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Presenter
Presentation Notes
To illustrate ideas/principles that we have begun operating with and believe are necessary for us to effectively manage water, we have put together this series of slides.  



General Outline

-Ecological Principles (4)
Our Charge and Rationale

. Thresholds

Management Approach and
Supporting Information
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Presentation Notes
My talk, for streams, will cover, broadly speaking, 4 main areas: 1) the fundamental ecological principles we are operating within, 2) our charge and rationale, 3) thresholds, and 4) a management approach and supporting information.  

Because the information builds as it goes, in a sense, you should probably ask any questions you may have as they arise.  If I am covering it specifically later in the talk, I will defer, but otherwise, I’ll try to address it immediately.


Principles:

1. Hydrology drives ecosystems;
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The first ecological principle I want to introduce is here.  Each of the principles are fairly broad, but well established in science. If anyone is interested, I have a draft report here that goes into considerable depth on what the current science is regarding rivers and their ecology; this also contains the supporting documentation.  (contact Ian Chisholm at: Ian.Chisholm@state.mn.us)

Ecosystems are comprised of 5, inter-related components: hydrology, connectivity, geomorphology, water/air quality and biology.  A change in any one of these, affects the others and can send cascading effects throughout the system.  A simple example of this is constructing a dam across a river. The structure impounds the water and incoming sediment above it, creating a reservoir, which increases water temperatures and changes nutrient regimes, establishes different habitat, fish, and invertebrate assemblages, alters the existing food webs . . . and on.  That one activity has touched and changed each of the 5 components in that river system.  Note here that I am separating the natural system from the human system, which of course is part of ecology.  Aside from the 5 inter-related components of ecosystems, a main point is that all of life depends on water, and for natural systems, the hydrology drives the ecology.  


Principles:
2. Water is naturally variable in
space and time (& limited);

Precipitation: Annual Climatology (1971-2000)
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A second ecological principle that we draw on is that water is variable across the state and country, and through time.  Some years or months it is here and some it is not.


BLUE EARTH RIVER NEAR RAPIDAN, MN

Hydrology is variable within a year, and across years
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Another view, in this case 3-dimensional, of hydrology shows the discharge in the Blue Earth River near Rapidan, MN, for each day of the year, and from 1950 through 2012.  What you see is what we all have come to know: river flows are variable from month to month, and from one year to the next.  In fact, flows in one part of a watershed can be different, in terms of timing, as well as magnitude, duration, frequency, and rate of change. This spatial and temporal (time) variability is characteristic of most river systems.


Principles:
3. All parts of the hydrograph are
functionally important;
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Ecological principle 3 is that all parts of the hydrograph are functionally important: in terms of ecology, there is no ‘excess’ water.  From the low flows, which establish the assimilation capability and basic water quality conditions, to habitat creation, and channel and riparian maintenance and channel and valley forming flows, each level of the hydrograph is doing something. The natural flow regime of the river, its hydrograph, establishes the environment that organisms are suited or adapt to.


Important Links of
Hydrologic Variability to Biology

Discharge (cfs)
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The natural hydrograph of streams and rivers influences the biology of rivers through several inter-related mechanisms. The native biota have evolved in response to the overall flow regime.  As organisms have adapted to the variability, they have become linked to the hydrograph . . .
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1) The relationship between biodiversity and the physical nature of the aquatic habitat is likely to be driven primarily by large events that influence channel form and shape (graph principle 1).  However, droughts and low-flow events are also likely to play a role by limiting overall habitat availability.  

2) Many features of the flow regime influence life history patterns, especially seasonality and predictability of the overall pattern, but also the timing of particular flow events (graph principle 2).  

3) Some flow events trigger longitudinal dispersal of migratory aquatic organisms and other large events allow access to otherwise disconnected floodplain habitats (graph principle 3). 

4) Catchment landuse change and associated water resource development can often lead to changes in one or more aspects of the flow regime resulting in declines in aquatic biodiversity via these mechanisms. Invasions by introduced or exotic species are more likely to succeed at the expense of native biota if the former are adapted to the modified flow regime (graph principle 4).  (Bunn and Arthington 2002).   




