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Abstract

Recent largdéluctuations inanindex of relative abundance for the silky shiarkheeastern
Pacific Ocearhave called into question its reliability as a population indicator for management.
To investigate'whethehesefluctuations were driven by environmental forchagher than true

changes in‘abundanaePacifiewide approach was tak. Data collected by observers aboard

purseseine vessels fishing in the equatorial Pacific were used to compute standardized trends in

relative abundance bnggion, and where possible, by shark size category as a proxy for life
stage.These indices wereompared tahe Pacific Decadal OscillatioDO), an index of

Pacific Ocearclimate variability Correlationbetween silkyindicesandthe PDOwas found to
differ by region andize categoryThe highest correlations by shark size category feeremall
(< 90 cm tetal length (TL)) and medium €280 cm TL) sharks from the western region of the
equatorialeastern Pacific (EP) and from the equatorial western Pacific. This correlation
disappeadinithe inshore EP. Throughout, correlations with the PDO gemnerally lower for
large silkyssharks (> 150 cm TLJhese results arsuggestive of changes in the small and
medium silky indices being driven by movement of juvenile silky shacksss the Pacific as the
eastern edge of the IndRacific Warm Pobshifts location with ENSO eventsower correlation
of the PDOwith large shark indices may indicdateatthose indicesvereless influenced by
environmentalkforcing and therefore potentiddlys biaseavith respect tanonitoring population

trends.

Keywor ds; silky,shark;Carcharhinus falciformis; Pacific Ocean; pursgeine; PDO; ENSO;
FAD

I ntroduction

Assessment.and management of the silky s{@@aikcharhinus falciformis) in the Pacific Ocean
has been complicated by a lack of information about both the ecology of the silky shtr& and
amount of fishery removals. Management of the silky shark east BW1&PO), in the Inter
American Tropical Tuna Commission (IATTC) maeagent area (Allest al., 2010), is based
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only on trends in indices of relative abundance estimated from data collected by observers
aboard largetuna purseseine vessels. Data available from other fishenpesatingn the ERD
that catch silky shark®ycatch or targeted) are either incomplete with respect to fishing effort
with respect taatch by species (Siu and Airda-Silva, 20185 In the Western and Central
Pacific Ocean,(WCPO) there is lotgrm observer coverage for the longline fishery but the

sample size is.small and may be unrepresentative of the fishery as a whole. Observer coverage

for the purse'seine fishery is higher but only in the years since 2010 (Clarke, 2017).
Management of silky shark in the WCPO is primarily through aetarion rule adopted
subsequernb a WCPO silky shark stock assessmetich concluded that the species is
severely ovefished (Rice and Harley®013).

The first exploration of trends in Pacific silky skg@opulations begaim 2007in the EPQ and
interpretation of these trendshichcontinue to beaipdated annually, has proved to be an
ongoing challenge. Of concern was thitial declinethat begarin the late 890s (Minamiet al.,
2007), whichPmay have been related to expansion of the pensefisheryon floating objects in
the ERD (Lennert-Cody and Hall, 1999). However, other interpretatealso possiblend the
processes.driving change in the index have continued to be dehmesedla-Silva et al., 2014).
Since the.mid 2000'’s, the index for the silky shark in the EPO north of the ehaatibuctuated
considerably (Figure 1), raisirigrtherquestions as to the processes driving the index. The
recentincreases in the EFindicesfrom one year tohe rext, especially in the nohn EPO, are
in many casemorapidto be due exclusively to population growtle(nertCodyet al., 2017).
Similar fluctuations are found in indices computed for other types of ma@ise-setgses on
dolphin-associated tunas and unassociated tuna schools; L-€lothrét al., 2017), suggesting
that processes behind the recent changes in the index are not specific to aspefishefy on

tunas associated wifloating-objects.

