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Executive Summary

Given the small-scale spatial structure of seainrpbpulations in California, data collection and
analyses should be done at appropriate scalepiot dpatial and temporal trends in
performance indicators. In this report, | summatimetype and spatial resolution of both
fishery-dependent and fishery-independent inforomatieeded to monitor the state of the
resource and its fishery. Although | acknowledgeneric difficulties associated with gathering
high spatial resolution data, | suggest that infation on at least catch, effort and size frequency
distribution of the catch should be taken at the-f@vel. Databases may be enhanced
substantially if the management agency (throughpteta and spatially-explicit log-book
information), the industry (through sampling of tegches both at landing sites and at
processing plant) and divers (though community-thaksga collection program) all get involved
in collecting and eventually analyzing the inforroat Considering a general weak correlation
between catch statistics and actual biomassesensitiés, especially in highly aggregated
sedentary resources, fishery independent datagheuhlso taken. This information would

allow more accurate and reliable knowledge on taeis of the resource as well as calibration of
the fishery independent information and data cttbecprocedures. Finally, efforts on sampling
and surveys should be directed also to those ardagle the fishing grounds to determine what
fraction of the total population is under expldaat Tables 2 and 3 show what would be an ideal
and comprehensive data collection program forfteiery.

As importantly as the information mentioned bef@mg given the characteristics of the fishery
and previous analysis by Hilborn et al (2008), ptyoshould be given to two areas of research:
(1) assessment of the abundance, densities and gad/quality of urchins in non-accessible
areas (e.g., deep waters, cryptic habitats, ntredisreas); and (2) spatially-explicit growth
analysis to determine whether the urchins are roguo the fishery by growing to legal sizes
or by influx of legal urchins to the fishing grows)as well as to use as inputs in stock
assessment models.

Collecting and analyzing the information suggesteck will clear the path towards setting Total
Allowable Catches (TACSs). In scenarios of high gyalnd quantity of data on the resource and
its fishery, stock assessment models may be dexeltupestablish reference points. Then catch
guotas can be allocated in order to achieve tharget reference points. The stock assessment
models explored by Hilborn et al (2008) for the $a@go sea urchin fishery could be updated
once the identified data gaps are filled and expdnd other areas en California. Further, if
spatially-explicit information on catches, effaize frequency distributions of the catch and
growth analyzes are available, more appropriateraidst size-structure statistical catch-at-age



models may be developed to assess the status sédharchin stock(s) in California and used to
set annual TACs.

On the other hand, when information is not sugfitito be integrated in stock assessment
models or when uncertainty around the availabla dages not justify such effort, a set of trigger
levels or proxies for reference points based orattadlable information (usually limited to
historical and current catch data) could be usietelop harvest strategies based on TACs. This
approach will also identify additional data gapd gathering protocols that would enable the
fishery to move away from a data-limited situatéord to design more informed harvest
strategies that confers less risk in managementatgns. In Southern California, the San Diego
sea urchin data collection program is a key examplow to move from data-poor to data-rich
conditions and a highly desirable alternative wtiere is a lack of historical information on the
fishery and the status of the stocks.

1.0. General data requirements for monitoring and assessment of the California sea
urchin fishery

Sea urchins, as others sedentary benthic orgarsisovg a high degree of dependency with their
substrate, with limited mobility throughout itsdifor adult stage (Aller et al. 2001). Movement
capabilities and biological characteristics of s@gahins and the physical features of its
environment may determine the spatial patterngsodliistribution (Underwood and Fairweather



1989). Thus, variation in benthic habitat struct{géher of biogenic or abiotic nature) generates
heterogeneous distribution and abundance patt€hesamount of suitable habitat and available
space to settle are important factors affectingr thecruitment and survival, determining its
population variability and spatial structure, whigh usually persistent in time (Tilman and
Kareiva 1997). Life history traits of sea urchirfieea show small scale variations associated with
specific locations and environmental gradients.v@no survival, fecundity and settlement may
also show spatial variations along latitudinal geats. However, growth of red sea urchin
Strongylocentrotus franciscanus showed no significant relationship with latitudeot Alaska to
Southern California) while survival decreased wititude (Ebert et al. 1999). The latter could
explain higher proportions of very large, old indwals in the southern vs. the northern part of
the species range. Thus, local variations in graavith survival may be due to food quality and
availability (Ebert al. al 1999) which are usuakyated with the complexity of the substrate (e.g.
as a cover to predators; Caddy 2007). In additisea urchins show highly structured
metapopulations with consistent differences in alamee, growth, gamete production, larval
settlement and connectivity between areas. Thuentilging metapopulations and the main
sources and sinks of recruits is an important médtemanagement purposes.

