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Executive Summary

Cetaceadistribution, density andbundancén the Suthern California Bight were assessed
through visual and acoustic surveys duriing California Cooperative Oceanic Fisheries
Investigations (CalCOFI) cruisé®m August 2012November2013.Visual moritoring

incorporated standard lirteansect protocol during all daylight transits while acoustic monitoring
employed a towed hydrophone array during transits and sonobuoys at oceanographic sampling
stationsVisual effort included 584 observation hours eorg 10,900 kilometers yielding 565
sightings ofl5identified cetacean specid€3ensity and abundance estimates for the six most
frequently encountered cetacean species in the study area were edtiomatédquarterly

suwveys conducted from July 200Movember2013.Blue whalegBalaenoptera musculysin
whales(Balaenoptera physalysnd humpback whald§egaptera novaeangligeverethe nost
frequently sightedaleenwhaleswith overall abundances @B5 (CV=0.26), 718 (CV=0.22),

and 351(CV=0.26)espectivelyBlue whales were primarily observed during summer and fall

while fin and humpback whales were observed-yeand with peaks imbundance during

summer and spring respectiveBhortbeaked common dolphiriBelphinus delphis Pacific
white-sided dolphingLagenorhynchus obliquidepna nd Da |l | @Phocqemoidgs da)lis e

were themost frequently encountersdhall cetaceans with overall abundance$3%,120

(Cv=0.16), 9,725 (CV=0.36), and 5,855 (CV=0.22) respectivigdasoally, shortbealed
commondolphins were most abundant in summer whereas Pacific-gidi@ dolphins and

Dall 6s porpoi se wer e GeoemtAdditieModelengof anmbal trendsg s pr
in abundance within the CalCOFI study area for each of the six spedest@adthat blue whale
abundance was stable and fin whales were incredsimgpback whaleshortbeaked common
dolphirs, Pacific whitesided exhibited notable annual variations but were relatively stable across
the nineyear study, whil a | | 6 s decoeaspddn abuedance over the course of the study.
Variations in speciespecific spatial distribution patterns were also apparent and indicative of
species habitat preferences within the California Current EcosyBtem. t | enos e, Ri s s 0¢
long-beakedcommon dolphin as well as humpback and gray whale detections were concentrated
in coastal and shelf waters, whereas sperm whale detections occurred exclusively in pelagic
waters.Shortbeaked common dolphin, Pacificwhgei ded dol phi nfinadal | 6s pc
blue whales had a broader distribution with encounters occurring in coastal, shelf and pelagic
waters.The CalCOFI marine mammal monitoring prograxamines seasonal and ingamual

patterns in densifyabundance and distribution on a longer tw@us time scale with a higher

rate of sampling than previous cetacean surveys off the California coast, particularly for the
winter and spring periodfr whichtherearecurrentlyfew data available



Project Background

Long-term assessments abundance, density and distribution are central to evaluating potential
effects of anthropogenic activitiend ecosystem variabilign cetacean populationSdrrettaet

al. 2013. The Caifornia Current Ecosystem (CCI&) aproductive and dynamicabitat

(Hayward and Venrick 199&hhak and Di Lorenzo 209that supports diverse community of
cetacean specieswell asan array of human activities including commercial fishing, shipping
and naval exercise$heintersectiorbetween cetacean and humeseof the CCE has resulted

in entanglements in fishing ge@arrettaetal. 2013, shipstrikes(BermanKowalewskietal.
2010)and disturbance from anthropogenic soudd@onaldetal. 2006, Hildebrand 2009
Goldbogeretal. 2013.

California Cooperativ®ceanic Fisheries Investigation (CalCOFI) cruises, conducted in the
southern California Bight (SCB) four times per year, provide a unique and valuable platform to
document spatial and temporal variations in cetacean abundance, density, distuitditiaditat

use patternLetacean surveys have been integrated into (CalCOFI) quarterly cruises off
southern California since 2004 using both visual and acoustic detection methods (S@tevilla

al. 2006, Mungeetal. 2009) The objectives of the cetasn® monitoring program are to make
seasonal, annual and leteym estimates of cetacean density and abundance within the study
area, to determine the temporal and spatial patterns of cetacean distributmmjuct habitat

based density modelintp quanify differences in vocalizations between cetacean species, and to
compare visual and acoustic survey methods and results.