Other processes that migiantribute to fluctuations in the index include environmentally
mediated changes in availabiliby silky sharks to fishing gear and/or easst/northsouth
movementHere we investigatthe potential forecent fluctuations in thEPO index to be

driven by environmental forcing. We focus on data from paesee vessels fishingn tunas

1 Vessels with fiskcarrying capacity $63 t.
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89 associated with floatingbjects in the equatat Pacific silky shark bycatch in pursseine
90 fisheries primarily occurs in floatingbject (associat) sets RomanVerdesoto and Orozeo
91  Zoller, 2005;Clarke 2017), andhe silky shark is a tropical species, preferentially inhabiting
92 temperatures over 23 (Bonfil, 2008; Musylet al., 2011). In addition, the purseine fishery is
93 the only gear.type with adequate observer coverage in both the eastern and western Paci
94  Relative abundance indices for the silky shagtecomputed from bycatch-peset data by area
95  within the'equatorial Pacific and compared to an index of Pactfea@climate variability the
96 Pacific Decadal Oscillation (PDOWhere possible, indices alserecomputed by sharkize
97 categories that refletife stages.
98
99 Data
100  Two silky sharkdata sets were used in this analysis, one ft@udast of the Americas to
101  180W (EP) and the other from 180 W to the west (WR)The data were collected under two
102  differentmanagemendgencies, the IATTC and the Western and Central Pacific Fisheries
103  Commissiony(WCPFC). Although the daiallected under these two management agencies
104 largelyrepresentifferentfleets both data sets were collected by obseradasard pursseine
105  vesselssetting on tunas associated with floating objéaisoreferred to as “floatingbject” or
106  “associated” sets}loatingobject sets include sets on tunas associated with fish aggregating
107  devices (FADs) and withaturaland anthropogenidrifting debris €.g., tree trunks, metal
108  drums). Since the mid-199@sating-object sets in the ERave beemlominated by sets dPADs
109 (IATTC, 202032016)Sets made in thé&/P on anchored FADs were excluded from this analysis
110 because FADssed in the EP are drifting FADs.
111
112  The EPdatawere collected by IATT@bservers aboard largeirse-seiners during 1994-2016.
113 Collection of quantitative data esronrmammal bycatch by observers began in 1993btd
114  werenot complete for that year.b@ervers remrded bycatch of silky sharks threesize
115  categoriessmall (<90 cm total length (TL)), medium (90-150 cm TL), and large (>150 cm TL))
116  (RomanVerdesoto and Orozesdller, 2005). These size categories roughly correspond to
117 animals of age € yr, 1 — 3 or 4 yrs, and > 3 owy#s, respectivelyOshitaniet al., 2003;
118 Sanchez de Itat al., 2011). Posprocessingf the data was done to remaads that may have
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119  been unusual with respect to fishing practicsesh asepeat sets on the same floatolgect and
120  sets with no tuna catqinami et al., 2006).

121

122  Based orthespatial and temporal distribution$ floating-object set in the EP (Lennert-Cody
123 al., 2017, eight areas werdefined in th&P equatorial regiofrom the coast of the Americas
124  180W betweenlO'S to 8°N: four areasnorth of the equator and foareassouth of the equator
125  (Figure'd."After'data processingndexcluding sets outside of the equatorial zone, data on
126 63,768 setgvere available foanalysis which represents over 80% of largessel floating

127  object sets of trips sampldéy IATTC obserers (numbers of sets by area are shown in Figure 3).
128  In the postproeessed IATTC dataset, there werdloating-objectsets west of 180V. IATTC
129  coverage of'largeessel trips originating in the Americasd fishing within the IATTC

130 management ardaoast to 150W; Allen et al., 2010 wastypically 60% or greater, depending
131 on the country and theear. Because of the expansiohthe EPfloating-object set fishery in the
132 mid-1990s\(Lennert-Cody and Hall, 199¢he areasdiithest to the west withithe ER Areas 24
133  and 7-8(Figurewd, only contain data beginning in 1995 and 1996, respectixedas4 and 8
134  fall outsidetheddATTC managemerarea

135

136  The WP data were collected ynboardobservers of national observer prograhet

137  participate in theWCPFCobserver program during 2004-208arke 2017).Data prior to
138 2004 were.considered unreliable $brark species identificationBostprocessing of the WP
139  data was doneito remove data of countti@swere not active over tHell 12-yearperiod and
140  sets thamay:-have been faulty as they did not catch any flima.dcata(Figure 3 were further
141 limited to the region from 14& - 180W and 10S - 5°N as this area had fishing activity

142  throughout thd2-year period Although WP silky shark bycatch data were not recorded by
143 shark size category, samples of the size composition of the bycatch were colleetedst

144  majority (z964) of lengths inltlose smplesfrom the WPpaost-processed data set were

145  equivalent.te'the EBmall ormedium size categorie$he data for the WP provided by the
146  WCPFCincluded vessel tripthatextended into the ER.€., to the east of 18W). The WCPFC

