For the love of rivers:
conservation ecology
within an ecosystem
services framework

Carla L. Atkinson
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of the southeast

Total richness Endemics
5 359 spp 102 spp

Freshwater fish Reptiles Amphibians Birds Mammals

Trees




Fishes /1 |

' Mussels * Crayfish & 7/ &

Crayfish O

/ Mussels .,
Species Richness S v/ v Priority Sum S \
I e £ e &_— i )
1.00-0.91 0.90-0.81 0.80-0.71 0.70-0.61 0.60-0.51 0.50-0.41 0.40-0.31 0.30-0.21 0.20-0.11 0.10-0.00 2.87-225 2.25-1.75 1.75-1.25 1.25-1.00 1.00-0.75 0.75-0.60 0.60-0.50 0.50 - 0.40 0.40 - 0.20 0.20 - 0.00

From Elkins et al. 2019

Southeast is a high priority area for species conservation
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US protected lands mismatch biodiversity
priorities

Clinton M. Jenkins B, Kyle 5. Van Houtan @, Stuart L. Pimm, and Joseph O. Sexton Authors Info & Affiliations

April 6, 2015 112 (16) 5081-5086 https://doi.org/10.1073/pnas. 1418034112

591 spp 15 spp

Birds

IUCN Category

Despite the fact the  =:gzmusesmer

11l: Natural monument or feature b S >

IV: Habitat / species management N e
s o U e q s ’ [ V: Protected landscape / seascape 1 x{

M VI: Sustainable use of natural resources R

particularly aquatic
systems, harbors the
highest biodiversity,
the southeast has
very few protected
lands ownit

M Federai
W State
Local Government
Jointly Owned
I Native American
M Non-Governmental Organization
M Regional Agency
. Private Conservation
Il Unknown Landowner
[ Private Unprotected

Amphibians

Reptiles

Freshwater fish

Trees



(a)

Species richness in this regionis at high risk due to
both land conversion and climate change

Land
Conversion

Climate

Change
(c) &

Species
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Dreiss & Malcolm 2022



Cravfishes
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Butterflies/Skippers

Dragonflies/Damsclflies

Mammals

Freshwater Mussels

.\'[unl_'ﬂit_\ |

Freshwarter Fishes |

Amphibians |

Flowering Plants |

Gymnosperms |

Ferns/Fern Allies |

R("l!ilr\ |

birds |

V5%

S0

BB Presumed/Possiblv Extinet (GX/GH)
= Critically Imperiled (G1)
BB Imperiled (G2)

] Vulnerable (G3)

60

Freshwaters experlencmg declmes in blodlver5|ty at rates greater than those in
terrestrial systems (extinction rates as high as 4%/decade, 5x > than terrestrial
systems)




Freshwaters experiencing declines in biodiversit
terrestrial systems (extinction rates as high as 4%/decade, 5x > than terrestrial
systems)

N , " 2" =5 — ¥ : ’ T. . ‘ .\-7' ‘ s \ . 12 . ' :'
Freshwaters provide essential ecosystem services,
and these are also in danger of being lost.

N L RN ¥



* Nutrient Cycling
* Soil Formation

¢ Primary Production

* Habitat Provision

-
* Food Production W
* Water
* Wood and Fiber
* Fuel |
L Supporting
What are b
N
ecosystem :
e ? :
Services: Cultural Regulating
" 3 Services ~ Services
* Spiritual N\
» Aesthetic
e Educational
K. Recreational j

* Climate Regulation
* Flood Regulation
* Water Purification

-

Source: Millenium Ecosystem Assessment, 2005.
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Why does it matter?

/
¢ Food Production w * Nutrient Cycling
* Water * Soil Formation
* Wood and Fiber * Primary Production
* Fuel # » Habitat Provision
\ Supporting
Services
Cultural Regulating
N Services Services
* Spiritual /4
* Aesthetic * Climate Regulation
* Educational * Flood Regulation
N =i

* Water Purification

. * Recreational

Source: Millenium Ecosystem Assessment, 2005.




This watershed supports many
important ecosystem services

4

o
* Food Production w
* Water -
* Wood and Fiber
* Fuel
.
Cultural
4 Services
* Spiritual
* Aesthetic N
* Educational N _ .Li
| Recreational /T

Supporting
Services

* Nutrient Cycling
* Soil Formation

¢ Primary Production

» Habitat Provision

* Flood Regulation
* Water Purification

* Climate Regulation

Ll

Source: Millenium Ecosystem Assessment, 2005.




