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1. Juvenile salmon express diverse life history strategies. Most typically 
leave the natal stream as early dispersing fry (Williams 2006), which we 
know very little about. Our data shows that all strategies are viable. 

Presenter
Presentation Notes
We know that juvenile salmon express diverse migratory and rearing strategies. This image shows how the size of fish varies at outmigration from the natal tributary.. In most years and populations, most juveniles leave their natal stream as small, early dispersing fry, but most our of data on subsequent survival has been obtained from acoustic tags that are limited to large smolt sized fish. So we knew very little about these early dispersing fish and many assumed zero or negligable survival. Our analyses (that Anna will talk about later) show how even these tiny outmigrants can survival and rear downstream in the San Joaquin and delta and contribute to the adult population. This graph shows the proportion of spawning adults that left the Stanislaus River at 55mm FL or less. 
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1. Juvenile salmon express diverse life history strategies. Most typically 
leave the natal stream as early dispersing fry (Williams 2006), which we 
know very little about. Our data shows that all strategies are viable. 
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Presenter
Presentation Notes
We know that juvenile salmon express diverse migratory and rearing strategies. This image shows how the size of fish varies at outmigration from the natal tributary.. In most years and populations, most juveniles leave their natal stream as small, early dispersing fry, but most our of data on subsequent survival has been obtained from acoustic tags that are limited to large smolt sized fish. So we knew very little about these early dispersing fish and many assumed zero or negligable survival. Our analyses (that Anna will talk about later) show how even these tiny outmigrants can survival and rear downstream in the San Joaquin and delta and contribute to the adult population. This graph shows the proportion of spawning adults that left the Stanislaus River at 55mm FL or less. 



2. Flow magnitude and variance promote life history diversity (e.g. 
expression of early dispersing fry), and instream survival. 

What do we already know? 

Presenter
Presentation Notes
We know that hydrograph shape and reservoir releases influence juvenile survival and migratory strategies. Here you can see a wet and a dry year, with the wet year containing flood releases in January to March and spikes in turbidity but the dry year containing very little flow variation apart from managed releases in April (day ~100) that were part of the Vernalis Adaptive Management plan. 



2. Flow magnitude and flow variance promote life history diversity 
(e.g. expression of early dispersing fry), and instream survival. 

n = 1,556,320                   n = 8,313  

What do we already know? 

Presenter
Presentation Notes
Here you can see juvenile migration in total numbers of outmigrants leaving the Stanislaus River in this wet and dry year, and you can see that changes in flow tend to correlate with increased migration, and higher flow years tend to also have far more outmigrants.



2. Flow magnitude and flow variance promote life history diversity 
(e.g. expression of early dispersing fry), and instream survival. 

What do we already know? 

Presenter
Presentation Notes
This statement is also supported by modeling efforts that found increased instream survival at higher cumulative discharge and variance.
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Sturrock et al (2015) PLoS ONE 10(5): e0122380.  
Adapted from The Bay Institute (2013) http://thebayinstitute.org/page/detail/3866 

Data sources: GrandTab (CDFW), CDEC 

3. Juvenile rearing flows correlate with numbers of adult returns 
(Sturrock et al. 2015) 

What do we already know? 

Presenter
Presentation Notes
One of the striking things about the SJ basin is the extreme variability in adult returns. Cycles in salmon abundance are common, but the pinch points here are extreme and could lead to genetic bottle necking, plus these cycles tend to be most correlated with ocean conditions and climatic cycles such as PDO.
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Sturrock et al (2015) PLoS ONE 10(5): e0122380.  
Adapted from The Bay Institute (2013) http://thebayinstitute.org/page/detail/3866 

Data sources: GrandTab (CDFW), CDEC 

3. Juvenile rearing flows correlate with numbers of adult returns 
(Sturrock et al. 2015) 

What do we already know? 

Presenter
Presentation Notes
Here however, the cycles are highly correlated with mean Jan-June river flows two years previous, when the three year olds were rearing in FW as juveniles. So you can see that wetter years tend to result in more adults coming back. The fact they are this correlated is even more impressive, when we think about the fact that this plot includes noise from hatchery strays and from fish returning at 2 and 4 years old. Here, we can see a clear deviation from the norm, when the wet years of 2005-06 produced very few returns leading to the collapse of the fishery. This has been attributed to poor and delayed ocean upwelling, showing that it is never only one stressor, but perhaps if the portfolio effect had not been so weakened, the consequences would not have been as extreme?



