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An Assessment of Ecotrust’s Relative Importance Indators:
Comparisons with Logbook Data for the Market SquidFishery

This report assesses the methods used by Ectirdevelop “importance
indices” for fisheries off the Central Coast of @ahia. The survey methods and the
indices that were constructed by Ecotrust are sumasthin the report by entitled
“Commercial fishing grounds and their relative imgance off the Central Coast of
California”, Report to the California Marine Lifedection Act Initiative, Contract
#2005-0067M, submitted 20 April, 2006. The surirexolved interviewing a non-
random sample of fishermen who were responsibldisproportionately larger shares of
each fishery’'s harvests. Fishermen were askedktttify areas that were most important
to them and indicated these using an assignmek@®points or “pennies”. These
individual responses were then aggregated intopgvade indices, giving higher weights
to areas identified by multiple fishermen.

The assessment reported here is designed to teltdahe extent possible with a
limited time and money budget, whether the impargaindices elicited by surveys are
related in any meaningful way to actual behavibe.do this, the squid fishery was
selected as a test case, mainly because it hasdkgbcords that are believed to be
relatively accurate. Our methods and findingsdetailed below in four sections.

|. Introduction

The purpose of this report is to utilize selectivalailable fisheries data in order
to assess the reliability of the relative imporanaicators (RICs) described in the
Ecotrust report and to draw some inferences alnaurt isefulness for an economic
impact analysis of a network of marine protectesharoff the central coast. Our
comments on the methodology employed in deriviegé¢hndicators were included in a
previous report and so will not be reiterated hexteept to inform the results of the
empirical analysis.

In assessing the reliability of the RICs and tlhesefulness as indicators of
economic impact to the fishing community there@imarily four important questions
that need to be investigated. Firstly, do diffeeem RICs across fishing sites correlate
consistently with differences in the observed istgnof fishing effort by interviewed
fishermen? Secondly, how robust is this relatigmsth changes in biological and
economic conditions across successive years? |fhivtat is the relationship (if any)
between the importance indicator for a site angntsluctivity in terms of expected
catch? Finally, how well do the RICs serve in jprdg the distribution of fishing effort
by the fishermen that were not included in therinésv process?

The next section describes the data sources thratmade available to us for this
study and enumerates the steps taken to pregfareamalysis. The third section



addresses each of the aforementioned questionsninand the fourth section
summarizes our findings.

[l. The Data

The empirical analysis within this report is basatirely on data for the market
squid fishery. Ideally the results we obtain maydiportability with respect to other
fisheries, and we will comment on the broader iggilons of our findings whenever
possible, but the lack of reliable spatial effaatalfor other fisheries precludes any
attempt at overall validation. Indeed, the ch@tée market squid fishery for this
analysis is largely based on the availability adsed logbook data, although the
widespread spatial nature of the squid fisheryiemédconomic importance in the study
region make it a worthy case study regardless.

The vessel logbook data employed in this analymidains a set-by-set record of
the fishing activities of both the interviewed amzh-interviewed fishermen from the
years 2000 to 2005. This period precedes anddeslthe survey dates in 2005. This
data is recorded directly by fishermen and contaiftsmation on the spatial location of
each set, the date on which it occurred, the defothe water, and the catch associated
with that set. The interviewed and non-intervievisdermen’s records were provided in
such a way that we can separate the two groupsdraranother.

The second data source is a raster dataset asthied “grounds” (as defined in
the Ecotrust report) for the interviewed fishermdiis dataset reports the relative
importance value for each 100m square grid cefie derivation of these values is
described at length in the Ecotrust report busgeatially as follows. First, each
sampled fisherman draws his/her fishing sites orap and assigns some fraction of 100
pennies to each site. Each of these sites iskifeken down into 100m squares with
each grid receiving an equal share of its sitdtscation of pennies. These values are
then added across all fishermen to provide indisatbthe relative importance of each
100m grid to the fishery (albeit with a weightintheme that downgrades the
contribution of fishermen with smaller than averfighing grounds to the importance
index). The interview process resulted in sepawter files for each individual
fisherman — information that would have been, iljealsed to correlate survey results
with that fisherman’s vessel logbook data. Howefarconfidentiality reasons, we were
not allowed access to individual raster files oportance indices but instead were
constrained to only use the aggregated indicethéowhole fleet sample in our analysis.

In order to constrain the study to the Central €oagion defined in the Ecotrust
report, we eliminated all sets conducted beyondtréhern or southern extent of the
fishing grounds as defined in the raster datasmir(ded roughly at 34.42 and 37.29
decimal degrees latitude). However, after anaty#ie location of the remaining sets
within ArcGIS, it became apparent that there wesealastantial number of recorded sets
in logbooks with locations that were definitely aalistic (i.e. they appeared to occur on
land or well out at sea) given the nearshore nattitiee fishery. In many of these
situations the problem seemed to lie in impreag®irding of the haul location by
fishermen (and in particular, rounding to the neaneinute) although a small number of
precisely recorded sets were obviously incorrestels Obvious spatial outliers were



dropped from the data, and the resulting distrdoutf points can be seen for the
interviewed and non-interviewed groups in Figuremd 2. (See the Appendix for a
more detailed discussion of data accuracy issues.)

