FISHKIT is a publicly available online toolkit created by The Nature Conservancy to
support community members and agency staff operating in small-scale coastal fisheries
tactically design simple, low-cost, science-based fisheries management measures.

FISHKIT operationalizes established fisheries management concepts into a set of
accessible tools that allow communities and agency staff to more easily gain insights into
the health of local fish stocks, as well as design and evaluate potential management
actions. FISHKIT tools are user-friendly implementations of analyses rooted in foundational
fisheries science and data-limited fisheries management (1-6). FISHKIT can be used to
design and assess management measures commonly used in small-scale coastal fisheries
globally, including size limits, bag limits, temporal closures, and spatial closures. The
information FISHKIT provides is intended to complement local ecological knowledge, and
to support conversations about small-scale coastal fisheries management options within
and between communities and agencies.

FISHKIT includes six tools to help users design and visualize impacts of management
measures commonly used in small-scale coastal fisheries. Here, we provide a brief
introduction to each of the six tools, a summary of their underlying scientific foundations
and assumptions, and requirements for use. Further detail for the tools and their underlying
analyses, models, and assumptions can be found in the FISHKIT Technical Documentation
(7) and the FISHKIT website.
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1. The Stock Health Tracker provides information about the health of a fishery using

> simple length-based indicators, with analyses grounded in standard scientific

- o

il & - To run the stock health tracker, users are directed to input a length dataset to

analyze that includes species name and length measurements, as recorded

in a typical creel or market survey. Additional variables such as sampling period or location may
also be included in this dataset and can be used to group the data for visualization in the Stock
Health Tracker. Next, users are prompted to select a life history to associate with each species,
which may be input by users or selected from public life history entries. A life history entry consists
of species-specific information includes the following values: average length at maturity (L50),
theoretical maximum length (von Bertalanffy Linf), and the ratio of natural mortality to the von
Bertalanffy growth coefficient (K), M/K. Both length and life history data are stored in
the FishKit Data Repository (see section 6, below).

practice and recommendations specific to data-limited fisheries (8).

Inside the Stock Health Tracker, users are first prompted to review key summary statistics,
including multi-species summaries for catch composition and length distributions, with the option
of reviewing these statistics by grouping variables like year, sampling period, or location (Figure 1).

Next, species length distributions are shown relative to management-oriented values, including
average length at maturity (L50), size-limit (if specified), and theoretical maximum length

(von Bertalanffy Linf), providing users with information needed to consider how observed length
distributions align with biological reference points; and to begin considering management options.
Three summary statistics are provided in this section: mature fish in the catch (percent above L50),
fish above the size limit, and mean length. These can be viewed for single or multiple species; and
may be grouped by optional variables like sampling period (e.g. year) or location (Figure 2).
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Figure 1. Standard summary figures provided by the Stock Health Tracker, showing (A) species
composition, (B) length distributions, optionally grouped by variables such as “year”, shown here.
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Figure 2. The Stock Health Tracker provides length data summaries relative to key management values.
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E 2. The Size Limit Builder helps users design and evaluate context-

]

a balance between these two measures.

o appropriate size limits for their fishery. Species-specific data on growth and
! maturation provide the baseline for developing effective size limits, while
impacts are presented in terms of the sustainability of the population and the

catch available to fishers. FISHKIT guides users to explore options that provide

The Size Limit Builder (SLB) is based on the foundational science of per-recruit analysis (9). It
allows users to input or select life history information for a given species, then explore impacts of a
candidate size limit and a chosen fishing pressure (F/M) on spawning potential ratio (SPR; aka
sustainability score) and relative yield-per-recruit (YPR; aka catch score). Note, although local
length data is useful for evaluating the impact of a particular size limit, this tool can be used
without this information.

Throughout the SLB, we use the colloquial terms sustainability score and catch score to replace
spawning potential ratio (SPR) and relative yield-per-recruit (YPR), respectively. Sustainability score
(SPR) reflects the objective of maintaining enough adult fish in the water to allow the stock to
replenish, ensuring continued fishing opportunities in the future. Sustainability score has a range
from 0% (no fish left) to 100% (unfished). Very low potential for replenishment can jeopardize
production of offspring. Generally, a target of around 40% is considered sufficient to sustain a
fished population (3,10). The catch score (YPR) represents the potential catch associated with a
size limit, where a score of 100% represents the maximum amount of fish that can be sustainably
caught. Catch score is a proxy for achievement of yield and has a range of 0% (no fishing) to 100%
(maximum YPR), with higher scores indicating higher yield in total weight. Catch score is calculated
relative to maximum YPR, which is determined by calculating YPR across an array of combinations
of size limits and fishing mortality rates, representing a plausible set of exploitation patterns, and
identifying the highest value of YPR (8).
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Figure 4. The Size Limit Builder guides users to input life history information and explore how different size
limits will affect (a) sustainability of the fished population, and (b) catch obtained by fishers. This allows
users to evaluate and visualize options that are likely to be acceptable to the community, and that balance
fishing activity with ecological impact.