The need for spatially complex biological inforneetiand metapopulation considerations are
inversely related with the species mobility in drént life stages. Thus, emphasis on spatial
structure requires the need to identify approprsgiatial scales for data gathering, analysis and
management of sea urchin populations. Furthersgagial complexity of the resource and its
users is often an ascribing factor in making figdeedata-poor or data-limited. In some cases, a
fair amount of data is available, although not de@uate quantities or at fine enough scale to
reveal local patterns of abundance (Prince etQfI82 Thus, given the high spatial and temporal
variability in red sea urchin populations, collectiof data useful for fishery and ecosystem
management may require more resources than areallypavailable for agencies tasked with
such management. In addition, data requirementstémk assessment are sometimes not related
to stock size or value (i.e., some stocks may besinall to be worth monitoring by management
agencies). In recent years, a possible solutidhisoproblem has been to enlist fishery members
in a cooperative data collection program. In tleispect, Prince and Hilborn (2003) has proposed
extensive use commercial fishermen as data cote@toorder to gather enough information at
appropriate scales to support fine-scale manageriéet San Diego Watermen’s Association
(SDWA) has developed a sampling protocol that alomorking divers to collect random
samples of sea urchin density, size distributiensjronmental variables, etc., during the course
of normal harvesting operations (Schroeter et &920Although this information is extremely
useful, additional information inside and outsitle fishing grounds needs to be collected for
stock assessment purposes. Hilborn et al. (20@B)liphted several data gaps that need to be



addressed in order to reduce the uncertainty ioksstatus (Table 1) as well as identified the
following weakness in the San Diego sea urchinssssent:

It appears that most recruitment comes fromelangdividuals from an unknown population (e.g.,
deep waters, cryptic habitats, other sub-populajionUntil the source population for the

apparent recruitment of large individuals is idiéeti any assessment will be unsatisfactory.
Thus, _the primary need is to obtain abundance sBripdm outside the fishing grounds, and to
identify if there are large populations of crygtidividuals within the fishing grounds.

Another high priority would be area-specificiesttes of sea urchin growtt relevant spatial
and temporal scales to determine to what extenprb@uctivity of the fishery is sustained by sea
urchin grow to legal sizes (or sustained by unkn@apulations). In addition, the role of any
factors such as kelp, temperature, sea urchin tyemrsc., in affecting growth rates need to be
evaluated.

Table 1. Summary of data gaps identified by Hilborn et(2008) for the red sea urchin fishery
in San Diego, CA.

Description

Number of RSU killed by quicklime 1966-1980(Pt Loma and La Jolla)
Quantify abundance of sub surface kelps (elk, palm)

Separate RSU harvests by kelp bed (i.e. 1,2,3,4 and North County)
Obtain average price of RSU for San Diego for 1988-2006 by month
Using CDFG log books and receipts obtain CPUE (catch per diver day)

Using CDFG log books obtain number of boats (La Jolla and Point. Loma over the threshold of over 20 landings
or over 8000 Ibs. in any year)

Literature regarding RSU abundance and size distribution in San Diego (Segars, Kelco, etc)
Develop assessment methodology using calibrated ROV surveys for deep water RSU.

Literature regarding bioenergetic parameters for sea urchin growth, mortality, and gonadal maturation

1.1. Fishery-dependent infor mation

Fishery-dependent and independent information tilrosurveys and monitoring programs
should be expanded at appropriate spatial scalgs ¢ensistent with the biological units or sub-
stocks; Table 2). Although fishery-independent infation is highly demanding in terms of
human and economic resources, several improvenrettie information recorded in mandatory
log-books will improve and optimize the informati@vailable and help to depict biological
patterns in the species and its fishery, as welleasls in catches and CPUE:



(i) Geo-referenced information with higher spatalerage, and especially resolution (e.g, port-
based), registered in mandatory log-books;

(i) Designated port-based sampling of catchegstegng:
a. Size frequency distribution of the catch woudddxtremely beneficial for monitoring as
well as for stock assessment purposes (see S&jtion
b. Gonad yield and quality sampling