2 The remaining trips are covered by national observer programssiofis countries, sexg., Table 1 of:
http://www.iattc.org/Meetings/Meetings2017/AIDEIB/PDFs/Docs/_English/MOB6-05 Reporon-the
InternationalDolphin-ConservatiorProgram.pdf
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dataeast of 18°W were not included in this analysis becadsplicate datdi.e., sets covered by
both IATTC and WCPFC observer programs) could nadsaly identified

ThemonthlyPacific Decadal Oscillation indgeDO)for 1950 to 2017 was obtained from the
website of theloint Institute for the Study of Atmosphered Oceahatthe University of
Washington The PDGis an index of inter-annuab-interdecadavariability of the PacificOcean
climate'(Mantua and Har@2002) that has been shown to corresponddny facets ofariability
in the ecological dynamics of teasterrNorth PacificOcean(Mantuaet al., 1997;Franciset

al., 1998; Frankst al., 2013). It is the first principal componesftsea surface temperature
(SST)variability, for latitudes north of ZM, after removing a globallyztegrated trendThe
PDO has &trong El Nifio componenMantua and Hare2002; Frankst al., 2013) along with
other lowerfrequency oceanic signals liththe tropics and subtropicse.g., Newmaret al.,
2016).As such, the PDO is a single mode of complex North Pacific variathbtyis only partly

related to tropical processes.

Methods

Standardizetbycatchperset (BPS indices,by area and shark size categbmhere available)
were estimateth order tomodel effects ofactors other than inteannual oceanographic
variability that may influence trends in shark abundambese standardized indices were
constructed by fitting aercinflated negative binomigZINB) generalized additive model
(GAM) to the"BPSJata following the methodf &inami et al. (2007). The 2B is a
distributionsthat is commonly udéo model count data with a high proportion of zero-valued
observations and also large count valess,(Zuuret al., 2009), which is the case for silky
shark bycatch in purseeine fisheries in the Pacific Ocean and elsewhere (Migzahi 2007;
Amandeet.al.,.2008;Clarke 2017. All ZINB GAM s were fitted to theetby-setdata using an
EM algorithm_€.0., Minamiet al., 2007). For modelling the BBPPS data,lte same covariates
were used.as‘those of Minaatial. (2007) for each component of the ZINB GAjkar(a
categorical'variablelinear terms for fishing gear characteristidsfth of the purse-seine net,
depth of the floatingsbject below the water’s surfggéor proxies for local community biomass

(naturallogarithmof the amount of tuna catch, naturaldaghm of the amount of other bycatch

3 http://research.jisao.washington.edu/pdo
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speciey, andfor two proxies for local floating-object density and 88T (measurd by the
observeiat the time of ta se}, and smooth ternfer the day of the yedto capture seasonality)
latitudeand longitude (to captutemporallyinvariantspatial gradien)sand time othe setThe
modelused forthe WPBPSdata was somewhat different, in part becauseciessriate
information.was available: year (factor), month (factor), country of vessetryegisl type of
associated set{both factors), linear terms for the natural logarithm of tuna catch and natural
logarithm of‘a'proxy for object density, and smooth terms for latitude, longitude andftdag

of the setNo‘interaction terms were included in the models.

From the estimated ZINB GAM coefficients a standardized index of relative abundance was
computed en a'monthly time stafyith exception of the timetap (year and day of the year at
the midpoint ofileach month for EP, or month for WP) and latitude and longitude, all other
covariates were fixed at their median value (continuous variables) or most comm®n va
(categorical vaableg. The medians and most common factors were deterrsgyeatatelyor

the north EPypthe south EP and the Wike standardized index was the predictd®l3in each 1
squareof an area at a time steqymmed over allIsquares in the area. A monthly time step was
selected to.be consistent with the time step of the PDO (see bEipal)y, a 12-month
symmetriemoving averagaas applied to each standardizede series to remove seasonal
pattern in the predicted trend

