or near the surface yearround due to
significant groundwater outputs with highly meandering streams, and/or broad landscapes with high
water tables where the shallow stream channels highly meander through the terrain, with bog or marsh
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habitats lining the streambanks (e.g., muskeg, coastal plain freshwater emergent wetlands). These types
of systems are NOT affected significantly by flood pulses or floodwaters, but rather they tend to have
fairly constant water levels over time due to landscape position and high groundwater flows. Perhaps
these are considered bidirectional systems in the report’s terminology? — NO, THEY ARE NOT.

5.3.2 — Inputs into and through riparian zones: Extensive work by Peter Groffman and others (NY, late
1990s, early 2000s) and CC Hoffman and others (Denmark, 1990s through late 2000s) should be
considered for citations — multiple papers each. See also, Mahaney et al. 2004.

5.3.3.3 — Wetland invertebrates (repeated comment from 3.4.3) - Should add more on aquatic
invertebrates, e.g., obligates to stream or floodplain, vs. facultative species that move back and forth
with fluctuating waters. Suzy Yetter (Yetter 2013, in Brooks and Wardrop 2013) has a good book
chapter that proposes a model for this, including effects of degradation on the system. | can provide a

copy.

5.4.4. - p.191 — The statement “Mammals that can disperse overland can also contribute to connectivity.”
does not properly address the inherent importance of wetland- and riparian-dependent mammals to move
long distances longitudinally and laterally through these systems, which in fact, is a measure of connectivity
(i.e., requisite habitat, removal of prey, deposition of urine and feces, etc.). Also, the importance of these
areas for habitat by resident and migratory bird species, sometimes numbering the 100,000s to millions of
individuals, is not addressed. In addition to potential dispersal of algae, vascular plant seed, invertebrates,
and disease organisms, massive amount of carbon and nitrogen can be displaced through foraging activities.
For example, see: Brooks 2013 (summarizing biological connectivity in streams and wetlands), and Spinola
et al. 2008 (connectivity for otters).

The role of amphibians and reptiles is given minor consideration, but is insufficient.
There is additional information provided in the vernal pool case study. (see Rocco et al. 2008 on importance
of connectivity for bog turtles).

5.4.4 p.192 — Geographic isolation of unidirectional wetlands — Given the potential controversies
surrounding connectivity of these types, this section should be more fully developed and researched from
published literature. As written, it leaves the reader with a vague notion of what we do and do not know.

5.4.5—p.193 — Table 5-2 should be more comprehensive, or at least represent a sample of species from
varied habitats (e.g., vernal pools, forested wetlands, arid specialists).

5.5  Wetlands Synthesis — This summary seems to have received unequal treatment compared to
other summary sections. In particular, there is a lack of information on “fringing” wetlands, that border
lake-like rivers with slow, meandering, but with unidirectional flows. Some of these systems are
dammed, either by human-built dams, beaver dams, or other natural obstructions that impound waters,
and some exist as deltaic types where river flows slow upon entering a lake or reservoir. Perhaps
collectively, the review panel can expand upon the literature cited. In particular, there is strong evidence
of many different types of biological connections that can be described.

5.6  Oxbow lakes — For the most part, this brief synopsis does establish strong connectivity. The
importance of fisheries (and corresponding biomass) is covered, but less so the dependency upon this
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resource by avian (herons, egrets, cormorants, etc.), mammalian (giant river otters, mink), and reptilian
(caimans, other crocs, turtles) predators.

5.7 Carolina Bays - Coverage and documentation is thorough.

5.8 — Prairie Potholes — Coverage and documentation is quite thorough, but the tremendous importance
and impact of the pothole landscape on migratory waterfowl and waterbirds should receive more
emphasis. This region represents about 70+% of the breeding habitat for dabbling ducks, and when they
move to other potholes, or migrate from the area, this represents a very large shift in biomass; food
consumed, and the birds themselves. There are substantial studies in the wildlife literature documenting
movements through radio- and satellite-telemetry among ponds, and along migratory flyways. The
USFWS’s bird banding and recovery records are substantial, both in regard to local and continental
movements. Many of these movements take birds from these “isolated” depressions to small and large
rivers, oxbows, bottomland hardwood swamps of the SE, and estuarine wetlands and waters. These
should be cited, as they confirm connectivity — albeit a different type than hydrologically-driven
connectivity.

5.9 — Vernal Pools — More details are needed and available. The book on vernal pools edited by Calhoun
and DeMaynadier (2007) is cited, but not fully mined for relevant information. Julian (2009) provides
examples of vernal pool hydrologic connectivity with significant information, summaries, and cited
literature.

6 — Discussion and Conclusions — This section summarizes much of what is discussed and cited, but any
identified gaps need to be added. Also, it would be more valuable to the reader if more bulleted lists and
tables were used to list, compare, and contrast the findings.

Graphics and Tables throughout are simple and understandable, with descriptive captions.

Citations for possible addition to the references:

Brooks, RP, C. Snyder, and MM Brinson. 2006. Structure and functioning of tributary watershed
ecosystems in the Eastern Rivers and Mountains Network: Conceptual models and vital signs
monitoring. Natural Resources Report NPS/NER/NRR-2006/009. National Park Service, Philadelphia,
PA. 88pp.

Brooks, RP, MM Brinson, KJ Havens, CS Hershner, RD Rheinhardt, DH Wardrop, DF Whigham, AD
Jacobs, and JM Rubbo. 2011. Proposed hydrogeomorphic classification for wetlands of the Mid-Atlantic
Region, USA. Wetlands 31(2):207-219.

Brooks, RP, and DH Wardrop, editors. 2013. Mid-Atlantic Freshwater Wetlands: Advances in science,
management, policy, and practice. Springer Science+Business Media, 491+xiv pp.

(Book published after report written, offers 5 (of 14) chapters as syntheses for relevant topics.)
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Brooks, RP. 2013. Conservation and management of wetlands and aquatic landscapes: the vital role of
connectivity. Pages 463-477, Chapter 14 in RP Brooks and DH Wardrop (eds.) Mid-Atlantic Freshwater
Wetlands: Advances in science, management, policy, and practice. Springer Science+Business Media,
491+xiv pp.

Brooks, RP, C Snyder, MM Brinson. 2013. Aquatic Landscapes: the importance of integrating waters.
Pages 1-37, Chapter 1 in RP Brooks and DH Wardrop (eds.) Mid-Atlantic Freshwater Wetlands:
Advances in science, management, policy, and practice. Springer Science+Business Media, 491+xiv pp.