However, tactics for promoting biodiversity and
ecosystem services are often not congruent especially when it comes to
species management

o~




Biodiversity Conservation

Fishes

Goals

I | WP
y D 4‘ ‘ “ \\*
Target ! ¢ . < WL
Prioriz Sum ¥ (
287-225 2.25-1.75 1.75-1.25 1.25-1.00 1.00-0.75 0.75-0.60 0.60-0.50 0.50-0.40 0.40-0.20 0.20-0.00
CRITERIA THREATENED
[ Population | CATEGORIES

| Vulnerable (VU) |

Numerical
| | thresholds

m O O © »




Ecosystem Services — Water quality, Recreation/Fisheries

Other Ecosystem i '
Goals Clean Water : Y _Flsherles |
(Clean Water Act; EPA) Services (Species Manag_ement, | |
; (e.g., recreation) State Agencies) : o S 4
e sl gPhoto:M-"Wallheiser =
: Managed/Stocked
Common Species J L _ J
Target E p Soecies

I

Strategies [ Conservation } [ Restoration }

Methods ’ Protection ‘ [ BMPs ] ’ Ec.olog|cal ‘
Linkages
[Ca tive Rearin } [ Habitat }
SIS Improvement




. Freshwater Mussels .




Fatthreeridge

ACF Harbors High
Mussel Diversity

e ~32 species and 8 Endemics

* Six species are listed under the
Endangered Species Act



Characteristics of FW Mussels

* Diverse group (~258 Unionoidq)
« Long generationtimes

Long-lived (6 — 100 yrs)
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« QOccur as dense, multispecies
aggregations (mussel beds)

« Sedentaryand can’'t move far

 Depend on fish for dispersal

« Different mussels use different fish




Characteristics of FW Mussels

* Diverse group (~258 Unionoidq)
« Long generationtimes
« Long-lived (6 — 100 yrs)

--------

/A _ e o 4"& Fish Host

y N
& A > >L\
’/5’ Juvenile
/ (B

North America (270) - _

South America (38)

I Extinct
Critically endangered

Africa (124) I Endangered

‘ Vulnerable
Southern Asia (219) Near threatened
I Least concern
Europe and Middle East (50) Data deficient

Northern Asia (28) _

Australia (25)

I I I 1
0 20 40 60 80 100

Proportion of freshwater bivalves
in threat categories (%)




FW Mussels are important and valuable

- Water purification (biofiltration)
- Nutrient recycling & storage

- Structural habitat

- Substrate modification

- Food for other organisms

Nutrient excretion

Release of POM & CO, Filter feeding
Consumption of O,

Biodeposition of \ /
feces and pseudofi(? ’

Shell provides

habitat <

Bioturbation / x .
) Deposit

of sediments feeding

Vaughn & Hakenkamp, 2001, Freshwater Biology



FW Mussels vary in their traits

Vary fremendously in
their life history traits
resulting in variationin
community structure and
potentialecosystem
Impacts

£ a Thermally-sensitive p Thermally-tolerant
[}
5 2
2
Conservation = |_L‘
© 4
: s
S o rLLle
5 =
Synthesis s .
o 4 ] C— 5-15°C
g 3 15-25°C
S == . 350
Life history & Habitat & 8 2 25-350C
reproduction distribution ‘ }.i‘q ‘;a‘é & &o" N @ ‘\z" &
v O'Q «.‘ v < o o
Mussel species

Spooner & Vaughn 2008, Oecologia

Mussel Traits— NA Trait Database

Hopper et al. In prep



Freshwater Mussels = Important Functions = Important Services

How do mussels contribute to the healthy functioning of ecosystems?

Filter feeding g %22 332
Nutrient release by )0 068

e Pearl culture
¢ Food
® Products from shell

Provisioning
services

Regulating

’ e Water purification
services

¢ Nutrient cycling & storage ‘i 7 & ;
¢ Habitat provisioning 4 ;
® Primary production

Supporting
services

e Spiritual enrichment '
¢ pSGUdOfeceS SC:J:c/liJcrssl * Aesthetic experiences 2
Burrowi ng « Education -

Modified from Vaughn 2018



Freshwater Mussels = Important Functions = Important Services

How do mussels contribute to the healthy functioning of ecosystems?

