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Sticky Note
Since 2005, the public, Fish and Game Commission, IEP, and Department have worked together to develop a very good white sturgeon stock assessment program.  We've done that by using the Sturgeon Fishing Report Card, tagging white sturgeon annually, increasing the frequency with which the Department produces information about the status of sturgeon and the white sturgeon fishery, and increasing the amount of outreach regarding sturgeon.We've learned that infrequent strong year classes support the fishery, the fishery has quickly depleted strong year classes in recent decades --- overfished them --- such that fishery's quality has varied widely, and that manageable water operations to date have not likely been responsible for the fishery's fundamental characteristics.The fishing regulations should be reassessed in light of poor recruitment in the last 15 years and the drought.
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Gingras
Sticky Note
This time series is of age-0 white sturgeon year class strength and uses DFW Bay Study otter trawl data.  This is called a 'recruitment index'.  We've got recruitment information since 1938 and it shows a boom-and-bust pattern just like this time series.  As we will see later, recruitment depends on extremely high Delta Outflows (or Sacramento flow) during spring.  It also seems to depend on strong winter flows to attract adults upstream, but we won't discuss that here.These boom-and-bust cycles have a predictable impact on later fish abundance and fishing success.
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Sticky Note
UC Davis and commercial aquaculture facilities produced and released white sturgeon fry and fingerlings from 1980-1988 as mitigation for collection of broodstock, but survival of the stocked fish was not evaluated. Although we have not yet found detailed records of the dates, locations, sizes, or numbers of released fish, we have recently learned that UC Davis released roughly 200,000 fingerlings in the spring of 1982 and UC Davis was reported to have released a total of 500,000 fish by 1986.  We are looking into whether or not it is plausible that record-strong 1982 and 1983 year-classes were notably affected by stocked fish. If the fish population was affected by stocking, impacts are likely still with us but we should expect the impacts to diminish further. 
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Sticky Note
The white sturgeon and green sturgeon populations were substantially reduced by commercial fishing in the 19th century and California's recreational and commercial sturgeon fisheries were (with minor exceptions) closed from 1901 through 1953.  Only recreational fishing for sturgeon has been allowed since 1954, and that fishery has become increasingly restricted over time in an effort to rebuild the populations and protect the fishery. From 1954 to 1963, the fishery was small because anglers had not found effective (legal; snagging had been outlawed) techniques for catching sturgeon.  It was regulated by a minimum size limit and a 1 fish/day (i.e., 365-fish/year) bag limit.This is a time series of catch of sturgeon per unit effort (CPUE) from Party Boats from the start of the 'modern' fishery, when in and around 1964 large numbers of anglers learned to use shrimp as sturgeon bait.  Note a severe decline during the first decade of the modern fishery, a slight rebuilding attributable to strong year classes from the 1970s, and a steep decline during the 1980s.  Because the regulations did not differentiate between white sturgeon and green sturgeon, green sturgeon were also affected by the fishery.
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Sticky Note
The steep decline in the 1980s prompted a first-ever maximum size limit, but the bag limit remained 1 fish/day and the regulations still did not differentiate between white sturgeon and green sturgeon. 
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Sticky Note
The slight increase in CPUE since the early 1990s is attributable to the large year classes produced in the early 1980s and mid-to-late 1990s.
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Sticky Note
Concern about the status of both species --- green sturgeon had just been listed as threatened under the ESA --- resulted in a slight reduction in the maximum size limit, prohibition on take of green sturgeon, and a 3-fish/year bag limit on white sturgeon. 
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Sticky Note
What we've seen in the CPUE time series reflects not only the 'quality' of the fishery as affected by variations in recruitment and harvest, but we have seen the trends in sturgeon --- no doubt mostly white sturgeon --- abundance.  However, that trend is biased over time because anglers have become increasingly effective.  Thus, the declining trend in abundance is steeper.  The red line shows a hypothetical 'correction' for the bias.
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Sticky Note
Given that sturgeon can live much longer than the duration of the declines we see in CPUE, the CPUE trend suggests overfishing of sturgeon populations that had been protected for around 60 years by regulation (and practice) and 'serial depletion' of the few strong year classes.  By looking at actual harvest rather than harvest rate, the notion that overfishing caused the declines can be assessed somewhat more and tends to corroborate the notion.  This figure shows that Party Boats in the early days harvested 10 times as many fish as they have in recent years, and steep declines in CPUE tended to be associated with steep declines in harvest.  Party Boats are just one of several 'modes' of fishing though, so let's look at the other modes.
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Sticky Note
DFW tags and releases sturgeon.  This figure shows trends in the number of tags returned by anglers fishing in several modes.  We consider differences in the annual number of tag returns by mode to be an index of the proportion of harvest by that mode.  Noting that roughly 10% of tags were returned by Party Boats each year, we then conclude that roughly 10% of total catch each year was by Party Boats.Given that Party Boats were annually harvesting around 2000 fish in the early days, around 1000 fish during the brief boom in the 1980s, and around 500 fish during the brief boom in the 1990s, we conclude that total annual harvest during the boom years ranged from around 5000-20000 fish.  5000-20000 fish harvested/year is a lot compared to the recent fishery and compared to the recent populations.  We've got more information on the probability that overfishing has been an issue and is still an issue.