Principles:
4. Surface water and
Groundwater are connected —
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One of the reasons we are here today, is embodied in our last ecological principle:  that surface water and groundwater are connected.  Where this connection is immediate, pumping can impact the stream, wetland, or lake, and the resource must be managed as a single resource.  





Our Charge and Rationale:

1. Sustainability accounts for ecosystems
and future generations,

2. ldentifying a threshold for ecological
health/sustainability is a key task,

3. Management prescriptions are developed
to maintain the threshold and thereby,
ecosystem health and sustainability.
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This slide outlines our charge and logic.  I will unpack these each briefly as we go forward . . .


" Our Charge and Rationale:

1. Sustainability accounts for

ecosystems and future generations

e Sustainability standard: “...useis
sustainable to supply the needs of future
generations and the proposed use will
not harm ecosystems, degrade water, or
reduce water levels beyond the reach of

public water supply and private domestic
wells . . " MN Statute 103G.287 Subd.5. (2014)
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Sustainability inherently accounts for ecosystems and future generations and this has been codified into current statute, as shown here . . . 


MN Statutes

Headnotes

116B.01 and .02.
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103G.285. Subdivision 2.
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103G.287. Subdivision 2.

*** Groundwater appropriations;
relationship to surface water 4.
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103G.287. Subdivision 3.
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There are a list of Statutes that are critical to water management and when taken as a whole, help us define ecological and sustainability thresholds, as shown here, with headnotes.  These statutes identify the need to balance the immediate consumptive water use with long-term needs of the people and the environment.  Also, the statutes: 1) assert ‘no adverse impact’ to the environment, 2) acknowledge that stream resources, including fish and wildlife, have long-range seasonal requirements, 3) protect these systems, including their biology, from adverse impacts during low flow periods, and, 4) link groundwater and surface water resources. 


Our Charge and Rationale:

2. ldentifying a threshold for ecological
health/sustainability is a key task
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Identifying a threshold for ecological harm or health and sustainability is a key task for our charge.  If we look at this process conceptually, at one end of a continuum of human influence on biological condition, severe disturbance eliminates all life.  At the other end of the gradient are “pristine” or minimally disturbed living systems (top); these systems possess biological integrity.  A parallel gradient (bottom) from integrity toward nothing alive passes through healthy, or sustainable conditions or activities.  Below a threshold defined by specific criteria, the conditions or activities are no longer healthy or sustainable in terms of supporting living systems.  (from Karr and Chu 1999).



River Flow or Water Level

lllustration of the Sustainable Ecosystem Boundary
and Thresholds for Depletion Limits
modified from Richter et al. (2011)

Baseline Ecological Condition
/ (Undepleted/unregulated flow)

* see Acreman and Ferguson (2010)
** see Carlisle et al. (2010), Acreman et al. (2008)

Day of Year
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The following series of slides are an illustration of the sustainable ecosystem boundary and thresholds for flow depletion limits. This was taken from work first published in 2011. In this first slide, we see an idealized natural hydrograph, establishing the baseline ecological condition.


lllustration of the Sustainable Ecosystem Boundary

and Thresholds for Depletion Limits
modified from Richter et al. (2011)

------

10% Alteration of Baseline Condition
(Undetectable Ecosystem Impact)*

-
-----

* see Acreman and Ferguson (2010)
** see Carlisle et al. (2010), Acreman et al. (2008)
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The red dotted line represents a 10% depletion of the baseline condition.  Note here that there is an undetectable ecosystem impact.  Evidence that a 10% flow depletion is likely to have a negligible effect on most taxa, stream types, and hydrologic conditions is generally agreed on by experts (Acreman and Ferguson 2010).  As a result, a high degree of ecological protection will be provided when daily flow depletions are no greater than 10%; a high level of protection means that the structure and function of the riverine ecosystem will be maintained with minimal changes (Richter et al. 2011).   


lllustration of the Sustainable Ecosystem Boundary

and Thresholds for Depletion Limits
modified from Richter et al. (2011)

------

10% Alteration of Baseline Condition
(Undetectable Ecosystem Impact)*

.......
-----
............