Filter feeding g %22 332
Nutrient release by )0 068

e Pearl culture
¢ Food
® Products from shell

Provisioning
services

Regulating

’ e Water purification
services

¢ Nutrient cycling & storage
¢ Habitat provisioning
® Primary production

Supporting
services

e Spiritual enrichment
¢ pSGUdOfeceS SC:J:c/liJcrssl * Aesthetic experiences 5
BurI'OWing e Education *

Al

Modified from Vaughn 2018



Patch-scale

——— =

Mussel function

A Filtration

B Nutrient
storage

C Excretion

D [Biodeposition

E Burying

Labile C
&
nutrients

Reach-scale

Differences in

assemblage A
structure will L\%»
result in variation @? ’ii.
in nutrient b LS
availability, 2 -
stoichiometry, and »:’z{;'f;,
denitrification -

potential within
and across stream
reaches




Filfration — regulating service

A. Resource Acquisition

A. plicata C. asperata E. arca E. crassidens F. cerinag L. ormata

7504
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van Ee, Johnson, & Atkinson, In review

Species filter at different
rates

Species filter differently
across temperature



Filfration — regulating service

100 -
. 10 -
=
@ 1 -
£
O 0.1
&
-
S 001 - .
T Also, biomass and the
O 0.001 environmental context shape
the importance of these
0.0001 ¢~

" : ' " services
0.0001 0.001 0.01 0.1 1 10 100

Hydrologic residence time (d)

Vaughn et al. 2004



Nutrient Storage — supporfing service

Niche volumes

-~ 2
‘ ® Lampsilis ornata
n ® Obovaria unicolor

(SN @ Obliquaria reflexa

@" @ Iritagonia verrucosa

Elliptio arca

® Amblema plicata

Soft Tissue Storage

Species store nutrients

Atkinson, van Ee, and Pfeiffer, 2020 (Ecology)



Nutrient Storage — supporting service

Areal N Storage (g N m?)

Total N Storage (kg N)
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Atkinson & Vaughn 2015

Areal P Storage (g P m?)

Total P Storage (kg P)
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Mussels live 5 to
>50 years

Shell = long term
store, “nutrient
sink”



Concordance between Tissue and
Excretion Stoichiometry

% y =94.13 -5.69x
_ r* = 0.60
«‘ D Oviiquaria reflexa P=0.01
50| & =P H—¢—
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= 40 A . |
.S _ P Fusconaia cerina e C O | O g | C a |
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L | |
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f . 2 !
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10 . . T T T
4 8 9 10 11 12 13
Tissue N:P

Atkinson, van Ee, Pfeiffer 2020 (Ecology)



Nutrient Recycling — supporting service
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Nutrient Cycling — supporting service

Ammonia Excretion || 4 4 Phosphorus Excretion J L . Biodeposition Rate

o Sampled Quadrats 2 W ¢ sampled Quadrats o = s Sampled Quacrats
I o-207 ot o [ ERR) o= - B o- 1408
B 207-620 L % S I 0.10-029 1 ' A i N 1406-4209
820-1443 ) 029-066 4 4209-97.94
14 43.3083 o " 0.66-1.37 i 97.94-209.25
. 30.83-63.51 137-275 . 20925 -431.10
B B 650 - 12860 e B 275541 B 431.10-873.15

B 1255325842 4! \ 541-1057 3 ' I 573,15 - 1754.13

Atkinson &
Forshay 2022




Nutrient Cycling — supporting service

Excretion can meet or exceed
background nutrient conditions &
demand

Mussels are a major source of N,
P, and labile DOM

Labile DOM may be important for
heterotrophic microbes that fuel
river food webs

Across 7 rivers

Volumetric excretion below | Volumetric excretion exceeds

ambient concentration I ambient concentration
|
i Protein-like
(a) o i DOM "‘30%
-
o om 0 |
|
(b) Q: %o : DOC ~2.5%
o) ()
O |
o .
0° o
|
() é 80 N >100%
o] O
(o]
P
|
(d) . o P ~20%
.."I |
® |
o ®"e y
-6 -4 =2 0 2 4 6
Effect size (InR)

Hopper et al. 2021 (Functional Ecology)



Indirect Effects on Supporting Services

N,

Water Column
Sediment

NH,* ‘NO;-

Microbially active substrate
+ energy source

1 = Anaerobic Ammonium Oxidation (Annamox), 2 = Anaerobic Nitrate Reduction (Denitrification)
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In Denitrification Rate
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(c)

Residuals

Mussels Enhance Denitrification Rates

Quadrat scale
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Areal Denitrification Rate
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200 1

0 3 6 9
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Atkinson & Forshay, 2022



