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Key questions

Are nature-based
solutions dynamic?

Are we leveraging
feedback mechanisms?

Can we embrace
complexity and change?

How much control might
we relinquish?
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Feedbacks
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Cuyahoga Green Bulkhead

survival of larval and juvenile fish
in navigation channel

Photo: Jim White



Biomimicry 3.8

LIFE CREATES
CONDITIONS

CONDUCIVE
TO LIFE
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Scoping

Define Context
 Historical System

 Existing and Future River

- Life cycle of Lake Erie Fish

- Water Quality Wy

 Shipping and Recreational S LIFE CREATES
Boater Conflict o CONDITIONS
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Scoping

Define Context

 Historical System
 Existing and Future River

- Life cycle of Lake Erie Fish
-  Water Quality

« Shipping and Recreational
Boater Conflict

Free embryos

Young larvae

Intermediate larvae

Older larvae

Young juvenile

With yolk sac

No remaining yolk and
dorsal fin-rays not yet
developing

Dorsal fin-rays just
beginning to develop

Dorsal fin non longer
connected to fin-fold

No remaining fin-fold
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Scoping

Common Name

Catostomus commersonii benthic, but varied

Shorthead redhorse Moxostoma macrolepidotum littoral
Morone chrysops littoral

Morone americana littoral

Walleye Sander vitreus pelagic

Lake sturgeon Acipenser fulvescens benthic

Muskellunge Esox masquinongy pelagic
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day of year

Temperature range and expected time of year for spawning, development and lethal temperatures for white bass
using 2012 data at two stations in the Cuyahoga River navigation channel.

o)
O
O

-

e
)
2
-
®
D

O
O
2
o)

C
O
>
)

O

/&Biohabitats




Scoping

\/

Define Context
« Focus on both larval and juvenile fish
« Focus on the littoral zone

« Multi-directional forces and flows in the River

« Several planned and on-going habitat restoration
efforts

O « Larvae and juveniles may be dispersed throughout the
_GC) channel
AV « River edge is variable
5 - Condition of existing bulkheads highly variable
c - A Icurg%e percentage of bulkheads will be replaced in LIFE CREATES
o nearfuture | CONDITIONS
) « Many industrial outfalls, particularly near head of i
(T) navigation
« Commercial and recreational use of the River
O significant
8) « Shipping industry in the Flats important to the local
c economy
O
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Scoping

Identify Function
« Absorb and dissipate energy
« Transport larval and juvenile fish

LIFE CREATES

« Nourish — provide food sources and trap
carbon

 Provide shelter and cover
« Enhance dissolved oxygen
« Clean water

« Cool water

« Quiet noise from boat traffic
and industry
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Scoping

Design Functions

« Nourish — provide food
sources and trap
carbon

 Provide shelter and
cover

« Enhance dissolved
oxygen

Siting Criteria

Absorb & Dissipate
Energy

Cleanish water
Cooler water

Systemic

Transport larval and
juvenile fish

Clean water
Cool water

Quiet noise from boat
traffic and industry
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Discovering

Refined Functions
« How does nature shelter?

« How does nature trap or transform biomass?
LIFE CREATES

. P
How does nature oxygenate: CONDITIONS
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Biohabitats

Collector

IS

Fish Hive

Debr

Dendrite
Seagrass

Basket

Sticksin a
Brush Filter

ing

BioBalls
Leaf Packs
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an artificial device that is built to replace a lost function



Ecosystem Prosthetics
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Inner Harbor Dissolve Oxygen Levels
August 30, 2024 to September 5, 2024
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Data Source: Eyes on the Bay

—— surface Temperature Inner Harbor Water Temperature: Surface vs. Bottom
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REIMAGINE MIDDLE BRANCH






Courtesy of James Corner Field Operations

Intertidal Zone
440

Acres

Shallow Water Zone

800

Acres

1:2

Intertidal to Shallow Water

Intertidal Zone
320

Acres

Shallow Water Zone
985

Acres

1:3

Intertidal to Shallow Water

CHANGING HABITAT THROUGH TIME

Intertidal Zone
115
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Shallow Water Zone
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Intertidal to Shallow Water

REIMAGINE MIDDLE BRANGH



Courtesy of James Corner Field Operations

Intertidal Zone
115

Acres

Shallow Water Zone
865

Acres

1:10

Intertidal to Shallow Water

Proposed

Intertidal Zone
190

Acres

Shallow Water Zone
790

Acres

1:4

Intertidal to Shallow Water

REVERSING THE TREND

REIMAGINE MIDDLE BRANGH
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MIDDLE BRANCH FUTURE VISION REIMAGINE MIDDLE BRANCH




Baltimore Checkerspot
Monarch Butterfly

N R OsPrey

; Barn Swallow
v Green Heron
’ Black Crowned Night Heron

_ Peregrine Falcon
Big Brown Bat

Little Brown Bat
Diamondback Terrapin

Banded and Mummichog Killifish
Yellow Perch
Brackish Clam
Shrimp

INTERTIDAL ZONE . UPLAND
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“Coastal habitats do not function in isolation when supporting secondary
production but rather are integrated components of larger systems.” (Litvin,
2018)

