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Changing Management Perspectives for Changing Times:

Pre Clean Water Act
Nature for Itself — Conservation

Mace, 2014



Social-Ecological System Management:
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One Water
Defined

One Water is an integrated
planning and implementation
approach to managing finite
water resources for long-term
resilience and reliability,
meeting both community and
ecosystem needs

Credit: Paulson et al., 2017

The difference between
animals and humans is
that animals change
themselves for the
environment, but
humans change the
environment for

themselves
— Ayn Rand




One Water Ecosystem-Based Mgmt:
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\. @ Healthy Watersheds
¢. Initiative Vision:

Protect and maintain the

aquatic ecological
integrity of watersheds and
supporting habitat

networks to ensure that
future generations may

enjoy these resources and the
social and economic

benefits that they provide.
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(/i Healthy

\’ Watersheds

Geomorphology
Stream channels with natural geomorphic dynamics.

Water Quality
Chemical and physical characteristics of water.
(@
.
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Biological Condition

Biological community diversity, composition,
relative abundance, trophic structure, condition,
and sensitive spedes.
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Landscape Condition

Patterns of natural land cover, natural disturbance regimes,
lateral and longitudinal connectivity of the aquatic
environment, and continuity of landscape processes.
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Hydrology
Hydrologic regime: Quantity and timing of flow or water
level fluctuation. Highly dependent on the natural flow
(disturbance) regime and hydrologic connectivity, induding
surface-ground water interactions.

@
N
Habitat
Aquatic, wetland, riparian, floodplain, lake, and shoreline
habitat. Hydrologic connectivity.

Figure 2-4 Healthy watersheds assessment components




Combined Condition Index (CCI):

* Watershed Condition (WCI)
» Buffer Condition (BCI)

CCl =
WCI x (1+(BCI-WCI))

CCl is Based on:
 Structural and

» Functional

Health of the Watershed

WCI = Natural acres/(Natural acres +
(Ag-Like acres * 2) + (Impervious acres
* 7))

BCI = Natural acres/(Natural acres +
(Ag-Like acres * 2) + (Impervious acres

Watershed Condition
Index (WCI)

Degree of “Naturalness” || Buffer Condition

Index (BCI) x 7))
Weighted Combined Weighted CCI = WCI * (1 + (BCI —

Graphic Credit: Buff
raphic Credit: Butter Condition Index (CCI) WCI))

Options for the Bay NH



I-Meter Resolution Precise & Accurate!

(@CLEAR CT High Res Land Cover (NOAA CCAP)

Y - Aoy
L *

Wal;ershd Assessment Tool (L )

Moodus River - Local Watershed 4710-08

Aggregated
Class

1-meter CCAP - 2016
CLEAR

Natural

[:I Grassland

. Mixed Forest

. Scrub/Shrub

. Palustrine Forested Wetland
. Palustrine Scrub/Shrub Wetland

. Palustrine Emergent Wetland
. Estuarine Scrub/Shrub Wetland
. Estuarine Emergent Wetland
D Unconsolidated Shore

D Bare Land

. Open Water
. Palustrine Aquatic Bed

. Estuarine Aquatic Bed

Agriculture-

100-ft Upland of
Outcomes Buffer Fl;uffer Total
\ Area (acres)

Impervious 0.63 33.7 343

Ag-Like 8.1 109 117

Natural 24.9 390 415

Total 33.7 533 566

Condition Indices BCI WCcClI Ccl
Index Value 0.55 0.46 0.50
: e o ) Nitrogen Yield (EF) = 4.0
Ba 'I e y [‘ Nitrogen Nitro:en Load (tons/yr) 1.14

D Developed Open Space
. Cultivated Land

I:I Pasture/Hay

D Impervious




The Biological Condition Gradient (BCG

The Six Levels of the BCG

S| Levels of Biological Condition

2 1 e
< Natural structural, functional,
7 EPA and taxonomic integrity i

preserved.
A Practitioner’s Guide to the Biological Structure & f
Condition Gradient: A Framework to Describe s ity ¢
Incremental Change in Aquatic Ecosystems fully maintai

February 2016 due to loss ©
taxa; shifts i

sensitive ubid &
tolerant taxa;| p (P
functions larg

diminished: o
unbalanced d

5 | ic }
@ | composition; extreme alterations
i from normal densities.

