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Presentation Notes
Good Afternoon. I’d like to begin by acknowledging and thanking the many people at DWR’s Division of Environmental Services that helped prepare our workshop submittal, and this presentation. I was just one of the lucky persons who was chosen to present.I also thank the Board for this opportunity to present compelling new information that we hope will provide a frame of reference for your future deliberations.As Dr. Messer explained, Mr. Jones and Mr. McEwan are going to lay out DWR’s management vision that is grounded in our current understanding of the Ecology of Central Valley water ways. My role, as the lead off for our presentation, is to describe that current Ecological understanding, specifically as it relates to Central Valley salmon.
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The traditional conceptual model of salmon management in the Central Valley views the Sacramento River like a “Leaky Pipe”. Juvenile salmon are produced at the top of the pipe, then must make their way along the pipe to the ocean.Sources of mortality along the way, like stranding on floodplains, entrainment by water diversions, and predation, are essentially viewed as “leaks” that reduce juvenile production at the end of the pipe.
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I said the Leaky Pipe Model is the “traditional model” because it’s been the long-standing model that’s guided salmon management for decades,… but it’s important to understand that, in many respects, this is still the CURRENT conceptual model underlying many salmon management actions in the Central Valley.These actions include fixing the biggest perceived leaks, like closing the cross channel gates to keep fish from wandering into the Central Delta, and restricting exports to minimize diversion losses. These actions also include producing more juveniles in hatcheries at the top of the pipe to make up for the leaks, often trucking them nearer to the ocean before release to bypass the leaky sections of the pipe, and to get them to the ocean as quickly as possible.As we know, salmon have not thrived under this management model, with most populations continuing to decline.
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In the report we submitted to the board, and in this presentation, we focus on an alternative conceptual model for guiding fisheries management in the Central Valley… what we call the “Bet Hedging Model”.  The Bet Hedging Model is based on emerging research from university and agency scientists. Instead of a “leaky pipe”, this model views salmon populations in a broader perspective. Central to this model is a recognition of the importance of a suite of habitat types, which create multiple opportunities for rearing and growth along the juvenile migration corridor. I specifically mention growth because juvenile fork length is one of the key predictors of a juvenile’s survival in the ocean. Examples of these important habitats are tributary streams, connected riparian corridors, seasonal floodplains, freshwater tidal wetlands and brackish marsh.From a management perspective, we call it the Bet Hedging Model because we can’t be sure which element of the model will be most effective at increasing juvenile survival. Most likely it will be a combination of interacting factors with the most important element varying from year to year with environmental conditions.In the same way, we also call it the Bet Hedging Model from the perspective of juvenile salmon, because the management plan we are advocating will promote a variety of life history trajectories within salmon populations that are geared toward different environmental conditions.When I say “life history trajectory” I refer to the timing of major life events: the age of a juvenile when it migrates from its natal stream, how quickly it migrates, where it resides along the way and for how long, the amount of time it spends in the estuary and the ocean, and eventually the season when it migrates back to freshwater as an adult and spawns. Life history trajectories are known to vary not only between the named runs, like fall, winter and spring, but also WITHIN each of these runs. Adopting management practices that promote life history diversity in Central Valley salmon will provide resilience for these populations in our highly variable and rapidly changing climate.You’ll notice that this model also includes improved hatchery management to facilitate life history diversity in salmon populations, and I’ll talk briefly about this later.Also notice that the Bet Hedging Model includes plugging some of the same “leaks” that are in the Leaky Pipe Model, particularly to protect listed fishes, because there is still a valid argument that this may reduce juvenile losses. The difference is that in the Bet Hedging Model, plugging these leaks is no longer considered a PRIMARY tool for recovering salmon populations. Since this is perhaps one of the biggest contrasts between the Leaky Pipe Model and the Bet Hedging Model, I’m going to spend some time reviewing past studies and recent data that supports a reduced emphasis on exports, and an elevated role for habitat and life history diversity as tools for restoring salmon.



Inflow     Export    CWT survival study 
San Joaquin 

Sacramento 

Baker and Morhardt 2001 

CDFG 2005 

SJRGA 2007 

Newman 2008 

Zeug and Cavallo in review 

Kjelson and Brandes 1989 

Newman and Rice 2002 

Newman 2003 

Newman 2008 

Newman and Brandes 2010 

Zeug and Cavallo in review 

Coded Wire Tag survival studies:  
Inflow important – Export influence mixed 

 
   
 ? 