All told, there are nine fishermen incorporatedogbook database of interviewed
fishermen. This is considerably smaller than tédidhermen that were interviewed in
the original survey and that contribute to the Rd€ter. According to CDFG personnel,
five of the interviewed fishermen do not appeaalbin the logbook database. Four of
these either worked on a seiner (but were notisiiefmen of record for the logbook) or
ran a light boat (for which logbooks are not avalgd. One of these four fishermen no
longer fishes, and another fisherman appears te haver fished squid at all. The
remaining two excluded fishermen were dropped dumntapparent lack of participation
in the central Californian fisheryT'he “snowball” approach that was udedselect squid
fishermen for the survey may be partially to bldorethis less than ideal sample for the
purposes of matching importance indices with loghbdata. More careful sample
selection methods were employed for most of therdibheries, so hopefully the
samples are more representative of bonafide fisherfior those associated fisheries

Table 1 shows the distribution of sets across weered fishermen and years in
the trimmed dataset. It is immediately appareat there are marked differences in the
levels of participation across fishermen as weB@sstantial variation in total effort from
year to year. It is important to note that theiddishery extends far to the south of our
study area with the majority of sets occurringha southern California region, so zeros
in our dataset may not be indicative of entry/@ehavior to the broader fishety.

[ll. Empirical Analysis

This section addresses each of the research quegtiesented in the introduction
in the order they were posed. In each case wieautil variety of methods to make our
point and try also in each case to proceed froatively simple graphical/statistical
methods to those involving more rigorous and comptatistical tools.

Question 1: Do difference in RICs across fishing sites correlate consistently with
differencesin the observed intensity of fishing effort by interviewed fishermen?

For the relative importance indicators to serveseful measures of the importance of
particular sights within the fishery, we would lit®@observe a consistent and strong
positive association between the numbers of setsn@are correctly, the proportion of
total sets) fished at a site and the reported vafldlee site. To address this question
empirically, however, requires that we define wisaheant by a “site”. We could utilize
the raster grid itself, but these grids are so kamal the degree of uncertainty in
assigning a set to a particular grid is so large this level of spatial disaggregation is
likely too susceptible to noise to be of much ubsestead, we have chosen to revert to the

! A similar breakdown for non-interviewed fishermiemot possible due to the lack of fisherman
identifiers in our dataset. However, the pattdrtotal effort across years is quite similar, aligb sets by
non-interviewed fishermen typically outnumber tho$¢heir interviewed counterparts by a factortoee
to five.



underlying motivation for the raster grid itselfftmm polygon aggregations of the raster
cells. The raster grid is essentially a discretizersion of an overlay of sixteen distinct
polygon layers; as a result there are numeroushergng grids with identical

importance values. We reduce the dimension optbblem by grouping these identical
cells into a total of 2103 polygons (where equadityalues is measured to the third
decimal place) and then counting the number oftbatsoccurred over the entire six year
sample period. Finally, we divide this count bg trea of the polygon (in square
kilometers) so as to normalize the measure andage a measure of the “intensity” of
effort at the sité. Figure 3 gives an example of the raster to patygmnversion.

Figure 4 summarizes the distribution of importanakies in the fishing grounds.
Clearly the majority of the grounds are accordedlae very close to zero. There is then
a relatively smooth falloff (notwithstanding thelgpat 0.7) with a few very small
“hotspots” at RIC values greater than four. Figblie a scatterplot showing the
relationship between the observed intensity ofretiad the reported value indicator for
the polygon. There does appear to be some weatkvpasssociation between value and
set intensity. As would seem reasonable, thepegsious little fishing within sites with
very low values, this despite their dominance effibhing grounds in terms of area. The
proportion of sites clustered around zero intersli$p declines as the value index
increases.

There are elements of this graph that raise seqaoastions, however. First, the
explanatory power of the regression line is lowhvéh R-squared of just over 5%.
Secondly, there are obvious patterns in the sgdtdterhich seems to suggest that
something other than the value index is behincdtiserved location of sets. This can be
seen in the fact that sites with a RIC of arourade2fished less overall than many sites
with lower values. Also, sites extremely high Ri@lues appear almost completely
unfished. A third problem is evident in the ingie® scatter of the points with
increasing index values. This uneven variancee(bskedasticity) need not be a problem
in and of itself but it could be indicative of gsificant omitted factor driving set
intensity.

To investigate this question more closely, we resthtistical model. One
relatively simple and common method to model theber of events (sets) in a
geographic area is Poisson regression. Undenibael the mean of the distribution is
specified as an exponential function of the regresand the parameters are then
estimated by maximum likelihood. For instanceyéf wish to estimate the average
annual intensity of sets per unit area for saéyeart as a function of their RIC value,
we could specify a model of expected set interesstjollows.

E(count/km? | RIC;)i; = ay [@xp(By + ARIC)) (1)

2 It should be noted that 117 sets from the inteveig and 261 sets from the non-interviewed datauabo
8% and 7% of each trimmed sample, respectivelypféttle to the east or west of the fishing grdan
defined by the raster data but otherwise seemenehle. These sets are not included in the dralys
since they are not part of the defined groundstfi®y have zero reported value). Whether thislsp&o
measurement error or underestimation of the scbffeedishing grounds by the survey instrumentas n
clear.