Cetacean abundance, density distributioroff southern Californialuring summer and fall has
been estimated for severatacearspecies using shipased lindransect survesand mark
recapture photadentification methods (Calambokidis and Barlow 2004; Barlow and Forney
2007).Limited sampling during winter and spring mon{esy. Forney and Barlow 19983 well
asmulti-year gapdbetween shigbased survey&.g.Barlow and Forney 2007, Barlow 2010)
restrictsthe ability to quantify longerm crossseasonal anthter-annual trends igetacean
abundancgdensityanddistribution. This report providesewand currenestimates of cetacean
abundance fathe six most commonly encountered cetacean species in the Southern California
Current (SCC) regiobased on sighting data collectearing 37quarterlyCalCOFI cruises from
July 2004- November2013.The dataset repodehere resulted from a high survey repetition rate
that allowedor theexamiration ofseasonal andhterannual trends in abundance aachporal

and spatial patterns of distributifor the six most frequently encountered cetaceans in the SCC.

Visual Methods

Data Collection

Visual monitoring for cetaceans on CalCOFI cruises incorporated standatdhhsect marine

mammal survey protocol (Bucklamdal. 1993, Barlow 199%8arlow and Forney 2007Two

trained marine mammal observers utilized 7x50 Fujinionculars to sight all cetaceans

encountered during daylight transits between CalCOFI stations (Figundéotination on all

cetacean sightings was logged systematically, including species, group size, reticle of cetacean
position relative to the horimgprelativeanglefromthebow | at i t ude, |l ongi tude,
behavior, environmental data and comme8tsvey effort was curtailed in sea state Beaufort 6



or higher, or when visibility was reduced to less than 1 Kme. vessel did not alter courfse

species identificationraroup size estimates; howeveither 254500r 1860 powerbinoculars

were available to better asses these metrics after the initial sighting was identified using the 7x50
binoculars (Soldevill&tal. 2006).Since 2004surveyshave beeronducted using five research
vesselsthe Scripps Institution of Oceanography (SI&)m RV Roger Revell€2 surveys) and

the 52m RV New Horizon(22 surveys); and National Oceanic and Atmospheric Administration
(NOAA) shipsthe 52m RV David Starr Jordar(8 surveys)the 63m RV Bell M. Shimadd4

surveys), antdhe 62m RV McArthur 1l (1 survey). Survey speeds ranged from 1-25.2 km/h

and observer heightshove sea leveanged from 8.1 17 m.
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Figure 1.CalCOFI transect lineendsampling stations in the southern CalCOFI study.area



Density and Abundance Analysis

Density and abundance estimates were calculated exclusively for the southern CalCOFI study
area; this region encompasses the area delimited by six pauaileylines unning southwest to
northeast from San Diego to north of Point Conception (FigurEh®)lines increase in length

from north to south (470 700 km), with stations occurring every 37 km in coastal and
continental shelf waters, and ey&4 km offshore (Kjurel). The lines are laid out such that

they areroughlyperpendicular téhe coast and sheliThe study area is defined hypolygon

around thesix southern CalCOFI lineend extendsnehalf the distance between CalCOFI lines
(32 km)south of [ined3 andnorth of line77, for a total area of 238,494 KrFigure 1)

Sightings were required tteeb o t h-e fifoar t éranaectdto e ;meluded in the line

transect density and abundance analyS8esght i ngs weref lbas®i Wwhed & svc
observers were actively searching in Beaufort-stede 65, with the vessel travelling a minimum

of 11 km/h and having visibility of atleast 1L ki ght i ngs wer<¢trahaesi Di ed|
when the ship was transiting on one of thegbe&ned paralletransect lines within the CalCOFI

study area (Figur#).Si ght i ngs wer € ralnasgit foi avch eans t fhefyf oc c
south/north coastal and offshore transits between the parallel lines, transits to San Diego or other
ports and during deviatierfrom the primary transect lines due to naval operations or bad

weather.