Maintain abundance = maintenance of biodiversity = maintenance of
function

Work in the Mobile &
TN Basins

351

oy
(=]
|

& BearCreek
QO Bogue Chitto
O Buttahaichee

In Species richness
~a
tn

@ Cahaba
O Duck
QO PaintRack
@ Sipsey

2.0

151

Qo
2 3 4 5 ] 7

In Abundance

0 150 300 600 Kilometers
I T T T S| |




Ecosystem management is important for both biodiversity and

ecosystem services

Based on base flow conditions at Site 4 (3.4 m-3s)

Particulate Flux Dissolved Flux

C: 1791 mol d* DOC: 68232 mol d!
N: 176 mol d* NH,: 335 mol d-*
P:3.4 n’&ol d? P: 27 mol d!

~0.4-0.6% of
dissolved flux

Denitrification Flux

96 mol d-* Filtration Flux

C: 282.2 mol dt
Nx27.8 1d?

Excretion Flux
NH,: 2.0 mol d*
: 0.09 mol d?

flux filtered

North America (270)

South America (38) B Extinct
Critically endangered

Africa (124) . Endangered
Vulnerable

Southern Asa (219) | Near threatenec

[ Least concern

Europe and Middle East (50) Data deficient

Northern Asia (28)

Australia (25)

1
0 20 40 60 80 100
Proportion of freshwater bivalves Vaughn & Hoellein 2018
in threat categories (%)

What does the loss of
mussels result in for aquatic
ecosystem service
provisioning in the
past/present/future?

Mussels appear to be more
prone to declines than
many other aquatic
organisms.




Both Biodiversity and Ecosystem Services are of High Priority
Conservation Value in this Region

O
O

“ESV (percentile)

% 99

" Biodiversity priority
(percentile)

Turner et al. 2007 (BioScience)



What to do to maintain
ecosystem services and
biodiversity in the ACF?




How to maintain
ecosystem services and
biodiversity in the ACF?

* Water quantity and conservation

* Enhancement of riparian zones for
sediment and nutrient mitigation

Better management that takes a
whole system & multi-species
approach

e OQutreach and education




* Food Production * Nutrient Cycling

* Water * Soil Formation

* Wood and Fiber * Primary Production
* Fuel v » Habitat Provision

Supporting
Services

Some of these ecosystem services
may result in conflicts among users

Cultural Regulating
Services Services

* Spiritual

* Aesthetic 5, * Climate Regulation
* Educational ~— * Flood Regulation
* Recreational * Water Purification

Source: Millenium Ecosystem Assessment, 2005.



Need water to secure these ecosystem services

Ichawaynochaway Creek at Milford

100 -

sk
o

7-day Low Flow (m3s)
o

0.01

100 -

t')’a —e— Pre-pumping
£ —0— Post-pumping
=10
2
=}

L.
=
5
> 17
]
'?
N~
0.1

1 10
Recurrence Interval (years)

Rugel et al. 2012
(Hydrological Processes)

100

Spring Creek near Iron City

—e— Pre-pumping
—0— Post-pumping

10
Recurrence Interval (years)

100

Irrigation is drawing
down flows that
reduces habitat for
aguatic species &
increases stream
temperature




Need water to secure these ecosystem services

No aquatic organism
provided ecosystem
services without




Need water to secure these ecosystem services

More efficient irrigation
systems (e.g., dynamic variable
rate irrigation)

Irrigation Scheduling Recommendations select time period : from [ 07/12/2015 | until [ 07/13/2015 |

management zone

farm/field settings settings

sensor monitoring data analysis data export ‘

Crop growth stage
PEANUTS | Peggin

coron [ ™
corN [T

Irrigation Recommendation
[ ]18.8ac [ 0.5 ] inch
B s02ac 037 inch
[ PP inch
[ e inch
[ ]13.7ac | 07 ] inch

Precipitation Forecast

0% chance of rain today

20% chance of rain Tuesday (0.3 in)
50% chance of rain Wednesday (0.9in) |

Sensors Legend:

. Sensor below irrigation threshold
. Sensor above irrigation threshold
O Sensor needs attention

Images from Vellidiset al. 2016



Flow and water management strategies need
to change and keep evolving based on science
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Transactions of the American Fisheries Society 141:881-889, 2012
© American Fisheries

ISSN: 0002-8487T print /

DOI: 10.1080/00028487.2012. ?'\Q]T

ARTICLE

Passage of Spawning Alabama Shad at Jim Woodruff Lock
and Dam, Apalachicola River, Florida