% Higher order polynomial regressions did littleingprove the fit and were quite sensitive to ouslier



The variablea; is a measure of the total intensity of fishingy@art — for our purposes it

is defined as the number of sets by interviewduefisien irt divided by the number
executed in the base year of 2000 — and it seovskitt the entire distribution of sets
across space according to the level of effortyea while preserving the relative
intensities between sites. Modeling the intensftfishing in this way has a number of
attractive properties. Predictions from the matelbounded from below by zero (a
property not shared by linear regression) and tagimmum likelihood estimates are valid
under very minimal assumptions (Wooldridge, 1997).

Table 2 shows the estimated parameters and staadard for a variety of model
specifications. Model 1 in this table is equivdlto that expressed in (1) but with the
natural logarithm of the RIC in place of its levéUsing the natural log consistently
improved the fit of the models and helped to préweessively high predictions for
high RIC values.) The parameter on In(RIC) camberpreted as the percentage change
in annual sets per square kilometer for a percentagnge in its relative importance
value. From Model 1 we might expect a one perckange in a site’s RIC value to be
associated with an increase in annual visitatioh.58%. The sign and statistical
significance of this estimate seems to supportu#eeof the RIC as a predictive tool for
the intensity of effort at a particular fishingesitHowever, the apparent lack of fit of this
model (as indicated by the smBlHsquared value) is troublirfy.

One very important factor determining where fishenrfish, particularly when
fishermen engage in short trips, is the distandbdefishing grounds from their home
port. This observation has been noted in numeeaysrical studies of fishermen’s
spatial decisions (Eales and Wilen, 1986; Smith\afilen, 2003). Much of the central
California squid fishery is conducted by fishernvemo are at least seasonally based out
of Monterey (Pomeroy and FitzSimmons, 200Ylodels 2 and 3 in Table 2 investigate
this question by including the distance from aipalar site to Monterey harbor
(measured by their overlap with concentric 5 knfénsgf). Model 2 only includes this
distance variable, and it is apparent from thdilked value andR-squared value that
distance from port matters a great deal. Furtheemehen the RIC regressor is included
in Model 3, its effect is statistically significaand of the predicted sign, but the increase
in model fit is quite small and the estimated intpHE®RIC values is now significantly
less than when modeled in isolation. These resulygest that failure to include distance
from port effects may result in overstated impdicis closures, a result that is likely
applicable to other fisheries since a fishermah@ae of port will depend at least in part
on the proximity of desirable fishing grounds.

Models 1 through 3 are all fairly restrictive iratithey presume constant effects
for changes in RIC value and distance. It is ehtipossible that fishermen will behave
quite differently according to the values of thdependent variables. For example, the
increase in number of sets as areas’ relative itapoe indices increase from 1 to 2 may
be different than as indices rise from 4 to 5. iMeestigate this possibility, we modify

* TheR-squared values reported here are defined as theesqf the correlation coefficient between the
predicted values from the model and the true depringariable. This provides a measure of fit agails
to the usuaR-squared statistic for linear regression.

® It is likely that fishing at the southern extefibar study region is conducted by vessels basedfou
Ventura, San Pedro or Channel Islands as pareda$dhthern Californian squid fishery. However,hage
chosen to ignore this possibility here to focugsl@much more intense harvest near Monterey.



Model 3 by estimating a spline regression. A spliegression allows different values for
the parameters over predetermined discrete inteluglensures that the resulting
expectation function is continuous at these bregitpo A variety of breakpoints are
possible for this analysis, but we have deciddaréak the effect of distance into a short
and long-trip effect (within 10km arxllOkm respectively) and have set the breakpoints
for the logarithm of RIC by its quintiles.

The results of the estimation are given under Mddel Table 2. First of all, it is
clear that the effect of distance from port is syMecal phenomenon. Beyond 10km
there appears to be no effect of distance whatspleuewithin this bound the effect is
far stronger than previously estimated. Fisherstieangly prefer to stay very close to
port and this is evident by steadily decliningdenmsity gradient from Monterey harbor
outward. The story told by the five RIC parameisress clear. Three of the five
coefficients have the “correct” sign and all théreates are statistically significant.
There also seems to be evidence of diminishingorespeness to changes in RIC as RIC
increases. However, two of the parameters (cooredipg to RIC values of 0 to .35
and .87 to 1.46 respectively) indicatdeareasing relationship between RIC value and
site visitation. The estimate for the lower rasfeuld probably be discounted — almost
all sites in this range experience negligible aisitn and so the estimate is driven by a
very small number of outliers. The other negapaeameterl(RIC)_Q4), which
corresponds to the gap between the “humps” in Ei§uis not so easily explained,
however. One possible explanation may be thetfettthe RIC values reflect the
aggregated ratings of sixteen fishermen while veeoauty able to observe the choices of
nine. The rankings of sites in this range may tinnge been driven by fishermen not
represented here with corresponding logbook data.