Hychka, KC. 2010. Characterizing hydrologic settings and hydrologic regimes of headwater riparian
wetlands in the Ridge and Valley Pennsylvania. Dissertation, Geography. Pennsylvania State
University, University Park, PA 195pp.

Hychka, KC, RP Brooks, and CA Cole. 2013. Hydrology of Mid-Atlantic freshwater wetlands. Pages
109-127, Chapter 4 in RP Brooks and DH Wardrop (eds.) Mid-Atlantic Freshwater Wetlands: Advances
in science, management, policy, and practice. Springer Science+Business Media, 491+xiv pp.

Julian, James T. 2009. Evaluating amphibian occurrence models and the importance of small, isolated
wetlands in the Delaware Water Gap National Recreational Area. Dissertation, Ecology. Pennsylvania
State University, University Park, PA 119pp.

Julian, JT, GL Rocco, MM Turner, and RP Brooks. 2013. Assessing wetland-riparian amphibian and
reptile communities. Pages 313-337, Chapter 9 in RP Brooks and DH Wardrop (eds.) Mid-Atlantic
Freshwater Wetlands: Advances in science, management, policy, and practice. Springer
Science+Business Media, 491+xiv pp.

Mahaney, WM, DH Wardrop, and RP Brooks. 2004. Impacts of sedimentation and nitrogen enrichment
on wetland plant community development. Plant Ecology 175:227-243.

O’Connell, TJ, RP Brooks, SE Laubscher, RS Mulvihill, and TL Master. 2003. Using bioindicators to
develop a calibrated index of regional ecological integrity for forested headwater ecosystems. Report
No. 2003-01, Penn State Cooperative Wetlands Center, Final Report to U.S. Environ. Prot. Agency,
STAR Grants Program, Washington, DC. 87pp.+app.

Rocco, G. L., R. P. Brooks, and J. T. Hite. 2004. Stream plethodontid assemblage response (SPAR)
index: development, application, and verification in the MAHA. Final Report. U.S. Environmental
Protection Agency, STAR Grants Program, Washington, DC. Rep. No. 2004-01. Penn State
Cooperative Wetlands Center, University Park, PA. 33pp+figs& app.

Rocco, GL, RP Brooks, RB McKinstry, and JF Thorne. 2008. Habitat Conservation Plan to establish
conservation banks for the threatened bog turtle (Glyptemys muhlenbergii) in portions of Chester
County, Pennsylvania and New Castle County, Delaware, Corresponding to the Delaware West
Recovery Unit. Final Report to the Pennsylvania Fish and Boat Commission and U.S. Fish and Wildlife
Service, Habitat Conservation Planning Grant (4100016440). Penn State Cooperative Wetlands Center,
Pennsylvania State University, University Park, PA. 166pp.
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Spinola, RM, TL Serfass, and RP Brooks. 2008. Survival and post-release movements of river otters
translocated to western NY. Northeastern Naturalist 15(1):13-24.

Yetter, SL. 2013. Freshwater invertebrates of the Mid-Atlantic Region. Pages 339-380-477, Chapter 14
in RP Brooks and DH Wardrop (eds.) Mid-Atlantic Freshwater Wetlands: Advances in science,
management, policy, and practice. Springer Science+Business Media, 491+xiv pp.

Charge Question 5(b). Comments on whether EPA’s findings and conclusions concerning directional
(downstream) connectivity and effects of wetlands and certain open waters, including “geographically
isolated wetlands,” with potential for unidirectional hydrologic flows to rivers and lakes are supported
by the available science. Lead discussants are: Drs. Robert Brooks, Emily Bernhardt, Michael Gooseff,
Mark Murphy

(Brooks) The primary topic in need of further elaboration, from my perspective, is the role of biological
communities in providing scientifically-defensible connectivity among wetlands and streams/rivers.
More can be included from Karr and Chu (1998) on the significance of biological integrity of these
systems. [ will draw from comments above, and from O’Connell et al. 2003.]

Writing assignment:

Lentic systems: wetlands and open waters with potential for unidirectional hydrologic flows to rivers
and lakes, including geographically isolated wetlands (charge questions 5a and 5b): Drs. Ali, Josselyn,
Johnson (5a), Brooks, Bernhardt (5b), Gooseff, Murphy
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Dr. Kurt Fausch

TECHNICAL CHARGE QUESTIONS - Responses from Kurt D. Fausch, Colorado State
University — 7 December 2013

Overall Clarity and Technical Accuracy of the Draft Report

1. Please provide your overall impressions of the clarity and technical accuracy of the draft
EPA Report, Connectivity of Streams and Wetlands to Downstream Waters: A Review and
Synthesis of the Scientific Evidence.

Overall, | found the report structured logically, well written, and rather thorough. Therefore, I
spent most time considering what might be useful to clarify, or add to the report, and present
comments on this by section, page, and line number below. The sentence of concern is first
shown in quotes, followed by my comments in bold.

Executive Summary

P 1-3 line 20: 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 up- and downstream habitats during one or
more stages of their life cycles, or provide food resources to downstream communities. — Semi-
aquatic mammals and birds may also contribute substantial nutrient and carbon flux to
downstream waters, although this has not been measured. For example, tens of thousands
of birds of several species used Yellowstone Lake, which is directly connected to the
Yellowstone River, the longest undammed river in the conterminous US (see Gresswell
2011).

Gresswell, R. E. 2011. Biology, status, and management of the Yellowstone cutthroat
trout. North American Journal of Fisheries Management 31:782-812.

P 1-5, line 34 : We have identified five functions by which streams, wetlands, and open-waters
influence material transport into downstream waters:

e Source: the net export of materials, such as water and food resources;
e Sink: the net removal or storage of materials, such as sediment and contaminants;

e 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 storm water.

What seems missing in this list is the function of connectivity itself, or transport pathways.
Without the connections, many organisms would be extirpated (and often are).
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P 1-6, line 33: 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 up- and downstream habitats during one or
more stages of their life cycles, or provide food resources to downstream communities.

P 1-8, line 29; Headwaters provide critical habitat during one or more life cycle stages of many
organisms capable of moving throughout river networks. This review found strong evidence that
headwaters provide habitat for complex life-cycle completion, refuge from predators or adverse
physical conditions in rivers, and reservoirs of genetic- and species-level diversity. Use of
headwater streams as habitat is especially obvious 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), and the presence of these species within river
networks provides robust evidence of biological connections between headwaters and larger
rivers. In prairie streams, many fishes swim upstream into tributaries to release eggs, which
develop as they are transported downstream. Small streams also provide refuge habitat for
riverine organisms seeking protection from temperature extremes, flow extremes, low dissolved
oxygen, high sediment levels, or the presence of predators, parasites, and competitors.

