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Assessing long-term changes in mussel communities
require successful collaborations
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Climate crisis

MAY 17, 2022

el Recent European Drought Was the Most
Intense in At Least 250 Years

climate.naSMgov



What to expect

From the Fourth National Climate Assessment,
chapter about water:

“Variable precipitation and rising temperature are intensifying droughts,
increasing heavy downpours and reducing snowpack. Reduced snow-to-rain
ratios are leading to significant differences between the timing of water supply
and demand. Groundwater depletion is exacerbating drought risk. Surface
water quality is declining as water temperature increases and more frequent
high-intensity rainfall events mobilize pollutants such as sediments and
nutrients.”



Map released: Thurs. August 4, 2022

Droughts and Flooding

Texas: vulnerable to periods of drought,

Historically: 1910s, 1930s, 1950s, and 2010-2015 and 2022
Extreme heat predicted to become more common and higher
temperatures at night will increase water temperatures.

Percent Intensity Change 1980-2020 of the 100-yr

Tropical cyclones cause exceptional rainfall e Doy Taimiall Pooled 2075 Dareeet
rates in Gulf Coast region - Neches River
Example:

Cedar Bayou, Texas:

51.9 inches (1317mm) during Hurricane Harvey

Rapid swings from extreme drought to flood

Germany: droughts could become more extreme



Adaptations to drying events

Behavioral avoidance/migration abilities:
Fish swim to deeper pools, —
insects fly away.

" excuse me,
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Physiological tolerance:
resistant eggs, juvenile or adult stages

Adaptive life history traits:
e.g. dormancy




Adaptations to drying events — mussels?

Behavioral avoidance:

Crawling, may track receding water
(Gough et al. 2012)

burrowing

Physiological tolerance:
Close valves,

emersion tolerance may be
species specific

Adaptive life hi
e.g. dormanc




Impact of drought on mussels

Decrease in mussel diversity, especially rare species.

(Gagnon et al. 2004; Golladay et al. 2004; Haag and Warren 2008; Sousa et al.
2018)

Change in mussel community composition
(Gagnon et al. 2004; Golladay et al. 2004; Haag and Warren 2008)

Can lead to losses in mussel provided ecosystem
services.
(Atkinson et al. 2014; Vaughn et al. 2015, DuBose et al. 2019)



Impact of flooding on mussels

Dislodgement out of suitable habitat

Mortality when transported to shallow areas that desiccate
during low flows

(Hastie et al., 2001; Sousa et al., 2012).

Transport to unsuitable or degraded habitat may lead to

population declines and reduce population recovery
(Karatayev et al., 2020).

Higher survival and faster recovery of some species?




Objectives

The objective was to test specific predictions for

(1) the impact of an extreme drought in 2011/2012 in the Colorado and
Neches River basins in Texas and in 2018/2019 in Germany, and

(2) the impact of extreme flooding in 2017 and long-term changes in the

Neches River basin (Texas Gulf coast).

by comparing recent and historical mussel community data collected at
the same locations.



Objectives

The objective was to test specific predictions for

(1) the impact of an extreme drought in 2011/2012 in the Colorado and

Neches River basins in Texas and in 2018/2019 in Germany
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Impact of extreme climatic events on unionid mussels

Changes in community composition of riverine mussels . . . .
- ’ in a subtropical river basin

after a severe drought depend on local conditions:

a comparative study in four tributaries of a subtropical river Alison A. Tarter - David F. Ford -
Daniel E. Symonds - Neil B. Ford -
Zachary A. Mitchell - Lyubov E. Burlakova - Alexander Y. Karatayev - Astrid N. Schwalb

Astrid N. Schwalh



Extreme drought events

. Texas 2011/2012
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https://www.drought.gov, Scharnweber et al. 2020



https://www.drought.gov/

Hypotheses and predictions - drought

H1: Community-wide decline (no community shift)
Predictions:

Significant declines in CPUE and species richness,
less widespread species, more species with limited range.

H2: Differences between sites

Prediction:

More declines in species richness and CPUE in sections
with lower discharge and increased water temperature.



Study area: Upper Colorado River basin, TX

Texas Hill country

Elm Creek

Mostly semi-arid
ra n Ch I a nd . Concho River

Colorado River

Flashy systems,
Limestone and karst

San Saba River

00000

Elm Creek (n = 4)
Concho River (n=7)
San Saba River (n = 14)
Llano River (n = 5)




Study area: Lower Neches River basin
in Big Thicket of Southeast Texas

Heavily forested,
Slow-moving

Alluvium loam and clay
Acidic

High Organic load

Extensive history of

exploitation (logging, S e
subsurface resource |
withdrawal, loss of \ Gulf of
wetland ) Mexico




Study areas and datasets - drought

4 tributaries of the Colorado River
in Central Texas.

Pre-drought data: 2005-2011,
Burlakova and Karatayev

Post-drought data: 2017, Mitchell
n = 30 sites

4 J
Vg, <
%Gy '
“ 612,
3y %
N ) &
s, 1§ o
b, y
e !
b ~ ) ;
x {s
e,
. 10%9
h .
A}
% &, s
2 .
LY
] N T,
)N\ R S
&
\ 05 el
e

Village Creek (Neches basin)
In East Texas.

