PERSPECTIVE OF SCALE IN ESTUARINE MANAGEMENT:
CLIMATE CHANGE MAKES IT IMPERATIVE

and the Shoulders of Odum’s Legacy



Nothing in Everglades Restoration makes sense except in the light of Scale

4 Al Overview

In the context of ecology, Odum emphasized the importance of "sca
because It recognized that ecological processes and relationships can vary

significantly depending on the size and scope of the system being studied,
highlighting the need to analyze ecosystems at multiple scales to fully
understand their dynamics and interactions across different levels, from

individual crganisms to entire landscapes.




GREATER EVERGLADES’ COASTAL MARINE FOUNDATION COMMUNITIES
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Strong Regional Drivers
(Climate, Currents, Ocean Temperature)

o
j 4=

il

e ]

P

'l'l.-_,'r',;;,.l"_...-'-l'r.'-'-'

‘ fl,'fﬂ'ﬂ'ﬁ-“l,h.t-.‘ﬁ.‘\-uw___rf"‘-—-—v——--
\,;,-lt-':--b;—-__—;-n--u——*_r_.ar_; P
L N R A ror _..l"_.-".-!"?!'il'"“
a1 i e - — i e
l'"ﬂ"r,.-' — s e T T R
'I_F.J':_-,:‘-,' l:ﬂ-_ﬁ—ﬂ-f-‘_;:}-f _-'-_-‘_lq‘___‘_‘;.-_-._a-.-u.ﬁ":-.tﬂ\lﬂ“
_H..:n,_-,...-..i-u.-..i;tplhqiui

N
“Eh\ .
oy

e o N

"
"
% oa g RN

_-..-..-‘-h.'ll..

i
P
A g uEw=w ¥

M B I
P S e

.
f
#

-
L]
L]
%,
-
w
&,

‘\ L L
RN ”
N R RN, W T | Mangroves
e, T, R e L, Seagrass and/or
I,L == = % . "‘-ﬁ“"—""—"—" i, Macroalgae
Coral Reefs and
agw 7w ) Hardbattom Mexico

Freshwater Marsh
and or Swamp

l-j-""":,.i-'"'"‘"
A g ar

¥

lll.ll'

\ : Marine
Dry Transgression
~Tortugas -

N
e
oo

N\
(c;\ Tortugas
%ﬁ \ Eddy
N

S~ -




Specific Future Climate Scenarios (2060

. 1.5 Foot SLR Increase (9.5 mm y)
ll. +1.5 °C Temperature Increase

Ill. 490 ppm CO,

IV. +/-10% Change in Precipitation

Environment:

DO 10.

Climate Change Projected Effects on Coastal Foundation
Communities of the Greater Everglades Using a 2060 Scenario:
Need for a New Management Paradigm

M. S. Koch * C. Coronado - M. W, Miller -
D. T. Rudnick - E. Stabenau - R. B, Halley -
F. H. Sklar

Abstract Rising sea levels and temperature will be in regi geomorphology and
sundation com- ( I current chz :- make this

tion tentative hout further re h. The 60

temperature scenario would comp ;

that a

under

soil elevation change in South Florida ranges climate

| . :
and would have to increase marine

from 0.9 to 2.5 mm year



Summary

Community
Indirect/

Sea Level Rise (46 cm)

emperature Rise
Optimal tem
¢ High thermal toler
* High temperature can t soi
* Thermal and

* Decadal decline in reef building corals in Floride
aribbean re

ion freshwater peats &
mangrove me

Koch et al. 2014




SEAGRASS ECOSYSTEM AS A CASE STUDY




ate Effects on Seagrass Ecosystems

SuMMARY/COMMENTS

FOUNDATION

STRENGTH
CONFIDENCE

SEA LEVEL RISE (46 cw)

SEAGRASS/ * WETLAND AND MUDBANK EROSION/NUTRIENT FLUX LEADS
TO LOW LIGHT

* SHIFT SEAGRASS TO PHYTOPLANKTON SYSTEM UNDER LOW
LIGHT CONDITIONS

TEMPERATURE RISE (+1.5°C)