The evidence for the ability of the RIC index tegict the intensity of fishing
effort is mixed. There does appear on the wholgeta positive but diminishing linkage
between the two, but this relationship does noeappo be robust over the entire range.
It is difficult to say whether this lack of robusss would carry over to other fisheries.
Also, the proximity to port of a fishing site istaally far more successful as a single
predictor than the value index, although combintmgtwo variables in a model is
preferable. We would expect a similar affinityli® displayed in a variety of other
coastal fisheries, although the degree of porhayfifor squid fishermen is likely extreme
due to the unusual productivity of the Monterey bagsystem and the ability of squid
fishermen to attract their harvest to them viauke of lights during night fishing.

Question 2: How robust is the relationship between RIC value and the intensity of sets
across years?

This question is critical because it speaks taathy@icability of the survey results
for making long run predictions and to the possilstee interval at which such surveys
may need to be repeated. In the current contexdre/éortunate to have logbook data for
the five years prior to the survey in 2005 andytbar of the survey itself. To investigate
this question, we revert to the basic setup of Ml8da Table 2, only now we interact
each variable with an indicator variable for eatthe six years in the survey.
Conceptually this is identical to estimating thgression for each year separately. We
have also restructured the distance variable gattbaly goes up to 10 kilometers, given



the strong evidence in the previous section thetdces beyond this point have no
appreciable impact on set intensity. Due to tihgdaaumber of parameters that result
from this estimation we have elected to only digplee estimates for the coefficients on
the log(RIC) values in Table 3. The effect of digte from port was consistently of the
correct (negative) sign and showed little evideoicannual variation for all but the
terminal year of the sample.

The results in Table 3 are revealing. There ik Idtatistical evidence @hy
linkage between the 2005 RIC values derived froenstiirvey and the site preferences of
fishermen from 2000 to 2003. There is, nonethekes®ry strong association in the year
prior to the survey (2004) and a smaller and bdirtestatistically significant connection
in 2005. This relationship cannot be explainedibgtuations in total effort from year to
year as this effect is accounted for in the muttgilve factora shown in equation 1. The
increase irR-squared and increase in the log-likelihood valvuer @ll previous models
seems to reinforce the importance of accountingefimporal shifts. At first glance it
seems strange that the RIC values appear to renggal about fishermen’s behavior in
the year prior to the survey than they do about ttemtemporaneous behavior.
However, given that the interviews occurred roughlthe middle of the central coast
squid season, it is likely that fishermen’s permays of the grounds were still more
strongly colored by the previous year’s fishing ex@nce than by their limited fishing
just prior to the surve§. This is despite the fact that interviewers attedpo frame the
guestions about relative importance as indicativéifetime” importance to each
fisherman.

These results suggest that the short term linkageden fishing behavior and the
value indicators may be more substantial than ssigdeoy the pooled analyses reported
in the previous section. On the other hand, thgssical basis for employing RICs for
longer-term prediction appears suspect. It isaliff, given the recentness of the survey,
to evaluate just how quickly the informational cemttof the RIC decays through time.
Zeidberg et al. (2006) found evidence of periogiagitsquid catch per unit effort at lags
of one year, 4.5 and 7.5 years (presumably dueetoscillatory patterns in climatic
variables) that may provide some basis for thelallitpof the RIC information on a
periodic basis.

The recruitment of squid is notorious for its deg@mce on environmental
variables — a dependence that is magnified by #tirt life cycles (Zeidberg et al.,
2006). For this reason we hesitate to draw amngtmferences from this analysis about
the durability of the RICs for use in other fislesti The indicators folK' selected”
species at higher trophic levels may have a muegdo“shelf life” than those for species
such as squid, anchovy, and sardines. What is, tleavever, is that the nature of the
species matters for how impacts are derived anthéodegree of confidence that might
realistically be attached to them.

Question 3: What is the relationship (if any) between the importance indicator for a site
and its productivity in terms of expected catch?

® Alternatively, given the relatively low value ofdoinformation relative to new, it could be thagHermen
made a calculated decision to suppress their rédiestncratic “fine grain” information in favor dhe
information that could be inferred from older, Istitl applicable, information from the previous yea
(Wilson, 1990).



This question is important because it points touthéerlying motivations of
fishermen when they allocate their “pennies” tofieking grounds. Numerous
economic studies of fishing behavior have reveéder things equal) that fishermen
tend to favor sites that yield higher revenuesrargable which is usually highly
correlated with CPUE. To the extent that fishimgpdvior follows the stated preferences
implicit in the RIC index (and we have uncoverethscevidence, albeit limited, that it
does) then we would expect the index values to Bauge positive, and perhaps lagged,
relationship to catch. Practically speaking, thkdge between catch and RIC value is
also important because it provides the mapping filost effort” due to a closure to “lost
catch” which can then be monetized for a measuszohomic impact.