I think it will be important to emphasize that a wide variety of organisms (especially fishes)
in downstream waters move upstream into headwater habitats (even those that are
intermittent or seasonally dry) to use them for key life history stages such as spawning,
rearing, or refuging. Examples include not only anadromous salmon, eels, and lampreys,
but many wholly freshwater fishes that have fluvial (living as adults in rivers and spawning
in tributaries), adfluvial (living as adults in lakes and spawning in rivers or streams), and
even “resident” life histories (living wholly in a river or stream). As a result, connectivity is
not simply a one-way street of materials and organisms moving downstream from
headwaters to larger rivers, but a complex interaction among organisms throughout the
network, which can move organic carbon and critical nutrients upstream into headwaters
as well. I present a variety of examples below with references to support this point.
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Conceptual Framework: An Integrated, Systems Perspective of Watershed
Structure and Function

2. Chapter 3 of the draft Report presents the conceptual basis for describing the hydrologic
elements of a watershed; the types of physical, chemical, and biological connections that
link these elements, and watershed climatic factors that influence connectivity at various
temporal and spatial scales (e.g., see Figure 3-1 and Table 3-1). Please comment on the
clarity and technical accuracy of this chapter and its usefulness in providing context for
interpreting the evidence about individual watershed components presented in the Report.

P 3-8, line 19 - “Note that our usage of unidirectional and bidirectional is limited to the
direction of hydrologic flow, and should not be construed as suggesting directionality of
geochemical or biological flows. For example, mobile organisms can move from a stream to a
unidirectional wetland (e.g., Subalusky et al., 2009a; Subalusky et al., 2009b). In Alaska,
transport of live salmon or their carcasses from stream to riparian area by brown bears (Ursus
arctos) may account for over 20% of riparian nitrogen budgets (Helfield and Naiman, 2006).
While this occurs within a bidirectional setting, it serves as an example of how geochemical
fluxes can be decoupled from hydrologic flows.” | agree that this is a very important
distinction. Biological organisms can swim, crawl, walk, run, or fly upstream or laterally
to place key life history stages in perennial, intermittent, or ephemeral stream channels, or
in wetlands connected in various ways, and populations can be lost or put at risk of
extirpation if these connections are lost.

Page 3-9, line 18 - “Groundwater refers to any water that occurs and flows in the saturated
zone beneath a watershed surface (Winter et al., 1998).” This is a detail, but given that the
unsaturated zone also contains some water, what is this water called? Is it not also
groundwater?

Page 3-14, line 31 — “The relative importance of these different hydrologic flowpaths among
river systems varies, creating streams and rivers with different flow duration (or hydrologic
permanence) classes (see Figure 3-7). Perennial streams or stream reaches (see Figure 3-7a)
typically flow year-round, and are maintained by local or regional groundwater discharge or
streamflow from higher in the stream or river network. Intermittent streams or stream reaches
(see Figure 3-7b) 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 drops lower than the
channel bed elevation. Ephemeral streams or stream reaches (see Figure 3-7c) flow briefly
(typically hours to days) during and immediately following precipitation; these channels are
above the water table at all times.” I’m not sure whether here, or elsewhere, it is clear that
changes from intermittent to perennial can occur not only seasonally, but also between
years, because channels may change from intermittent to perennial over long segments and
flow during wet years, whereas they may be intermittent or dry (ephemeral) over these
long segments during dry years (see maps and figures in Scheurer et al. 2003, Falke et al.
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2011, cited in the report).

P 3-25, line 16, Section 3.3.1 - “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. We have expanded on this framework to include two
additional functions: lag and transformation. These five functions (summarized in Table 3-1)
provide a framework for understanding how physical, chemical, and biological connections
between streams and wetlands and downstream waters influence river systems.” Here again,
what is missing, and critical to biological organisms, is the concept of connectivity itself.
Aquatic organisms need connections among critical habitats for each life stage, or risk
mortality because these connections are lacking. “Materials” in the footnote to Table 3-1
include organisms and reproductive propagules.

P 3-28, line 1 — “3.3.2.1. Connectivity and Isolation The functions discussed above represent
general mechanisms by which streams and wetlands influence downstream waters. For these
altered material 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. This definition is related to, but is distinct from, definitions of connectivity
based on the actual flow of materials between system components (e.g., Pringle, 2001).” This
section seems confusing, because after much information above about how physical and
chemical materials are transported, then reference to biota and the importance of
connectivity appears suddenly here. This key function is what was missing just above in
Table 3-1 and the description on p 3-25. In addition, the last sentence here sets up two
different meanings of connectivity, but the difference between them is not explained.
Likewise, given the new focus on biota in this section, the references by Fausch et al. (2002)
and Fausch (2010) which focus on the importance of connectivity for fish might be added to
the references on theory at the end of this paragraph (although the first paper is also
referenced in the next paragraph).

Fausch, K. D. 2010. A renaissance in stream fish ecology. American Fisheries Society
Symposium 73:199-206.

P 3-28, line 30 — “Movements include dispersal, or movement away from an existing population
or parent organism; migration, or long-distance movements undertaken on a seasonal basis;
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. At the population and species levels, dispersal and migration contribute to
persistence at local and regional scales via colonization of new habitats (e.g., Hecnar and
McLoskey, 1996; Tronstad et al., 2007), location of mates and breeding habitats (Semlitsch,
2008), rescue of small populations threatened with local extinction (Brown and Kodric-Brown,
1977), and maintenance of genetic diversity (e.g., Waples, 2010). These movements can result
from passive transport by water, wind, or other organisms (e.g., birds, terrestrial mammals), from
active movement with or against water flow (e.g., upstream fish migration), or from active
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movement over land (for biota capable of terrestrial dispersal) or through the air (for birds or
insects capable of flight). Thus, biological connectivity can occur within aquatic ecosystems or
across ecosystem or watershed boundaries, and it can be multidirectional. For example, biota can
move downstream from perennial, intermittent, and ephemeral headwaters to rivers, upstream
from estuaries to rivers to headwaters, or laterally between floodplain wetlands, geographically
isolated wetlands, rivers, lakes, or other water bodies. Significant biological connectivity can
also exist between aquatic and terrestrial habitats (Nakano et al., 1999; Gibbons, 2003; Baxter et
al., 2004), but here we focus on connections among components of aquatic systems.” A few
details might be important here: 1) migration is usually referred to not only as seasonal but
also cyclical (“....long distance cyclical movements....””) because organisms eventually
return to the same place at the same life stage; 2) localized movements (often called ranging
behavior) can also contribute to persistence via colonization of newly created habitats (e.g.,
Gowan and Fausch 1996a, 1996b); 3) in the last sentence, a review by Baxter et al. (2005)
could be a useful reference, in addition or to replace another.