1.  Juveni le  outmigrat ion  ( J a n - J u n )  

Presenter
Presentation Notes
Hi, my name is Anna Sturrock. I’m a postdoc at UC Davis. Today I am going to be focusing on research here on the Stanislaus River. I’m going to go relatively quickly, so please do not be shy to ask questions if any of it is unclear. 
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1.  Juveni le  outmigrat ion  ( J a n - J u n )  

Presenter
Presentation Notes
The first half of this section is focusing on rotary screw trap or RST data collected at Caswell State Park near the confluence of the Stanislaus and San Joaquin Rivers. So this trap samples juvenile salmon as they outmigrate from their natal stream in January to June. From these data we get an idea of the abundance and size of the outmigrants, and the timing of outmigration. We use trap efficiency corrections to expand raw catches into total passage estimates, but the trends are similar using raw or expanded counts.  
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1 .  Juveni le  outmigrat ion  ( J a n - J u n )  

Presenter
Presentation Notes
This plot shows flow as the shaded area, turbidity as the red line, and number of fish as bars, and their relative size or fork length as points in the bottom plot. I’m now highlighting the peak migration windows for our migration types. Typically fry outmigrate in February, peaking Feb 15th
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1 .  Juveni le  outmigrat ion  ( J a n - J u n )  

Presenter
Presentation Notes
Parr are really the transition between fry and smolts and can be thought about as large fry or early smolts. They tend to leave in early April, peaking around April 7th. 
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1 .  Juveni le  outmigrat ion  ( J a n - J u n )  

Presenter
Presentation Notes
While peak smolt outmigration is in early May



Fl
ow

 (C
FS

/1
00

), 
tu

rb
id

ity
 (N

TU
) 

Fo
rk

 le
ng

th
 (m

m
) 

Fo
rk

 le
ng

th
 (m

m
) 

 1/1   2/19   4/10  5/30 
Date 

 1/1   2/19   4/10  5/30 
Date 

To
ta

l p
as

sa
ge

 (x
 1

03 )
 

To
ta

l p
as

sa
ge

 (x
 1

03 )
 

1 .  Juveni le  outmigrat ion  ( J a n - J u n )  

Presenter
Presentation Notes
Take home message here is that in all years, wet and dry, flow changes appear to stimulate downstream migration, i.e. flow variability can be thought of as a migration cue. 
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1 .  Juveni le  outmigrat ion  ( J a n - J u n )  

Presenter
Presentation Notes
One of the things about the San Joaquin basin that seems to differ to the Sacramento basin is that in drier years there is often very low flow and flow variation in this Jan-March window, and this is typically coupled with few fry and low total numbers of juvenile outmigrants
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1.  Juveni le  outmigrat ion  ( J a n - J u n )  

Presenter
Presentation Notes
This plot shows how the composition of juvenile strategies varies among years. We see large variation among years, typically switching between fry- and smolt-dominated compositions. Given how variable the optimal ocean upwelling window is among years, a broader window of outmigration timings with better representation of the different juvenile strategies would presumably improve resilience
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Presenter
Presentation Notes
We used mean flow in January to June to divide years into coarse “wetter” and “drier” years based on what the fish experienced rather than official water year types. The cut off between w and d years was 990 cfs based on average recommended minimum flow schedules for the Stanislaus River in above and below normal WYT from the NMFS 2009 Biological opinion and conference opinion on the long-term operations of the Central Valley Project and State Water project - Appendix 2-E Stanislaus River Minimum Fish Flow for Fish Needs. This metric doesn’t capture hydrograph complexity relating to the timing of flows during this 6 month period, but in general, wetter years produce fry dominated compositions and higher total numbers of outmigrants. 
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1.  Juveni le  outmigrat ion  ( J a n - J u n )  

Presenter
Presentation Notes
This plot shows the number of parental spawners (kind of a proxy for potential juvenile production) vs the number of juvenile outmigrants, and you can see that “wetter” years always tend to produce more outmigrants per spawner. The data suggests that there is a lower carrying capacity in low flow years, with never more than 500,000 outmigrants successfully leaving the stream, independent of the number of spawners. We think that this density dependent mortality is amplified by fewer migration cues in drier years that would otherwise redistribute the juveniles across the landscape.
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1 .  Juveni le  outmigrat ion  ( J a n - J u n )  

Presenter
Presentation Notes
I was slightly concerned that this main plot was simply dominated by fry outmigrants and the pattern driven by migration rather than mortality, but when we split the data into the three size classes we see the same pattern for all phenotypes. If the trend was simply due to fry not being expressed in drier years you would expect that these “potential fry” would remain in the river and then leave as parr or smolts. But if that was the case we would see higher numbers of parr and smolts per spawner in dry years, which is certainly not the case, supporting our hypothesis for high density dependent mortality in low flow years. 
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2.  Who sur v ives?  ( A d u l t  r e t u r n s  O c t - D e c  2 - 4  y r s  l a t e r )   

Presenter
Presentation Notes
So far I have focused entirely on RST data and the “expression” of juvenile strategies. One of the big questions is, “well who survives”? And as RJ mentioned before we are not yet able to apply acoustic tags to the smaller outmigrants. So the way we get at this Q is to sample the post-spawned, i.e. “successful”, adults. Here are some images from the Stanislaus R carcass survey, where CDFW collect scales and age the fish so we can identify their outmigration cohort, they perform mark-recapture studies to estimate the number of adults that returned each year, and they collect the otoliths so that we can reconstruct fish origin and migration patterns. 