= significant effect 
= no effect 
= mixed results 

Presenter
Presentation Notes
Remember that one of the major actions based on the Leaky Pipe Model is to plug the leaks when juvenile salmon are migrating by them, and to push juveniles along the pipe as quickly as possible. Since the export facilities are considered the biggest leak in the system, restricting exports has been a primary tool and central focus of regulation. So why do we downplay the importance of exports in the Bet Hedging Model?Well, over the years, a number of studies have used a variety of statistical techniques to examine the role of inflow and exports on the survival of juveniles in the Delta. For the most part, these studies found that inflow has a significant positive effect on juvenile survival in both the San Joaquin and Sacramento River sides of the Delta, 
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… but results for an export effect have been mixed.To try to make sense of these results, we approached this question from a different angle, and found evidence which may partly explain the lack of consistent export effects in these survival studies.
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We looked at salvage rates of untagged Chinook salmon in relation to an indicator of juvenile production. The idea was to look at the proportion of Central Valley juveniles that were salvaged each year both before and after export restrictions were implemented as part of the Bay Delta Accord. Since the exact number of juveniles in the Central Valley in any given year is unknown, we used the number of returning adults from the proceeding year (known as escapement) as the best available long-term barometer of juvenile production. We found that at the State Water Project facility, there was a significant drop in the rate of salvage relative to escapement after 1995 when the Bay-Delta Accord was implemented. 
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For reasons we don’t fully understand, a similar drop did not occur at the federal facility.
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To better understand the drop in salvage rate, we also looked at inflow and export volume during the months when juvenile salmon migrate through the Delta. Here you can see that there was a small but insignificant increase in average inflow after implementation of the Bay Delta Accord.
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There was a more noticeable, though still not significant drop in average EXPORT following the Bay Delta Accord.
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Only when Export is considered relative to Inflow is a significant change found, with a 43% drop in the average Export to Inflow ratio occurring following the Bay Delta Accord. This suggests that a reduction in exports relative to inflow is the major operational change since the Bay-Delta Accord that led to a drop in juvenile salvage rate, and presumably also juvenile salmon losses.Reduced salvage rates may in turn help explain why many of the coded-wire tag studies mentioned earlier found mixed or no export effect on juvenile survival. We suggest that export restrictions during these months may have dampened juvenile losses below a threshold, such that change in exports within restricted levels does not produces a measurable effect.
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Another possible reason why survival studies don’t find a consistent export effect is that exports do not have as big an influence over migration into the Central Delta as previously thought. Juvenile salmon that migrate into the Central Delta are known to have considerably higher mortality rates relative to juveniles that stay in the Sacramento River. The primary entry point for Sacramento River juveniles into the Central Delta is at the junction with Georgiana Slough, shown here in the illustration, and also in the aerial picture at the bottom right. According to the Leaky Pipe Model, exports attract juveniles into the Central Delta at this junction by increasing Sacramento River flow into Georgiana Slough.Recent telemetry studies at this junction confirm that migrating juveniles essentially “go with the flow”. In other words, the probability of a juvenile migrating into the Central Delta at this junction roughly equates to the fraction of flow leaving the junction down Georgiana Slough. By flow I mean TIDAL flow at the moment a juvenile encounters the junction, not flow averaged over days or weeks, because, from a fish’s perspective, instantaneous TIDAL flow is what matters.Recent evaluations of tidal flows at this junction show that higher INFLOW reduces the fraction of flow into Georgiana Slough, but that EXPORTS have virtually no effect.
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This series of graphs depicts tidal flows produced by DSM2 Hydro. They show the flow fraction leaving the junction into Georgiana Slough at three different levels of inflow, while keeping export constant. In each graph, the fraction of flow into Georgiana Slough is depicted over a 24 hour period. In the graph on the left, at low inflows, the effect of tides on flow was strong, with incoming tides causing a significant increase in the fraction of flow entering Georgiana Slough. At higher levels of inflow, the influence of the tidal cycle was dampened, and the fraction of flow entering Georgiana Slough during high tides was greatly reduced.
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Now lets look at flow fraction into Georgiana Slough at different levels of EXPORT. For this series of graphs, Inflow was constant and relatively low, a situation in which exports would be expected to have the most pronounced effect. But as you can see, exports had virtually no effect on the fraction of flow leaving the junction into Georgiana Slough, even though exports, at 10,000 cfs, were nearly equal to inflow. 