Baxter, C. V., K. D. Fausch, and W. C. Saunders. 2005. Tangled webs: reciprocal flows of
invertebrate prey link streams and riparian zones. Freshwater Biology 50:201-220.

Gowan, C., and K. D. Fausch. 1996a. Long-term demographic responses of trout
populations to habitat manipulation in six Colorado streams. Ecological
Applications 6:931-946.

Gowan, C., and K. D. Fausch. 1996b. Mobile brook trout in two high-elevation Colorado
streams: re-evaluating the concept of restricted movement. Canadian Journal of
Fisheries and Aquatic Sciences 53:1370-1381.

P 3-29, line 21 — “The form of the exported material can change as it moves down the river
network (see Figure 3-14), 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 (see Figure 3-14). 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.” Would it be useful to continue this example and report that adult fish
could then migrate upstream to spawn, and some of them then die, thus transporting
nutrients and materials back to the headwaters? Examples might include not only salmon
but Prochilodus migrations in Venezuelan rivers studied by Alex Flecker and Pete
Mclintyre of Cornell University (Mclintyre et al. 2007; Flecker et al. 2010; Mclntyre is now
at UW Madison). Even populations of small minnows may move upstream some to many
kilometers throughout their life cycle to spawn (see Schlosser 1987, and review in Fausch
and Bestgen 1997, both cited in the report). Figure 3-14 also lacks any arrows showing that
biota may move upstream and transport materials and nutrients into the headwaters.

Flecker, A.S., P.B. Mcintyre, J.W. Moore, J.T. Anderson, B.W. Taylor, and R.O. Hall.

2010. Migratory fishes as material and process subsidies in riverine ecosystems. American
Fisheries Society Symposium 73:559-592.
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Mclintyre, P.B., L.E. Jones, A.S. Flecker, and M.J. Vanni. 2007. Fish extinctions alter
nutrient recycling in tropical freshwaters. Proceedings of the National Academy of Sciences
104: 4461-4466.

P 3-29, line 33 “The opposite of connectivity is isolation, or the degree to which transport
mechanisms (i.e., pathways between system components) are lacking; isolation acts to reduce
material fluxes between system components.” Lacking here also is any mention of the effects
of isolation on preventing biota from moving downstream, and upstream, and hence also
preventing the nutrients and materials they carry from being transported. See Mcintyre et
al. (2007) above, and Helfield and Naiman (2006) cited in the report for the significance of
these biological transport mechanisms.

P 3-30, line 3 “Increased isolation can decrease the spread of pathogens (Hess, 1996) and
invasive species (e.g., Bodamer and Bossenbroek, 2008), and increase the rate of local adaptation
(e.g., 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.” The tradeoff between
invasion and isolation for salmonids has been reviewed in Fausch et al. (2009; cited
elsewhere), which might be a useful reference here. The second sentence seems awkward,
and might be better cast as “Thus, both connectivity and isolation should be considered
when examining material fluxes from streams and wetlands via physical factors as well as
movements of biota.”, or something similar.

P 3-30, line 13 “This can introduce a lag between the time when the function occurs and the time
when 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 potentially be greater for terminal source
streams, compared to higher order or lateral source streams.” The meaning here is rather
opaque, and I wonder if it could be simplified? The point appears to be that because there
are many more first order streams than any other size, any functions they provide can be
very important, so although first-order streams are small (and hence easily modified) they
should be protected.

P 3-32, line 10 — “Perennial streams have year-round 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.” I’m not
sure whether it is relevant, but connectivity can also change markedly owing to human
effects, such as pumping groundwater. See Falke etal. (2011, cited in the report), for an
example from the western Great Plains, where a river system that originally had many
ephemeral and intermittent reaches in the headwaters has now become disconnected at its
downstream end and made largely intermittent throughout, and is projected to dry up
within about 35 years.
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P 3-32, line 21 — “When dispersal, migration, and other forms of biotic movement are mediated
by the flow of water, 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 (Smock, 1994; Robinson et al., 2002; Tronstad et al., 2007).”
Although there are many references to the coupling of hydrological and biological
connectivity in this paragraph, several about dispersal of small fish into riparian wetlands
adjacent to an intermittent Great Plains river to spawn might be useful here (Falke et al.
2010a, 2010b, Falke and Fausch 2010, 2012; the first listed is already cited in the report),
given the focus of the report on intermittent systems.

Falke, J. A., and K. D. Fausch. 2010. From metapopulations to metacommunities: linking
theory with empirical observations of the spatial population dynamics of stream
fishes. American Fisheries Society Symposium 73:207-233.

Falke, J. A., K. D. Fausch, K. R. Bestgen, and L. L. Bailey. 2010b. Spawning phenology
and habitat use in a Great Plains, USA, stream fish assemblage: an occupancy
estimation approach. Canadian Journal of Fisheries and Aquatic Sciences 67:1942-
1956.

Falke, J. A., L. L. Bailey, K. D. Fausch, and K. R. Bestgen. 2012. Colonization and
extinction in dynamic habitats: an occupancy approach for a Great Plains stream
fish assemblage. Ecology 93:858-867.

P 3-33, line 1 — “Riverbeds or streambeds that temporarily go dry are utilized by aquatic biota
having special adaptations to wet and dry conditions, and can serve as egg and seed banks for a
number of organisms, including aquatic invertebrates and plants (Steward et al., 2012).”
Examples of fish that can quickly recolonize long segments of dry channels when they
become wet again, in western Great Plains streams, can be found in the following
publications, several of which are cited later in the report, as well as those by Falke et al.
cited just above.

Fausch, K. D., and R. G. Bramblett. 1991. Disturbance and fish communities in
intermittent tributaries of a western Great Plains river. Copeia 1991:659-674.

Lohr, S. C., and K. D. Fausch. 1997. Multiscale analysis of natural variability in stream
fish assemblages of a western Great Plains watershed. Copeia 1997: 706-724.

Labbe, T. R., and K. D. Fausch. 2000. Dynamics of intermittent stream habitat regulate
persistence of a threatened fish at multiple scales. Ecological Applications 10:1774-
1791.