Hobson, K., Barnett-Johnson, R., and 
Cerling, T.  (2009). Isoscapes: 
Understanding movement patterns 
and processes on earth through 
isotope mapping.  
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2 .  Who sur v ives?   

Presenter
Presentation Notes
So an otolith is an earstone that the fish uses for balance and hearing. It grows incrementally, depositing a new layer every day, so you can use the rings to age the fish and to estimate its growth rate. The otolith uses minerals from the surrounding water to grow, and we are really lucky in the C Valley to have this latitudinal variation in rock types that results in different strontium isotope ratios in most of the watersheds. This results in a chemical map or isoscape that gives each river its own unique chemical fingerprint which we use to work out where the fish was from and to identify strays, but we can also take finescale measurements across the growth bands to reconstruct movements through freshwater habitats, almost like a flight recorder. 



LASER ABLATION MULTI COLLECTOR INDUCTIVELY  
COUPLED PLASMA MASS SPECTROMETER (LA-MC-ICPMS) 

2 .  Who sur v ives?   

Presenter
Presentation Notes
The instrument we use is called a LAMCICPMS
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2 .  Who sur v ives?   
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Presenter
Presentation Notes
And the way it works is like this. Here you can see an image of an otolith from an adult carcass collected on the Stanislaus River. You can just about see the daily growth bands. The plot is the chemical output from lasering this otolith, going from the core (where the fish was born) to where it entered the ocean. And the map shows you our interpretation of these data. So this is a fall run fish, so the mum made the yolk in the ocean. So as you can see here, we start with a high oceanic value, and the value decreases as the fry uses up the yolk in the gravel, and equilibrates with the water around it. 
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2 .  Who sur v ives?   
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Presenter
Presentation Notes
Here the fry has emerged from the gravel exhibiting a natal signature bang on what we expect for the Stanislaus River. But this individual did not remain in the Stanislaus for long!
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2 .  Who sur v ives?   
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Presenter
Presentation Notes
Each laser spot is roughly equivalent to about 10 days worth of growth so you can see here that this individual left very small, and actually reared in the San Joaquin River or south Delta for about 2 months ….
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Before quickly outmigrating to the ocean



2.  Who sur v ives?   
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Presenter
Presentation Notes
So here is the same chemical profile where I’ve highlighted when the fish was in the Stanislaus River. We are lucky because the otolith grows proportionally to the fish, so we can use the inflection point to back-calculate the size at which this fish left the river. And you can see here that this individual left at about 35mm long. 
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2 .  Who sur v ives?   
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Presenter
Presentation Notes
While this individual spent about 2 months rearing in the natal stream before leaving as a smolt at about 80mm FL. So we do this for all natural origin fish so that we can really couple these data with the RST data and see which strategies did well and under what conditions



0.0

0.1

0.2

0.3

0.4

0.5

25 35 45 55 65 75 85 95 105 115 125 135

P
ro

po
rti

on
 o

f o
ut

m
ig

ra
nt

s J U V E N I L E S  

2 .  Who sur v ives?   

Presenter
Presentation Notes
So here I am showing you the size distribution of the juvenile outmigrants sampled by the RST and as I mentioned before you see this almost bimodal distribution with years either being fry or smolt dominated
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2 .  Who sur v ives?   

Presenter
Presentation Notes
And here I am adding in the otolith reconstructions to show “who survived”. If there was no selective mortality, the top and bottom plots would be identical, but we can immediately see that they are different. While the adult otolith reconstructions do show some similarities to the juvenile data, with smaller outmigrants tending to contribute more in wetter years, and larger outmigrants in drier years…
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2 .  Who sur v ives?   