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Sticky Note
When anglers report the capture of fish that have been tagged by the Department, we use that data to calculate annual harvest rate.  Prior to 2010, anglers were not required to let the Department know about recapture of tagged fish.  Because incomplete reporting of tagged-fish recapture results in harvest rate estimates that are biased low, the Department does outreach and offers a reward for return of tags.   Because for years it had been clear that many anglers remained unwilling to contact the Department, we began an experiment intended to assess the degree of willingness.  The experiment was to release groups of fish with tags of several different reward values.  We've found that harvest rate estimates are much higher when using $100 rewards than when using $20 rewards, which means that all prior harvest rate estimates were likely biased low and that rates estimated using $100 tags are closest to accurate.  This figure shows the differences and an increasing trend in harvest rate. Accurate harvest rate estimates are more useful than ever, because we now use them in a simple algorithm to estimate the abundance of white sturgeon in the slot.
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Gingras
Sticky Note
Using annual harvest rates from tagging (though not accounting for reward value) and annual harvest from Sturgeon Fishing Report Cards, as well as length data and an age-length key, this figure shows estimated annual abundance of white sturgeon in the slot by year and age.  White sturgeon aged 13-15 years (the red bars) exist pretty much only in the slot.  Given that the strong mid-to-late 1990s year classes were aged 13-15 during the years shown here, that means those year classes now number fewer than 20000 fish.  Note that these abundance estimates are likely biased high, because the harvest rates used to calculate them are smaller than what we've seen when calculating harvest rates using $100 tags.  If anglers substantially under-report harvest of fish, then these estimates could be biased somewhat low.  We suspect the biases tend to offset, but are working on this.Given the trends in CPUE and harvest, the amount of harvest, and the harvest rates, it's quite clear that harvest is the main reason CPUE and abundance have declined so steeply.  It's possible that year class strength has sometimes been reduced due to water operations though, so let's look at that.
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Sticky Note
We've known for decades that it takes near-flooding of the Sacramento River to produce strong white sturgeon year classes, but we still do not understand the mechanism(s).  As a step toward understanding more about how year class strength is influenced by river flow, we are looking at the relationship between age-0 year class strength (from Bay Study), adult abundance (from Party Boat CPUE), and flow from many different locations.  The first step is to plot flow against age-0 year class strength and look for signs of a 'threshold' above which year classes tend to be strong.  The upper left plot is an example.Another step is to deal with the age-0 year class strengths that are zero, because those pose statistical challenges.  What we do is 'code' all the indices as either 0 (zero) or non-zero (1).  The lower left plot is an example of a summary of the relationship between the 'coded' indices and delta outflow as well as the relationship between delta outflow and adult abundance.The final step to date is to model (using Generalized Linear Modeling) the relationship between the coded indices, adult abundance, and flow.  The plot on the right is an example.
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Sticky Note
This is a matrix showing plots of delta outflow --- aggregated in various ways --- versus the year class indices.  The arrow points to a pretty strong relationship during a period when we know white sturgeon are spawning and young white sturgeon are migrating downstream (March-July), and there is threshold at about 50000 cfs such that year classes are generally strong when flows are above the threshold.  We will later use that threshold.
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Sticky Note
These plots simply show that the poorest year classes happened when delta outflow during spring was relatively low and when adult abundance was relatively low.  Next we'll put all the data into a model.



Gingras
Sticky Note
This plot shows that the probability of a poor year class decreases as flow during spring and adult abundance increase, which is the way most of us imagine the world works.  It also shows that strong year classes were virtually assured --- throughout the widely varying range of flows during spring --- when adult abundance was high (panels D and E).
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Gingras
Sticky Note
We've now seen that it takes flow and adults to make strong year classes.  Maybe though, strong year classes are missing because of water operations.  Given that 50000 cfs and up is major flow in the Sacramento River during winter and spring, these flows are more a function of watershed-wide 'impairment' rather than a diversion here and there.  In this plot, we show comparable unimpaired and actual (impaired) flows.  The horizontal line is that threshold we found in the scatter plot three slides ago, above which we expect strong year classes.  We see that impaired and unimpaired flows would have more often been above the threshold --- or farther above the threshold than impaired flows were --- such that impaired flows have likely resulted in somewhat fewer strong year classes and/or somewhat weaker strong year classes.  This plot doesn't address flows during winter to attract adults, so it's only part of the picture.Looking at unimpaired flow is almost an 'academic exercise' though, because it's not plausible that flows will be unimpaired.
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Sticky Note
We've seen that it takes adults and flooding flows during spring to create strong year classes, and that fishing has quickly depleted the few strong year classes.  What does the future look like then?  Large numbers of young white sturgeon have only been produced twice --- in 1998 and 2006 --- in the last 15 years.  The recent and present drought, and the depleted reservoirs, means that very few young white sturgeon will be produced this year (2014) and likely next year.  If our forecast is correct, then we will soon see the longest stretch of poor white sturgeon recruitment since 1980, the population will decline, and the fishery will suffer.  The fishing regulations are designed to promote the development of an 'insurance policy' --- a population of large fish protected from harvest --- against droughts and similar disturbances.  It is prudent to reassess the fishing regulations, with a particular eye to management of the modestly-strong 2006 year class that is on the cusp of recruiting to the slot.
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