Scheurer, J. A., K. D. Fausch, and K. R. Bestgen. 2003. Multi-scale processes regulate
brassy minnow persistence in a Great Plains river. Transactions of the American
Fisheries Society 132:840-855.
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P 3-33, line 26 “Annual runoff generally reflects water surplus and varies widely across the
United States (see Figure 3-15). Seasonality of water surplus during the year determines when
and for how long runoff and groundwater recharge occur. Precipitation and water surplus in the
eastern United States is less seasonal than in the West (Finkelstein and Truppi, 1991). The
Southwest experiences summer monsoonal rains (see Section 4.8), while the West Coast and
Pacific Northwest receive most precipitation during the winter season (Wigington et al., 2012).
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 (Brooks et al., 2012).” In this
section, it would seem very useful to cite Poff (1996, already cited in the report) as well as
the original Poff and Ward (1990), given LeRoy Poff’s focus on developing a typology of
flow patterns for use in explaining ecological characteristics of biota in streams and rivers.

Poff NL, Ward JV. 1989. Implications of streamflow variability and predictability for lotic
community structure: a regional analysis of streamflow patterns. Canadian Journal of
Fisheries and Aquatic Sciences 46:1805-1818.

P3-34, Figure 3-15 — I wonder if it would be better to expand the Y-axes on these figures
(perhaps by converting this from landscape to portrait), because this would facilitate
comparison of these flow regimes. At present, they look “flat” and are not that easy to
compare. Likewise, the 3-dimensional plots in papers by Poff (cited above) make the point
more clearly about the timing and predictability of flows in different regions and types.

P 3-36, Figure 3-16 — Although I realize that this figure is modified from another
publication, I was surprised to see the extensive groundwater table beneath the mountains
in Panel A. Mountain Valley. Although I suppose some mountains are made of porous
bedrock, many others are not, and so the water table would be limited to the colluvium
near the stream channel, wouldn’t it? (I am not a hydrologist, so others would be better to
comment here). However, perhaps all of this is covered in Figure 3-17, which | saw next.
Likewise, | found more discussion of how impermeable vs. porous bedrock in mountainous
terrain can alter flow regimes, on P 3-40, in reference to Figure 3-15.

P 3-38, line 1 - “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 groundwater 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 (Wigington et al., 2003;
Wigington et al., 2005).” As an added complexity, irrigation can raise water tables and
cause ephemeral channels to flow, sometimes creating perennial streams. See Groce et al.
(2012) for a case where an imperiled fish species was translocated to these “new” streams,
which are sustained by flood irrigation via canals that divert water from a major river
nearby, in the western Great Plains.

Groce, M. C., K. D. Fausch, and L. L. Bailey. 2012. Evaluating the success of Arkansas
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darter translocations in Colorado: an occupancy sampling approach. Transactions
of the American Fisheries Society 141:825-840.

P 3-43, line 3 — “Biological connectivity among streams and wetlands is also influenced by
distance from the river network. For example, mortality of a given organism due to predators and
natural hazards generally increases with the distance it has to travel. 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.” Overall, this short paragraph about the
role of distance in branching networks on connectivity for biological organisms seems
inadequately brief. Bill Fagan and his colleagues (e.g., Evan Campbell-Grant) and Winsor
Lowe and his have written extensively on this topic in various publications (Fagan 2002,
Grant et al. 2007, Lowe et al. 2006, all but the last cited in the report), and some of the
newer literature for fish (e.g., Schick and Lindley 2007) is reviewed in Fausch (2010, see
above).

Lowe, W. H., G. E. Likens, and M. E. Power. 2006. Linking scales in stream ecology.
BioScience 56:591-597.

Schick, R. S., and S. T. Lindley. 2007. Directed connectivity among fish populations in a
riverine network. Journal of Applied Ecology 44:1116-1126.

P 3-47, line 1: “Biological connectivity results from the interaction of physical characteristics of
the environment—especially those promoting or restricting dispersal—and species’ traits or
behaviors, such as life-cycle requirements, dispersal ability, or responses to environmental cues.
Thus, the biota within a river system are integral in determining its connectivity, and species
traits that necessitate or facilitate movement of organisms or their reproductive elements tend to
increase biological connectivity among water bodies.” As above, the first phrase in the second
sentence here introduces confusion about the ideas of connectivity as they relate to biota.
Movements of biota are blocked when connectivity is severed, but the biota do not
determine the physical connectivity. Perhaps the point could be made by using the useful
distinction between “structural” vs. “functional” connectivity for organisms (Crooks and
Sanjayan 2006; see also this entire book titled Connectivity Conservation). Structural
connectivity refers to physical connections, as when water flows between two reaches,
whereas functional connectivity refers to actual use by organisms of these pathways.

Crooks, K. R., and M. A. Sanjayan. 2006. Connectivity conservation: maintaining
connections for nature. Pages 1-19 in K. R. Crooks and M. Sanjayan, editors.
Connectivity conservation. Cambridge University Press.

P 3-47, line 14 — “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 can also 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 (Copp, 1989; Junk et al., 1989; Smock, 1994; Richardson et al., 2005; Falke et al.
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2010a Trans Amer Fish Soc, cited elsewhere in the report). Biological connectivity does not
solely depend on diadromy, however, as many nondiadromous organisms are capable of
significant movement within river networks. For example, organisms such as pelagic-spawning
fish and mussels release eggs or larvae that disperse downstream with water flow (e.g., Platania
and Altenbach, 1998; Dudley and Platania 2007; Schwalb et al., 2010); many fish swim
significant distances both upstream and downstream (e.g., Gorman, 1986; Schlosser 1987, cited
elsewhere; Hitt and Angermeier, 2008); and many aquatic macroinvertebrates actively or
passively drift downstream (e.g., Elliott, 1971; Muller, 1982; Brittain and Eikeland, 1988; Elliott,
2003). Taxa capable of movement over land, via either passive transport (e.g., wind dispersal or
attachment to animals capable of terrestrial dispersal; Grant et al. 2010, cited elsewhere) or
active movement (e.qg., 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 (Hughes et al., 2009).” | suggest adding the references in bold
here.

Dudley, R. K., and S. P. Platania. 2007. Flow regulation and fragmentation imperil
pelagic-spawning riverine fishes. Ecological Applications 17:2074-2086.