BIODIVERSITY REIMAGINE MIDDLE BRANCH
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Four Sites under Middle Branch Resiliency Initiative

Graphics courtesy of
South Baltimore
Gateway Partnership
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Hanover Wetlands: Restoration of 10 acres of tidal marsh and aquatic habitat providing a resilient
shoreline along Hanover Street




1920 Mouth of Patapsco River

26. WEST SIDE OF PATAPSCO RIVER. BROOKLYN AND HANOVER STREET. SITE OF PROPOSED BROENING PARK TERMINALS.

BALTIMORE CITY | MIDDLE BRANCH - SITE5A
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Hanover Street Wetlands

Project Goals

Primary — Water quality
Resilience - Abate the erosion
Enhance diverse microhabitats
Support native tidal marsh flora

Create mosaic of shallow,
intertidal refugia

Demonstrate innovative practices
Beneficial use of dredge

Dynamic, self-adjusting given sea
level rise

Design to Budget




Representative Landscape Cross-section

HARDWOOD FOREST

: 4

HIGH MARSH

HARDWOOD FOREST

Successional Coastal
Plain Forest

Irregularly Flooded East-
ern Tidal Salt Shrub -
This maritime shrubland
of the eastern states oc-
curs in association with
salt marshes, occurring
along the upper edges of
the marsh, at the transi-
tion to uplands.
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RIPARIAN BUFFER

LOW MARSH

B

RIPARIAN (MEADOW/FOREST)

SUPRATIDAL DEPRESSION

SUPRATIDAL

Brackish Tidal Creek ——

Shrubland - This is an
oligohaline tidal shrub-
land of brackish tidal
waters in Mid-Atlantic
on firm, partially decom-
posed peat. This vegeta-
tion forms linear stands
along tidal channels
between freshwater tidal
marshes and adjacent
swamp forests.

Brackish Meadow - This
brackish meadow of the
Atlantic coast from New
Hampshire to Morth Car-
olina occurs at the up-
land border of high salt
marshes. It occurs on
freely drained, shallow,
sandy peat that is moist
from upland seepage and
brackish from irregular
tidal flooding.

.

SHALLOW WATER HABITAT

Freshwater Tidal Mixed
High Marsh - These are
mixed, dense, and often
diverse marshes with
highly variable species
composition and patch
dominance.

Mixed Freshwater Sub-
tidal Marsh - This as-
sociation comprises
mixed freshwater sub-
tidal aquatic beds of the
mid-Atlantic coast. It
occurs in fresh reaches
of upper bays and trib-
utaries within estuarine
systems. Species com-
position is variable

LOW SHALLOW
HIGH MARSH MARSH WATER
HABITAT
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INMENT
CTURES

EXISTING GRADE IS AT OR

CRENLLATE OPENINGS

18] BASKING LOGS TO BE
INSTALLED INTO CHANKEL EDGE

= (4} GROUPS OF 8 ROOTWADS
URAOUNDS THE BERM OPEMINGS TO
ENHANCE AQUATIC HABITAT WAl LIE
AMD ACCUMULATE SEDIMENT FLOWS




6:1 front slope Pros 6:1 front slope Cons

VEGETATED AREA 11 UNVEGETATED AREA—™ e Lower slope attenuates incoming wave e  45% increase in material quantity
energies rather than deflect and cause compared to eng design
o0 erosion on unprotected shorelines e  Less conventional option - fewer
| e  Ecological uplift for invertebrate and forage project examples
RANDOM CORE CLASS 2 BOULDER CGLASS 0/COBBLE AND'SAND fish species e  May accumulate debris (trash,
Natural shoreline aesthetic natural materials)
o MHW 0.53 B.Iendlng stone classes interlocks larger .
sizes
— MLLW -0.82 . Q .
s e  Potential cost savings from cross- section
""" J construction (blending sizes)

e  Reduces overall marsh fill volume by setting

15'- 3" RECYCLED CONCRETE rooTer BouLDEr Crest closer to existing shoreline

OR CRUSHED STONE

Total berm quantity (1,530 If): 14,850 cuyd

GEOTEXTILE

TYPICAL BERM SECTION

BIOHABITATS NoTTO SR

1.5:1 front slope Pros 1.5:1 front slope Cons

e  Minimizes material quantity/cost e  Greater hydraulic energy requires
e  Limits trash accumulation larger stone size

VER) —_ ronTATED ARBA——————— — 1S UNVEGETATED ARBA—7——T3 e  Traditional engineering approach to e Energy is deflected vesus dampened

| 25 | coastal stabilization - proven by shallow slope

e  Material stratification limits mobilization e  Limits habitat/planting opportunity
of smaller material along front edge

Less natural looking

Defined layers require presettlement
to ensure accurate quantities
(stratification)

