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Imperiled Freshwaters

- Half the world's population
lives within 20 km of a

permanent river (Small and "
Over- ater
Cohen |999) exploitation <——> pollution

» Projected mean extinction f
rates in freshwater

Flow Habitat

organisms 5x greater than modification — ——\ /= degradation
terrestrial (Ricciardi and \w /
Rasmussen |999) Species

invasion

Dudgeon et al. 2006



Are we in the midst of the sixth mass extinction?
A view from the world of amphibians

David B. Wake** and Vance T. Vredenburg**

Amphibian
Declines

Alytes, 2012, 29 (1-4): 9-12. 9

- Uniquely link aquatic
and terrestrial Jourrii
ecosystems

FORUM
Engin’

- Have persisted o ‘
\" . - NNOO
through the last 4 Luke . S

Monique =

mass extinctions g:d,;:;:"

. Amphibian taxon are =% ‘\ /

at greatest risk of -
extinction (Stuart et al. ._
’ N s

2004)

owing the rates at which humans have been changing the world. When compared with
the map of amphibian species rich we found that many of the regions of the earth
supporting the richest assemblages of amphibians are currently undergoing the highest




Rana boylii

(Foothill yellow-
legged FrogQ)

- Extant in CA and OR

for ~5-8 million years
(Macey et al. 2001)

- Obligate river
breeding frog, uses
wide range of habitat

- Has disappeared
from over 50% of

historical range
(Davidson et al. 2002)

- ~
Foothill Yellow-Legged Frog

Historical Range

e Major Cities

Counties

:\ R. boylii Historical Range
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DAMS:
Range-wide changes (Amy Lind 2005)

Modern vs. historic locations

* Landscape features

« Dam attributes (size,
distance, number)

Absent localities had:
* More dams upstream
(p<0.1)
« Greater height of dams
(p<0.05)




Latitude

CHYTRID:

Extirpation in SoCal coincided w/ 1 in fungal

pathogen prevalence (4ndrea Adams 2017
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EGG MASSES




TADPOLES



JUVENILES







LONGEVITY: Recapture of a female in the NF Feather River
indicates longevity can be ~12 years
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Spawning migrations

 Salmon, frogs
move In opposite
directions
between trib. &
mainstem habitats

Eel River
Drainage (Km*2)

e Max = 7km




Breeding Habitat
Distinct Channel Morphology

* Fidelity to lek sites

* Same sites used year

Bed Elevation (m)
N
-—-_-*---

after year
- w
R8s e * Often near tributary
i 5 1I|:- 1I5 EIEI 2I5 30 (efo) nfl uences

* Asymmetrical in bank
slope

vi [/ * Wide shape buffers
changes in depth, and
velocity




Suitable channel morphology
maintained by sediment
transport

Example from tracer rock
study:

#150 transported, deposited
thru 4 sites




Natural disturbance regime vs. suppressed by dam




clutches per site

T

Decline at alder encroachment sites

) Arh

80

60

+ 60% to 9% open

40 -

= 77% to 32% open

20

0

< 50% to 21% open canopy

1990

2000

2010
year

s 25 yr mean of 45 lek sites



Relevance for permitting

How will a project affect channel, sediment transport?
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ENVIRONMENTAL CUES IN
MEDITERRANEAN RIVER ECOSYSTEMS

NF.Yuba, Alig 31,2016 (128 ¢fs) *.

e Cues convey important
information and trigger -~
phenological responses




ENVIRONMENTAL CUES IN

MEDITERRANEAN RIVER ECOSYSTEMS

TN o SR W
] - . ~

y e Reliable cues have
seasonal predictability
(consistency)




ENVIRONMENTAL CUES IN

MEDITERRANEAN RIVER ECOSYSTEMS

\ N e % R
S, . ¢ N TR O

P8 NE Yuba, Jan 03, 2017 (600 cfs)
W AN

Global climate change

has been implicated in

phenological shifts for a

variety of taxa

https://vimeo.com/205278540




ENVIRONMENTAL CUES IN
MEDITERRANEAN RIVER ECOSYSTEMS

NF Yuba, Jan 9, 2017 (22,000+ cfs)

» What triggers spawning
in river breeding frogs?

* How plastic are these
factors to inter-annual
variation?

https://vimeo.com/205278540



Rana boylii:
Hydrology &

Breeding Habitat

- Strongly linked with
temporal and regional
hydrology

- Oviposition is strongly
tied to local cues of
receding flow rate and
Increasing water
temperature

- Breeding phenotypes?

« 90% of eggs observed in

Sierras were in shallow,
sheltered waters (n=147)

« < 0.67 m total depth
« < 0.15 m/s velocity

Bondi et al. 2013




Breeding Timing: Coastal vs. Sierra Phenotypes?
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Breeding Timing Questions

*  What hydroclimatic cues best explain initiation
of frog oviposition (spawning)?