Pre-drought data: 2002,

Bordelon & Harrel

Post-drought data: 2014, Ford

n = 13 sites

Same sites were re-surveyed,
survey techniques consistent as much as possible



Assessing stream condition during drought

Summer 2012
NAIP IMAGERY
NIR Band

Black = Water



Hypotheses and predictions - drought

H1: Community-wide decline (no community shift)
Predictions:

Significant declines in CPUE and species richness,
less widespread species, more species with limited range.

H2: Differences between sites

Prediction:

More declines in species richness and CPUE in sections
with lower discharge and increased water temperature.



Community-wide declines?

Species richness and CPUE significantly lower
TYNED (overall 50-64%) post-drought.
i ‘ Colorado River J\ o100km .
I . = —> paired t-tests
) A comparing species richness and CPUE per site
) ! . and species.
N L (Neches and Colorado River)
—
N L) Colorado: mussels absent at 9 out of 30 sites
A Yoy MO s o e post-drought.
Euses

USGS 08146000 San Saba Rv at San Saba, TX
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Colorado tributaries: Discharge decreased
77-96% below long-term average levels




Community shifts post-drought?

Neches:

Most species (12 of 18) declined, those
showing increases were mostly
opportunistic and periodic species.

Colorado:
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- Correlation in relative abundances of
species between pre- and post-drought

periods
(r = 0.89-0.99, P = 0.05)

Slight increases of equilibrium species, but
no significant differences.

Summary: Some changes, but majority of species declined




Other detected changes post-drought

Abundance (CPUE + 1)

1000 ; Neches:
R Brorount, R 054 Less widespread species
100 - A more species with limited range
L8 post-drought
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Hypotheses and predictions - drought

H1: Community-wide decline (no community shift)

Predictions:
Significant declines in CPUE and species richness,

less widespread species, more species with limited range.

Yes, but some indications of community shift as well.



Hypotheses and predictions - drought

H1: Community-wide decline (no community shift)
Predictions:

Significant declines in CPUE and species richness,
less widespread species, more species with limited range.

H2: Differences between sites
Prediction:

More declines in species richness and CPUE in sections
with lower discharge and increased water temperature.
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A
4 (8.15) 0 25 50 75 km
Decrease in discharge:
; > 87%
I 82-86%

I 77-81%

No significant relationship
between changes in CPUE and
discharge + water temperature
for all sites

BUT:

Most severe declines in tributaries
with the lowest discharge and

highest estimated temperature
(Concho River and EIm Creek)




Examples from Bavaria, Germany
Droughts in 2003, 2018, 2019, 2022
Streams with Unio crassus and Margqatritifera margaritifera
dried out

Example Nebelbach, Unio crassus:
July 2019, 228 recently dead, 8 alive
May 2020, 250+ dead, 7 alive

J. Geist



Mitigation measures - Germany




Other Mitigation measures - Germany




Longitudinal differences
Example: San Saba River
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n =364
$=9
CPUE: 8.2

3 very different sections
Declines in intermittent middle section

Large declines also in lower San
Saba, no dry sites

Increase at upper sites
-=> higher search effort post-drought.
-> More spring-influenced



Ecological refuges in sections that go dry?

4 5474

w

Ecological refuges
will not prevent large
declines of mussel
populations during
drought

When rivers run dry: Perennial pools as ecological refuges for freshwater mussels

Freatvenins st il Linicsie in 404G o mgions e Shaleng

SR g T, b R W i B o
A B BT A B TR N, Tk U g S bk, B el Pl
ol capacity tr ek achvassa conciiana ds 1 e by

Thit @ £ 3TA8 TAGES WS HRON Each il FIATIE PN iSFC
w.

Siafacibes: To und ruinnd W ioal condions oocasing in pars il pasks ey
Aaica e B RAANAY T g YR

Thpeckasas 14 pradlosi
Ciacemorpalogioal med Bici candiiaes e s sbundancs inposnisl
Fran

Lt B s 21 e S BefCE i FOE i A

sl B A A S BB, AN IR (RN o By
T e e —

) Higher P T AT ST 1 ISR O ket onsora,
a o Ty —

T) Higher Codcule-spp. Ganekias, incraasing S sk o aniwomii cond done
[ e PR S A —

Sty o S S Fver, T
P i dying B I AW TOGORK: IR wn Bl LR rying pASkogy
Matose:

1 P s b iepintin 1 205 SR8 sarnra S

5 posarnisi pocis

Kiama C. Cushway and Astrid N Sorveals

FFrelimirary Resulic

i A i S0 I DN 1 SCTLATR SR i T B, W
s ard W14 290 3T S AR B

s i, B kit 8 R Y
[ERa -

Wk i e B ks . v Oy (T SN 0 SR e
B4 ncrorsing o marisi iragarny g e

Tha waiemaar ruantar ol e s fod Bt 5 e vt 25 - H et
ey

Cirmanchemsnr ingss rua b nspacially ingonnd lor renesining scegae
P, carwiians, ahich i s B, o SngRing irveassgusans.

e invssaivn Corkle by comaition i poaly whosm e s veors
oy ol Bt g ity s s, whars b apecios. sew baornd o
chafnngos sesncisad wih drping

el o LSRR 3B i L il G SR i e dryag

FopoRE & mavenn KA in S5 dar macion an ecsiogios ok gan e Rt

provan: & buga dackne of e pope oo duricg B gha
B L e L e
- iwm Eavica duy
- Rmoruga pack dap
- Prarcart do S

1 R b 0 mpAn
encrmly ragaiea roldonenia ok

T ——p————

Do deeper perennial
pools serve as importan
refuge for mussels to
avoid desiccation?