1.2. Fishery-independent information

Fishery-independent information should be gathevdten possible, at different spatial scales
(as mentioned in Section 1.1.), within and outside fishing grounds, and by (i) surveys
conducted by the management agency; (i) industngéd surveys and data collection
programs; and/or (iif) community-based (divers)adedllection programs. Examples of directed
research and data collection programs by agenodsstry and diver/fishermen already exists in
the US, California, and for the sea urchins in ipatar. Expanding such efforts would be
extremely beneficial to assess the status of thie-Ystock(s) and to elaborate a robust long-term
Management Plan for the California red sea urdisimefy.

A comprehensive list of dive/areal/region specifishery —dependent and —independent) is
provided in Table 2



Table 2. Site/area specific information to be used in mwmg and implementation of management stratefpeghe red sea
urchin fishery. Tier corresponds to suggested le¥griority. Note: Although information at the diksite level will be extremely
beneficial, it would require a proactive stakehoklearticipation in gathering and sharing thisommhation.

Type Responsible Location

. A Data Specifications Tier
Fish-dep Surveys® Divers Processor Agency Sea Port Plant
&5 Date 1
* & Dive specifications|Latitude, longitude, depth 1
* &3 Bottom time, area harvested/covered 1
*x Yields Caitch (Ibs or individuals) 1
* & CPUE (per time; per area) 1
&5 Estimate of urchins left behind 2
= Density (ind/m*; Ibs/m°) 1
&5 Size frequency distributions (mean, min) 1
5 Proportion of legal urchins 1
E Biological Gonaq quality and yielq 1
&5 Recruitment areas (estimates) 2
& Recruitment (i nd/mz) 2
&5 High densities areas (overgrazing) 2
& Community composition (other species) 2
& Sea surface temperature 2
B Environmental Bottom type (sand, reef, ledges, etc) 2
& Algae coverage (%) and type (e.g, macro) 2

Surveys should be conducted insinde and outside the fishing grounds
*This information can be shared with the processor to optimize information transfer (confidentiality issues may arise)
*Some info may be included in log-books but most requires surveys (subject to economic and human resources availability)



In addition, a series of surveys or dedicated mebéaxperimental programs should be
considered (Table 3). Among these, reducing themaioity in growth estimates, identifying the
“stock unit”, and estimating the sea urchin popatatoutside the fishing grounds should be
given maximum priority.

Table 3. Potential dedicated research programs and/gegsifor the red sea urchin populations
in California.

Data Research/Survey* Frequency Use/Purpose
1 Growth and mortality rates  Area-based growth and mortality ~ Multiple Input in stock assessments
analyses
2 Recruitment and settlement Transects or scrub brushes Annual Determine areas of high recruitment;
surveys/experiments input in stock assessment
3 Kelp biomass estimates Transects/quadrats Annual Input in stock assessment
(canopy and understory)
4 Deep water sea urchin Transects by means of ROVs or ~ Multiple Input in stock assessment
assessments baited traps
5 Movement baiting experiments or tagging Once Determination of unit stock; input in
(mark-recapture) stock assessment

6 Cascading effects of urchins Area closures to fishery (urchins ~ Ongoing Ecosystem-based approaches;

removals and predators) Certification

7 Larval studies in a meta- Hydrodynamic models; larval Ongoing Unit stock; input in stock assessment;
population context durations Certification

8 Effects of diet on gonad Laboratory experiments with Once Improved quality; optimal harvest
quality/yield (lab) different diets

*this is not a comprehensive list of reseach/sampling methods

1. Growth and survival estimates need to be adedesas the appropriate spatial scales and
under different conditions of algae type and biosn@sg., inside and outside the kelp bed,
under different conditions of drift algae, etc.pv8ral studies of growth and survival have
been performed in the last 2 decades along theemuwoige of spatial distribution &
franciscanus (Ebert and Russel 1992; Ebert et al. 1999). Howey®wth rates extracted
from the literature differ significantly among Idimns and among studies within locations. A
thorough literature review may highlight some paisein growth as well as the most
appropriate methodology to use.



