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EXECUTIVE SUMMARY

The purpose of the ®{ ® Makring Bfdes Deitg DatabasgNMSDDYechnical Report is to

document the process used to derive density estimates for marine mammal and sea turtle species
occurring in theHawaitSouthern Californidesting andrainingStudy Areaand to provide a summary

of speciesspedfic and areaspecific density estimates incorporated into the NMSDBe following

discussion summarizes improvements that have been made in the density estimation process for Phase
N2 ¥ (K STadidal@®ifiry Theater Assessthand Planning Progm process The availability of
additional systematic survey datas well as improvements to habitat modeling methods used to
estimatespeciegdensity, have resulted in substantial improvements to the NMSDD Phase 11l as
summarized below.

Hawaii Range Copiex. Newsurvey data collected within thExclusive Economic Zoakthe Hawaiian
Islands (2010) and Palmyra Atoll/Kingman Reef (28Q12) allowedhe National Marine Fisheries
Service Southwest Fisheries Science CeBMfHSIGo update their Central Réfic habitatbased density
models and implement new grblased predictions which eliminated interpolation artifa@®rney et
al., 2015. The 2010 Hawaiian IslanBgclusive Economic Zoservey @ta were also used to estimate
updated uniform densities that include new sstate specific estimates of trackline detection
probability (Bradford et al., 201)7 Density estimates for thelawaii Range Complstudy areavere
updated for all species sighted during the 2010 survey. In addition, new spatigligitdensity layers
were developed for several islaradsociatedstocks(false killer whalemelonheaded whalespinner
dolphin, pantropical spotted dolphin, andmmon bottlenose dolphin) based on publishaigundance
estimates and range boundariése., Aschettino, 201;@aird et al., 200%Hill et al., 20110leson et al.,
2013 Tyne et al., 2014 to more accuately reflect the distribution patterns of these islasadsociated
populations.

Southern CaliforniaAdditional survey data collected in 2009 &futhern California allowed SWFSC to
update theirCalifornia Current Ecosystemabitat-based density models gy improved methods that
incorporatedspeciesspecific and segmergpecific estimates of botéffective strip widthandtrackline
detection probabilityBecker et al., 2006 Density predictions fronthe updatedmodels are griebased

and provide finer spatial resolution than the models used for PhaBédise Ilincludes spatiallyexplicit
density predictions for two additionapecies (common bottlenose dolphin and ldmgpked common
dolphin)that could not be modeled in this way in Phasér2014, SWFSC conducted an additional
systematic survey in th€alifornia Current Ecosystemmese data were used to update geograpHical
stratified density estimates using a multiptevariate linetransect approach that included new

estimates of trackline detection probability (Barlow 2016). In order to improve the estimates off Baja

/I FTETAFT2NYAL F2N 0KS b I oBtindtés andidffidiedts afvariationdgiived Bya S & >
Ferguson and Barlo(2003) were recalculated based on the extent of the acoustic modeling footprint
and were also corrected for new estimates of trackline detection probability. Additional SOCAL Phase Il
improvements include the incorporation of winter/sprih@bitat-based dasity models for three species
(Beder et al., 201yand winter/springuniform density estimates faan additional threespecies

(Campbell et al., 20)%®ased on lindransectsigting data collected during theoBthern California
Cooperative Oceanic Fisheries Investigati@aCOFtruises. In additiomew seasonal gray whale

RSY
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density estimates were developdxhsed on lindransectdata collected offouthern California
(Jefferson et al., 2004 Spatiallyexplicit density estimates for the coastal stock of common bottlenose
dolphin(Carretta, 2012were used to more acgately reflect the distribution patterns of this nearshore
population. With the exception of a few species for which updated winter/spring estimates are not
available, all density estimates for the SOCAL study area were updated.

Elimination of Leveic5 data sourcesGiven the representative acoustic modeling study areas
established foHawaitSouthern Californidesting andrrainingPhase lll, the Navy was able to eliminate
the use of all Levelcd data sources (i.ethe least preferred sources of detystdata as noted iTable

3-1). Given the uncertainty associated with predictions from relative environmental suitability models,
and the sometimes ordersf-magnitude difference imelative environmental suitabilitgstimates as
compared to validated estimates derived from years of survey @at&. Department of the Navy, 2015
this represents aughstantial improvement to the Phase Ill NMSDD.
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1 BACKGROUND