More advanced analyses are provided as an option to users within the SLB. These include more
technical SPR and YPR plots, as well as the ability to run uncertainty tests and transitional
dynamics. Analyses are carried out in SLB using a numerical approach contained in the R package



FishSimGTG (1). This approach simulates age-structure dynamics of a fish population where
multiple concurrent cohorts are represented using a methodology known as growth-type-group (1).
Growth-type-groups capture natural variation in growth trajectories, thus providing a suitably
realistic framework for evaluating length-based management measures such as minimum size
limits or slot limits.

Several assumptions are made in the size-limit builder including the following: (1) SPR is calculated
using female weight-at-age as a proxy for egg production; (2) a single-sex model of population
dynamics is used, preventing analysis of sex-specific size or slot limits; (3) fishers are assumed
100% compliant. F/M can be adjusted (as with other parameters) but is set to a default value of 2.0
in order to guide users towards more conservative measures in the absence of population-specific
mortality data. As with all FishKIT applications, the accuracy of results will be dependent on the
quality and specificity of data used in the analyses. Further details on the Size Limit Builder,
including underlying models and assumptions, can be found in the FishKIT Technical
Documentation (7).

3. The Bag Limit Builder allows users to explore the use of bag limits as a

. management tool to adjust for the impact of fishing on a species or group of
: B species. After uploading local catch data (e.g. catch per fishing event), the Bag
Limit Builder (BLB) provides a simple visualization of the data. Users are then

able to enter different bag limit cutoffs (e.g., 5 fish per fisher per day) and

evaluate the near-term impacts on catch per fishing event (Figure 5). Near-term
impacts of the bag limits are estimated via bootstrapping resampling (with replacement) of the
observed data and is provided as a percent reduction of total catch with an uncertainty range (7).
Note, the BLB does not allow users to control for effort in terms of number of fishers (or “number of
bags”).
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Figure 5. The Bag Limit Builder uses local catch data along with a proposed bag limit to predict near-term
impacts on fishing activity. In the case shown here, a bag limit of 15 fish per fisher per day is proposed, and
the estimated reduction in total catch is 3-11% (based on bootstrap resampling, with the assumption that
fishers who were catching > 15 fish per day now catch <15 fisher per day).

The following assumptions are made in this analysis: (1) fishing events (fishers) exceeding the bag
limit willinstead achieve the bag limit; (2) other fisher behaviors do not change because of the bag
limit, nor does the total amount of fishing effort that occurs (i.e., bag limit will neither reduce nor



enhance entry to the fishery); (3) the impact of the bag limit is immediate. Note, while longer-term
impacts are anticipated as fished populations respond to regulatory change, these are not
estimated in the current product.

4. The Temporary Closures Tool allows users to understand the

impact of a temporary closure (also known as seasonal, periodic, or temporal

closure) on total catch, using a similar method as the bag-limit builder. This

toolis based on traditional fisheries management, including temporary

closures during certain lunar phases and important events. These strategies
have been implemented by fishing communities for millennia; allowing fished stocks to recover,
e.g. by protecting spawning aggregations and allowing for natural replenishment of the population;
and continue to be used today (11,12).

To use the Temporary Closures Tool (TCT) in FISHKIT, users upload a time series of data reflecting
total catch over time. These data should include the number of fish caught per event (e.g. per fisher
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Figure 6. The Temporary Closures Tool uses local catch data along with proposed closure dates to estimate
near-term impacts on fishing activity. In this example, the proposed closure includes full moon and waning
gibbous, with impacted dates and fishing activity shown in orange. The near-term reduction in total catch is
estimated to be 2-25%, based on bootstrap resampling of fishing effort and the assumption that fishing activity
in the closure window ceases but may be re-distributed within other time periods.

and day) and should cover the period (e.g. particular months, lunar periods, etc.) over which users
are evaluating closures. Users can then explore the near-term impact of temporary closures on
total catch by specifying potential closures in terms of a date range, day(s) of the week, month(s),
or lunar phase(s). FISHKIT provides an estimate of the near-term reduction in total catch as a



percentage with an uncertainty range, calculated via bootstrapping resampling (with replacement)
of the observed data, as with the Bag Limit Builder (Figure 6).