The samplinginit for thedensity and abundanesmalysis reported here was all transects
completed on a given dagcross thaineyear periodData dependence between one sampling
unit and the next is greatly reduced due to the cessation of observations during the overnight
break(Bucklandetal. 2001) Multiple detection functions werkested for the best fior each of
thesix speciesising a stejwise approaciprogressing fronsimple to more complex models

with greater numbers of covariatédter eachmodeling exercisen DISTANCE, all input
parameters (e.g. potential covariates, number of adjustment thstascentervalg were
examined, assessed and reviewdd. valuesandgoodness of fit statisticsere assessed to
determine which model(s) within a given run provided the bett fhie dataThis stepwise
approach was continued until the optimal detection function model for a given species was
identified.Overall, annuahnd seasonal density and abundance were subsequently estimated
utilizing the optimal modelAnnual and seasonal abundance estimates were developed using a
poststratification routine where the strata utilized the overall detection function but incotporate
strataspecific encounter rates and cluster size vakesthe development of abundance
estimates from seasonal and annual subsamples of the data set, a stratification routine is
preferred over simple filtering as this method better handles heterygengata, improves
precision, and reduces bias in the resulting estimates (Buaddahd001).

Multiple-covariate DISTANCE sampling methods (Marques and Buckland 2003, Matples

2007) were used to generate overall, annual and seasonal abuestanages for the six

cetaceanspeciesi t h t he r ecommen defdf o tnd meamdks efta M 0 s i g h |
blue whalesfin whales humpback whaleshortbeaked common dolphinBacific whitesided
dolphinsand Dal | @Bscklandetap 2001k lecluding only those species that met the 60

or more sightings criteria allowed for detection function models to be developed independently

for each of the six species, thus capturing spespesific differences in detection probabilities
inherentfrom differences in group size, body size, behavior, surfacing patterns, and potential

reaction to the survey vessel (Bucklatal. 2001).Previous marine mammal lieansect
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studies have suggested thatadl cetaceas(i.e. dolphins and porpoise) mayow responsive

movemento the survey vessel, manifested by either positive (approaching the vessel) or

negative reactions (vessel avoidance) which will result in, respectively, positive or negative bias

in the estimates of abundance (Bucklandl. 2001) In the current study, sighting cues and

behavioral events were recorded upon the initial sighting of a given group, allowing for a more
comprehensive postoc assessment of these potential biaBestough review of these data and

the speciespecific déection function models suggested that sthedked common dolphins and

Pacific whitesided dolphins were usually sighted prior to any observed vessel response;
however, vessel attraction was observed for s
observatios describedor this species iprevious studies (Turnock and Quinn 1991).

Prior to the introduction of covariates into model building, exploratory analyses were conducted
to assess potential bias in detection rangessible covariates assessedoiailding the

detection functions include®@eaufortseastate(0-5), ship, seasonswell, and, for shotbeaked
commondolphins, group size class (greabedess than 20 individualsjVhile there is the

potential for individual biases from differenibservers, deto the large number of observers

who worked on the project, sample sizes were small which precluded the applicéiicn of
potential covariaténto the analysisDue to experimental design constraintsydts not possible

to measure the pbability of detection directly on the transect lhoe- g(0); thereforeg(0)

values previouslgalculatedor cetacean sightings in the CQEarlow 1995) were applied to the
current study: the probability of detectig{D) was set t®.920 for blue, fin @ad humpback

whales, Pacific whitsideddolphins received g(0) value of 0.85&6 nd Dal | 6s por poi s
assigned g(0) value of 0.822Common dolphins, which exhibit a large range of group sizes
were assigned @0) value of (0.913) which was the averadehe values reported for large

groups (0.970) and small groups (0.856) of delphinids.

RESULTS VISUALS

Line-Transect Visual Surveys

Five CalCOFI cruisesvere conducted from 1 Augu®012 to 31 December 20dsual effort

across 95 days-aktaincluded584 observation hours covering 10,900 kilometers yielding 565

sightings of 16 identified cetacean speciesbles 1 & 2) The winter 2103 and spring 2013

cruises extended north to waters off Monterey while the fall 2012 and 2013 and the summer

2013 cruise covered the primary southern CalCOFI study area presented in Figine 1.

geagraphic distribution o€etacean species encountered in the CalCOFI study area was not

uniform. Spatial patterns of mysticete and odontocete sightings reveal noteworthyonariati

the distribution of seeral common species (FiguresSR Blue and fin whales had a wide

distribution with sightings throughout the study area ranging from cdagtalagic waters.