Shawn P. Young
Department of Forestry and Natural Resources, Clemson University, 115 Lehotsky Hall, Clemson,
South Carolina 29634-0317, USA

Travis R. Ingram* and Josh E. Tannehill

| Georgia Department of Natural Resources, 2024 Newton Road, Albany, Georgia 31701, USA

J. Jeffery Isely
lational Oceanic and Atmospheric Administration Fisheries Service, 75 Virginia Beach Drive, Miami, ' ;
Florida 33149, USA ‘ ‘ \ :




Minimal dredging,
pre-dam period Heavy dredging, Navigation Project . _ Post-dredging
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Water year discharge (m3/s)
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RIVER RESEARCH AND APPLICATIONS
River Res. Applic. 29: 718-733 (2013)

Published online 9 March 2012 in Wiley Online Library
(wileyonlinelibrary.com) DOL: 10.1002/rra.2567

IMPORTANCE OF FLOODPLAIN CONNECTIVITY TO FISH POPULATIONS IN THE
APALACHICOLA RIVER, FLORIDA

0. T. BURGESS?® W. E. PINE III’* and S. J. WALSH®

1 of Wildlife Ecology and Conservation, Fisheries and Aquatic Science Program, Gainesville, Florida USA
tological Survey, Southeast Ecological Science Center, Gainesville, Florida, USA
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More outreach and education

Existence Value

Ecosystem Services




There are still a lot of issues....

Lake Lanier, | Lake Lanier,
August 2007 October 2016




There are still a lot of issues....

NATIONAL

Copyright £ 2015 by the authors). Published hére undér licenss by the Reslience Alliance. 1 . . .
v, Florida Closes Iconic Apalachicola Oyster

Camp, E. ¥V, W. E. Pine 11, K. Hawns, A, 5. Kane, C. L Walters, T, Irzani, A. B. Lindséy, and L G. Mormis 2015, Collapse of a histonc
oyster fishery: diagnosng causes and idemtifying paths towand incressed resilience. Ecology and Sociery 3W3):45. httpolids divi.

/10575 VES-OTE2] 200345 FiShery

July 22, 2020 - 5:03 AM ET
Heard on Morning Edition

Tnsiphie
ﬁ DEBBIE ELLIOTT
Collapse of a historic oyster fishery: diagnosing causes and identifving paths
toward increased resilience ° 3-Minute Listen 0006
Edwgrd ¥ Comp’ . Williem E_Fine I, Kard Huvete®. Andrew 5 Kate ™™ Corl J Walters™. Truey Trani™®, Angele B Lindeey %'

and I Gietn Maorris Jr. 72




CO N C‘ U d | N g Th ou g htS “To keep every cog and wheel is the first

precaution of intelligent tinkering”
The ACF is a really special place that harbors incredible
diversity and provides ecosystem services to millions of Aldo Leopold 1949 §
people -

Implementation of policy needs to be more efficient

Progress is being made, but we need to work together
more to meet common goals

More basic research is needed to understand how
management activities influence species recovery and
ecosystem services

In the face of climate change and further land
conversion, we need to implement protection strategies
that will preserve biodiversity and ecosystem services
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< ”Mussels are not dlS mis

~ by those who have little ini
the natural world. Their presence :
is a signature of healthy aquatic A
ecosystemf to which they
contribute ‘as living water filters.”

- E.O. Wilson



“To keep every cog and wheel is the first
precaution of intelligent tinkering”

- Leopold 1949

Ecosystem

Services

uoneuliiod




Reduction in Function = Reductionin Services

1991
300 m3/km-d
Species :
composition Filtration Storage_ Excretion
|
also matters! 2011

140 m3/km-d

I

Value # Price Strayer 2017
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Mussels strongly regulate biogeochemical cycling during base flow

Based on base flow conditions at Site 4 (3.4 m™3s)

Particulate Flux Dissolved Flux

C: 1791 mol d? DOC: 68232 mol d!
N: 176 mol d! NH,: 335 mol d+?

P: 3.4 mol d? P: 27 mol d?

~0.4-0.6% of
dissolved flux

Denitrification Flux

96 mol d-! Filtration Flux

C:282.2 mol d? Excretion Flux
N:27.8 mol d! NH,: 2.0 mol d-!
~16% P: 0.5 mol d! P: 0.09 mol d

of particulate
flux filtered

Other resulting

Permanent :
removal of N from Impacts:
the system - Food web support
- Alter other

communities