The ideal way to investigate this question woulddatilize fisherman-specific
data on catch per unit effort and to then match dhita with the fisherman’s own
assessments of each site’s value. We were unaplersue this approach for a couple of
reasons, however. First, for confidentiality reasove were not allowed to observe a
specific fisherman’s ranking of a site; insteadoméy see the weighted average of
sixteen interviews. Secondly, we lack any reliabkasures of effort for the fishery.
Squid fishing is often a cooperative exercise Wght boats assisting seiner vessels. The
presence of other fishing operations nearby mayg Ipagitive (from the additional
attractive power of a competitor’s lights) or negaimpact (congestion effects and gear
interference) on the effectiveness of one’s effétiso, there is some heterogeneity
within the fleets in terms of vessels and gear ugdtof these factors make it difficult to
deduce the latent productivity of fishing groundmi data that simply report a location
and a total catch for a set.

These matters aside, one would nevertheless etgebterve in aggregate what
one would hope to see on an individual basis — hartiet the value ascribed to a site is
determined to a significant degree by the expecatch and the expected cost of
accessing the site (proxied for by distance to)pdrb test this hypothesis we estimate
the following equation:

IN(RIC) = B + B1Avg _Catch2000+...+ BgAvg _ Catch2006+ S7Dist _km+
BgDist _knm"2+¢.

This equation allows for annual variation in thtenship between RIC and the average
catch at a site and also allows for a nonlineactfbf distance. We elect to specify the
equation in terms of the logarithm of RIC due te thlative superiority of this
specification in terms of model fit. To avoid atirtion of the estimates of the
parameters on distance from port we only considies svithin 200km of Monterey so as
to avoid the inclusion of sets by southern Califaimased vessels. This equation is
estimated via OLS and is shown in Table 4.

The effects of distance from port are predictaldgative and decreasing over a
large portion of the sample ranfé=ishermen do appear to downgrade their ratiray of
site based on its distance from port. The evidéocthe effect of the average catch

" The marginal impact of increased distance reazkesat around 75km by our estimates. Only 16
observations (3% of our estimation sub-samplebdigond this distance.



recorded at a site in a year is less reassurindeeld, the lack of significance for any of
the coefficients associated with average catchestgghat the RIC values contam
information on the relative productivity of fishirsites! This basic result proved
remarkably consistent over a range of alternafpeeifications and estimation
approaches (not reportet).

There are a number of factors that may be drivimgresult. First, our estimates
are based on fleet-wide averages of annual cattih&nefore may be a poor proxy for a
true measure of CPUE. Second, the RIC measumesidon the nonlinear aggregation
of ratings from sixteen fishermen. Given the langenber of fishermen missing from
our sample and the complexity underlying the retatweighting of individual
preferences in the RIC measure, we might expecgtbkeciation between site
productivity and the value index to be weakenetirdl congestion effects and gear
interference may serve to level profit differergiakross sites so that fishing decisions
are largely based on cost minimization. This seeuit likely given that most squid
fishing occurs within a very small geographic aaed at night so that competing
fishermen can easily locate one another. Fineiliilermen may care not only about the
expected level of catch at a site but they may also careeatgleal about thesk (both in
terms of variation in catch and exposure to unBsiféng conditions) that they may face
in fishing. If sites with higher expected payadiso involve more risk then the two
effects may cancel each other out.

We strongly doubt that this lack of associationnastn the relative importance
indicators and observed catch would carryover tayvwher fisheries in the sample.
Provided that fishermen responded to the survelkftrlly, then it seems reasonable to
posit that they would consider the relative produiies of fishing sites in their
assignment of value to those sites.

Question 4: How well do the RICs predict the distribution of fishing effort for the
fishermen that were not included in the interview process?

Ultimately, the purpose of the RICs is to aid iegticting the lost effort (and thus
the lost economic benefits) from a series of clesurThese must be calculated over the
entire fleet, not just the portion that was interviewed ao it is important to assess just
how well the indicator values predict the behawabthe fishermen that were not included
in the survey.

A casual glance at the distribution of sets in Fegul and 2 suggests that the two
groups of fishermen had roughly the same spatstidution over the sample period.
This supposition is confirmed in Figure 6 which wsisdhat the sets of the two groups
exhibit very similar degrees of spatial scatter aridntation, although the average set
location of the non-interviewed fishermen is sllghmore to the north than that of their
interviewed counterparts. Furthermore, the kedeslsity graphs (essentially smoothed
histograms) in Figure 7 show that the two groupselamilar distributions of effort in
terms of the relative importance indicators. Alktevidence would seem to suggest that

8 A word of caution is due here. Given our speatiien, we can only estimate this equation for atietly
small number of sites that had a catch recordyiege visited at least once) for every sample ygassibly
biasing the results. We partially accounted fig by estimating a separate regression for each paa
the results remained essentially the same.



the non-interviewed fishermen (in this case attjeasuld have described their fishing
grounds, and the values they assigned to therng gimtilarly to those who were
surveyed.

To confirm this intuition, we replicate the firsiree models from Table 2, only
now with the dependent variable being the annuahsity of sets by the non-interviewed
fishermen. These results are shown in Table % afmual scaling parameterare also
changed to reflect the relative numbers of setwéen the two groups so that the
parameter estimates are directly comparable tetfarshe interviewed fishermen. The
relationships between the variables are quite ama those noted previously for the
interviewed fishermen. All of the qualitative réésuemain the same and most of the
parameter values are statistically indistinguiseablmagnitude across equations. The fit
of the models is a bit lower than for the intervegliifishermen but this is to be expected
given that the preferences of the non-interviewsldeifmen are not factored in the RIC
values® Results of a spline regression like Model 4 ibl€2 (not reported) showed a
gualitative pattern analogous to that for the wmwed fishermen.