0 0 0

0.5

1.0

0
1200

2400

0.5

1.0

Exports have minimal effect on flow split 

Low 
Export 
2,000 cfs 

Med 
Export 
6,000 cfs 

High 
Export 

10,000 cfs 

Med Inflow 
21,000 cfs 

Cavallo  et al. (in prep) 

Presenter
Presentation Notes
The same lack of export effect was observed at medium inflow…
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… and at high inflow.
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So, in addition to the reduced salvage rate after 1995, the lack of export effect on Sacramento River flow into the Interior Delta may go a long way to explaining the inability of survival studies to find a consistent export effect on juvenile survival.Now, I want to be clear: We are NOT saying that exports have NO effect on salmon populations, OR that export restrictions have had NO benefit, because the evidence we presented on lower salvage rates clearly demonstrates lower salvage of juvenile salmon at the state facility, and for salmon, entrainment, loss and salvage are highly correlated.What we ARE saying, is that the impact of exports under current management conditions is likely considerably smaller than previously thought… and if regulations and management continue to focus on export restrictions as the primary tool for restoring salmon populations, chances are it ain’t gonna happen.
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So, if rushing juveniles to the ocean and restricting exports hasn’t worked, as they clearly haven’t, a new approach is in order… and this approach should be based on a better understanding of salmon ecology in the Central Valley. We particularly want to emphasize the importance of fostering life history diversity by providing a broad variety and an abundance of alternative rearing habitats.
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The importance of life history diversity to the resilience of salmon populations is one of the key points we want to emphasize today. As I mentioned at the beginning of this presentation, life history diversity means that individuals within the population vary in the timing of their major life events, such as migrations and spawning. It is fairly common knowledge that there are four distinct runs of Central Valley Chinook, named for the season when they return to spawn, but even WITHIN each of these major runs, there has historically been variation in life history. The importance of this intra-run variation to the resilience of Chinook salmon populations is a lot like the economic strategy of diversifying your asset portfolio, which can be paraphrased, “don’t invest all your money in a single type of asset, or you may lose your shirt when the market shifts or fails.”For salmon, life history diversity is a bet-hedging strategy to buffer against a variable environment.
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For example, here are some hypothetical life history distributions for the time of year when a juvenile enters the ocean. The first few months are the most critical time of a salmon’s ocean residence. Salmon must feed and grow quickly to avoid predation. If seasonal upwelling is early, fueling abundant food production in the ocean, early migrants gain an advantage over juveniles that have stayed in the relatively LESS productive fresh water environment. However, if ocean upwelling is delayed, early migrants will find little food for growth, leaving them highly vulnerable to predation. In this case, individuals following a life history with DELAYED ocean migration will have a better chance of survival to adulthood.Historically, the distribution for “timing of ocean entry” might have resembled the broad distribution on the left. A second scenario, one that is more typical of TODAY’S salmon population, has a very narrow range for the “time of ocean entry”. 
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The problem with the narrow distribution is that if it coincides with a period of low ocean productivity, the entire population is vulnerable. With the BROAD distribution, a much smaller proportion of the population will be affected, and the rest of the population, following different life history trajectories, will buffer the loss. The same concept applies to other life history events: it is always better if the timing of migrations and spawning are spread out, rather than concentrated within a narrow range. Unfortunately, recent evidence suggests that the situation for Central Valley salmon is most like the NARROW life history distribution. In the face of climate change, with environmental conditions becoming more variable, it is imperative to restore these “natural buffering mechanisms” to the population.I want to point out that this isn’t just a hypothetical concept. According to an analysis by the National Marine Fisheries Service, the consequences of a narrow range of “ocean entry times” are thought to be a major factor in the 2008, 2009 collapse of fall–run Chinook salmon. 
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To better quantify the loss of life history diversity for Central Valley salmon, researchers from the University of California looked at historical escapement data from Central Valley streams. Their premise was that a diversified life history portfolio should be reflected in a high variability of escapement between the individual streams. In other words, in any given year, some streams should have high escapement, others low escapement, others somewhere in between. The idea is that if the populations in different streams followed different life-histories that were advantageous under different environmental conditions, then some populations would do better in some years and others in other years. However, if populations all followed similar life histories, then escapement from year-to-year would be synchronized.
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They used escapement data as an indicator of portfolio diversity, and found a substantial decline in recent decades among Sacramento River tributaries. In the San Joaquin basin, portfolio diversity has been consistently low.This means the San Joaquin basin provides virtually no buffering capacity to the greater Central Valley population. So one of the strongest steps we could take towards restoring the portfolio effect would be to restore San Joaquin Chinook populations.
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So, how do we foster salmon life-history diversity? … having a suite of habitat types along the migration corridor, and particularly within the Delta, is critical.As an example of the importance of rearing habitat in the Delta, coded-wire tag studies have shown that young fry typically reside in the Delta around two full months. Juveniles that enter the Delta as fry are USUALLY not expected to contribute substantially to adult escapement, because their small size makes them vulnerable to high predation.
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However, the majority of young salmon that enter the delta ARE young fry, and recent otolith studies show that these fry are actually a major contributor to adult stocks in the Central Valley.
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Recent evidence ALSO suggests that Delta rearing is more important to LARGER juveniles than previously thought. Although VERY large juveniles have been observed to migrate through the Delta relatively quickly, a recent collaborative study by NMFS, Fish and Game, Fish and Wildlife and DWR suggests that winter-run sized juveniles, which are more mid-sized, may spend a month or more in the Delta.In other words, the fish are behaving COUNTER to the “Leaky Pipe” model, which advocates pushing juveniles through the system as fast as possible. This is compelling evidence that Delta rearing is an important life history variation, and we need to provide habitat to support this life history trait.
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We mentioned that flow affects route choice of young salmon moving through the Delta, and ultimately juvenile survival, but flow has surprisingly LITTLE effect on the availability of rearing habitat along much of the lower Sacramento River. The reason is that the banks of the Sacramento River through the Delta are very steep, so that increasing flow does NOT substantially increase habitat area.Here we show some published model results, which show that for a wide range of Delta flows, there’s almost no increase in the amount of “shallow water habitat” for migrating fish. 
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This is in contrast to the adjacent “Yolo Bypass floodplain”, where even modest amounts of flow result in huge increases in the amount of shallow water habitat for young salmon.  This means that increasing flow in the lower Sacramento River adds virtually no rearing habitat until flows are high enough to spill into the Yolo Bypass.