Section 3.4.3 on Biota, at less than a page, also seems too brief to adequately address the
importance of connectivity for biota, and of these mobile biota for the functioning of lotic
ecosystems and their watersheds. For this report, an understanding of the structural
connectivity for, and functional connectivity of, biota is important for at least two key
reasons:

1. These organisms can transport large amounts of nutrients (e.g., N and P) and carbon in
a direction against the flow of water and gravity (Flecker et al. 2010). The nutrients
transported by salmon are well known, but in the original condition similar fish migrations
were common in many wholly freshwater ecosystems, such as by fishes like walleye and
lake trout emigrating from the Great Lakes into tributary streams (e.g., Mion et la. 1998),
and even small minnows from larger streams into the headwaters (Schlosser 1987). Pete
Mclntyre has studied migrations of suckers from Lake Michigan into tributaries (although
apparently as yet unpublished), and Gresswell (2011) reported migrations of tens of
thousands of Yellowstone cutthroat trout from Yellowstone Lake into each of several
tributaries to spawn (sadly, now lost owing to lake trout invasion). Much of this biomass,
and the nutrients incorporated in it, was eaten by mammals and birds and the nutrients
transferred into riparian areas to fuel the growth of plants (Helfield and Naiman 2006;
Koel et al. 2005; Gresswell 2011). Overall, we are just beginning to appreciate the nutrient
fluxes that have been lost when functional connectivity of biota is lost, and how these drove
ecosystems.

2. Many species of fish and other organisms have several to many life history types, which
use different habitats dispersed throughout river ecosystems, and hence are differently
affected when connectivity is blocked (see Fausch et al. 2002 for general discussion, cited
elsewhere). Importantly, many of these taxa are also imperiled, and those that move the
longest distances are often listed as threatened or endangered under the Endangered
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Species Act. Therefore, the issue of connectivity intersects other important Federal
legislation via these fish and other organisms. Moreover, these listings are now altering
many water resource management decisions (e.g., stopping or requiring alterations of
reservoir construction plans, and changing flow releases from established reservoirs) with
major economic impacts, especially in the West. A few examples of these diverse life
history types and imperiled species include:

a. Salmon, of course, and these species often have several to many different life history
types in river basins. For example, a short 30-mile-long coastal river in Oregon was found
to have five different life history types of Chinook salmon, and five more of coho salmon.
Oregon coastal coho are a threatened Evolutionarily Significant Unit under the ESA. Each
of the 10 life history types of these salmon reared for different periods in different parts of
the basin, from headwaters to estuaries (e.g., Bottom et al. 2005). Reconnecting tributaries
that traverse salt marshes in the river’s estuary (blocked and leveed to create dairy
pastures) restored several key life history types that had declined.

b. Federally endangered razorback sucker and Colorado pikeminnow use seasonally
flooded backwaters (bidirectional wetlands, in the parlance of this report) for rearing of
the larval through juvenile life stages (Bestgen et al. 2006, 2007; Zelasko et al. 2010), and
restoration of backwaters that were lost is a major issue for recovery of these species.

c. Federally endangered Rio Grande silvery minnow are one of the guild of southern Great
Plains fish species described in the report that spawn semi-buoyant eggs, which develop
and hatch while drifting downstream. The adults then make their way upstream long
distances over the course of the lives. Dudley and Platania (2007) showed that the entire
guild of these small minnows in the Rio Grande and Pecos rivers, described as
“pelagophils”, have been lost in segments that were shorter than 100 km owing to
fragmentation by dams and diversions. Thus, 3-inch minnows like these can require 100
km of river habitat to persist.

Bestgen, K. R., D. W. Beyers, J. A Rice, and G. B. Haines. 2006. Factors affecting
recruitment of young Colorado pikeminnow: synthesis of predation experiments,
field studies, and individual-based modeling. Transactions of the American
Fisheries Society 135:1722-1742.

Bestgen, K. R. and 12 coauthors. 2007. Population Status of Colorado Pikeminnow in the
Green River Basin, Utah and Colorado. Transactions of the American Fisheries
Society 136:1356-1380.

Bottom, D. L., K. K. Jones, R. J. Cornwell, A. Gray, and C. A. Simenstad. 2005. Patterns

of Chinook salmon migration and residency in the Salmon River estuary (Oregon).
Estuarine, Coastal, and Shelf Science 64:79-93.
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Flecker, A.S., P.B. Mcintyre, J.W. Moore, J.T. Anderson, B.W. Taylor, and R.O. Hall.
2010. Migratory fishes as material and process subsidies in riverine ecosystems.
American Fisheries Society Symposium 73:559-592.

Gresswell, R. E. 2011. Biology, status, and management of the Yellowstone cutthroat trout.
North American Journal of Fisheries Management 31:782-812.

Koel, T. M., P. E. Bigelow, P. D. Doepke, B. D. Ertel, and D. L. Mahony. 2005. Nonnative
lake trout result in Yellowstone cutthroat trout decline and impacts to bears and
anglers. Fisheries 30(11):10-19.

Mion, J. B., R. A. Stein, and E. A. Marschall. 1998. River discharge drives survival of
larval walleye. Ecological Applications 8:88-103.

Zelasko, K. A, K. R. Bestgen, and G. C. White. 2010. Survival rates and movement of
hatchery-reared razorback suckers in the upper Colorado River Basin, Utah and
Colorado. Transactions of the American Fisheries Society 139:1478-1499.

Page 3-47, Section 3.4.4. Human Activities and Alterations — Depending on the purpose of
the report, this section also appears brief, and could be expanded greatly. Some references
to these human-caused alterations are given above, such as groundwater pumping for
agriculture and its effects on streamflow and connections required by fish for persistence of
their populations (e.g., see Falke et al. 2011).

Lotic Systems: Ephemeral, Intermittent, and Perennial Streams

3(a) Chapter 4 of the Report reviews the literature on the directional (downstream)
connectivity and effects of ephemeral, intermittent, and perennial streams (including flow-
through wetlands). Please comment on whether the Report includes the most relevant
published peer reviewed literature with respect to these types of streams. Please also
comment on whether the literature has been correctly summarized. Please identify any
published peer reviewed studies that should be added to the Report, any cited literature
that is not relevant to the review objectives of the Report, and any corrections that may be
needed in the characterization of the literature.

P 4-1, line 5 - “Substantial evidence supports physical, chemical, and biological connections
from headwater streams—including those with ephemeral, intermittent, and perennial flows—to
waters immediately downstream through transport of water and associated materials, as well as
movement of organisms and reproductive propagules, and bidirectional geomorphic
adjustments.” Movement of organisms is also bidirectional, not just in the downstream
direction. For example, many fish move upstream into headwater reaches to spawn,
transporting carbon and nutrients and potentially colonizing or invading new habitats.

P 4-1, line 15 — “Infrequent, high-magnitude events are especially important for transmitting
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materials from headwater streams in most river networks.” Although this may be true for
some materials like large wood, | suspect that geomorphologists would argue that an
intermediate discharge (the effective discharge, in their parlance, as I recall) would
transport the most sediment. Likewise, | assume that biogeochemists might have a
different view, for solutes, for example. As a result, I wonder about this statement.

