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Innovative techniques and novel applications of time series data to marine
management

A poem

Time series data, a precious gift,
Innovative techniques, a new lift,
For marine management, it's a tool,

A way to understand, to be cool.

The oceans have secrets, they hold so tight,
But with time series data, they come to light.
From water temperature, to fish migration,

Data helps us to conserve, our ocean nation.

With novel applications, the story evolves,
From monitoring the sea, to problem-solving resolves.
For predicting tides, and understanding storms,

Data give us insights, to prevent harm.

The future of the ocean is in our hands,
With time series data, our understanding expands.
From managing marine life, to preserving its health,

Innovative techniques and data, is our wealth.

So let us embrace, this powerful tool,
To protect our oceans, to make them cool.
For the benefit of all, both land and sea,

Time series data, the key to sustainability.

Written by: Chat GPT (Version Jan 30, 2022)
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Welcome Ceremony & Opening of the Conference
Conference Welcome]

The conference was opened by Noelle Bowlin (NOAA SWFSC) and Brice Semmens from Scripps|

Institution of Oceanography and this year’s conference host. They provided an overview of the venue,

of the conference, theme, conference agenda, and attendee information. They hig

Opening Keynote Remarks

Following the welcome remarks, Margaret Leinen,

opening keynote. Leinen described the importance o

biological observations coupled with physical and chemical
observations. She highlighted that
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Ocean Observations from the Field: Panel & Discussio




seals, and brown pelicans (according to beach watch surveys conducted by the Kashia Band of Pomo
Indians)

In addition, the Kashia Band of Pomo Indians conduct monthly mussel and phytoplankton
sampling to test for domoic acid, paralytic shellfish poisoning, and HAGs. They also conduct tide surveys
in partnership with other tribes, kelp surveys with the Greater Farallones Association, and tribal member
interviews which provide opportunity for tribal members to share knowledge, experiences, and
observations along the coast. The Kashia Band of Pomo Indians Tribal Member Surveys revealed that
2022 had an abundance of sea urchin but low levels of abalone and seaweed.

Renae Logston shared that there have been many weather-related issues to sea-going observations
this year. Shane Volberding has fished weekly for mackerel species for several years. Mackerel often
occur at 30-50 fathoms (180-300 ft) depth and associate with schools of fish of similar size (e.g., large
mackerel in schools with small bonito). The largest Pacific mackerel schools tend to be in ‘clean’ water
(clearer, blue water) whereas Spanish mackerel tend to be deeper, feed on krill, and are harder to catch.
Schools of younger, smaller fish seem to occur in spring and early fall. He also has observed higher
numbers of squid in recent years and fewer anchovy.

Joe Cacciola shared a 50 year perspective from fishing in southern CA. This year he saw huge
schools of anchovy up to 150° deep and offshore. In addition, it was a record year for Dorado landings
which were mainly inshore because of warm water, abundant bait. Dorado are not often found this far
north except in El Nino years. There also was an apparent lack of other pelagic sport species such as
yellowtail or skipjack tuna, and there were some yellowfin but they were not as abundant as in the past.

He also noted that there was turbid green water (‘dirty' water) close to shore (in 30-40 ft deep
water) and that phytoplankton blooms have occurred nearshore year-round.

Joe also mentioned that the inshore kelp forests have been diminishing in size and quality over
the last 10 years which has likely led to a loss of habitat for associated species. He also has observed a
decline in migratory predatory fish nearshore, such as bonito and sandbass aggregations (none in last 12
years). Bluefin tuna have been more abundant. Migration routes of yellowtail and black seabass have
appeared to shift north. Blue sharks have not been around as much, but great white sharks have been
spotted more near the beach. Finally, humpback whales tend to be present year-round (possibly feeding
on the abundant krill), whereas they were historically scarce.