To ensure compliance with Unitetages (U.S.) regulationsicluding the Endangered Species Act (ESA),
the Marine Mammal Protection Act (MMPA), the National Environmental Policy Act, and Executive
Order 12114 (Environmental Effects Abroad of Major Federal Actiond)). iBepartment ofthe Navy
(Navy)takes responsibility for reviewing and evaluating the potential environmental impacts of
conducting atsea trainingand testing All marine mammals in the United States are protected under the
MMPA and some species receive additional picten under the ESAs stipulated by the MMPA and
ESAinformation on the species and numberspybtectedmarinespeciess required in order to

estimate the number of animals that might be affectegla specific activityrhe Navyperforms
guantitativeanalysa to estimate the number of marine mammalsd sea turtleshat could be affected

by at-seatraining and testing activitie$\ key element of this quantitative impact analysis is knowledge
of the abundance and concentration (density) of the speitiespecific areas where those activities will
occur.The most appropriate unit of metric for this type of analysigdssity, which is the number of
animals present per unit are@his report includes a description of tharrently-available density data
used inthed t K I dgBantitative impact analysi®r each marine mammal and sea turtle species
LINS &Sy A KawaiiBoSthemICaitdraia Training and Test{PTTHtudy AreaPhase llisthe

0§ KANR AYLX SYSy (iTadickl I inigeTheatér Sessmerd @n@Rlanning Program (TAP)
TAP is @omprehensive, integrated process to preserve access to and use of Navy trairgeg,
testingranges and operating arealOPAREASg) addressing encroachment and environmental
complianceissued. y | RRAGAZ2Y G2 LINBaSNWAy3d | 0O0Saa yR dza$sS
thoroughly with environmental laws.

NOTE: The density data are organized by specieprasénted in groups of related taxa within Sections
5 through 12 of this report. Withieach individual species section, density data are described for thg
HSTTRudy Areas as appropriatdnformation on which species are found in tBedy Area is provided
in Table 41.

1%

A significant amount of efforis requiredto collect and analyze survelatain orderto produce amarine
species densitgstimate.Unlike surveys for terrestrial wildlife, many marine species spend much of
their time submerged, and anmeot easily observed on the surface. Therefdhe computed density of
marine species mustlso take into account an estimate of the number of animals likely to be present
but not observed, as compared to the animals that are actually spotted on these surveys. The
uncertainty of such estimates decreases with an increasing number of observétiander to collect
enough sighting data to make reasonable density estimates, multiple observations are required, often in
areas that are not easily accessible (e.g., far offshdlafional Marine Fisheries Service (NMFS) is the
primary agency resporige for estimating marine mammal and sea turtle density within the U.S.
Exclusive Economic Zone (EEZ). Other independent researchers often publish densityd&tahat
can be used to calculate densities key species in specific areas of interest. &ample, population
structure and abundance data for islaadsociated populations of cetaceans in Hawaiian waters are
collected by variouson-NMFSesearcherge.g.,Baird et al., 2000McSweeney et al., 200.7
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For most cetacean species, abundance is estimated usirgdingect surveys or masntecapture

studies(e.g.,Barlow & Forney, 20QBarlow, 2010Calambokidis et al., 208 hese methods uslig

produce a single value for densttyat is an averaged estimate across very large geographical,areas

such as waters within the U.S. EEZ off California, Oregon, and Wasténgt8nF SNNS R (G2 & F  a
density estimate) This is the general approaapplied in estimating cetacean abundance in the NMFS

stock assessment reportEhe disadvantage of these methods is tHatydo not provide information

on varied concentrations of species in g@gions of very large areas, and do not estimate density for

other seasons or timeframes that were not seyed.More recently, a newer method called spatial

habitat modeling has been used to estimate cetacean densities that address some of these
shortcomingge.g.,Barlow et al., 2009Becker et al., 203@0123 2014, Becker et al., 201,6-erguson et

al., 2006 Forney et al., 2012015 Redfern et al., 2006(Note that spatial habitat models are also
NEFSNNBER (2 | & &alLlSOAS adbadd densityInoddi hesg modeds Rsfidied ¢ 2 NJ &
density as a continuous function of habitat variables (e.g., sea surface temperature, seafloor depth) and

thus, within the study area that was modeled, densities can be prediatall locationsvhere these

habitat variables can be measured or estiettSpatial habitat models thereforalow estimates of

cetacean densities on finer scakban traditional linetransect or markrecapture analyses.

Uncertainty in published density estimates is typically large because of the low number of sightings
avaibble for their derivation. Uncertainty is typically expresbgdhe coefficient of variatioQCV)of the
estimate, which is derived using standard statistical methods and describes the amount of variation with
respect to the population mean. It is expredsas a fraction or sometimes a percentage and can range
upward from zero, indicating no uncertainty, to high values. WherQWexceeds 1.0, the estimats

very uncertainFor example, £Vof 0.85 would indicate high uncertainty in the population estim
TheCVdoes not capture the full extent of uncertainty in an estimate. For exansplegcetacean
distributionsoften shift in responséo oceanic variabilityBecker et al., 2013athe uncertainty

associated with movements @nimals into or out of an area due to changeryironmentalconditions