Presenter
Presentation Notes
In general we see that it is the parr, this transitional stage, that is doing the best, featuring the highest contributions to the adult spawners, and the highest survival rates. Our hypothesis is that fry are being selected against because they are small, and because downstream rearing habitats in the modern-day San Joaquin River and S Delta are so reduced and degraded. The smolts should – in theory – perform better than the other strategies because of their larger size, but we think they are being selected against because they are leaving later, when temperatures and predation rates are higher and water quality is lower. But I want to emphasize one more thing about this plot and that is that despite this apparently strong stabilizing selection, there are still large numbers of fry and smolts that are surviving to spawn, and even some really large juveniles that are likely to be yearlings. So while downstream processes do seem to be truncating life history diversity somewhat, it is important to remember that all three phenotypes were expressed and survive to become adults in every year…and at the end of the day, we do not know what the future holds in terms of optimal outmigration timing, so our best risk spreading strategy is to improve survival AND to try and increase life history diversity rather than focus too much on a particular phenotype or window. 



Reduced flow magnitude & variance 

Env i ronmenta l  cons iderat ions  

Presenter
Presentation Notes
To sum all of this work up I have tried to put these data into context with flow on the Stanislaus River. Here I am showing the 1 day maximum flow in the Stanislaus River since 1949, before and after New Melones Dam was constructed in 1979. While the huge flows that occurred before New Melones resulted in devastating flooding events, they also reshaped the river and created floodplain habitat. By losing these geomorphic flows we end up with a channelized river and less lateral movement of flow. So throughout these discussions it is important to remember the interaction between flow, channel complexity and floodplain activation, and the need to think about hydrograph design AND habitat restoration for rearing salmon.  � 
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Presenter
Presentation Notes
Here I am focusing on unimpaired vs. observed flow during the period of rotary screw trap data I discussed. Observed flows were consistently lower magnitude (shown by the mean values over here) and had lower variability (shown by the 7 day running range). And on the left you can see how a particular year looks in terms of actual flows being lower and far less “spikey” and variable than the unimpaired flow during the Jan-June outmigration period.
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Presenter
Presentation Notes
So the RST data suggests that reduced flow magnitude and variance directly influences salmon by reducing instream habitat availability and carrying capacity which results in increased density dependent mortality (i.e. fewer fish)… but flow is also an important migration cue, and when there are long periods with low flow and little variance we are reducing life history diversity by limiting migration events. This narrows the outmigration window and reduces the chances of the salmon hitting optimal ocean conditions, and also reduces the chances of juveniles finding alternative downstream rearing habitats. In brief, higher flows and flow variance produce more fish and more resilient populations……
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Presentation Notes
particularly when paired with habitat restoration to increase habitat complexity and floodplain availability. 



3 KEY MESSAGES  
1. While contributions vary among years, all juvenile life history 
strategies are viable. i.e. Life history diversity is key to resilience. 
 
2. Early dispersers can survive, but require flow cues in Jan-March. 
Their survival would likely be improved with increased flow and 
habitat in the San Joaquin River & south Delta. 
 
3. Increased flow magnitude and variability increase juvenile 
salmon survival (abundance) and life history diversity (resilience). 
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Presentation Notes
1) While contributions vary among years, all juvenile life history strategies are viable. i.e. Life history diversity is key to resilience.(Our research indicates that small, early dispersing juveniles and large, late-migrating juveniles all contribute to the adult spawning population. Their relative contributions and survival rates vary among years, but their consistent presence in the adult spawning population shows how important life history diversity is for maintaining population resilience)�2) Early dispersers can survive, but require flow cues in Jan-March. Their survival would likely be improved with increased flow and habitat in the San Joaquin River and Delta.(Many people assume that fry or "pre-smolts" have zero survival and are "lost opportunities", but we find here and elsewhere in the Central Valley that they do contribute to the spawning adult population. This implies that redistribution of juveniles is an important "risk spreading strategy". However the fry strategy is generally not expressed in the San Joaquin basin when there no flow cues in January to March. And our results suggest that when this happens there is insufficient carrying capacity within the tributary to support the entire cohort, resulting in high instream mortality. This appears to be a serious bottleneck for these southerly populations. �3) Increased flow magnitude and variability increase juvenile salmon survival (abundance) and life history diversity (resilience).(I should say here that while we have mainly talked about flow, we recognize that there are many factors that covary with flow, such as habitat availability and temperature, and it is all of these factors combined that result in "flow" benefits to salmon. However our data suggest increased instream survival and juvenile abundance at higher flows, and increased migration in response to flow variability - i.e. when and how frequently releases occur. The data suggests that increased flow increases the carrying capacity of the natal tributary while flow variation provides important cues for downstream migration. Both factors reduce instream mortality and increase the chances of a fish finding suitable rearing habitat. Also, by providing flow cues throughout the season you broaden the suite of migration behaviors expressed, thereby spreading risk and increasing resilience by broadening the window of migration timing, and diversifying the potential rearing habitats that these fish will encounter. )
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