A few key observations from the panelist included:
- Intense weather. Many weather-related issues have impacted sea-going operations
- Nearshore phytoplankton blooms. Phytoplankton blooms have occurred nearshore year-round
- Abundant gulls, cormorants, harbor seals, and brown pelicans. Species that were frequently
observed/sighted along the Sonoma County coast included gulls, cormorants, harbor seals, and
brown pelicans
- Abundant mackerel, squid, sea urchin, Dorado
- Abundant Pacific and Spanish mackerel in southern CA
- Abundant sea urchin along the north coast
- Higher numbers of squid in recent years and fewer anchovy. Huge schools of anchovy up
to 150’ deep and offshore.
- High Dorado landings but lack of other pelagic sport species such as yellowtail and
skipjack tuna
- Declining abalone, kelp, and migratory predatory fish nearshore (e.g., Bonito).
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How the Southern California Coastal Ocean Observing System Envisions Building
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al. 2019). Further, this type of modeling may be also useful at elucidating mechanisms between climate
and population processes (because of the lack of time lags that allow for other processes, such as
movement, to be confounded). On the west coast of the US, a number of assessments have used larval
(CalCOFI) or juvenile (RREAS) indices of abundance as recruitment time series (with associated
standard errors); examples include boccaccio, chilipepper rockfish, shortbelly rockfish, cowcod, canary
rockfish, blue/deacon rockfish, widow rockfish, and black rockfish assessments. At least one assessment
has included an environmental variable— a SSH indicator was included as a recruitment indicator in the
most recent sablefish stock assessment (ROMS variables will be explored for petrale sole in 2023).

The goals of this workshop were to discuss emerging recruitment prediction tools and brainstorm
methods for incorporating prediction into fisheries management workflows, including but not limited
assessment methods. The workshop was structured as a 3 hour meeting, divided into 3 topic areas,
including: 1. Modeling background, 2. Integrating recruitment predictions into assessment models, and 3.
Management onramps with Fisheries Management Council decision making. This was followed by a
discussion around conclusions and recommendations for next steps. The findings are detailed below.
Modeling background

Overview. Quantifying recruitment for many fish populations is difficult, and in the absence of
independent datasets, many approaches have relied on treating the recruitment deviations from
assessments as response variables. There are a number of challenges of this approach that have been
pointed out by Brooks & Deroba (2015) and Giron-Nava et al. (2020), among others. Importantly, all
quantities derived from stock assessment models are imperfect, limited both by data and model

assumptions. On the west coast of the US, assessments are generally implemented with the Stock
Synthesis framework, where recruitment is assumed to be stationary (and usually) stochastic under a
Beverton-Holt relationship. The assumptions of Beverton-Holt recruitment are necessitated by the need
for a density dependent relationship, which is in turn required to estimate reference points associated with
maximum sustainable yield (MSY). Assumptions about stationarity may be relaxed in the future (but
requires additional model / code development and is several years away from being implemented). The
ability to estimate recruitment deviations is largely dependent on data (specifically age / size composition
data) — without these data, recruitment is largely driven by estimates of spawning stock biomass (Stock
Synthesis allows recruitment deviations to be not estimated, in which case recruitment is derived solely
from the stock-recruit relationship). In cases where direct measures of recruitment exist, but don’t agree
with compositional data, the compositional data always will dominate within the stock assessment
framework (Kiva Oken’s presentation highlighted an example with Pacific hake, where recruitment
deviations are dominated by compositional data, and recruitment deviations are very overdispersed).
Tension between mechanisms and prediction. A consistent theme through several workshops
discussions was a tension between the need to understand mechanisms driving recruitment versus the
need to make predictions about the future for management decisions (acknowledging both mechanistic
and correlative studies can be useful for management). One participant highlighted a report from Lasker
(1985) making the point that a large number of processes may be limiting focal species (here, clupeoids),
and that rather than trying to understand all drivers, focal questions should include “what limits clupeoids
mostly?” and “when in the life cycle does limitation occur?”. Understanding mechanisms behind
environmental - recruitment relationships is also necessary when these drivers are included in assessments
or ecosystem models (several participants gave examples of STAR panels reviewing assessments, or the
PFMC process receiving information on ecosystem indicators). Knowledge about mechanisms is useful
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for monitoring programs, and helpful in identifying the type of information that these programs should be
collecting.

While fully understanding mechanisms can be important, there is also a need to provide reliable
forecasts to managers and decision makers. Several of the workshop participants highlighted the role of
non-stationary dynamics in the California Current — many of these being driven by climate change (as a
caveat, non-stationary linear relationships and stationary non-linear relationships may appear similar). A
limitation of recruitment process studies is that any data - driven effort will be several years behind
current management efforts; as relationships change through time, relying on historical data may be
unreliable in making future predictions (examples highlighted included responding to immediate shocks,
such as the 2014-2015 warm blob). In rapidly changing environments, agencies may not have the time or
personnel resources to understand mechanistic relationships for a large number of fish species. A second
challenge of data-driven approaches is that some processes may be incomplete (or key linkages may be
missing) — in these cases, time lags (EDM) or covariate proxies may be sufficient to generate reasonable
predictions. For either case, part of the challenge in adopting new methodologies is recognizing the
cultural component of the scientific and management processes — and requires socialization and time to
change.