Humpback whales exhibited a wide distribution with the highesteranations occurrinm

inshore waters off Central Californsuring spring Gray whalegEs@and Minke whales were

sighted exclusively in shelf and coastal wat8tsortbeaked common dolphins were seen

throughout the study areahile bottlenose an@Ri sso6és dol phi nsinwere gene
inshore watergsearthe ChanneldlandsPacific whitesided dolphins were observed from near

shore topelagicwatersDal | 6 s porpoi se were seen throughout
approximately 250 km from sh@rand sperm whales veefound in deep offshore waters.



Table 1.Summary data from five CalCOFI cruises between August 2012 and December 2013.

CalCOFI Cruise Survey|  Distance Number of Number of Number of
Dates Effort Surveyed Cetacean Individuals Species
(hrs) (km) Sightings

19 Oct- 5 Nov 2012 95 1,721 99 2,302 7

10 Jan- 02 Feb 2013 | 113 2,402 110 2,939 12

06 Apr- 30 Apr 2013 | 155 2,584 157 4,185 11

06 Jul- 22 Jul 2012 131 2,545 126 4,280 10

09 Nov- 24 Nov 2013 90 1,626 73 5,003 9
Totals 584 10,878 565 18,709 15

Table 2 CalCOFI cetacean sightings by cruise from August 201@y 2013. See Appendix 1
for species abbreviation codes. Ns = number sightings; Ni = number individuals.

CC1210 CC1301 CC1304 CC1307 CC1311 Total
(19 Oct - 05 Nov 2012) |(10 Jan - 02 Feb 2013)|(06 Apr - 30 Apr 2013)[(06 Jul - 22 Jul 2013) |(09 Nov - 24 Nov 2013)

Species Ns Ni Ns Ni Ns Ni Ns Ni Ns Ni Ns Ni
Ba 0 0 0 0 0 0 2 2 0 0 2 2
Bm 7 9 0 0 1 1 4 5 1 3 13 18
Bp 21 37 13 20 6 9 17 22 4 5 61 93
Dc 5 337 2 171 5 1,060 6 212 6 2,264 24 4,044
Dd 9 531 13 555 6 490 15 1,401 13 857 56 3,834

Dsp 22 1,152 16 1,839 5 201 20 1,726 18 1,558 81 6,476
Er 0 0 16 42 1 2 0 0 0 0 17 44
Gg 0 0 4 41 1 8 2 25 2 37 9 111
Lb 0 0 2 16 3 1,250 2 185 0 0 7 1,451
Lo 0 0 7 112 7 112 2 301 1 19 17 544
Mn 2 2 9 18 67 111 7 10 1 2 86 143
Oo 0 0 4 20 0 0 0 0 0 0 4 20
Pd 1 3 11 85 16 107 0 0 0 0 28 195
Pm 0 0 1 2 0 0 0 0 1 8 2 10
Sc 0 0 1 2 0 0 0 0 0 0 1 2
Tt 1 2 0 0 1 5 5 114 4 41 11 162
uD 7 186 1 3 4 786 2 225 8 190 22 1,390
ULW 24 43 10 13 34 43 42 52 14 19 124 170
Zcav| 0 0 0 0 0 0 0 0 0 0 0 0
TOTALS 99 2,302 110 2,939 157 4,185 126 4,280 73 5,003 565 18,709
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Figure2. Visual detectionf minke, blue, fin, humpback and grey whales by season from five
CalCOFI cruises betweeAugust 2012 and November 2013
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Figure 3.Visual detectionf tenodontocetespecies by season from five CalCOFI cruises
betveen August 2012 and November 2013

10



Density and Abundance Estimation
For all six species analyzethetonly significant covariate retained in the optimal DISTANCE
models was Beaufoseastate In orderto improve the fit of the detection function, the most
distant 5% of sightings for each species were eliminated from density estimation (Bwetkland
2001), resulting in artincation distancef 2705m for blue whales2708m for fin whales, 2177
m for humpback whales, 984 m for shbdaked commodolphins 903 m for Pacific white

sided dolphinsand 1098nf o r

Dal |.3dhere waverapotal okfiee blue whale, nine fin

whale, three humpback whale, 13 sHzetked commwn dolphin, three Pacific whiteided
porpoi se
excluded from density and abundance anal¥&tective strip width (ESW) for blue whales was
1181m, for fin whalesl260m, for humpbackvhales958 m, for common dolphing21m, for

dol phin, and

Pacific whitesided dolphins 322 nand fa

eight Dal

Dal

6s

| 6s

por poi se

sightings

277 m

Thirty-sevensurveysconductedetween July 2004 aridovember2013producedb26days

wher ee féfdbomt 6tér aamsde ditoon cr i t e of 43846kilemetersofreetive f or a
line-transecsamplingalong the trackines (Figure4). Survey effort was relatively consistent

across the four seasoretaling9,260 km oved 31 days surveyed in wintey,002km across