20% Alteration of Baseline Condition
(Ecosystem Alteration Detected
and System Change Probable)**

* see Acreman and Ferguson (2010)
** see Carlisle et al. (2010), Acreman et al. (2008)
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Alternately, water appropriations of 20% or greater, shown by the sold red line here, will likely result in moderate to major changes in natural structure and function of ecosystems (Carlisle et al. 2010, Acreman at al. 2008).  


lllustration of the Sustainable Ecosystem Boundary

and Thresholds for Depletion Limits
modified from Richter et al. (2011)

------

10% Alteration of Baseline Condition
(Undetectable Ecosystem Impact)*

*****
............

20% Alteration of Baseline Condition
(Ecosystem Alteration Detected
and System Change Probable)**

* see Acreman and Ferguson (2010)
** see Carlisle et al. (2010), Acreman et al. (2008)
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The 15 % flow depletion threshold being proposed is simply a compromise between these boundaries, striking a balance between current and future users, off-stream users, and current ecological conditions.  


 Our Charge and Rationale:

3. Management prescriptions are
developed to maintain the threshold and
thereby, ecosystem health
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Management prescriptions are developed to maintain the ecological threshold we identify, and thereby maintain ecological health.


Management
prescriptions:
essentially, what
hydrology will maintain
the desired state of
ecosystem health?
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The basic challenge is the difficulty of determining how much alteration from natural flows can be tolerated without compromising ecological health and ecosystem services (Richter et al. 2011), and how do we translate that to terms we can manage.  There are three (3) basic approaches to management prescriptions for streams . . .


Flow Exceedence
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In the past, stream flows were set based on fixed percentages of hydrologic variables and represented “minimum flows”, essentially, “what is the minimum flow required for the species to survive”.  2) The recommended minimum flow value was set for the entire year.  3) As demand increases, you are left with a “flat line”, instead of the variable hydrograph.  These management prescriptions have been demonstrated to lead to degradation of the biota and the stream itself.  (e.g., not accounting for channel maintenance flows, riparian maintenance, or habitat needs.)


Statistically Based Standards

Flow Components and Needs: Major Tributaries

Example: 01543500 Sinnemahoning Creek at Sinnemahoning, PA (685 sq mi)
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More recently, statistically based standards have been used to maintain certain characteristics of the flow regime. For example, such a standard may call for protecting a high flow of a specified magnitude, with specified duration, to occur with a specified inter‐annual frequency. The application of statistically based standards in regulating water use, though more protective of flow regimes than minimum thresholds, can be confusing and difficult to implement . 


Percentage of Flow

e Conceptually simple

e Can provide a high degree
of protection for natural
flow variability

* Relatively simple to
implement

from Richter et al. (2011)
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More recently, a percentage of flow approach has been proposed. The advantage of using a percentage of flow approach is that it is conceptually simple, can provide a high degree of protection for natural flow variability, and can also be relatively simple to implement (Richter et al. 2011). 


lllustration of Percentage of Flow Approach

e.g., Sustainable Diversion Limit = 15% of ABF

Hydrograph Variability Maintained

e Monthly Median Q

e Monthly Q80
e Monthly Q20

Discharge (cfs)

e e o \onthly Median QSDL
e = o \onthly Q80-SDL
e e o \onthly Q20-SDL

Protected Flow — Annual Qg
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Presentation Notes
The graph of discharge over time for this watershed shows the percentage of flow approach (dashed lines) for high, median, and low flow hydrographs, and the Q90  protected flow. A key aspect and advantage of this approach is that it maintains the variability of the hydrograph over time.


»
Percent of what flow? August
e August is a biologically critical month in Minnesota;
* low flow month

e part of growing season (June-Sept)
e determinant of species richness
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When we say, percentage of flow, what flow are we talking about?  The August median base flow is selected as the standard because August is a biologically meaningful low flow month- protecting this month establishes a logical basis for protecting the entire hydrograph.  It is also part of the growing season, for fish and wildlife as well as plants and crops, and, as shown in the next series of slides, is a determinant of species richness.  
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Fish richness was directly related to physical stream attributes (like length, width and dominant substrate), geographic location (i.e., north, south . . .) and low flow discharge.  The data for this analysis came from nearly 800 samples, collected across Minnesota.