These results provide support for the use of RI@redicting the distribution of
fishing effort by squid fishermen that were notv@&yed. Although the predictive power
of the value index is not quite as high as it istfe interviewed fishermen, it appears
that the two groups can be treated as roughly etpnvin their spatial behavior. Given
the different sampling approach used for this figltmmpared to most of those in the
Ecotrust study, it is difficult to say whether tltiose similarity of behavior between
groups can be expected for other fisheries.

V. Conclusion

The purpose of this analysis was to use the sighery as a test case to examine
the usefulness of Ecotrust’s “importance indicdlQ) for assessing the potential
impacts of reserves. The usefulness of the medkepdnds upon two issues. The first
issue is whether the importance indices computadeebtrust sampling/survey/mapping
procedures correspond to actual measures of behakvine second issue is whether the
measures can be used to illuminate how a reseogegm might impact fishermen.

The squid fishery was selected to do this test aasessment because its
logbooks are believed accurate. While the squidefiy may be the best test case because
its logbooks are relatively accurate, we faced sepeeial problems related to
confidentiality of the RIC data. We spent seveia}s negotiating with Ecotrust and
CDFG over how we might access and examine datstdhdreserve the confidentiality
of that data. The compromise we reached in thenasdimperfect. It called for
preserving the confidentiality of individual fislmen’s maps (raster files) about their
most important sites, and instead aggregatingf aieinterviewees’ individual files into
one group-wide importance index for the Centralst.o&Ve then assembled another data
set pertaining to the interviewed fishermen’s logjtg) scrambled to protect

° R-squared actually decreases in the movement fromeMdib 3. This is possible with Poisson
regression since maximum likelihood estimation ifgnleast squares) does not maxinieequared. The
substantial increase in the log likelihood valuppmrts Model 3 over 2, however.
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confidentiality. A third data base was construatéthe logbook data for individuals
who were not interviewed.

Unfortunately, the compromises to protect confideity precluded undertaking
the most illuminating investigation, namely examiwhether each interviewed
fisherman’s most visited or highest yield sitesevalso ranked as his/her most important
sites with the “pennies” allocation experimentstead we were only able to test whether
the importance index surface for the whole intemgdgroup was correlated with the
whole group’s pattern of hauls. Working only witie aggregated data sets led to other
matching problems that were difficult to resolv@nly 9 of the 16 interviewees used to
construct the aggregated squid spatial importamdexi actually have corresponding
logbook data. Of those 9, 4 have logbook data witlegree of rounding that makes it
difficult to accurately associate all logbook setth specific GIS data points (Table 6).
The resulting sample over which we are able tosastfee importance indices method
thus is small and possibly non-representative.

Despite the fact that our test case is not idealteport here a thorough analysis
of the aggregated importance indices for the inésved group and the net-set data by
both the interviewed and non-interviewed group®rgeriods that include the interview
period and years back to 2000. We believe thahawe exhausted the possible ways to
test the usefulness of the methods, given theatatastatistical tools that are available
and intuitively understandable. Our findings asdalows:

1. for the sample of interviewed squid fishermen, ¢hsra weak correlation
(explaining about 5% of the variation) betweendggregated importance
indices and the sites actually visited by thosé Wwigbook data in the
interview sample (Figure 5, Table 1; models 1-3).

2. the relationship is not monotonically increasing & might expect) with sets
per unit area rising as the importance index r{$able 1; model 4). Our
suspicion is that this is likely due to the radiievlogbook mismatch; of those
16 used to make up the aggregated importance ik 9 have matching
logbook data. The non-monotonic relationship tikedy reflects situations
for which certain fishermen were interviewed and tigeir importance
indices recorded, but for whom logbook data is mgs We could have
excluded them if we were not prevented by confiddity from individually
associating raster files with logbooks.

3. while there is an association between effort (Heatsl the importance index
(Table 3), there is no statistical association leetwthe index and catch
(Table 5). Thus while fishermen seem to be atxhtd areas they designate
as important, it is not necessarily because thegiymre higher catches per net
haul. This is a surprising finding and one thatisariance with other
economic studies of fishermen'’s location choicéBere are several
explanations for this. First, the catch per hathdnay be too noisy.
Logbooks filled out at sea are estimates and Belere not corrected by
processors at the point of landing, they may bartaocurate to be useful.
Second, catch per haul may not reflect abundan@PalE but instead
contractual relationships to deliver certain quasgito processors. Third,
squid may aggregate around the lights in relatigelystant densities so that
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catch per haul does not vary over space systertigtida this case, fishermen
would choose areas that minimize travel distancglaging the fact that
distance is the most important predictor of the RIEourth, fishermen may
be rapidly depleting local squid populations dowtetvels that are just
profitable, equalizing distance-adjusted catchhaerd everywhere.