For each areawand shark size categ@yraimatepointwise95% confidence intervals were
computed forthe standardized®8 indexby resampling frona multivariate normal distribution

with means, variances and covariances of the estirdiiésl GAM coefficients(Wood, 2006),
assuming knowsAM smoothingparameterandnegative binomiascale parameterBive

hundred indices were simulated in this manner for each area and size category for which a trend
could be computed value of 500 was selected as a compromise betweeyypibal number of
simulation.runs used to compute confidence intervals (1000’s) and the time requineddolr
simulation Paintwise onfidence itervals were computeat each time step from the 500

simulated index valuassing the percentile methoHf(on, 1982).
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To evaluate theorrelationbetween the PDO and the standardiz®® indices, the Spearman

rank correlation coefficient was comput&ar consistencyhe PDOindexwas firstfiltered with
thesame moving average filter as wagsplied to thestandardize®PS indicesBecause the two
indices are on different scalestb the filtered PDO and the filtered standardized BPS indices
were then each centered and scaled by subtracting their respective means and dividing by their
respetive standard deviatiorts facilitate visual comparison. The Spearman rank correlation
coefficientwas‘compted between tlsenormalizedndices(therankcorrelation is unaffected

by normalization). Approximate 95% confidence intervals for the correlation cieetfivere
computed for each area and shside catgory (where applicabledsing the500simulated index
values described above.

Results

Nominal(unstandardizeddnnual silky sharBPSwasgenerdly greater in the equatorial WP

than in the.equatorial ERNd varied by area and shark sizegary within the equatorial EP

(Figure 3.sThermagnitude ofsall silky BPSwastypically greatemorth of the equatqAreas 1

- 4) than south/of the equat@reas 5- 8), whereaghatof large silkysharks were similar
throughoutithe equatorial EPemporal trends itarge silkyBPSalso were similar across the
equatorial-EP, showing an overall decreasing trend over the 23 year period. In contrasal tempor
trends for small and medium silky shaxesied by area andieremast similar to those of large

silky sharks south of the equatbliorth of the equator, a decrease in the BPS trends for small and

medium silky“sharks isnly pronounced ithenorthern inshore area (Area 1)

Standardized BPS indices could not be obtained for some areas and/or sharkgiziesate
within the equatorial EFStandardized indices for Area 4 were not computed due to a lack of
data in some years, in particular prio@09 and in 2015. Standardized indices were not
computed. for Area 8 due to model instability, probdi#gause othe low numbers of data
observations'before 2007 and after 2012; ab@&b of the data in Areas 4 and 8 corresponded to
years2007-2012. Standardized indices were not computed for small sharks in Areas 5 - 6
because of theery low level of bycatch (Figure 3) and for Asea- 6 (mediumsharks) and

Area 7 (small sharks) because of a lack of convergence of the EM alguiitttnm 100

iterations Also, the fit of the ZINB GAM to the silky sharkFB datavas better for the Ethan
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238  for the WP(Table 1), possibljpecause fewer coviatescouldbeincluded inthe WPmodel due

239  to data gaps.

240

241  For those areas where standardized BPS indices could be computed, trends variednoy area a
242 shark size category (Figurg. As with the nominal indiceshé standardized trends for large

243  sharkswithin theequatoral EPwere dominated by a pronounced decrease in the late 1990s that
244  continued into'the early 2000’s south of the equaiocontrast, thetandardized trends femall

245  and medium sharks within the EP do not show this pronoutea@ase excefir medium silky

246  sharks in Area 2 and 7, and the decrease in Area 2 occurred only at the beginning of the time
247  seriesIn the effshore north EfArea 3)thereis no decreasing trend for either smalhgedium

248  sharksThesstandardized mediusilky trendwas nost similar to the standardizé&tge silky

249  trend in Area 2hoth indices highest in 1995. In additidime smalland medium shark indices

250 Area 3appeamore similar to the Wiend in Are& over the 2002015 period thato theEP

251 indices in thenshoreArea 1(Figures 4, 5). However, the peak in the WP index around 2011
252 lags that ferssmall and medium sharks in Area 1, which occurred in 2010.

253

254  There wasconsiderable spatiahd life-stage relatedariability in the correlation between the

255  PDO and.the standardized silky BPS indices (Figlr&lte highest correlatiowith the PDO

256  was found in the offshore norédguatoriaEP for small and medium shark&rea3). The

257  similarity between the small silky index Area 3 and the PD@ striking.Higher correlation

258  was foundbetween small/mediusiiky indices and the PDO in Areas3znd 7 than between

259 the large shark'index and the PDO in the same andttsin a shark size category, the

260 correlationdecreases to ¢#east within the equatorialFi.e., Area 3 correlatior Area 2

261  correlation > Area 1 correlatiomrdnd the correlation low or not significantthenorthequatorial

262  EPinshore.area (Area I)hecorrelation coefficiehis low for the PDO and the WP silky index
263  (Area 9) despite thgoodvisual agreemenperhaps in pattecauseéhe WP index only spana

264  12-year period

265

266  Theprimary effect of the standardization process was the reduction of high bycatch rates in some
267  years (f., Figure 3 and Figure 4). For example, for 2005 and 2014, Area 3 for small and medium
268  silky sharks, the peaks in the nominal indices are not apparent in the standardce=d Adp
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269  changed by the standardization process was the relative level of the bycatch rates for small silky
270  sharksin Areas 1-2 between 2001-2006 relative to the 1995-1997 period.