is much larger than is indicated by t&/

The methods used to estimate pinnipeds&a densities are typically different than those used for
cetaceansbecause pinnipeds are natited to the waterand spend a significant amount of time on
land (e.g., at rookeriesPinniped abundance is generally estimated via shore counts of arom&dsd
at known haulout sitesor by countingnumber of pups weaned at rookeriesd applying aarrection
factor to estimate the abundance of the populatifor exampleHarvey et al., 199Meffries etl., 2003
Lowry, 2002Sepulveda et al., 200Estimatingh y 1t ¢ | (i S NdorRRISn#Eaded dodhss difficult
given the variability in faging ranges, migration, and haalit behavior between species and within
each specigsand idriven by factors such as age class, sex dhassding cyclesand seasonal variation.
Data such as age class, sex class, and seasonal vaaratioften usedn conjunction with abundance
estimates fromknown hauwlout sitesto assign arn-water abundance estimate for a given ardae
total abundance divided by the area of the region provides a representatweater density estimate
for each species in aftrent location, which enables analyses ofnater stressors resulting from
at-sea Navy testing or training activitids.addition to using shore counts to estimate mpimed density,
traditional linetransect derived estimates are also used, particylarlopen ocean areas.
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Ideally, density datavould be available foall specieshroughout the study aregearround, in order to
best estimate the impacts of Navy activities on marine spetfesiever, in many placepoor weather
conditions and high sestatespreventthe completion of comprehensivwgearround surveysEven with
surveys that are completed, poor conditions may result in lower sighting rates for species that would
typicallybe sighted with greater frequency undtavorable conditions. Lowesighting rategpreclude
havingan acceptably low uncedinty in the density estimate#\ highlevel of uncertainty, indicating a

low level of confidence in the density estimatefypicalfor species that are rare or difficult to siglhh
areas where swey data are limited or noexistent,known or inferred associations between marine
habitat features and (the likelihood of) the presence of specific spaceesometimes used to predict
densitiesin the absence of actual animal sightin@®nsequentlythere is no single source of density
data for every area, species, and season because of the fiscal costs, resources, and effort involved in
providing enough survey coverage to sufficiently estimate denBitg.amount of effort required to

collect and ankyze data to estimate the densities for all protected marine species for the Navy's study
areasis beyond the sqme of any single organization beyond any feasible means for the Navy.
Therefore to characterize marine species density for lacgeanic rgions the Navy needed teeview,
criticallyassessand prioritizeexisting densitystimatesfrom multiple sources requiring the

development of a systematic method for selecting the most appropdeatesity estimatefor each
combination ofspecies, areaand seasorilhe resulting compilation and structure thie selected

marine species density datasultedin the Navy Marine Species Density Database (NMSDD).

Uncertainty as usedn this report,is an indication of variation in an estimate that is urégo each data
source and is dependent on how the values were derit&ath source of data may use different

methods to estimate density, of which uncertainty in the estimate can be diresddyed to the method
applied. As noted abovengertainty in pulished densityestimatesis typically large because of the low
number of sightings collected during large survey efforts. Uncertainty characterization is an important
consideration in marine mammal density estimation and some methods inherently resodtateg
uncertainty than others. Therefore, in selecting the best derestymatefor a species, area, and time, it

is important to select the data source that used a method that providesrtbst certainty for the

geographic area. The beginning of thipag providesa summary of the protocol that thavy

developed todescribehow the data sources compare to each other amgrovide guidance on the

most appropriate source to use for the specific area. These data are compitked Bleets and Systems
Canmandsand are incorporatedhto Navy environmental compliance documeniie Navy completed
0KS FTANRG ba{55 YR LldzofAaKSR I FTAYylIf NBLERZNI R
quantitative impact analysifor each marine mammal and sea tudld JSOA S& LINBASYy d Ay
rdandthCt SSG Qa ! NBI 2 FU.% Beépadghtiok tbeMNavl, 21 FhéPadifivvkiee

Study Areas addressed in the 2Q&port includel the HSTTStudy Area, the Mariana Islands Training

and Testing Study Area, the Northwest Training and Testing Studyaheé#heGulf of Alaska

Temporary Maritime Activities Area StudgeA C2 NJ 4 KS dat KFaS LLL¢ FylfeasSaz
areasis addressed in a separate technical repdttistechnicalreport provides further details on Navy

protocol and how it was implemented for each marine mammal and sea turtle species preseat

b I @BSTHEStudy Area

Sao
i K
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2 NAVYMARINE SPECIES DENBY DATABASEHPROTOCOL
2.1 DENSITYESTIMATIONMETHODS ANIRELATIVEUNCERTAINTY

For every region and species there is a broad range ofttlatahe Navy evaluateih order to select

the bestavailabledensty values for incorporation into the NMSDRssessing the quality of the data

available and thie associated level aincertaintywaskey todi KS b | @& Q & seledtiigith® he€ K F 2 NJ
sources of marine species density data, as described below.