Similar to the Bag Limit Builder, we make the following assumptions with the TCT: (1) fishing activity
during the closure period will cease entirely, and total observed catch will be less than or equal to
the amount observed prior to the management action; (2) other fisher behaviors do not change
because of the temporal closure (i.e. the temporary closure will neither reduce nor enhance entry
to the fishery); (3) the impact of the temporal closure is immediate. Note, while longer-term
impacts are anticipated as fished populations respond to regulatory change, estimates of the
effect size are not provided by this tool.

5. Spatial management guidance. FISHKIT provides users with

guidance on spatial management, based on the latest science and best

practices. This includes a summary of different types of spatial management

measures, and technical guidance on how to create effective fishery
replenishment areas (13); as well as a database of habitat, movement and recovery rates of focal
fish and invertebrate species in the Pacific (14).

6. The Data Repository is where users can enter, assemble, and store
different types of data files used for FISHKIT analyses. These include data on
g catch, length, gear selectivity, and life history (Table 1).
> ,‘:0
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x>
o> The FISHKIT Data Repository supports the entry of very simple to more
complex datasets when more information exists. Examples datasets are
provided to demonstrate acceptable data entry formats. By default, all data are stored privately to
ensure communities and data owners retain the right to their data and how it is used.

The term catch data is used to refer to data that are formatted as catch (i.e. number of individual
fish) per fishing event. The term fishing event refers to a measure of effort such as hours or day(s).
These records are used as a baseline or reference against which the effects of a potential
management measure on fishery yield can be considered. Length data include length
measurements of fish in the catch. Users are prompted to specify the measurement type and
protocol used upon data entry. A specific data entry pipeline is provided for users of /kasavea (15)
to facilitate use of these complementary platforms. Catch and length data that are uploaded and
prepared for use can be shared with other FISHKIT users at the discretion of the data owner as
needed, e.g. for analysis and reproducibility.

Selectivity or vulnerability to fishing gear can be specified as a mathematical function and saved for
use in the Size Limit Builder. Two approaches are available: specifying the parameters of a function
or ‘sketching’ a selectivity function and fitting a curve to the sketch. Specifying selectivity
parameters (obtained outside of FISHKIT) is the most typical approach. Sketching a selectivity
function occurs by inputting length-selectivity pairs, plotting the results, and fitting the selectivity
function.



The life history repository allows users to input curated sets of parameters including those
describing growth, maturation, and mortality for a given target species. Upon entry of a target
species, users are connected to the FishBase library (17) to facilitate exploration of reported
parameter values for the species of interest. Users are provided with space to document
parameters, e.g. by providing citations, explanations of parameter choice, and intended use of the
prepared life history. Users also have the option to score the quality of input parameters to
document their robustness (16). Users may elect to make their life history records publicly
available on the FISHKIT platform to anyone with a user account.

FISHKIT User Inputs
What information do | need in order to use FISHKIT?

FISHKIT is built as a simple analytical toolkit for designing and visualizing common small-scale
coastal fisheries management measures. The accuracy of the outputs is dependent on the
accuracy and representativeness of the input data. Thus, ensuring that the input data (e.g. length,
catch, and life history data) are representative of the fishery is paramount.

While we strongly recommend attaining local life history information whenever possible, an
alternative solution is to use life history parameters based on recent studies conducted in a similar
geography. We recommend that users apply these with extreme caution, as life history parameters
(e.g. length at maturity) can vary widely across geographies and temperature gradients. The
FISHKIT Data Repository contains a growing collection of life history information by species and
geography that users can draw from, with these caveats in mind. FISHKIT also links users to life
history and other species-specific information provided by FishBase (17).

Table 1. Summary of data needs for each FISHKIT tool. Further description of the individual variables used in
each analysis can be found in the FISHKIT Technical Documentation (7).

Stock Health Size Limit Bag Limit Temporary
Tracker Builder Builder Closure Tool

Type of Data Description

The number of fish caught per Yes (time series
fishing event required)

Length measurements of fish

in the catch Yes Optional

Species-specific parameters
that describe growth, Yes Yes
maturation, and mortality



QUESTIONS?

Reach out to Frank Hurd at frank.hurd@tnc.org

RESOURCES

FISHKIT can be accessed at fisheriestoolkit.org

To learn more about FISHKIT in practice, see our FISHKIT Training Handbook

Additional training materials and resources can be accessed at fisheriestoolkit.org/resources
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ADDITIONAL READING

e [35% Revisited Ten Years Later (External Link)
e Coping with information gaps in stock productivity for rebuilding and achieving maximum

sustainable yield for grouper—snapper fisheries (External Link)

e Spawning potential surveys reveal an urgent need for effective management (External Link)
e Relationships between Common Biological Reference Points Used as Thresholds and

Targets of Fisheries Management Strategies (External Link)
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