Total berm quantity (1,530 If): 10,200 cuyd

TYPICAL BERM SECTION
MOFFATT & NICHOL NOT TO SCALE







Tensar geotextile fused to
____ geogrid to minimize settlement




Design Constructed (current)

Stone subbase material quantity 2,000 tons 1,900 tons
Stone subbase top elevation -2.5 NAVDS8S8 +1.0 NAVD88

Settlement Upto 5’ 1.5’
(0.8’ initial, 0.7’ primary)

RANDOM MD
CLASS Il RIPRAP

4-0" COBBLE AND SAND FOOTER

BOULDER
(NOTE 1)
EL +2.50
%
A .‘1‘

v HAT EL (+1.38)
Ve MHW EL (+0.53)
-

NG v NAVDSS EL (0.00)
N Y MLW EL (-0.62)

. EL -2.50 APPROX EX MUDLINE oo T s e e e o 7
S P S TR K N y ! N =il _
. Vo oo R R o ]

2'-5'BASED ON
SETTLEMENT

1.5-3" CRUSHED
STONE OR
QUARRY RUN

GEOTEXTILE

/D1 SECTION - SHALLOW SLOPED BERM
PC100 SCALE: 3/8" = 10"




Settlement plate to measure
elevation change of stone subbase
due to consolidation of in-situ soils




Approximate initial elevation (not
part of settlement plate data set)

MBRI Site 5a Settlement Starting 9/10/24

5.8
5.6
5.4

5.2
o0

° Measure stone subbase elevation
settlement of 0.7’ from 9/10 to 9/24

4.8
4.6
4.4

4.2

10-Sep 20-Sep 30-Sep 10-Oct 20-Oct 30-Oct 9-Nov



Hanover Street Wetlands

Project Goals

Primary — Water quality
Resilience - Abate the erosion
Enhance diverse microhabitats
Support native tidal marsh flora

Create mosaic of shallow,
intertidal refugia

Demonstrate innovative practices
Beneficial use of dredge

Dynamic, self-adjusting given sea
level rise

Design to Budget




The Regeneration Principle

Assure the maximum return of ecological function, habitat and
ecosystem services to natural capital invested




CARBON SEQUESTRATION

. t g ey _‘,v;_,,j- . ;\mr*‘ e & ;o ECOSYSTEM SERVICES BIODIVERSITY GAINS
% “‘ﬁ 1‘!”-#‘ w‘}ff i gﬁ ﬁi‘“ RETURNED CULTURAL & COMMUNITY
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RESTORATIVE

OUTCOMES
ECOSYSTEM CARBON SEQUESTRATION
SERVICES BIODIVERSITY GAINS
RETURNED CULTURAL & COMMUNITY

NATIVE SEED PRODUCTION

NATURAL CAPITAL
INVESTED & BENEFICIAL REUSE
IMPACTS WOOD DIVERSION
CIRCULAR ECONOMY
REGENERATIVE

¥==Biohabitats
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Boltlmore C|ty Camp Small

£ 3000-5000; Tons/yr of wood




Analysis Published: 25 June 2025

Large CO, removal potential of woody debris
preservation in managed forests

Yigi Luo &4, Ning Wei, Xingjie Lu, Yu Zhou, Feng Tao, Quan Quan, Cuijuan Liao, Lifen Jiang, Jianyang

Xia, Yuanyuan Huang, Shuli Niu, Xiangtao Xu, Ying Sun, Ning Zeng, Charles Koven, Liging Peng, Steve

Davis, Pete Smith, Fengqi You, Yu Jiang, Lailiang Cheng & Benjamin Houlton

Nature Geoscience 18, 675-681 (2025) | Cite this article

“if the U.S. buried 66% of the wood debris from
its managed forests, net-zero emissions could
be reached by 2050.”



LOCAL NEWS

Firefighters hattled gale force winds,
piles of tinder, to contain massive
Woodberry fire

Lillian Reed, Abby Zimmardi and Clara Longo de Freitas
12/6/2024 7:34 a.m. EST, Updated 12/6/2024 10:26 a.m. EST

Firefighters spray water on the smoldering wood piles as an excavator moves logs at the Camp Small city wood recycling
facility Friday morning. (Jerry Jackson/The Baltimore Banner)
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Hanover Street Wetlands

Project Goals

Primary — Water quality
Resilience - Abate the erosion
Enhance diverse microhabitats
Support native tidal marsh flora

Create mosaic of shallow,
intertidal refugia

Demonstrate innovative practices

Dynamic, self-adjusting given sea
level rise?

Design to Budget




Feedbacks
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Answer Key

- Nature-based solutions can be dynamic, but often limited by:

Spatial and temporal constraints
Narrow project goals

Risk

Financial

« Feedback mechanisms are not always understood and difficult to model
« We expect complexity and change but fear the unknown

»
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How much control might you relinquish?

Christopher Streb, PE
cstreb@biohabitats.com
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