* LONG WATER RESIDENCE TIME FL Bay - ‘I TEMPERATURES

SEAGRASS/ (36-40°C) AT THERMAL LIMITS

* HypersaLINITY (60-70 psu) witH T TEMP

* GREATER EXCHANGE WITH SEA LEVEL RISE MAY
AMELIORATE THIS TEMPERATURE/SALINITY STRESS

* Hypoxia 8 TOXIC SULFIDES SEDIMENTS “T* wiTH “T* TEMP

LOWER PRECIPITATION (10%)

SEAGRASS/ * INCREASED HYPERSALINITY EVENTS FL BAY

D/l | * INCREASED HYPOXIA

* LESS SEAGRASS BIODIVERSITY AT ECOTONE

* PERCENT INCREASE IN PRECIPITATION CAUSE IMPACTS




CLIMATE CHANGE

INCREASED
SEAWATER
TEMPERATURE

Increased
Disease
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South Florida and Globally
Large-Scale Seagrass Mortality “Die-Off” Events
Attributed to Hypoxia- multiple drivers
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After: Robblee et al. 1991 — _ Hall et al. 2016
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Supersaturated O, Day in
Leaf and Water Column
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Water Column Hypoxia
Corresponded to
Meristem H,S Intrusion
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Meristem H,S Intrusion at
Highest Temperature and Lowest
Water Column O,

Min Night pO, (kPa)
Min Night O, (mg L?)
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Low Light Experiments
High Frequency of H,S in
Meristems

Leaf pO,
Meristem pO,
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INTEGRATE SMALL-SCALE PHYSIOLOGY DATA INTO ECOSYSTEM MODEL

—

IRecycled

New N

NH4 [INO3 Urea

. FRecycled g
Parameterize = p L ‘l,
Seagrass Model \ ip

Focus on Stressors T I\

Madden et al. 2016



Climate Change Seagrass Scenarios

1. Increased Nutrient Pulses (x1.25, 1.5), Stimulate Phytoplankton Blooms,
Lowers Light at Canopy, and Drives Down Seagrass Biomass

Light at Canopy

Phosphorus in the Water Column

Days
--— x1.25

Chilorophyll a

rrgCim2




Climate Change Seagrass Scenarios

2. Hypersalinity (55 psu) Directly 3. Increase in Temperature
Lowers Photosynthesis and (+30C) Increases
Biomass Photosynthesis and Biomass

Abdave Ground Biomass Above Ground Biomass

150 1580 21550 240

Days
—35P5U --- 45 PSU a5 PSL

Missing from the Current Seagrass Model: Hypersalinity/Temperature Effects
on Oxygen in the Water Column!



Water Column Oxygen Dynamics Module Florida Bay

Water Column Oxygen
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SCALE TO ECOSYSTEM AND LANDSCAPE

SEACOM SAV-Stressor Interactions

+ Management Seagrass Health

* Long-Term Water Quality Data » Water Column Oxidation

+ Climate Change Scenarios * Drivers of Seagrass Decline
» Conditions Landscapes » Thresholds/Triggers Die-offs
* Climate Change Drivers

* Nutrient Cycling-Flux

Hydrogen
Sulfide

Community Level Stress - Competition

- A Optmal “Resili

Shoot (or ramet) (ht ]‘CSS SU‘C§§>
turnover Fast Tolerance Window

Long lived

Productivity

Genet ist -
enet persistence Srorie

Time to first Long (years)

sexual reproduction |Short (weeks-months)

Seed dormancy Dormant seeds (develop seedbank)
Vivipary / no dormancy (no seedbank)

Combined Stressors

Low physiological resistance High physiological resistance

Response to 6——--- Species S’!iﬁs ----9

disturbance
Rapid ability to recover Slow ability to recover




Howard Thomas Odum (1924-2002)

“He had a trait common to many
Hutchinson students of being able
to focus simultaneously on the fine
detail and the big picture, both
temporally and spatially, without
losing sight of either.”

John J. Ewel

U. S. Forest Service
Honolulu, Hawaii

This is our challenge!
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