107daysin spring,14,941km overl49days in summelnd139dayscovering 10,64%&m

during fall surveysFor thesix focusspecies in the current stydytotal of1276visual

detectionsvere madavith 755 (5%%) of themmeeting boththei oenf f or t & raamd efca

criteriafor inclusion in the density modeling analy§lable 3.

Table 3 Sighting data from the six most frequently sighted cetacean species in the southern
CalCOFI study area across Sirveys from summer 2004all 2013. Ns = number of sightings;

Ni = number of individuals.

Species On Effort/On Tr_ansec Off Effort/Off Trz_;msect Total _
Ns NI Ns Ni Ns Ni
Blue Whale 79 122 57 113 136 235
Fin Whale 177 331 85 131 262 462
Humpback Whale 68 120 124 229 192 349
SB Common Dolphir 278 22,226 159 14,993 437 37,219
PWS Dolphin 62 1128 45 896 107 2,024
Dall 6s Po1!1 091 614 51 281 142 895
TOTAL 755 24,541 519 16,404 1274 40,945

11



Figure 4 Threedimensional illustration ofransectlines ur vey e d-ewhfiiolr 8i dor i n
CalCOFI cruises from 2002013.Alternating colors show the individual survey segments

between sampling statiortdeight of blocks depicts the number of times a given transect was
surveyed over the courséthe study with a range of 12 to 31 occasions.
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Table 4 Overall abundance estimates for each of the six species analyzed. Total numbers of
sightings after 5% truncatiom)( estimated cetacean abundaride (lensity per 1000 kfand
mean groupige from 2004 2013.Coefficients of variation@V) are the same for abundance
and density estimates.

Species Overall Abundance Density per Mean_
n N CV 1000 knf ~ Group Size
Blue Whale 74 285 0.26 1.2 15
Fin Whale 168 718 0.22 3.0 1.9
Humpback Whale 65 351 0.26 15 1.8
SB Common Dolphin 265 139,120 0.16 583.0 79.9
PWS Dolphin 59 9,725 0.36 40.7 18.2
Dall 6s Por 83 5,855 0.22 24.5 6.7

Table 5 Seasonal abundance estimates for each of the six species anedyaedumbers of
sightingsafter 5% truncatioiin), estimated cetacean abundandg &énd oefficients of variation
(CV) are presented for each season pooled across all years fror2@R4

Species winter spring summer fall

P n|] N |CV|n|] N |CV]| n N |CcV|n|] N |CV
Blue 1| 12 |101| 1| 12 |1.00| 63| 727 |0.30/ 9| 134 |0.37
Whale
FinWhale | 9 | 178 |0.41|19| 320 |0.48| 95 | 1,253 | 0.27|45| 773 |0.32
Humpback| 15| 336 | 03g|21| 532 |043| 20| 274 |o053|12| 318 |0.50
Whale
SB
Common | 66| 164,050| 0.26| 13 | 32,733| 0.33| 122 189,720| 0.18| 64 | 138,440| 0.22
Dolphin
PWS

. 16| 10,518 | 0.45| 26| 15,916| 0.42| 9 | 8,929 | 0.96| 8 | 4,824 | 0.60
Dolphin
Dal | 01341 5923 |032]49|17,436/026| 1 | 71 | 10| 3| 1,281 | 0.76
Porpoise

13




Blue whalesexhibited strong variations seasonabccurrence witli% of sightings occurring
during spring (n=1)86% in summern=68), 124 in fall (n=9), and 1%in winter (n=1) Figure

5). The summer distribution oflle whalesextended throughout coastagrderlandand offshore
waters, while fall distribution was primaribverthe western portion of the continental shelf and
in offshore regionBlue whales also exhibitespatial variations in their distributipthis species
wasobservedhroughoutcoastal continental sheland offshorevaters in the southern half of the
study area whereas, in the northern half of the study area, sightings were disexolisoiely

in offshore watersHigureb).
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Figure 5 On-effort sightingsof blue whales bgeasoron CalCOFI cruiseBom 20042013.
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Blue whales were the secentbst frequently encountered atiitd mostabundant baleen whale
speciewith an overalbundance estimate across all fourssea of 285 (CV = 0.26) (Tabig.