- Check out Kiara
Cushway’s poster!



Other factors to consider

_E-iso-: b
Impact of higher temperature on B % .
reproduction, e.g., glochidia development =
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Higher temperatures may favor invasive species

Temperature treatment (°C)
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Summary- drought

Community-wide declines post-drought observed in very different regions:
semi-arid ranchland and

forested wetlands in subtropical climate;

small streams in temperate climate

Some indications for community-shifts,

opportunistic species may be quicker to recover,

thick-shelled species may be better able to withstand desiccation, but only
for limited time period.

Highest risk for streams with lower discharge.



Objectives

The objective was to test specific predictions for

(1) the impact of an extreme drought in 2011/2012 in the Colorado and
Neches River basins in Texas and in 2018/2019 in Germany, and

(2) the impact of extreme flooding in 2017 and long-term changes in the
Neches River basin (Texas Gulf coast).

by comparing recent and historical mussel community data collected at
the same locations.



Hypotheses and predictions

H3: Impact of flooding: Community shift; (no community-wide decline

Predictions:
No significant differences in CPUE and species richness

Comparing data from 16 sites collected in 2014 and
2018 (Hurricane Harvey 2017)

H4: Long-term changes:
Community-wide decline + community shift
Comparing data from 9 sites collected in 2002 and 2018



Community shifts post-flooding?

> 25% change:

70
Pleurobemini $
60 Flood o
m— pre Lampsilini 1 )
- — post
I Most species (15 of 23 species) showed

smaller changes
(magnitude <10 ind./p-H).

Relative abundance (%)
w N o
o ()

20 - No significant differences in CPUE and
™ H I species richness;
H Increase in species richness at the six most
0 - ==_  downstream sites.
0‘06(0\(\\ 6& \\0\ \0\6((\\0\ (‘\Q \\\<‘\ & 0\\(‘
ot A highest increases by Glebula rotundata

(tolerant of brackish water)
- Saltwater intrusion?



Saltwater intrusion

Rangia cuneata
(Atlantic Rangia)

estuarian bivalve
requires saline water to
complete larval stage




Importance of flow refuge
- Upper Village Creek

Mussels found post-
Harvey only within tree
roots, providing
structure and flow
refuge

B Sites: 2002, 2014, e e vsley vty R
2017, and 2018 L SWB N




Impact of flooding depends on geomorphology

High erosion, highly incised channel, and little sinuosity in Mid Village Creek
Very few mussels found

Little structure in channel

Louisiana

. Sites: 2002, 2014, Lower Neches Valley Autharity f
2017, and 2018 EEWER N




Importance of flow refuge
- Lower Village Creek

Decline in slope compared to Mid Village Creek
Well connected with floodplains
Log jams provide structure

High mussel richness and abundance



Lower Neches River

Example of backwater pool
Small mussels indicated
recruitment

High density and richness







Hypotheses and predictions

H3: Impact of flooding: Community shift; (no community-wide decline)

Predictions:
No significant differences in CPUE and species richness \/

H4: Long-term changes:
Community-wide decline + community shift

Comparing data from 9 sites collected in 2002 and 2018




Long-term community-wide declines?

. . . . 1000 - (c)
Significant declines in CPUE:
2018:37.1 £ 25.1 mussels per p-H .
2002: 64.1 + 25.1 mussels per p-H < *
¥ 100 - X
. . E A A A [ ®
and species richness S A . .
2018: 4.8 + 2.0, range: 0-13 2 b .
2002: 9.2 + 2.0, range: 6-12 g 10, X . *
< S .
N ® Historical, R = 0.86
A Recent, R? = 0.59
1 e ] . . . )
0 20 40 60 80 100

Occupancy (%)

Less widespread species,
more species with limited range
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Long-term community shifts?

Long-term

mmmm historical
—/3 recent

’_

(c)

Shift from a dominance of
Pleurobemini and Quadrulini to
Amblemini and Lampsilini

A third (7 of 22) of the species
declined or were not found. Declines
were primarily equilibrium species.
Most increases were fairly small.



Summary

Drought:

most detrimental impact leading to community-wide declines, indicated
by a significant decline of abundances, species richness and occupied
sites.

Flooding:

Community shift and changes in spatial distribution.

impact of flooding was likely buffered by connectivity with extensive
backwater areas.

—> crucial refuges for mussels during extreme climatic events

Long-term:
community-wide declines + community shifts
dominance of species more tolerable of disturbance.




Thanks!
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