2. The ongoing recruitment experiments could beaggpd to other areas identified as source
of larvae and settles. In addition, fishermen inmaty be used in order to get information
about areas of high recruitment. At the momentediparticipating in the San Diego data
collection program qualitatively register areashogh recruitment within their sampling
protocols. This could be intensified in order td geantitative estimates: once areas of high
recruitment are identified, a few transects maysbke in order to count and measure all
recruits. This, once calibrated, could be a colgeti’e methodology to gain insight on
spatial and temporal intensity in recruitment.

3. Although different techniques (e.g., aerial pignaphs, remote sensing, etc.) to assess kelp
bed coverage and biomass exist, these are usumtly and time consuming. Considering
that the spatial coverage of individual dives ishsthat effectively most parts of the kelp bed
are intensively harvested, additional data gatigeaind simple analyses could be done by
divers in the fishing area. For example, sonar\asdal estimates of canopy coverage could
be use to estimate relative abundance of subtielal Hhese estimates should be calibrated
by means of more accurate techniques and corrésteaies and current conditions when
possible.

4. ldeally, movement rates should be estimatediféerent areas and different conditions, such
as availability of kelp (both stipes and drift biass), habitat rugosity, and sea urchins
density.

5. Long-term area closures can be extremely usefdetermining sea urchin dynamics under
no-exploitation conditions. Selection of this neHing areas should be carefully chosen to
consider the whole spectrum of environmental caomakt affecting sea urchins and kelp beds
when possible (e.g., habitat complexity, depths;enis, etc).

The information shown in this Section is crucial developing management and harvest
strategies for the red sea urchin fishery in Celifm, either based on formal statistical stock
assessments or on empirical reference points @etes 2.0). However, all the information
mentioned here relates mostly with biological sastaility issues, and economic analyzes
would need additional information to be gathereat govered in this report).
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2.0. Reference points, harvest strategies and TACs for the California red sea urchin
fishery

A variety of regulatory approaches are available ifovertebrate fisheries and sea urchins
specifically, each with particular needs for sdninformation based on the characteristics of
the resource and its fishery. In the long term{anable management has to involve an adaptive
process of regular information gathering, reasseasimof stock status, and adjustment of harvest
policy. Direct management methods #&stimating and regulating the exploitation ratdudes
size limits as one of the simplest regulatory messuand often the first to be applied as in the
California sea urchin fishery. Size limits usualfer to a minimum harvestable size but may
also include a maximum harvestable size. Thesetdinethods minimize or eliminate reliance
on biomass point estimates but require differergulieory tactics and different types of
assessment data. After direct methods, it has dfemm assumed that assessment support for
regulatory actions should be aimed towards produeim_annual estimate of harvestable stock
size, from which a total allowable catch (TAQ)quota can be derived by multiplying the stock
estimate by a target fishing mortality or expladat rate. However, this approach may yield
errors in annual biomass estimates and presenitisdaoigts associated with data gathering and
analyses. Figure 1 shows these different managemgmtoaches and the basic distinction
between direct regulations of exploitation ratesl &/AC/quota management. The biomass
estimation required for setting TACs can proceedliogct surveys, by fitting stock assessment
models to relative indices of abundance (e.g., OPdid/or by performing localized depletion
fishing experiments to provide density estimated dan be extrapolated over larger areas.

A harvest strategy specifies the management acti@tessary to achieve defined resource
objectives in a given fishery. Specifically, a hesv strategy should specify a process for
monitoring and conducting assessments of the hicdbgnd economic conditions of the fishery
as well as harvest control rules or decision rakegt control the intensity of fishing activity
according to the its biological and economic candg. Determining appropriate exploitation
levels for marine resources, through implementatibharvest strategies, is often conducted via
estimation of performance indicators, such as theeat stock biomassBf or the fishing
mortality rate F). These indicators, usually estimated via stat$tstock assessment methods,
are compared with biological reference points, sashthe biomass that achieves maximum
sustainable yield (MSYBusy) or the fishing mortality that achieves MS¥\sy). The three
most common harvest strategies are (a) fixed etgpion rate, in which the objective is to take a
constant fraction of the stock each year (d=gs4); (D) constant catch, in which the goal is to
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keep the catch uniform over the years independeotiythe stock size; and (c) constant
escapement, where the goal is to maintain the Spgvetock size near some constant level.