Throughout the workshop, several comparisons were made between statistical forecasting models
in the technology sector, versus approaches more common in ecology. As a field, ecology is more data
limited (our time series being relatively short, e.g. 25-30 years) and affected by relatively large
observation errors — because we often lack of data to validate predictions, there is a continued need to rely
on mechanistic understanding to refine lists of potential covariates. Several additional ways that
participants suggested covariate candidates may be pared down included (1) narrow down time series,
such as ROMS, based on uncertainty of model predictions for each variable, (2) focus on time series,
including ROMS, that we have good forecast skill for. One challenge of working with ROMS variables is
that because they are available at very fine resolution (specific locations, depths, times, and days),
species-specific conceptual life history models need to be constructed to identify what time periods,
depths, and spatial areas to extract from ROMS model outputs (as in Haltuch et al. 2019, Tolimieri et al.
2018).

Integrating recruitment predictions into assessment models

Overview. There are two general approaches for bringing external data into fisheries assessments:
(1) larval / juvenile indices / ROMS variables may be brought in as indices in a likelihood framework
(with associated uncertainties), and (2) covariates can drive parameters of the stock-recruit relationship
(Maunder and Thorson 2019). For data reasons (no missing values are allowed) , PFMC assessments have
exclusively considered the first approach (assessments on other regions relying on other software tools

may allow for missing data). However, the new Fisheries Integrated Modeling System that is being
developed to replace Stock Synthesis will permit estimation of random effects via laplace approximation,
and should make the model-based approach more feasible for assessments in the 2025 or 2027 cycles.

For recruitment indices to be useful in forecasting, they need to be very good predictors of
recruitment (several weak predictors will not be useful). Kiva Oken’s presentation included an example of
the sablefish assessment — while ROMS variables (sea surface height) are included in the final assessment
model, recruitment deviations are largely unchanged when ROMS variables are not included in the
model. Beyond whether a particular indicator is included or not in assessments (this may partially be
driven by personal preferences and / or political reasons), a broader challenge is how best to quantify the
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contribution of external factors (quantifying the relative contributions of data sources may be output from
Stock Synthesis; another approach is to compare the relative improvement in forecasting ability).

A broad question identified in considering multiple predictors within an assessment model is how
multiple predictors or models may be considered. As a first approach, a brute force method was suggested
(running many - 1000s of stock assessment models and comparing predictive performance). This
approach might be computationally prohibitive (assessment team is small, and may be unable to add more
work to their plate). Second, multiple covariates may be done within the existing assessment model
frameworks. Ongoing efforts by several workshop organizers are examining the feasibility of these
approaches, initially with simulated datasets.

What other kinds of data might be informative? As noted above, recruitment indices from the
larval (CalCOFI) and juvenile (RREAS) indices have been used as recruitment indicators within west
coast assessments. These indicators have been developed from standardized indices of density data. In
addition to densities, there is an opportunity for other information from the larval and juvenile surveys to
provide indices of recruitment — examples include recently developed genomics data (¢eDNA samples
collected by CalCOFI starting in 2015), indices representing recruitment quality (other researchers are
working prediction of hake recruitment based on size distributions of larvae; Hinchliffe et al. 2021), and
exploring spatial relationships (NOAA staff from SWFSC partnering with IMECOCAL to explore these
spatial distribution issues in Mexican waters).

What species / assessments are recruitment indices most likely to impact? The impact of a new
recruitment index on any assessment is going to be affected by a number of factors, including the existing
data already feeding into the assessment model. Species / stocks that are difficult to age (thornyheads
being an example on the west coast), and those lacking compositional data might be particularly good
candidates for including recruitment indices. In selecting recruitment indices, time series with more
precision (higher quality) will have more weight than indices with high uncertainty. However, for stock
assessments with limited age composition data that don’t have well-informed recruitment deviations, it’s
unclear how to test the skill of new potential recruitment indices. Beyond the groundfishes explored in the
2022 CalCOFI workshop, there is additional interest in exploring these methods with CPS / HMS stocks.