Figure| 2. The Biological Conditic
of anthropogenic stress on aqua

EPA. 2016 ranging from naturally occurring
! this figure, the color gradient is a quick visual cue for condition level.




The CCI and Biointegrity:

Optimal
Balance of
. | Ecosystem
Weighted CCl, 1-m, 100’ Buffer Sustainability
& Resiliency*
x 1.00
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Data Source: CT DEEP Ambient *Concept — Lietaer et al. 2010

Biological Monitoring Program Interpretation — Belchamber, 2010



Management Model Summary — Simple, Salient, Effective: eomratom.
Sustainability
. . . & Resiliency
Combined Condition Index v. TN Yield \/
16.0 1.0
w
ui (140 TN Yield = 15.86e274x 08| %
- . Q
o |[12.0 <
) c
9 1110.0 ~
(@]
= 0.6 E
5 || 80 =
6| 6.0 04|82
T Natural Cover Recovery — E
g_ 4.0 Increased Biodiversity o
o and Lower TN Yield 0.2 (wa]
ﬂh. 2.0 /
0.0 0.0

00 01 02 03 04 05 06 07 08 09 1.0
Combined Condition Index (CCl)

*EF = Enrichment Factor (Becker, 2014)




Natura[/Nature-Based Solutions:| What are natural and Nature-based (NNB) solutions?

Actions to protect, sustainably manage, recover or restore natural or
modified ecosystems to address societal challenges, simultaneously

NATURE-BASED SOLUTIONS (NBS) providing benefits for people and the environment

ROADMAP FOR AMERICA

Box 1. Benefits of Nature-Based Solutions.

> RECOMMENDATIONS TO AGENCIES This list 1s not exhaustive.
PRIMING ACTIONS Race ot adbo Atosio ~ i -

Social-Ecological System Benefits of . o
., | e (Climate mitigation (reduced greenhouse gas
Integrated "One Water" Management emissions and enhanced carbon storage)

* Revise central guidance on benefit-cost analysi

e Reduction of major climate risks. such as:
e Outcomes Ecosystem | Society e Coastal floods and shoreline erosion
and benefit wildlife ® I_n]_and ﬂDDdS
B e i 7= Y Resiliency v v e Stormwater and sewer overflow
» Embed NBS i federal sustainability . oge e Extreme heat
policy and operations Sustal na bl I |ty / / e Wildfire
* Decision support tool for flood NBS RiSk REd UCtion - DIDught

* Launch federal benefit-cost analysis
technical group

Job opportunities

Improved water and air quality

Fish. timber. and other natural products
Recreational opportunities and access
More resilient infrastructure

Land Cover

Climate

» Synthesize evidence of effectivend

Pollution

Health & Well-Being

White House Council on Environmental Quality, 2022

Improved physical and mental health

Cultural benefits

Wildlife and biodiversity support

Community development and economic revitalization

Nature-Based Solutions Achieve Their Full Potential
for Climate, Equity, Nature & Prosperity




Benchmarking CCI & TN to Aquatic Life Tiers: ’W
Yield/Natural Yield

TN Yield = 15.86e-2-74x Ecosystem-Based Management . .
(EBM) Watershed Strategies e Tier 1

. Combined )
Tier Condition Index E F

| Tier2 |

| Tier3 ¥

{:,'- i
v |

H CCI Target Range

Conservation

3 0.60 - 0.75 3.0-2.0
4 0.43 - 0.60 5.0-3.0

Designated Use
ALUS = i
Aquatic Life Use Support
TALU = 4 0.6 0.8 1.0
Tiered Aquatic Life Use* Bellucci, Beauchene and Becker (2008) == Condition
Streams of Hope concept — —

*Gerritsen and Jessup (2007) . EF = Enrichment Factor (Becker, 2014)



BCG Strategic Management:

U5, Doparbment f e nerce @
Natural Resource Stewardship and Science

Resist-Accept-Direct (RAD)—A Framework for the
21st-century Natural Resource Manager

Natural Resource Report NPS/NRSS/CCRP/NRR-—2020/ 2213

...a tool for responding to ecosystems
facing the potential for rapid,
irreversible ecological change.