271

272 Discussion

273 In thisstudyit:has beememonstrated that the level of correlation of silky shel&tive

274  abundance.indicgsr the equatorial Pacific witthe PDOdiffers by geographical region aritel
275  stage The'highestorrelatiors identified between the PDO and sharklicesby size category

276  werefor small'and mediursilky sharkfrom the western ragn of theequatoriaEP andfrom

277  the equatorial WPt lwas demonstrated thiis significantcorrelationfor juvenile sharksi(e.,

278  small and medium sharks) disappears in the inshore area of thadEtat the correlatiomith

279  the PDOis'weakeifor adult(large)silky sharks throughout the EP. The correlation between the
280 PDO and juvenile silkgharkindices in the equatori®Z/P andwestern region of the equatorial
281  EPimplies that duringvarm EI Nifiodike) conditions theshark indices increasehereasold

282  (La Nifialike) conditionslead toa decrease in theilky sharkindices. Although correlation is not
283  synonymousmwith causation, we hypothesize tthiatcorrelation may be driven by movement of
284  juvenilesacross the Pacific as the InBacific Warm Bol shifts location with ENSO event

285 characteristic¢hat influencehe PDO index.

286

287  Movement of juvenile silky sharksithin theequatorial Pacific Ocearould be nordirectional
288  and/ordue todirectedswimming Non-directional swimming would be movemeémat is not

289  ontogenetiesueh asnight be the case for individuals seeking favorable halgit & preferred
290 temperaturesrangefyhe warming of the central Pacific during an Efiblis believed to be in

291  part due to advection of warm water from the \Bssler 2006 Wanget al., 201§. Silky

292  sharks are born at about 68%cm TL (Oshitanet al., 2003; see also summary in Clagal.,
293  2015), and.therefore the spatial distributionh&fEP small shark size categgmywhich represents
294 individuals.of age< 1 yr, might be more likelyo be influenced by movement whater masses
295 than the spatial distribution of adulfdternatively, if juvenile silky shark movement were the
296 result of difected swiming, a cruising speed of 0.5 i1 Filmalteret al., 2015; Ryaret al.,

297  2015), for example, over a one year period would equate to mor&3/@®km per year which
298  at the equator would be about 142 degrees of longitude — more than enough to move from the
299  westernrmarginof the WP into Area 3 of the EP (Figure 2).
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Fornon-directionalmovemento be a plausible mechanism, however, there would need to be an
increasing gradient in thebundance of silky sharks, in particular juvenile silky shdrém the
western EP inta thfar westerrpart of thewP. The abundance of silky sharks in the equatorial
Pacific is not.known, and locations of silky shark pupping grounds within the Pacific are not
known Nonetheless, assuming that bycagpeinset is related tabsoluteabundance, the
difference"between the average nominal bycattset of the WP and that in the EP is
consistentwith'such a gradient. The average nominal bypataet for the WP was greater

than that of the juvenile silky sharks in the western EP in a number of years, including in 2010-
2011 and 2015, (Figure 3). However, givenakerallsimilarity between the western EP and

WP silky index‘trends (Figure) Btherewould alsoneed to be greatabundance to the west of
145E within the Pacific Available datdrom the western edge of the WP are not consistéht

this hypothesis (Lawson, 201CJarke 2017) and instead indicate areas of high abundance in the
waters of Papua New Guinea, the Solomon Islands, and various parts of the Central Pacific,
dependingronwyear. It is important to consider, howeverthikae areas farther to the west are
poorly represented in the available WP observer data. Thus, the non-directional moveme

hypothesis.cannot be adequately evaluated with existing data.

If directed swimmingwvere occurring, Pacifigvide spatial gradients shark abundance would
not be necessary to produce an increase in abuntatieeEP. h general, if juvenile silky
shark movement were directed towards a particular region, then directed isgitarthat
region would.result in aimcrease in local abundandeis unknownwhether such directed

(ontogenetic) movement occurs for the silky shark.