F41?74 =8.2 P<0.001

Low flows predict
species richness;

e Smaller streams are |
more sensitive to
flow changes

| 1 1 | 1 1
0 50 100 150 200 250

Species Richness
|

mean August discharge [cfs]

Figure 6: Effect of mean August discharge (restricted cubic spline with 5 knots) on richness esti-
mated by the fitted model with 95% CI with other variables adjusted to their median. Blue dots
represent the density of points along the x-axis. The overall F-test is provided at the top of graph.
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Presentation Notes
The effect of August discharge on richness adjusted to the mean of length, location (utmx, utmy), dominant substrate and width is shown here, with 95% confidence intervals, in gray.  (Mean August flow is a function of watershed size – the larger the stream the larger the mean August flow).  See that larger streams do not change as much, in terms of species richness, as smaller streams. In Minnesota, 51% of total stream length are first order streams (nationally this figure is 48%).  Seventy-three percent (73%) of the total stream length constitutes first and second order streams.
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Figure 2: Change in predicted richness with decreasing discharge starting with 100 cts while holding
other predictor variables at their median.
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This graph shows richness and the percent change in richness as a function of the change in August discharge, depicted by the blue line and dots.  The 50% and 90% confidence intervals are included as the red lines bounding this relationship.  As we remove water during August, we remove species.
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Why use fish to determine ecological impact?  Perhaps the biggest reason is that we have a lot of good information on them – and their habitat needs, across the state.  At the same time, we recognize that there are a host of biological reactions, at every trophic level, to changes in the aquatic environment in streams, especially changes in flow. We are using fish as surrogates for sustaining the ecosystem, assuming that if we sustain the fish community, we will sustain the ecosystem and opportunities for future users.  


SMALLMOUTH BASS ADULT
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For more information contact:
Stream Habitat Program
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500 Lafayette Rd
St. Paul, MN 55155
651.259.5113
Email: ann.kuitunen@state.mn.us
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A key ecological impact of water withdrawals involves habitat.  Habitat is a critical factor determining the diversity and distribution of plants and animals.  For fish in streams, habitat is typically defined by the water velocity, depth, substrate, and cover that each life stage of a species uses.  In Minnesota, we have one of the largest data sets in the country for this type of information.  Since 1987, we have been collecting samples and developing mathematical representations of fish habitat preferences.  Nearly 10 thousand samples, with over 220 thousand individual observations have been collected, and developed into habitat preference curves for 150 species-life stages.  


MICROHABITAT PREFERENCE

SHALLOW FOOL -
SLOYWY RIFFLE —
FAST RIFFLE "—
Fa CEWAN " —
MELAUM FPOOL " —

DEEF POOL

|

SJLNEMILE

NORMALIZED DENSITY



Presenter
Presentation Notes
This is an example of fish preferences for different habitat types, in this case developed for channel catfish young-of-year (left), juvenile (middle) and adult life stages.  Also, we typically develop preference curves for spawning fish, which are not shown in this slide.  All of this information is available on-line, and has been accessed for use by a host of other states, and other countries.  
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These fish habitat suitability data are combined with hydraulic models of the river, to produce estimates of habitat over a range of river discharges.   


Habitat

Discharge (cfs)

| Habitat/flow

relationships
for 20 species-

| life stages (8

species) in the
Straight River, a
trout stream in

- north-central

Minnesota.
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The results look like this . . . . output of habitat versus flow, here, for the Straight River near Park Rapids.  As you can see, depending on the species, life stage, and habitat conditions in the river, an increase in flow can have various effects on each fishes habitat.  And this graph represents the fish community in a trout stream, which is relatively simple in terms of numbers of species, when compared to our highly diverse warm water streams.