Resist-Accept-Direct (RAD) Framework

Are you shaping
the trajectory of
change?

Yes No

Are you managing

for historical H
conditions or a new ek 1B Conse rvatlon
desired condition? 2 010 — Sustainability & N
Historical New Resilience

People and Nature -
Social Ecological Systems

RESIST DIRECT

“..making informed, purposeful choices about how to respond to
the trajectory of change... [using]a straightforward approach to
support resource managers in collaborating at larger scales across
jurisdictions, which today is more urgent than ever..”

Schuurman et al., 2020



Biointegrity Distribution:

CLEAR Local Watershed Assessment Tool* (LWAT
* Local Watershed Assessment Tool (arcgis.com) https://clear.uconn.edu/

IET !

. o = ':* ” )
Center for Land Use Education & Research LS ﬁ e 2 4 k '("
St 4 *S’M 5 *-b )
(‘, CLEAR %:}‘\’:'.\ A . \ T rew h J 4&'} ¥

}

_— 3 408 f;'_f"". : 2
Decision Support 4% f CERGEa "‘ \
Framework: &l R Rl e }'m,,
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« Watershed-Based s S ﬂi \_---:' i W
Plans e ' o) et
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- Offsets & Trading nTé -
7 Bridgeporty
- Unambiguous Laag inioad
Implementation RESIST ““DIRECT ACCEPT
Trackine o emmertaon >
Recovery 0.43 < CCI < 0.7

/'ﬂ N
-

LWAT Attributes:

« 1-meter resolution
* 4363 local basins
 Median <500 acres
« TALU Application

« Biointegrity and TN
loading assessments

« Strategic
Management

0.60 - 0.75

0l43 = 0l60




Biointegrity Distribution — CCI:

Total Nitrogen Distribution:

Number of L coTargetrange Dy B€NChmark
1000 M Count

umber of Lo{ — >
TN Target Range

Benchmark

" 1.20 " 10.0
= ©CCl Benchmark O i & Count -
S 900 947 Lx) 5 947 — 9.0 S
t’Em 300 880 (@) 1.00 % £ nop 880 A 80 &
; @ || 8 3
v 700 = w700 70 ¥
c 0.88 0.80 ¢ c S
< 00 o ‘= 600 6.0 £
a = © =
@ 500 0.60 T @ 500 50 ©
(1) r— e
S 400 S S 400 40 S
b S~
“ 300 e = 300 30 ©
° £ o >
@ 200 ) w200 5 20 =
0 0.20 £ v >
£ 100 = -g 100 2.0 l 1.0 £
- AN A e © 5 PN -
= 0 < B 1 0.00 > 0 = ﬁ;_.rs S : 0.0
Tier 6 Tier 5 s- Tier 4 -3— £/ Tier2 Tier 1 Tier 6 Tier5 |F| Tier4 -;-— Tier 3 S— Tier 2 Tier 1
(0.0-0.20) (0.20-0.43 50.43-0.6(m ".; .75-0.88) (0.88-1.0) (9.0-16) (5.0-9.0)‘_§|(3.0-5.0)Q (2.0-3.0)| 5(1.5-2.0) (1.0-1.5)
Lal 2 =] hnl = 3
: e e TN Yield or EF
ccr Tier Combined Local Watershed Distribution
Mean Condition Index ] Mean 4.20
- by Tier and Management Strategy - ———
Median ( 0.59 Median (3.11
Minimum 0:00 - - Tier | Number | Strategy [ Number | Percent [ |Minimum 1.02
Maximum 1.00 2 0.75 - 0.88 2.0-1.5 Maximum 15.7
Count 4363
Count 4363 0.60 - 0.75