25 

50 

75 

100 

125 

1/1 1/31 3/2 4/1 5/1 5/31 6/30 
Date 

Fork 
Length  
(mm) 

Floodplains support exceptional salmon growth 

Sommer et al. (2004) 
Yolo Bypass Floodplain 

Presenter
Presentation Notes
Floodplains do not simply add habitat AREA. As our research group has documented in the Yolo Bypass, floodplains also provide conditions for superior growth compared to the adjacent river channel, …
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… which has also been documented in the Consumnes River.



Rip-Rap is poor rearing habitat for salmon 

Garland et al. (2002) 

Young salmon avoid 
rip-rap 

Presenter
Presentation Notes
Why DOES the lower Sacramento River, and other Delta channels, make such poor habitat relative to the floodplains? Perhaps because the primary habitat type in the Delta is rip-rap.There is evidence that young salmon specifically try to avoid rip-rap.
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In addition,  our work has shown that food availability is poor in rip-rapped channels compared to seasonal habitats like the Yolo Bypass.
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We also want to emphasize that additional habitat is needed further DOWNSTREAM for salmon.There is recent evidence from Delta habitats like Liberty Island that salmon will make use of tidal wetlands if available.This is consistent with studies on tidal wetlands in other parts of northwest.
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The last thing I want to talk about is hatcheries. There is a large consensus, including a Hatchery Scientific Review Group commissioned by the US Congress, that hatchery practices have been a major cause of the loss of life history diversity, and of genetic homogenization of Central Valley Chinook. The Group’s final report was just released this last June, and made front page headlines, because it suggested changes that will essentially require a paradigm shift for hatchery programs in California. 
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Three key recommendations from the report are to eliminate juvenile releases outside their natal tributaries, …
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… to stop trying to segregate hatchery and wild populations, because it never works, and instead work to incorporate wild broodstock into hatcheries, …
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… and to mark all hatchery fish so they can be identified in spawning programs.
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So, to summarize the main points of our presentation so far…Most biologists would agree that the Interior Delta is a bad place for fish, where mortality rates are high compared to the Northern Delta. So, actions that minimize migration of juveniles from the Sacramento River into the Interior Delta are likely to increase juvenile salmon survival.Export restrictions don’t seem to be one of those actions, since flow at the major entry point into the Interior Delta appears unaffected by exports, and since evidence suggests juveniles tend to “go with the flow” when faced with a route choice. On the other hand, higher levels of inflow DO seem likely to reduce juvenile migration into the Interior Delta. But managing Sacramento River flow just to push salmon past the Georgiana “leak”, will only reinforce the narrowing of life history diversity,  and in the long run will reduce the resilience and viability of Central Valley salmon populations. In order to maximize the benefits of flow, flow regulation must be coordinated with habitat restoration to encourage a broad array of life history trajectories.That concludes my part of the presentation, so I’ll pass the controls over to Gardner to talk about the Bay Delta Conservation Plan and how it fits into this picture.
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