The TAC-setting process usually follows a regulanwal cycle, where data are collected and
databases updated (e.g, with catch, age and smposition, survey biomass). These data are
used as inputs in stock assessment models to atdcaktimates of population parameters,
biomass, and age structure. The processes of agsglssment and harvest strategy development
are interrelated. Stock assessment models are umsesktting the reference points and
consequently in the development of the harvestegiya and the current biomass-based harvest
strategy uses the most recent biomass estimatitenmining a TAC (or Acceptable Biological
Catch: ABC) (Section 2.1; Figure 2a).

Sustainable
management
Escapement policy @@ Complex policy
v \’
Direct Methods Effort control Catch quota
Size limits Limited methods
Spatial/ permits TACs
temporal May include
closures direct methods
Combined Data-limited Data-rich
- v, v
Trigger Stock
levels / assessments,
empirical stock status,
reference reference
points points

Figure 1. Harvest strategies mechanisms under data-linsiteldata-rich situations to achieve
sustainable management

Thus, stock assessment models are used to inteipatecientific information, except when
information is not sufficient to construct such adul or when the uncertainty around the
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available data does not justify such effort. Altgbuhere are exceptions, this is the case for most
small-scale fisheries where there is not a forreakasment process and where biomass estimates
are simply not available. In the absence of bionesdsnates, and hence biomass-based target
and limit reference points, conservative triggerels may be identified as proxies for these
reference points based on the available informgtisnally limited to historical catch data) and
thus used in setting TACs (Dowling et al. 2008; @&ilNet al. 2010; Reuters et al. 2010; Section
2.2; Figure 2b).

Data-rich Data-limited

Stock assessments

Performance
: indicators (e.g.
: current stock

biomass B)
B CEmpirical
: Reference points : : reference points |
(eg, Bthat : (e.g., % of :

: produces MSY: i change in CPUE)
..EM;S.)./-)"““ “"-"""-"“: -.....-----------\L -----------------
S b {iiarust Sirategy (56 oF
: Harvest Strategy (e.g, : historical high catch +
: constant F) :spatlal closures) :
TAC, ABC TAC, ABC
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Figure 2. Flowchart indicating the technical process for eleping a harvest strategy and

implementing TACs or ABCs by (a) integrating allethavailable information in stock

assessments to generate limit and target refepaines; and (b) using the data available directly

to generate proxies for reference points (“triggeels”).

2.1 Using statistical stock assessments to determine the status of the stock (performance
indicators), reference points and harvest strategies

2.1.1 Background on sea urchin stock assessment in California: The Pt. Loma sea urchin
fishery

Evaluations of the red sea urchin populations idif@aia have been scarce, with a few
exceptions including the stock assessment for #mel8ego fishery (Hilborn et al 2008). In this
study, all available data were used to assessuirent stock size and potential productivity in
the Pt. Loma kelp bed and to determine trends imdance. Information available included
catch and effort data, extensive length frequenay @ensity estimates from the community-
based data collection program. The high spatial terdporal resolution of the available
information helped to discern patterns in fishirfipt, proportion of legal sea urchins, and
estimates of the total abundance of sea urchihanstudy area, although a lack of a long term
data series on abundance estimates and other is@lagformation precluded some analyses on
the status of the stock per se. Further, as thssthafirst assessment for sea urchins in this area
a range of assessment tools were explored, rdtharselecting an individual assessment model.
In addition, several major issues associated viighdynamics and biology of sea urchins in Pt.
Loma, but common to other areas in California, weensidered in the assessment
methodologies:

(i) Given the long life and slow growth of urchirgjestions remain as to whether the current
fishery is based on a sustainable balance of ecenit and fishing mortality, or possibly the
fishery is still “mining” a large population (mainfrom non-accessible areas) and current yields
are not sustainable. Length frequency data in ®&nhd.showed a high frequency of large urchins,
a length frequency that is inconsistent with a Highing mortality rate of individuals recruiting
to the commercial fishery at the legal size limit.

(i) Even though scientists and commercial divegsognize a great deal of spatial structure
within the area with respect to the physical stietof the bottom, kelp coverage, urchin
density, and the proportion of urchins that havenmercial quantities of uni, the stock

assessment models assumed an homogeneous stoak théharea modeled given the quite
small fished area in Pt. Loma.
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(iif) An important assessment issue was the redagibundance of “recruited” or “good uni” and
“non-recruited” or “bad uni” individuals. Non-redted urchins due to non-accessibility (i.e.,
deep water, crevices) and the potential correlatemveen good temporal and spatial conditions
in kelp abundance with greater proportion of th&ltarchin population to have commercial
guantities of uni were also addressed within tffleigint assessment models.