Cleary, any.movement hypothessspeculative given the state of knowledfpeutthe ecology

of thesilky,shark in the Pacifi©cean andmore data collection and studies would be necessary
to evaluate,such mechanisnOther shark species show ontogenetic, seasonal and
environmentally based movemédiiai et al., 2017). At present, modata are collected ahe
oceanography of the Pacif@ceanthanare collected and/or available for analysishaf ecology

of atrisk species such as the silky shadkher alternative hypotheses that could explain the
correlation been oceanographic conditions jamdnilesilky sharls include north and south
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331 movement of the juveniles or tiparseseinefleet, given thatthe highest catch rates are on the
332  northen extreme of the fishery (LenneZibdyet al., 2017; environmentallymediated changes
333 in catchabiliy (e.g., vertical distributionssociated with thermocline fluctuatiphsological

334 factors that may fluctuate with environmental changes, such as survivabamdgty, and

335 environmentally mediated change in the spatial distribution and abundance @ ipeyits

336 recentCITESIlisting®, expanding data collection for the silky shark and other shark species is of
337 importancebecause fishergdependent data atiee main source of information on shark

338 distributionsTand status. Unfortunately, those data can be biased even wherssaaa@e

339 large(Maunderet al., 2006).

340

341  The lack of«correlation of themall siky shark index with the PDO in the noEf®inshore area

342  (Area 1)may be due to a combination of increased fishing activity and different oceanographic
343  forcing. A greater diversity of fisheries that catch the silky shark is believed to operate in the
344 inshore area of the north EP (Area 1) (Siu and AireSitles; 2016). Thus, any increase in silky
345 shark abundance with EI Nifio warming might be removed as bycatch and dableries other
346  than the purse=seine fishery. In additiorg tarming of the far eastern Pacific during an El Nifio
347 is due to'asreduction in upwelling of cooler wateather than eastward advection of warmer
348  westcentral’Pacific waterfiKessler 2006). Thus, eastward movement of juveniles with warmer
349  water mght not be expected to Yaas muchof aneffect onsilky abundance imshore regions

350 of the EP.Thenet resulimay be that the purse-seine indices for the silky shark in the inshore
351 northequatoriaEP may not be expecteddorrelate withthe PDOto the extent seen in the

352  offshore equatorial EFFigure®6).

353

354  The lag in thetiming of thepeak in theVP silky index around 201delative to thepeak in the

355 EPsmalland mediunsilky indicesin Area 3around 201@Figure5), would seem to contradict
356  our hypothesis/@about movement of juvenilgs the western EP fro the WP Movement from

357  west to eastwould be expected to produce a lag in the opposite directiortunately, the only
358  strongEl Nifia,event for which there is silky data in both the WP and this Bie 2009-2010 El
359  Niflo. There is a range of characteristics associatedBtitifio events (Capotonét al., 2015)

360 and the 2009-201BI Nifio has been hypothesized to be a hybfid dassical cold tongue El

* https://cites.org/eng/cop/17/prop/index.php
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Nifio, of which the 1997-1998 event is an example, and a warm pool, or Modoki El Nifio
(Johnson, 2013), which might lead to a different response Wke

Ourresults suggest that for ERftanagement purposes,elative abundance index flarge

silky sharks.may be the only reliable index that can be generated from thessgnuesgatalVe
have demonstrated that in@nnual fluctuations in the indices for small and medium silky sharks
in the offshore‘region of the north EBrrdate withinter-annual variabilityin oceanographic
conditions: In"contrast, the trend in the index of relative abundance for large silkywharks
shown to benoreconsistent across areaghin theEP and showed less or no correlatisith

the PDQ sugesting the large shark index is less influehlog fluctuations in the environment

of the EP.
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Table 1. Percent deviance explained by the logistic and negative binomial regression
componenis ofhie ZINB GAM modelspy area and shark size categfmhere applicable)S:

small; M: medium; L: large.

Logistic component Negative binomial
S; M; L component
S;M: L

Area 1 19%; 19%; 15% 38%; 33%; 34%
Area 2 22%; 19%; 16% 33%; 27%; 24%
Area 3 17%; 16%; 15% 20%; 29%; 25%
Area 6 - - 27% - - 31%
Area. 7 ---; 19%; 23% ---; 29%; 26%
Area9 7% 17%
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