* How might river regulation impact the
“plasticity” of these cues?

METHODS:

 Egg Mass surveys

* Modeling: which variables strongest predictors
of frog spawn timing?

* Use index used to measure
seasonality/predictability of flow patterns
between regulated / unrequlated sites (see Tonkin
et al. 2017)



Rivers

|:| Reservoir/Lakes N

Yuba Watershed
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Paired watersheds

Different regulated flow
regimes (unregulated,
hydropeaking, bypass)

Assessed 25 different
variables relating to flow,
water/air temperature, &
precipitation

Data from CDEC & USGS
gages data and field
loggers



Mean Daily Flow (cfs)

HYDROLOGIC VARIATION & EXTREMES: UNREGULATED FLOW
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Mean Daily Flow (cfs)

HYDROLOGIC VARIATION & EXTREMES: UNREGULATED FLOW
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Mean Daily Flow (cfs)

HYDROLOGIC VARIATION & EXTREMES: UNREGULATED FLOW
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Mean Daily Flow (cfs)

HYDROLOGIC VARIATION & EXTREMES: UNREGULATED FLOW
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Mean Daily Flow (cfs)

HYDROLOGIC VARIATION & EXTREMES: UNREGULATED FLOW
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Mean Daily Flow (cfs)

HYDROLOGIC VARIATION & EXTREMES: UNREGULATED FLOW
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HYDROLOGIC VARIATION & EXTREMES: UNREGULATED FLOW
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Mean Daily Flow (cfs)

SPAWNING PLASTICITY: UNREGULATED FLOW
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MULTIVARIATE MIODELING SPAWNING CUES

How? Results: Strongest predictors
e Bayesian multi-level GLMs - Max 7-day Mean Water Temp.
. Used R 3.4.0 with » CVof daily Flow

rethinking package and - Regulation (binary)
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RIVER HYDROLOGY

- Regulation changes river flow regime Timing, Frequency,
Magnitude, Predictability, Rate of Change, Duration

307 2012 American Watershed
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Impacts of Flow Regulation on
Breeding (Eggs)




PREDICTABILITY VS SEASONALITY

» Seasonality is measure of occurrence of
distinct within-year conditions or events

 Predictability is the reqgularity of
recurrence annually

» Assessed 10+ years of flow data using
Colwell's M/Pindex and Wavelet analysis
following Tonkin et al. 2017, (see Box 1 in

paper)



Predictability (Avg. Power at 12 Months)
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Predictability (Avg. Power at 12 Months)
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Predictability (Avg. Power at 12 Months)
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Mean Daily Flow (cms)
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BREEDING TIMING SUMMARY

* Flow is a flexible spawning
cue

« Water temperature might
be more of a threshold (9
Q)

 Declining populations may
struggle with mismatches
from regulated flow
regimes & climate change




BREAK
Thought Question

What criteria would you use to
evaluate whether a dammed river
is being responsibly managed?



Flows would be released to perform roughly the same ecological functions,
even slightly scaled down, that the unimpaired river would perform.

Geomorphic processes of sediment transport and deposition continue
Riparian vegetation would go through natural cycles

Species-specific ecological needs would be met

Conservation target taxa are able to successfully complete their lifecycles

An equitable balance is struck between the needs of people to drink, grow
food, recreate, generate power and the needs of the river



Rana boyilii




Tadpoles
scrape algae
where It Is warm
and flows not
too swift



Altered versus natural summer temperature
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Rearing experiments manipulating food and temp
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Common Garden
Experiments

*Collected embryos from multiple populations
*Reared in growth chambers or re-circulating troughs
Sierran genotypes have > intrinsic growth rates
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Compensatory thermoregulation
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PERILS OF UNPALATABLE
PERIPHYTON

Didymosphenia, a.k.a ‘rock snot’ proliferating
where flows fluctuate and cold water released
from reservoir’s bottom
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Collected periphyton
covered cobbles in
three rivers

Bl 18 C day, 14 C night
21.5 C day, 17.9 C night
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growth chambers
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the temperature
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Temperature x predation
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Disease

Batrachochytrium
dendrobatidis (Bd)

Mountain yellow-legged
frogs, Sierra Nevada
Mountains, CA

Foothill yellow-legged frog
Alameda Creek, CA



Alameda Creek
Frog distribution and abundance shifted in the drought




Field Sampling — 2 years post outbreak
all spp Bd positive
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Spatial variation in Infection Intensity
Correlated w/ bullfrogs, con-specific density

Index of Rana boylii Density

(mean # of clutches < 50 m away)
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* Sex/stage (males)
* Bullfrogs

* Reservoir and vector
* Water year

* |oad

* Mean daily stream flow
* Dilution effect?