Pt. Loma sea urchins assessments were considetadindiéed. Time series of landings and

logbook CPUE, treated as an index of abundances anilable but not a time series of length
frequency data. In addition, CPUE could be not propnal to abundance due to the searching
behavior of fishermen (e.g., hyperstability). Th#edent approaches taken were: (1) a model
free analysis in trends in surplus production ustiRUE as an index (not necessarily a linear
one) of abundance; (2) a simple delay-differenceehthat tracks the numbers of urchins with
and without uni; (3) an age structured model thiains kelp to determine the relative maturity

and harvest of the urchins; and (4) analysis okemedength frequency data to see what
information can be extracted on the exploitatide &nd size of recruitment from the LF data in
recent years.

All four assessment approaches supported the hgpistthat there were no major sustainability
concerns for the Pt. Loma stock at its currentllefexploitation and productivity. The trend in
CPUE suggested stable populations in recent yearb,the length frequency data were most
consistent with reasonably low fishing pressureweler, none of the models used were
completely satisfactory mostly due to obvious latidns in the data available:

(i) This study explored the use of CPUE and diymsception of changes, but recognized that
neither of these provided an estimated of the tireied in abundance. Neither approach seemed
likely to reconstruct any index that truly represehchanges in abundance, even within the
commercially fished areas of the Pt. Loma kelp b&khcertainty about trends in abundance of
unfished areas must therefore be even greater.

(i) Density estimates from the community-basedadatllection program were constrained by
their close connection to decisions about wheréite, thus were non-random samples, and
were also limited by the number of individuals ilwex in the program. The absolute number of
samples was not necessarily limiting, but obtairangnore even coverage over all of Pt. Loma
would have improved confidence in the data.

(i) Historical kelp abundance data was not satigfry. Inter-annual pattern of abundance and

the spatial pattern may both be important sincergists and divers continue to believe that kelp
is a key driver in sea urchin recruitment and uondpiction.
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In summary, as stated before, the two major unkmsoalmout basic stock biology identified
where: (1) is there a large proportion of the papah not vulnerable to harvesting because
either they are in crevasses or in deep water araddnave any uni, and (2) does recruitment of
small urchins come from the local stock, or fromvéd drift from outside the Pt. Loma area.

2.1.2. Potential approachesfor stock assessment of thered sea urchin in California

The assessments described in Section 2.1.1 couldpiieated to other areas in California, as
well as extended into a state wide assessmentthattobvious caveats of the effect of spatial
structure in life history traits (i.e., growth, ntality, recruitment) in determining the overall
reproductive capacity of the stock(s). However, aipd) these models would imply to obtain
abundance samples from outside the fishing grouadsl to identify if there are large
populations of cryptic individuals within the fisig grounds. An important benefit would be to
support and expand the community-based data dolteptogram to other areas in California or
to implement directed surveys to non-fished areatha highest priority. If closed areas are set
up within what are now normally fished grounds ntiiee abundance and size distribution in the
closed areas would need to be monitored as wellitiddally, growth studies need to be
performed at appropriate spatial scales to determpatial patterns in growth and how these
spatial patterns relate to several factors suclkedigs biomass, sea temperature, sea urchin

density, etc.

A more appropriate approach would be the use tisstal size-structured modeés have been
used worldwide to assess the stock of differentimeainvertebrates (e.g., green sea urchins in
Maine: Chen et al. 2003; Grabowski and Chen 20Ghaiva et al. 2005; lobsters in Maine:
Chen et al. 2005 and Australia: Punt and Kennedy;18lobday and Punt 2001; lobsters and
abalone in New Zealand: Breen et al. 2003; Breexh. &006; lobster in South Africa: Bergh and
Johnston 1992; Johnston and Butterworth 2005; aaldscin Alaska: Zheng et al. 1995). Size-
structured population dynamics models are apprtpifiar sea urchin populations since these
organisms are difficult to age and growth is highdyiable among individuals. Growth transition
matrices should be constructed based on availafdemation from the mentioned analyses and
published studies (see Ebert and Russel 1992; Ededl. 1999; Woodby1999) and the
recruitment component can be a function of a palercenvironmental time series (e.g., kelp
biomass estimates). The size-structured modeldn fiited to an index of abundance (e.qg.,
CPUE), catch data and length-frequency distribstiointhe catch/population.
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Size-structured model analyses could be conducepdrately for different areas/zones in
California, according to the spatial patterns & history traits and growth in particular and
matching biological units. Lastly, given the lindtedata situation, sea urchin stock status
estimation should be conducted within a Bayesigmageh to incorporate the uncertainty related
to the scarcity of information available and in t&a urchin population dynamics (Punt and
Hilborn 1997).