Annual estimates of blue whale abundance from 2005 to 2013 varied across the study and ranged
from a low of 23 (CV=1.01) in 2007 to a peake@b (CV=0.77) in 2011 (Figure) @espite the

noted variations in annual abundance estimates, the-B#gdd inverse variance weighted

trendline across thaineyears sampled was relatively flat, indicating stablenalance in the

region (Figure B Seasonally, blue whales were five tinmesre abundant during summer

(N=727, CV=0.29) versus fall (N=134, CV=0.37) and virtually absent from the study area during
winter and spring with only one sighting in each of these seasons acrt=syhar study period

(Figure 9 (Table 5.
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Figure6. Estimated abundance of blue whales for summer and fall cruises by year from 2004
2013. Red dashed lines represent lower and upper 95% confidence intervals. Blue line represents
GAM based inverse variance weighted trding.

N

Abundance Estimate +/- 95% CI

winter spring summer fall

Season

Figure7. Seasonal abundance of blue whales by season collapsed across 37 cruises from 2004
2013. Red dashed lines represent lower and upper 95% confidence intervals.
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Fin whaleoccurrencevariedseasonallyvith 12% of sightings in spring (n=21), 86in summer
(n=99, 27%in fall (n=47), and6% in winter (n=10)Figure §. The distribution of fin whales in
the study area also varied with seadamring winter and springhe majority of sightings
occurred in continental shelf watevithin the southern half ohe study arewhereas summer
and fall sightings wermorewidely distributedwith the greatest concentrations offshore and in
the northern portion of the study area altimg northerrmost survey lin€Figure8).
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Figure 8 On-effort sightingsof fin whales byseasoron CalCOFIcruisesfrom 20042013.
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Fin whales were the most frequently encountered and the most abundant baleen whale in the
CalCOFI study area with an overall abundaegenateof 718 (CV=0.22) (Table 4Annual

estimates of fin whale abundance from 2005 to 2013 varied during the study and ranged from a
low of 272 (CV=0.45) in 2009 to a peak of 2540 (CV=0.66) ih@(Figure 9. Despite the

fluctuations in annual abundance estiesathe GAMbased inverse variance weighted tréind
indicated a consistent increase in the number of fin whales estimated in the study area across the
nineyears sampled (Figurg.®Beasonallyfin whales were most abundant during summer

(N=1,253; CV=027) versus winter (N=178, CV=0.41), when the species was least abundant
(Figure 10,Table 5.

8000

Abundance Estimate +/- 95% CI

2008 2010 2012
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Figure9. Estimated abundance of fin whales by year from 2ZZ0E3. Red dashed lines

represent lower and upper 95% confidence intervals. Blue line repr&s&Mtbased inverse
variance weighted trerlihe.
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Figurel0. Seasonal abundance of fin whales by season collapsed across 37 cruises from 2004
2013. Red dashed lines represent lower and upper 95% confidence intervals.
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Humpback whale were present in theusty area throughout the year; however, occurrence
patterns varied as a function of seasom 86 of sightings ocarring during sping (n=22),
31% in summer (n=21), 28in fall (n=13), and 1% in winter (n=12)Figure 1}. The
distribution of sightingslso changed seasonalluring spring, summer and fall cruises,
humpback whales were generally distributed in coastal and shelf waters with the largest
concentration occurring in relatively shallow waters, north of Point Conceptioimg winter
cruisesthe distribution ohumpbacksightings shiftedo exclusively shelf and offshore waters
with several sightings in deep pelagic waters, nilea@ 200 km from shore (Figure)11

winter
spring
summer
fall

>L1o®

Figure 11 On-effort sightingsof humpback whales bseasoron CalCOFIcruisesrom 2004
2013.
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