4. The strongest relationship between the aggregaieriance index surface
and effort is associated with the 2004 pre-sunesgyr gatch (Table 3). This
suggests that interviewees reported importance@sdhat reflect most recent
information rather than sites with highest “lifeenmportance” as intended by
interviewers. The use of most recent informat®nat particularly surprising
given that the squid fishery varies temporally apdtially and given that
expectations often reflect the recent past. Boasts some doubt on the
usefulness of these indices for gauging permamsetrve impacts for a
spatially variable species. Unfortunately, sinaewere only able to examine
this one (spatially variable) test case, we caeramine the opposite
hypothesis, namely that fishermen fishing sedergpecies would accurately
associate high importance indices to areas with pgrmanent productivity.

5. Non-interviewed fishermen behave similarly to intewed fishermen in this
test case, even though the interviewed samplengaodom. While the
statistical mass of non-interviewed fishermen’slfaishifted slightly to the
south compared with the smaller interviewed sar{faigures 1, 2 and 6), the
median hauls are close to identical. In addittbe,same basic relationships
explain the density of sets per square kilomet@mely distance from port
and (marginally) the RIC (Table 4).

Overall, we conclude that for the squid fishery tesse, the index computed by
Ecotrust’s sampling/survey/mapping proceduresss@ated in an expected manner with
actual behavior on the part of sampled fishermdigh values ascribed to importance
indices are related to higher effort levels in thaseas, although the statistical
association is weak and not monotonic (FigureMpreover, even with the non-random
sampling, the group of fishermen who were not sachgeems to exhibit similar spatial
choices as its sampled counterpart. Although wé@athat one cannot make too much
out of analysis of a small and imperfectly disaggted sample, we suspect that the
attention the Ecotrust gave to sampling protoaad, e involvement of fishermen in the
data gathering design, led to honest survey ansavetseliable data. As to the
remaining question about whether information alefidgrt behavior can be translated
into economic impacts, there is less that can lmevgigh confidence from this case study.
As this test case suggests, importance indices gtadfor species with variable spatial
patterns may rely on ad hoc projection of mostmeggormation rather than some
longer term historical averaging.
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Appendix: A Discussion of Data Inaccuracy and its &ssible Effects on the Analysis

As mentioned in the body of this report, a numbesaets had to be dropped from
the analysis due to their questionable locationrdioates. In all 223 (13%) sets were
dropped from the interviewed fishermen’s logs whil&9 (24%) were dropped from
those of the non-interviewed fishermen. The e$f@ttthis trimming do not fall equally
across all fishermen. This appears to be drivea psopensity on the part of some
fishermen to excessive rounding of their spati@ardmates. Such behavior may be due
to limited GPS or other navigational technology oata the vessel or may occur
deliberately as fishermen attempt to hide their@h@ishing spots from regulators.

The propensity of different fishermen to round test locations can be seen in
Table 6 which presents the number of rounded looat{those which are not recorded at
the maximum resolution of a hundredth of a miniekach interviewed fishermen in
the trimmed dataset.

The implications of imprecise set locations arefoh First, the fact that some
fishermen only record locations to the nearest teid latitude or longitude may lead to
the systematic exclusion of some fishermen ovegrsthif some of the “heavy rounders”
exhibit markedly different spatial preferences frimair competitors, then we might
expect the increased exclusion of their recordidtort the relative spatial distribution of
fishing effort, possibly causing a divergence betwéhe pattern of effort suggested by
interviews and the actual one. Also, differencethe propensity to round between the
interviewed and non-interviewed groups can leaa goeater rate of exclusion for one
group than another, distorting the relative amowoitstal effort (and catch) contributed
by each group. This second issue can be corrégtémbking at the untrimmed data but
the first is irreconcilable unless further assummdi are employed to recover the true
location of imprecisely recorded sets.

A second implication of rounding of coordinateshat some of the set locations
in the non-trimmed data may be suspect. In masgsd is impossible to separate sets
that were rounded from a more precise location feoset that truly occurred at that
particular coordinate. This is especially tru¢ha case of latitude since the squid fishery
occurs over a wide range of latitudes but is lichiie a fairly narrow longitudinal band
along the coast. By our calculation, the grid whiL00 meters is approximately equal to
3 seconds; therefore, spatial coordinates mustdmraed to at least the level of the
second to be able to reliably match a set to aifspeell. In decimal terms, it is only
when latitude and longitude are recorded to thalredth of a minute (0.6 seconds) that
such a level of accuracy is achieved. Anything l@®cise may result in a possible
misattribution of points to raster cells (or thessociated value-aggregated polygons).
Table 6 suggests that an upper bound of 23% dbsations may suffer from this
problem, although the actual number is likely &8d. The impacts of this problem are
difficult to ascertain, but we have elected toirethese questionable observations rather
than discard them for the simple reason that tealaould result in a substantially
smaller sample and the complete elimination of fisleermen from the analysis.
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FishermanID 2000 2001 2002 2003 2004 2005 Total

LOOO00 0 0 12 0 9 0 21
LO0001 0 0 0 10 19 0 29
LO0012 2 14 18 0 0 0 34
LO0123 0 0 0 51 37 0 88
LO0321 38 43 138 114 56 48 437
L01234 2 58 143 102 7 27 339
L04321 4 2 6 50 17 50 129
L12345 0 33 25 25 23 0 106
L54321 0 2 93 49 70 37 251
Total 46 152 435 401 238 162 1434

Table 1: Number of sets (after trimming) for interviewed fishermen along the central coast.