General comment: Parts of Chapter 4 appear to repeat information already presented in
Chapter 3, such as that low-order headwater channels make up most of the miles of
channels in any basin. Might this redundancy be reduced?

P 4-2, line 24 “For example, over 80% of mapped (1:25,000 scale topographic maps) stream
terminuses in a Massachusetts watershed that were surveyed underestimated the upstream extent
of the channels (Brooks and Colburn, 2011). On average these unmapped upstream segments
were nearly 0.5 km in length and 40% had one or more upstream tributaries (Brooks and
Colburn, 2011).” At what flow were these channels examined?

P 4-13, line 12 “Wood entering headwater streams can affect the downstream transport of water
and materials in headwater streams, but also can be transported downstream from headwater
streams where it is important habitat for aquatic life, a source of dissolved and particulate
organic matter (POM), and influential in controlling hydrodynamics and channel morphology of
rivers.” I’m not sure if references to support the importance of wood in creating habitat for
aquatic biota (in this case, fish) would be helpful, but below are several that might be
useful.

Fausch, K. D., and T. G. Northcote. 1992. Large woody debris and salmonid habitat in a
small coastal British Columbia stream. Canadian Journal of Fisheries and Aquatic
Sciences 49:682-693.

Gowan, C., and K. D. Fausch. 1996. Long-term demographic responses of trout
populations to habitat manipulation in six Colorado streams. Ecological
Applications 6:931-946.

Fausch, K. D., and M. K. Young. 2004. Interactions between forests and fish in the Rocky
Mountains of the USA. Pages 463-484 in T. G. Northcote and G. F. Hartman,
editors. Fishes and Forestry: Worldwide Watershed Interactions and Management.
Blackwell Science, Oxford, U.K.

P4-15, line 17 “Despite having a relatively minor effect on temperature over the length of entire
rivers, however, streams provide constant cold-water habitats that are important for
aquatic life (see Section 4.5.2).” The real power and significance in the work by
Torgersen et al. is in linking longitudinal “snapshots” of river temperatures along
30-60 km of rivers like the John Day River in OR to fish habitat and fish
distribution, to explain how fish like imperiled Chinook salmon in this Columbia
River tributary actually access and use the habitats that are critical to their
survival. A summary of this linkage, using this example of infrared thermal
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imagery, is provided in Fausch et al. (2002, cited in the report). Chinook salmon
ascend the river in mid-summer, and must find the unique combination of large-
volume pools with cool temperatures in which to find refuge until they spawn in the
fall. The importance of longitudinal river connectivity and these thermal
characteristics to the habitat requirements of salmon was not entirely clear before
this “riverscape” scale analysis.

P4-22, line 10 “Leaf litter contributes an average of 50% of the organic matter inputs to forested
headwater streams (Benfield, 1997), but leaves and leaf fragments (>1 mm) only account for 2%
or less of organic matter exports (Naiman and Sedell, 1979; Wallace et al., 1982; Minshall et al.,
1983).” 1 wonder how this compares or relates to the finding of Finlay (2001) based on
analysis of studies using stable isotopes, that only in quite small headwater streams
(watershed area < 10 km?) does allochthonous material (leaves and wood) make up the
majority of organic carbon that fuels the food web (i.e., only these small streams are
heterotrophic). Even in shaded headwater streams many of the invertebrates are built
from algal carbon, which has a low standing biomass but a high turnover rate owing to
higher palatability and rapid grazing by invertebrates. Thus, although leaves and wood
appear to provide a large pool of carbon, they are much less palatable and are processed
and used at a much slower rate. See also Finlay et al. (2002) for very interesting results
based on a particular study river, the Eel River in northern California.

Finlay, J. C. 2001. Stable carbon isotope ratios of river biota: implications for energy flow
in lotic food webs. Ecology 84:1052-1064.

Finlay, J. C., S. Khandwala, and M. E. Power. 2002. Spatial scales of carbon flow in a
river food web. Ecology 83:1845-1859.

P 4-29, line 9 — “Biological connections are linkages between headwater streams, including
those with intermittent and ephemeral flow, and their downstream waters that are mediated by
living organisms or organism parts. In this section, we examine biological connections in terms
of the materials (invertebrates, fishes, and genes) that move along river networks, and their
effects on downstream waters (for discussion of particulate organic matter dynamics, see Section
4.4.2).” Asin Chapter 3, the connections of biota between headwaters and other reaches
are assumed to occur in a downstream direction, yet fish and some invertebrates make
substantial upstream movements (or among tributaries in some cases, for invertebrates)
during parts of their life cycles, and this should be acknowledged.

A key conceptual paper missing from the report is by Wipfli and Baxter (2010), which links
processes at scales from fishless tributaries to oceans, including organic matter, nutrients,
invertebrates, and fish. Many of the examples used to support the model are from their
extensive work on these connections, such as in Alaska watersheds.

Wipfli, M. S, and C. V. Baxter. 2010. Linking ecosystems, food webs, and fish production:
subsidies in salmonid watersheds. Fisheries (Bethesda) 35:373-387.
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However, | see that the next paragraph acknowledges the upstream and lateral movement
of organisms, although no references are cited to support this, which is an omission.

P4-29, line 24 “For downstream organisms capable of significant upstream movement,
headwater tributaries can increase both the amount and quality of habitat available to those
organisms. Under adverse conditions, small streams provide refuge habitat, allowing organisms
to persist and recolonize downstream areas once adverse conditions have abated (Meyer and
Wallace, 2001; Meyer et al., 2004; Huryn et al., 2005).” A more complete model of habitat
use, at least for stream fishes, is provided by Schlosser and Angermeier (1995), and
developed further in Falke and Fausch (2010). This theoretical model rests on two key
points: 1) Critical habitats on which fish depend for spawning, rearing/growing, and
refuging are dispersed throughout watersheds, often at some distance, even for small fishes
like minnows; and 2) These habitats are linked together by fish movement, again often over
substantial distances, even for small fishes. Thus, headwaters may indeed provide refuge
habitat, but may also be used for spawning, or rearing, depending on the species and life
stage. These fish movements link even intermittent headwaters with downstream reaches
through these biological connections. Loss of critical habitats can mean loss of species.

Falke, J. A., and K. D. Fausch. 2010. From metapopulations to metacommunities: linking
theory with empirical observations of the spatial population dynamics of stream
fishes. American Fisheries Society Symposium 73:207-233.