0.43 - 0.60

Recovery

4363 4363 100

Total




LWAT Decision Support Framework:

5 -

. p— |
Nehantic S
State Forest{ilawg

Niantic River

Watershed:

37 Segments

Scale (acres)

90

489

wivl 509

Ll Niantic

Sub-watershed Size (acres)

Latimer Brook

Oil Mill Brook | 3334

Niantic River 4666

Coastal 758

o [

o 214

> >

Latimer Broo

Latimer Brook

soo 1000 aseolBPOY

20,111 Acres

Oil Mill
Brook




LWAT Decision Support Framework: | | EF = 3.0

TN — Peewyswem| TIER 4 AL = Best Attainable Condition
Sub-watershed Current BAC

TARGET

TOtaI Nitrogen Natu ral Current Ta rget BAC Condition (CCI) Grade : Grade
Latimer Brook | 0.708

Sub-watershed |Tons/yr| EF ([Tons/yr| EF |Tons/yr| EF |Tons/yr| EF |[O!MliBrook | 0734 |
Niantic River 0.465 D 0.766 B

Latimer Brook 5.7 1.0 134 2.4 17.0 3.0 8.5 1.5 ||coastal

TOTAL 0.598 | D+ | 0.837 B

Oil Mill Brook 1.7 1.0 3.6 2.2 5.0 3.0 2.2 1.3

Niantic River 2.3 1.0 0.8 4.2 7.0 3.0 4.6 2.0 Tier | . Combined

Condition Index

2 0.75 - 0.88 20-1.5

3 0.60 - 0.75 3.0-2.0
0.43 - 0.60

NPS/SW Total | 10.1 1.0 30.7 | 3.1 30.2 | 3.0 17.8 1.8

Sewage 0.0 0.0 0.0 0.0

TOTAL 10.1 1.0 | 30.7 | 3.1 | 30.2 | 3.0 17.8 | 1.8




LWAT Decision Support Framework: | . ; —
PP ’ Best Attainable Condition: | Nl
. ‘\ FtOATGn [CRM Color Cofea Tor 38 Local Basins n the At RIver Wate ;::
iarwalk Rlve—l‘ ' & M"‘I ?kl:ll:(_i"::ia:)t: r(s&?[(; oo %-l':sl;t He GBr::I:e CRM Class CCI | Tier |Grade oo 0,652
Watershed: \ \ -
- 5 ComstockBr | 0537| D |0.746 | C+
: " Ve - conservation | 47> 2 | B o1 0,620
Rldgeﬁeld SilvermineR [ 0434 | D- | 0676 | € | |recoven oso-| 3 | ¢ o|0.692
- ? X/ Norwalk River 0.474 i i e -
oo RN ...
0.557 D .| 0.749 | 0.800 | 0.630
«:+| 0,857 | 0.863 |-
w:0| 0,765 ronoane. oo 0,732 | 0.461 | 0.725 [0
BAC = o] 0,715 st ol 0,792 0.621 | 0.792 [0
100% Natural ™ -
w04 0,661 | 0.675 | sl 0,679 | 0.764 |~

Riparian Buffer .
50% Upland Ag‘ vo10 0,874 w0717

Like to Natural l 0.668 | 0.750 |»:01:¢ ol 0,764 mocoirs 0,630
weor 0,727 (0710| mol0772 | 0.628 | 0.466 |7/
2u{ 0.689 i 0,689 | 0,782 | 0.731 0.587 |02
l 0.676 | 0.661 |22 > > > > | > | 0.439 (0.635 |owr I
Comstock Brook >

e 0566 mooeses| 0,758 | 0,690 [+

el 0,579 | 0,715 | 0.861 | 0.813

«:+ 0512 | 0.763 | 0.784 |,

| 0,505 | 0.529 [rwrwre

02 0,512 | 0.536 |02

0.454 >|>|>|>|>|>|>

Silvermine River >

Grade (A-F

0.75- | 0.60- | 0.43 -
0.88 0.75 0.60

100% A B C D F F

Biointegrity Benchmarks (CCI

0.75- | 0.60- | 0.43 -
0.88 0.75 0.60

Natural Tierl Tier2 Tier3 Tier4d Tier5 Tier6




LWAT Decision Support Framework:

Tier

Condition Index

Combined

e N°f;‘;’:l': 0.75 - 0.88
-| Norwalk River e TN 3 | 0.60-0.75
~  Watershed: [ ]
| Watershed: | | = [+ Jos-0s0| 5030 ] [EF = 5.0
Silvermine River - W7 TIER 4
= _Bo TARGET
= _-E e ;;*j Total Nitrogen Natural Current Target BAC
Sub-watershed |Tons/yr| EF |Tons/yr| EF |Tons/yr| EF |Tons/yr| EF
Comstock Br 2.3 1.0 8.6 3.7 11.8 5.0 4.8 2.1
Silvermine R 5.9 1.0 28.3 4.8 29.4 5.0 14.9 2.5
Norwalk River 10.9 1.0 78.1 7.2 54.4 5.0 48.6 4.5
Sub-watershed Current Current BAC BAC
Condition (CCI) Grade Grade
comstocker T o745 | c+ NPS/SW Total 19.1 1.0 1149 | 6.0 95.5 5.0 68.3 3.6
Silvermine R 0.434 D- 0.676

Norwalk River

TOTAL




Application to Long Island Sound TN Management:

Source: Long Island Sound Study (LISS)

Hypoxia (Dissolved Oxygen < 3 mg/L) in Long
Island Sound

400

wn

1

=

o 200

S

-

o
Source 0
CT Land
CT Sewage 0
CT Total o & & oak BB R D S B RS

VDO O OO O O O N AN NN N

LIS Land &e}\(\\q'\q"9'9\9'9(19‘19‘]9‘]9'19‘19‘19‘19‘19‘19‘19%
LIS Sewage ©
LIS Basin Year

@ Area of Hypoxia -@ Five-year Running Average

Load Additional
eduction To Load
Date Reduction
1000 Tons 1000 Tons
TN/yr TN/yr
0.4
6.3
6.7 3.2
0.5
24.6 11.8



In Summary:

Making Nature Great Again

(Occam’s Razor — the rationality of simple explanations)

Takeaway Conclusions:

Managing watersheds back to health is the best action that can be
taken to meet biodiversity and nutrient/pollutant goals for:

“*Resilient and Sustainable Social & Ecological Outcomes
“+Watershed and Stream Aquatic Ecosystems
»Benefits that cascade downstream

¢ Local Estuaries
“ Greater Long Island Sound

With contributing benefits to Human Health and Welfare including
Environmental Justice in the watershed — Where People Live!




LISS Enhancement Project
ACkn OWI edg emen ts/ E LOI‘Ig |SIand Sound StUdy Development of a Watersl;{ed ‘z;rd NclvnpgintSolurcel
gy P - artnership to Restore and Protect the Soun Decision Si rt Fi T tal Sca.
Credlts, and REferences. A Partnership to Rest d Protect the Sound ecision uzzz,garz’l::svg%a;:n/lgg r:acalir oca e
Chet Arnold David Dickson CT DEEP
C(en.tercfirEL;r; Use Education & Research Am bient BiOIOg ical
Emily Wilson Cary Chadwick Monitoring Program

Credits:
Paulson, C., L. Stephens and W. Broley. 2017. Blueprint for One Water. Project 4660. Denver, CO: The Water Research Foundation.
Buffer Options for the Bay NH: https://bufferoptionsnh.org/wp-content/uploads/2018/02/Buffer-Width-Recommendations-from-the-Literature.pdf
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