Dependent Variable: Annual Sets per Square Kilometer (Interviewed Fishermen)

Independent Model Model Model Model
Variable Q) (2) 3 4
In(RIC) 1.5319 .7533
(.1710)* (.2192)*
In(RIC)_Q1 -2.0184
(.4080)*
In(RIC)_Q2 5.7578
(1.3971)*
In(RIC)_Q3 2.6622
(1.2325)*
In(RIC)_Q4 -3.4282
(1.0598)*
In(RIC)_Q5 1.6554
(.4474)*
Dist_km -.1454 -.1113
(.0388)* (.0405)*
Dist_It10km -.5863
(.0464)*
Dist_gt10km .0025
(.0024)
Constant -1.9558 .1220 -.3322 -4.3797
(.1337)* (.2310) (.3192) (.7577)*
Log-likelihood -43934.093 -37580.979 -36071.917 -25518.67
R -squared .0218 .0760 .0796 .1463

* Indicates the parameter is significant at the 5% level
Table 2: Poisson regression results for interviewefishermen (standard errors in parentheses).



Dependent Variable: Annual Sets per Square Kilometer (Interviewed Fishermen)

Independent Parameter
Variable Estimate
In(RIC)_2000 .1875
(.8026)
In(RIC)_2001 -.3661
(.3100)
In(RIC)_2002 .3953
(.2982)
In(RIC)_2003 .1910
(.2124)
In(RIC)_2004 2.1635
(.5554)*
In(RIC)_2005 1.1514
(.6743)**
Log-likelihood -24260.855
R -squared .1579

* Indicates the parameter is significant at the 5% level

** |ndicates the parameter is significant at the 10% level
Table 3: Estimated link between relative importancendices and annual set intensity when the effect
is allowed to vary by year.

Dependent Variable: Annual Sets per Square Kilometer (Non-interviewed Fishermen)

Independent Model Model Model
Variable Q) (2) 3)
In(RIC) 1.7229 1.2980
(.1394)* (.2392)*
Dist_km -.0827 -.04024
(.0226)* (.0206)*
Constant -1.9032 -.0630 -.8997
(.1269)* (.2074) (.3247)*
Log-likelihood -119590.02 -116163.62 -104251.18
R -squared .0201 .0538 .0483

* Indicates the parameter is significant at the 5% level

Table 4: Poisson regression results for non-intereived fishermen
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Dependent Variable: In(RIC) (Interviewed Fishermen)**

Independent Parameter
Variable Estimate
Avg_Catch_2000 .0059
(.0240)
Avg_Catch_2001 -.0097
(.0085)
Avg_Catch_2002 .0017
(.0047)
Avg_Catch_2003 .0046
(.0054)
Avg_Catch_2004 .0044
(.0093)
Avg_Catch_2005 -.0040
(.0385)
Dist_km -.0307
(.0031)*
Dist_km"2 .0002
(.00003)*
Constant .5662
(.0626)*
R -squared 0.2520

* Indicates the parameter is significant at the 5% level

**Regression only includes sites within 200km of Monterey
Table 5: Linear regression investigating the link letween RIC value, expected catch and distance
from port (heteroskedasticity-robust standard errors in parentheses).

Fisherman ID Not Rounded Rounded % Rounded

LO0000 0 21 100%
LO0001 28 1 3%
LO0012 0 34 100%
L00123 86 2 2%
L00321 418 19 4%
L01234 333 6 2%
L04321 7 122 95%
L12345 21 85 80%
L54321 216 35 14%
Total 1109 325 23%

Table 6: A comparison of rounding practices by inteviewed fisherman in the trimmed dataset.
(Rounding is defined as any spatial coordinate natcorded to the hundredth of a minute of latitude
or longitude.)
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Legend

»  Sets - Interviewed Fishermmen
Squid Grounds -- From Survey

Figure 1:

Distribution of sets for interviewed squd fishermen 2000-2005.
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Legend *

*»  Sets-- Non-Interviewed Fishermen
Squid Grounds -- From Survey

Figure 2:

Distribution of sets for non-interviewedfishermen 2000-2005.

19



Legend

RIC Values

B 0.0166 - 0.7560
[ 0.7561 - 1.4955
[ ] 14956-22350
| ]22351-29744
| 1 29745-37139
| 1 37140-44533
| | 44534-510928
] 5.1929 - 5.9322
B 59323-66717
B 66718 - 74111

Figure 3: Example of raster to polygon conversiondr an area of coast south of Monterey Peninsula.
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Figure 4: Areal distribution of relative importance indicator values across the fishing grounds
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Figure 5: Scatterplot of hauls per square kilometews. the relative importance indicator for
interviewed fishermen.



Legend
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Figure 6: The relative spatial distributions of theinterviewed and non-interviewed fishermen
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Figure 7: Kernel density distribution showing the poportion of sets executed in areas of particular

RIC values for both interviewed and non-interviewedfishermen.
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