These models are often less data demanding tham stbck assessment methods (e.g., age-
structured). Minimum data requirements are:

(i) Commercial catch and effort datiaat could be obtained either from the log-book$ram
port-based samples.

(i) Size or length-frequency datderived: a) from catch samples taken onboard awned
divers (e.g., community-based data collection pogin San Diego), during port-based
samplings or at the processing plants (if approgijadentified and geo-referenced); and/or
from directed surveys or research programs.

(i) Spatially-explicit estimates of growtgharameters.

All these data requirements have been describ@&dbifes 1 and 2

Thus, as a more complete temporal and spatial ageeof length frequency data and growth
estimates gets accessible, it would be possibbppbdy a statistical size-transition model to the
sea urchin populations in California. However, dul be far from satisfactory if the assessment
suggests most fishery recruitment comes from lardeviduals from an unknown population as

it seems to be the case for Pt. Loma, San Diego.

2.1.3 Setting reference points, harvest strategiesand TACs

Certainly, it seems very useful to update and edpha models used by Hilborn et al. (2008), or
to implement a statistical size-transition modetsasn as specific growth data and estimates of
abundance outside fished areas become availalih.&8uanalysis would be required to try to
reconstruct the history of the fishery and to eatarthe status of the stock by means of
performance indicators (e.®surrens B/Bo). Harvest strategies and their respective TACEkhwil
then set based on the status of the stock reltigeparticular reference points (Figure 1b). Most
commonly used biological limit and target referepots for North American sea urchin
fisheries have been summarized in Botsford eR@04).
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These modeling efforts could imply extensive effart data collection and high levels of human
and economic resources. While it would be possdlauild a spatially-structured model for the
California sea urchin that attempts to capturesghecies dynamics, another question is whether
such a complex assessment would be necessarystaireable management or worth the
financial expense. As has been shown in the Seagd>sea urchin fishery and many others
sedentary resource fisheries in Australia and Jagmammunity-based data collection programs
(Schroeter et al. 2009) are a cost-effective wayatither fine scale spatial and temporal
information. The value of these programs could teatly enhanced by extending such protocols
to areas outside the fishing ground (Schroetel. 2089).

2.2 Developing harvest strategies by using trigger levels as proxies for reference pointsin
data-limited situations

As described in Section 2.1, for most data rich laighh gross value production (GVP) fisheries
such as large-scale industrial fisheries, hantestegjies and respective catch quotas (e.g.,
TACSs) are based on biomass reference points, boidss estimates are not always available or
reliable enough to be used in setting such refer@omts and consequent catches to achieve
those target reference points. This is mostly geecalthough not exclusively, for small-scale
fisheries. Moreover, for some of these fisheriles,doncept of an equilibrium biomass is
problematic due to large variability in stock abande. An additional problem is mismatch of
scales, where cost and logistics prevent adeqaddecdllection for the construction of
guantitative assessments at small scales apprepoiathe population dynamics and life history
of the targeted populations.