Note: Trout streams make up less than 10% of our total miles of streams in Minnesota (information from Section of Fisheries, FAW; MN DNR). 
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Because of the complexity from the sheer number of fish species and life stages in most Minnesota streams, we have adopted the approach, first proposed by Leonard and Orth (1988), to group species into appropriate habitat guilds, as shown here.  A guild is collection of fish species that use the same habitat type (e.g., deep pools or fast riffles).  We select representative fish species and life stages to model for each of the 6 habitat types, which simplifies the process while preserving the range of habitat needs.
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Using the fish habitat versus flow output, we match records of stream flow over time, to develop the series of habitat over time.  These results are compiled into duration curves, one for flow and the matching one for habitat. We use the habitat time series to assess different management scenarios.
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Here we show the effect of a 10% stream flow loss (top graph, black line), on brown trout adults during August (all August days, 1987-2015), and the effect of a 20% stream flow loss (bottom graph, red line).  I am emphasizing (lime green rectangle) a period of substantial difference between the 2 withdrawal magnitudes. Recommended procedures for this habitat analysis (Bovee et al (1998) emphasize these extreme events, as they are key determinants or “bottlenecks” for the fish community.  Analysis of this period shows  a 13% drop in brown trout habitat for the 10% reduction in flow and a 24% drop in habitat for the 20% reduction in flow. All of this underscores that if we select 15% as a threshold for ecological harm (adverse impact), our management prescription must not go above 15% change in the low flow month.  
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Our analysis of habitat time series and management scenarios is summarized by the relationship between fish habitat, and the proportion of August baseflow removed, presented here.  As we remove water (go from 0 on the x or bottom axis to 0.1, 0.2, etc. loss of water), fish habitat decreases.  If we remove 15% of the August baseflow, we see a 15% or more decrease in habitat.  

This particular example is for brown trout adults in the Straight River. Here, if we remove 15% of the August median baseflow, the proportion of habitat for adult brown trout  remaining is 0.82 (a 18% decrease in habitat).  This loss represents an average daily loss in habitat of 18%.

Further explanation.  To develop this curve, for each “proportion of index flow removed” that corresponding amount of water is removed from each daily flow record and then habitat is calculated, creating a time series of habitat measurements.  On the graph, the corresponding “proportion of total habitat remaining” represents the average daily change (decrease) in habitat with the modeled loss in streamflow.


Ecological Goal Cumulative allowable Considerations Decision process
depletion

Florida
(SWFWMD)

Avoid significant
ecological harm
(maximum 15% habitat
loss)

Maintain baseline or
existing condition

Protect class AA:
‘outstanding natural
resources’

Massachusetts Sustainable
management of water
resources that balance
human and ecological

needs

Rhode Island Maintain habitat
conditions essential to a
healthy aquatic

ecosystem

European Union

Maintain good
ecological condition

8-19% of daily flows

6-15% of August median
flow

10% of daily flow

Basin safe yield: 55% of
annualized Q90

For sub-basins, maximum

level of August median
streamflow alteration
ranges from 3-10% for
Categories 1 and 2 for
each season.

Seasonally variable
extraction limit; ‘hands-
off’ flow (no withdrawals
below)

Single extraction limit for
all flow levels

Single extraction limit for
all flow levels above a
‘hands-off’ flow level

Seasonal extraction limit
based on category

6 Bioperiods and 5 classes Allocation limited by

Summer Period Class 1-3
streams can deplete 10,
20, and 30% of the 7Q10,
respectively

7.5-20% of daily flow

20-35% of daily flow

cumulative streamflow
depletion

Identify allowable
depletion limit even
during dry conditions

Lower flow; warmer
months; ‘hands-off’ flow
Higher flow;cooler
months

Scientific peer review

of site-specific
studies

Stakeholders with
scientific support

Expert derived

Expert, scientific
support

Scientific support,
stakeholders, public
process

Expert derived

Examples of the
percent of flow
approach
actively being
used for water
management
(from Richter et
al. 2011, with
additions).
These examples
restrict both
ground and
surface water
allocation.


Presenter
Presentation Notes
The percent-of-flow-based management prescription has been increasing recognized and used to guide management prescriptions by governments across the country and world.  We, in Minnesota, are not alone in thinking about regulating water systems in this way.  The table shows various examples of the percent of flow approach being used for water management, including both groundwater and surface water allocations.  Michigan, for example uses 6-15% of the August median flow; Florida’s goal is to avoid significant ecological harm which they translate to an allowable depletion of between 8 and 19% of daily flows.  In Europe, under lower flows, users are regulated to 7.5 to 20% of the daily flow during warmer months.  There is also a “hands off” or protected flow designated in all of these, which is also a critical piece of the results I have presented.
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