Schlosser, I. J., and P. L. Angermeier. 1995. Spatial variation in demographic processes in
lotic fishes: conceptual models, empirical evidence, and implications for
conservation. American Fisheries Socity Symposium 17:360-370.

P 4-29, line 33 — “These aquatic and terrestrial invertebrates can be transported downstream with
water flow and ultimately serve as food resources for downstream biota.” This is another place
which could profit from citing the Wipfli and Baxter (2010) synthesis.

P4-30, line 16 — “As with organic matter, assessing the effect of headwater invertebrate
production and export on downstream waters is difficult. Wipfli and Gregovich (2002) estimated
that drifting insects and detritus (i.e., particulate organic matter; see Section 4.4.2) from fishless
headwater tributaries in Alaska supported between 100 and 2,000 young-of-year salmonids per
km in a large, salmon-bearing stream. This estimate of headwater importance in systems where
juvenile salmonids move into headwater tributaries to feed and grow is likely conservative (see
Section 4.5.2). Other studies have shown increased fish growth with increased invertebrate drift
(Wilzbach et al., 1986; Nielsen, 1992; Rosenfeld and Raeburn, 2009), indicating that drift does
provide a valuable food resource, especially when food is limiting (Boss and Richardson, 2002).”
One issue about invertebrates that becomes muddled by this point is the distinction
between secondary production of aquatic insects that subsequently drift (i.e., drifting
aquatic invertebrates) versus transport of terrestrial invertebrates that fall into streams
and are carried downstream. These sentences imply that the “invertebrate drift” discussed
is primarily drifting aquatic invertebrates, and yet a substantial number of studies show
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that about half the diet of fish in small streams (e.g., Nakano et al. 1999, cited in the report;
see Baxter et al. 2005 for a review, cited above), and half the total annual energy budget
where it has been measured (Nakano and Murakami 2001, cited in the report), comes from
terrestrial invertebrates that fall into streams. Thus, it would be wise to keep this
distinction when these results are presented, because the insects transported from fishless
headwater tributaries are a mixture of both. In addition, the terrestrial invertebrates
typically average about 10 times the mass of aquatic ones, and drift on the surface and
during times of day when they are more available to fish, and so are often preferred prey
(see Saunders and Fausch 2007, 2012 for examples of these important terrestrial prey
resources).

Saunders, W. C., and K. D. Fausch. 2007. Improved grazing management increases
terrestrial invertebrate inputs that feed trout in Wyoming rangeland streams.
Transactions American Fisheries Society 136:1216-1230.

Saunders, W. C., and K. D. Fausch. 2012. Grazing management influences the subsidy of
terrestrial prey to trout in central Rocky Mountain streams (USA). Freshwater
Biology 57: 1512-1529.

P4-31, line 18 — “Even nonmigratory taxa, however, can travel substantial distances within the
river networks (Gorman, 1986; Sheldon, 1988; Hitt and Angermeier, 2008).” Yes, this is a key
point, and | suggest adding references to a few more diverse taxa, such as nonmigratory
salmonids (Dunham and Rieman 1999; Meka et al. 2003), small plains fishes (Falke et al.
2010. Trans. Amer. Fish. Soc, cited above) and a review paper on the general ubiquity of
movement among “resident” stream fishes (Gowan et al. 1994).

Dunham, J. B, and B. E. Rieman. 1999. Metapopulation structure of bull trout: influences
of physical, biotic, and geometrical landscape characteristics. Ecological
Applications 9:642-655.

Gowan, C., M. K. Young, K. D. Fausch, and S. C. Riley. 1994. Restricted movement in
resident stream salmonids: a paradigm lost? Canadian Journal of Fisheries and
Aquatic Sciences 51:2626-2637.

Meka, J. M., E. E. Knudsen, D. C. Douglas, and R. B. Benter. 2003. Variable migratory
patterns of different adult rainbow trout life history types in a southwest Alaska
watershed. Transactions of the American Fisheries Society 132:717-732.

P 4-32, line 7 “In prairie streams (see Section 4.7), the importance of hydrologic connectivity is
especially evident, as many fishes broadcast spawn, or release eggs into the water column, which
then develop as they are transported downstream (Cross and Moss, 1987; Fausch and Bestgen,
1997); adult fish then migrate upstream prior to egg release (Fausch and Bestgen, 1997). Thus,
these fishes require hydrologic connectivity for egg development and upstream migration of
adult fish, to maintain populations (Fausch and Bestgen, 1997).” All of this is true, but it
would be wise to cite more recent work on these pelagophils, such as Dudley and Platania
(2007) cited above, and perhaps some references therein. This is especially important for
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the endangered Rio Grande silvery minnow. Likewise, it is important to make the point
that, owing to these biological connections, a simple low diversion dam can extirpate small
minnows in this pelagophilic guild from entire tributaries (see Fausch and Bestgen 1997).

P4-32, line 28 — ”Headwater tributaries also can provide refuge from flow extremes. Fish can
move into headwaters (including intermittent streams) to avoid high flows downstream
(Wigington et al., 2006); fish also can move downstream during peak flows (Sedell et al., 1990),
demonstrating the bidirectionality of biological connections within these systems. Low flows can
cause adverse conditions for biota, as well, and residual pools, often fed by hyporheic flow, can
enable organisms to survive dry periods within intermittent streams (Pires et al., 1999; May and
Lee, 2004; Wigington et al., 2006).” In addition, when intermittent tributaries flow again,
fish find these new habitats with amazing speed, as indicated in Larimore et al. (1959) for
an lllinois stream, and Scheurer et al. (2003) and Falke et al. (2010, Trans Amer Fish Soc)
for a Great Plains stream (both the latter are cited above).

LarimMore, R. W., W. F. CaiLpers, aND C. HEeck-
ROTTE. 1959. Destruction and re-establishment of
stream fish and invertebrates affected by drought.
Trans. Amer. Fish. Soc. 88:261-285.

P4-33, line 9 — “similarly, most genetically pure cutthroat trout populations are confined to
small, high-elevation streams that are naturally or anthropogenically isolated (Cook et al.,
2010).” This “invasion-isolation” paradox has been reviewed by Fausch et al. (2009, cited
above).

P4-35, line 25 — “A substantial body of evidence unequivocally demonstrates connectivity
between streams and downstream rivers via both structural and functional connectivity (as
defined in Wainwright et al., 2011).” As suggested above, it would appropriate here to cite
the Crooks and Sanjayan (2006) book and book chapter, which also define these terms for
use in discussing biological connectivity.

P 4-36, line 22 — “In fact, the imp