Management onramps with Fisheries Management Council decision making

A limitation of existing west coast stock assessment procedures is that at best, stock assessments
are updated every 2 — 4 years (with some full assessments occurring at 8§ — 10 year intervals). Recruitment
forecasting work may provide a more intermediate picture of ecosystem responses to climate change. We
discussed three potential avenues for recruitment forecasting to inform tactical (short-term) fisheries
management decisions: ecosystem status reporting, stock assessment prioritization, and catch advice.

The California Current Ecosystem Status Report (ESR) has historically been focused on species
other than groundfish, and recruitment forecasts (numeric ones, or qualitative ones based on terciles)
would be useful in filling out the groundfish section of the report. Limitations of the approaches Eric
described are that they would ideally be applied to a larger number of stocks, and be automated to allow
for annual updates. The emerging FEP initiative may lead to new products co-developed by NMFS and
the Council focusing on species-specific or FMP-specific indicators. This may be a promising pathway
for developing groundfish recruitment indicators in addition to, or in lieu of reporting them in the ESR.

The number and frequency of groundfish stock assessments on the west coast continues to be
limited by capacity (6 — 8 assessments being done every 2 year cycle). NMFS has developed and
presented a prioritization framework to the Council for the past four cycles that ranks groundfish species
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according to many factors, including fishery importance, biomass trends, and ecosystem importance,
among others. Predictions of recent recruitment (qualitative or quantitative) could potentially be
incorporated into the prioritization framework, for example, to give more weight to assessing species
where there is evidence of ongoing poor recent recruitment. When published, the climate vulnerability
assessment could also be incorporated into the assessment prioritization to give more weight to assessing
species that are more vulnerable to climate variability and long-term change.

Recruitment forecasts could also be used to directly inform the harvest specifications process.
Forecasts could inform harvest levels set through the harvest control rules (e.g., sardine). Forecasts could
also inform the magnitude of scientific uncertainty of an assessment (e.g., this uncertainty increases with
the age of PFMC assessments) or the Council’s risk tolerance for exceeding the overfishing limit. A risk
table approach similar to the NPFMC (Dorn & Zador 2020) may be a useful framework to translate
recruitment forecasts to levels of uncertainty or risk.

Ecosystem information, including the recruitment forecasts, may be useful at providing advice
directly to industry. Examples highlighted by participants included (1) phytoplankton size used to predict
bigeye tuna catches in Hawaii, and (2) shortbelly rockfish recruitment being used to understand the
relative cohort strength on the west coast of the USA, when shortbelly rockfish was being encountered as
bycatch in the hake fishery. Risk tables, as referenced above, may also help to better anticipate these
kinds of interactions.

What are the potential best next steps?

This workshop identified two main ways in which recruitment predictions or ecosystem
indicators of recruitment may be better linked to fisheries management. The first approach (and lowest
hanging fruit) seems to be providing forecasts of recruitment deviations external to stock assessment
model development efforts. The benefits of this approach are that recruitment forecasts may be able to
provide partial information about population status between assessment cycles (particularly when the
environment is changing rapidly and/or when age and composition data are sparse). Challenges of this
approach include (1) ground truthing mechanisms that are responsible for correlations identified between
indicators and recruitment, and (2) examining a broader suite of environmental drivers (e.g. more ROMS
predictors) for the stocks that are not well explained by existing predictors (e.g. in Eric Ward’s
presentation, only 8-10 sets of recruitment deviations of the 29 assessments used result in forecasts with
high skill). Future work will also examine the utility of empirical dynamic modeling (EDM) to forecast
recruitment deviations, using time lags in lieu of covariates. For process-based recruitment studies, future
work will aim to utilize existing datasets to develop better measures of recruitment (Andrew Thompson’s
work examining young of the year anchovy, hake, and sardine time series from the RREAS survey, or
size - frequency data for anchovy, sardine, and hake from CalCOFT larvae).

A perhaps more challenging link to fisheries management involves incorporating additional
recruitment indicators into fisheries assessment models. Recent simulation approaches (Kiva Oken
referenced these in her presentation) have suggested that in data rich cases, additional recruitment
indicators may not change assessment outputs in a meaningful way, but they can still be useful in
reducing uncertainty in recruitment in the most recent few years of an assessment and potentially in the
forecast period, depending on the life history of the species and selectivity-at-age in the survey and
fishery. Additional simulations are needed however — specific examples include (1) simulating a large
number of scenarios varying the data type and quality, and (2) evaluating new estimation approaches,
particularly for incorporating multiple drivers into an assessment.
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