* Bullfrogs
* Season, highest in fall

* Con-specific density

S. Bobzien



R boylii persists

after the
. outbreak
butiﬂi
Bd infection intensity i '
bullfrog tadpg}eerSr:eangG% Bu”frogs t
of R. Boylii were Bd oPredators

negative = 3833 ZE .
oCompetitors

oVectors/reservoirs
26% prevalence ]
of copepods in *Copepod parasites

bullfrogs when *Chytrid fungus
0% in R. Boylii



BREAK
Thought Question
How would you incorporate knowledge

of ecological interactions when making
a mitigation or relocation plan?



Keep individuals in separate
bags/containers to prevent spread of Bd or
other disease

Time relocations to avoid periods of high
Bd loads

Take care not to create areas of high
density when relocating

Consider food resources and temperature



Rana boyilii

- Conservation Genetics
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"The face of the water, in time, became a wonderful book--a book that
was a dead language to the uneducated passenger, but which told its
mind to me without reserve... And it was not a book to be read once
and thrown aside, for it had a new story to tell every day” (Mark
Twain, Two Views of the Mississippi, 1883)




The abridged history of Sierra Nevada Rivers

. Rivers flow largely uninterrupted for 20,000+ years
. Hydraulic Mining begins in 1853, banned in 1884.

. Regulation via dams/diversion/hydropower (1930's-today)







CA Dammed Rivers

e Over 1,400 large dams (NID
2007)

» Residential energy demands
expected to increase by 24%
by 2035 (US EIA 2010)
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Small populations with limited connectivity may have reduced
adaptive potential, or genetic health




Foothill yellow-legged frogs (Rana boyli)

- Obligate river breeding frog,
uses wide range of habitat,
but has disappeared from
over 50% of historical range

. Being evaluated as candidate
for state and federal listing
under ESA




FYLFmake excellent hydrologic indicators

- R. boyliistrongly linked with
local hydrology, and thus the
hydrologic history

. Spawning timing & habitat
selection is tied to receding
& increasing water
temperatures




Study

Can we quantify this genetic signature for specific hydrologic flow
regimes?

. Use genome-wide methods RADSeq/RAPTURE (Al et al. 2016)
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Annual and Hourly Flows by Regulation Type

Egg Deposition Timing Matters...  Toavoid scour or dessication




RESULTS: Anomolous genetic pattern in

highly regulated MF American watershed
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Assessing Population Connectivity using Fer (Wright
1950):

a measure of population differentiation due to genetic structure

. Scaled 0=(panmixis) to 1=(completely different)
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Evidence of Bottlenecks/Limited Genetic
Variation for Impaired Flow Types

Daily Stage:
Unregulated 3 Flow Regimes
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River regulation is the
strongest predictor of
population isolation, NOT
distance!




Relative Influence of Variables on Fgr
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Summary:

Flow alteration is having a direct
impact on a hydrologically sensitive
species at a genomic level

The current population trajectory is
highly concerning in Sierras

Flow management and listing distinct population segments may
afford some protection...

RAPTURE/RADSeq is a powerful & effective method
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- Population Dynamics




Dynamics = Change over time
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Trend detection depends on time frame
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e 2009 & 2010: late rains
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Unregulated
benchmark
populations
much larger than
those in
regulated rivers
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Absence of consistent trend # stability

Coefficient of variation (%)
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Hydrologic history

When high volatility
combines with small
population sizes

trends may not be
detected until
populations decline
below critical
thresholds



Field observations of survival
rates and numbers of individuals
used to build a2 model
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Population viability analysis
 Evaluate extent of risk due to small pop. size
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Virtual Experiments

» Change transition probabilities based on a
K<nown threat

 project effect forward 30 yrs

* e.g. decrease juvenile survival bcs of Bd
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Simulate effects of pulsed flows
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Small, Fragmented Populations
face

Multiple Threats

* Altered flow, temperature, sediment transport
* Vegetation encroachment, channel incision

* |nvasive species

 Parasites and disease

e Cannabis cultivation
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~ Opportunities for restoration

04




No lake since
2007

Frogs colonized
gravel bars

e In2016,2017 rescue and
relocation during dam
removal




Opportunities for Recovery
Cresta Reach of N. Fk. Feather

PG&E license required recreational
white-water boating releases

Surveyed by Garcia and Associates
(2002-2017)

Only 4 in 2016, 2 in 2017

Management changed,
population not recovering

Introduced predators
— bass, crayfish



Head Starting

* Pilot project 2017

* Needed to rescue from stranding

 W/o intervention, 1-4% survival to
metamorphosis

* With captive rearing, 13.6% of cohort
released as metamorphs
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B Tadpoles in captivity
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Op ortunltles for Edgcatlon

Barrier and signs erected by Marin Municipal Water Dlstrlct on thtle Carson Creek
Photo credit: MMWD



Discussion

e Listing under CESA, ESA
e Distinct Population Segments?
* Forest Practices?

e Reintroduction to absent sites.

e.g. Yosemite? Southern Cal?

Contact:
* rapeek@ucdavis.edu
W @riverpeek

» skupferberg@gmail.com
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