When model-based fishery assessment approacheetaeailable, an alternative approach to
setting catch quotas and developing harvest stest@gay include adapting general management
tools such as catch and effort limits, gear retsis, and spatial controls under a precautionary
set of decision rules. These harvest strategies toelee easy to understand by all stakeholders,
as well as precautionary, pragmatic (given the egoa and biological data limitations), and
cost-effective (Campbell et al. 2007; Dowling e2@D8)._A potential approach could combine
empirical reference points or trigger responselte(@ten based on historical catch levels) with
decision rules that aimed to improve the knowledlgghe fishery by first collecting biological
data and hence provide a basis to further devaleharvest strategies using more sophisticated
assessments in the futy@rooks et al 2010; O’Neill et al. 2010). If pdsis, these harvest
strategies need to consistent to the referencegpamwhich an extreme case could be a simply
“best guess” proxy suggesting little knowledgehdit relative magnitude with respect to the
biomass thresholds to which they were intendeatcespond.
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Thus, in the absence of biomass estimates, anc teoimass-based target and limit reference
points, conservative trigger level proxies maydentified as reference poirtesed on the
available information (e.g., historical catch d&@&®UE, mean sizes of the catch, etc.). Possible
triggers may include: (i) changes in averageseds in CPUE (e.g., X% of change in CPUE
from the long-term average; Figure 3); (ii) changpespatial fishing patters (especially to detect
serial depletion processes); (iii) changes in ggecomposition (due to the relevant role of the
species within its ecosystem; e.g., changes irebareas); (iv) changes in mean and maximum
caught urchin sizes; or a combination thereof. Githee small scale spatial structure of the sea
urchin populations and the likely metapopulatiomaure within Californian waters, these
triggers should be area- or zone-sped#ia., by kelp beds if doable). Additionally, eadlyger
should involve different response levels such gnagressively higher data and analysis
requirements are assigned to higher response levai;imize the risk of overfishing
associated with further fishery expansion. If gpoese level is reached, then the status for a
particular species will be re-assessed with a ptessevision to the amount of allowable
harvesting.

The described approach for developing harvestegfies in data-limited fisheries should be part
of iterative process involving discussions amongrdcsts, fishery managers and stakeholders
Further, it should not only be precautionary tossmodate any uncertainties but also be
directed towards more informed harvest strategiee disheries further developor this

purpose, different response levels may be setrfptréggger, with an increasingly need for
information and detailed assessment to be underiaikeach of those levels (Figure 3).
Sainsbury et al. (2007) and Dowling et al. (20Q8)leed this framework in several data-poor
fisheries in Australia and identified 3 trigger ébv (cited here as examples to clarify this
framework):

1) Level 1 should be conservative (e.g., half istdnical high catch) and may represent an early
indicator of a given change in the dynamics offtbleery that deserves clarification from
either a management, economic or sustainabilitytpefiview (e.g., what factors are
responsible for consistently lower catches). Exaspif this level of trigger may include
fisheries with low harvest rates and low catch wwds, in which case the fishery is unlikely
to have funds available to support detailed assestsnHowever, low-cost exploratory
analysis such as spatial and temporal CPUE trensiz® frequencies of the catches should
be performed and causes of changes discussedatedi of management (i.e., divers,
managers, scientists). If a reasonable justificafio the observed changes can be made that
does not relate to potential overfishing (e.g.cltas have decreased because of a change in
market demand as opposed to decreased availalifigr) the fishery may continue with no
immediate management intervention. On the contrarhe absence of any other
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explanation, a precautionary management respomseasuspatial (or temporal) closures
may be implemented, as well as a revision of tlsaguent response level values of the
trigger.

2) Level 2 should be set at a value intended toespond to a level of exploitation that deserves
a more informed and robust evaluation of stoclustathis level is still intended to be
conservative, although a more formal stock assesss@uld be undertaken on the species
to justified increasing existing response leveliesl

3) Level 3 may be considered a proxy for a limierence point (LRP) after which all fishing
pressure on the species must finish and no fuiticeease in catch or effort should be
allowed pending expert consultation and more dedadk sophisticated stock assessments.

""" Proxy for reference point (e.g., past 15 yrs average CPUE)
=== Level 1 (e.g., 50 % of highest historical catch of CPUE)
Level 2
Level 3

. Catch below level 3 value: cease harvest
) X/” v Vv \}V V)

YEAR

CATCH

Figure 3. Schematic representation of a trigger or proxyéberence point (i.e., changes in
current catch with respect to the previous 15 yaaesage or values with respect to historical
high catches) with 3 different levels: (i) leve{rhost conservative) corresponding to a value
equal to 50% of the historical high annual catcbin@ below this point will need at least an
explanation on whether changes reflect issues ®than overfishing; (ii) level 2, where going
below this value will require availability and apsgs of relevant information and assessment of
the stocks; (iii) level 3, where current catche®Wwethis level will imply a cease of the fishing
activity until further stock assessments or expertsultation.

Clearly, there is a trade-off between setting coregese trigger levels or proxy reference points
in the face of uncertainty against the cost assetiaith collecting more information that would
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allow higher catches (through less conservativelteto be set for those proxy reference points),
thus optimizing industry profitability
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