Marine speats density is the number of individuals that are present per unit area, typically per square
kilometer (km?). Density estimation of marine species, in particular, marine mammals and sea turtles, is
very difficult because of the large amount of survey dffequired, often spanningultiple years, and

the resulting low number of observesightingsé 5A a4 yOS &l YL Ay3d¢ RSaONARO6SaA
estimate the density or abundance of biological populations given the assumption that many of the
target Pecies will not be detected during a sury@uckland et al., 2001 Themost common type of
distance samplings linetransect samplig, whichcharacterizeshe probability of visually detectingn

animal or group of animafsom a survey transect lin® quantify and estimate the number of

individuals missed. The resgjenerallyprovides one singlaveragedensity estimate for each spies for

the entire survey coverage extent, and usudlgonstrained t@ specific timeframe or seasomhe
estimatedoes not provide information on the species distribution or concentrations within that area,
and does not estimate density for other tifimames/seasons that were not surveyed.

To quantify howspeciesdensityvaries geographically requirssratifyingsurvey effortinto smaller
subregiors during the density estimation proceskhere are several methods that can be applied to
accomplish thignd eachwill affect the uncertaity in the estimate differentlyThreecommonly used
methods of density estimation using direct survey sighting data and distance sampling aineory
considered here(1)designedbased,(2) stratified-designed based, an@) spatial modelsAnother siite

of models,Relative Environmental Suitability (RES) models (also known as Environmental Envelope or
Habitat Suitability Indermodel9, use known or inferred habitat associations to predict densities,
typically in areas wire direct surveysightingdata are limited or norexistent.In some cases
extrapolation from neighboring regional density estimates or population/stock assessimantyeas

with no density estimatess appropriate based on expert opinion. In many sdbis may be preferred
over using RES models because of discrepancies identified by local expert knoatetogsult in more
certainty in the extrapolated estimate$ his includes an extrapolation of no occurrence based on other
sources of data such astie NMFS stock assessment regant expert judgmentFollowing is a short
summary of each of the density estimation methods.

2.1.1 DESIGNEBBASEDDENSITYESTIMATE

Designeebased density estimation uses liransect survey data and usually involves distance siagnp
theory (Buckland et al., 20010 estimate density for the entire survey extei8ystematic lindransect
surveys can be conductdbm both ships and aircraft; however, the time period available for sighting
an animals muchshorterfor aerial surveys as compared to ship surveys,thatefore more aerial
surveyeffort may berequired in order to obtairenough sightings to estimatdensities.Conversely,
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aerial surveys can cover a much larger area in a shorter period of time than ship sumeysnsect

methods can also rely on passive acoustic detections of animals typically obtained from a towed

hydrophone during @oncurrentvisual surveye.g., Barlow & Taylor, 204 inetransectsurveys are

typically designed from the ground up with intent to survey and estimate density for a specific

geographica I = KSy OS (KS I BSNNPEARKABIWMSBR 6KS YSGK2R 2F |«
typicallyused for the NMFS marine mammal stock assessment repdatises in the literature may be

reported as abundance for the survey aréa,which a density estimate céae inferredif the area is

specified

2.1.2 STRATIFIED DESIGNEBBASEDDENSITYESTIMATE

Stratified designedbased density estimates use the same survey data and methods as the designed
based method, buthe study areds stratified into subregiors anddensitiesestimated specific toeach
subregion The advantagef this method is thageographicalltratified density estimates provide a
better indication ofa speciesHistribution within the study areabecause it generates one density
estimate value for eachtrmtum. The disadvantage is that the uncertainty is typically high compared to
the designeebasel estimate because each subgionestimate is based on a smaller stratified segment
of the overall survey effort. For impact assessments that are geograptspaitific, the benefits of
understanding the species geographic variabiigperallyoutweighs the increasd uncertainty in the
estimate.

2.1.3 SPATIAL MODELS

Spatialmodels estimate cetacean density as a continuous function of habitat variables (e.g.,faea sur
temperature, seafloor depth, etc.) and thus alloensitypredictions on finer spatial scales than
designedbased or stratified designebased methodsSpatial nodels t 82 NI FSNNBR (2 | a ¢
RAAUGNAROdzI A 2Y Yas&lénsity moddshré dévelopediusittine-transect survey data
collected in accordance with NMFS protocol and standanaddensityestimatesderivedfor divided
segments in accordance witlistance sampling theorfBuckland et al., 2001 These segments are fitted

to environmental explanatory variables typically using a Generalized Additive Model. The advantage of
this method is that the resulting desity estimates are spatially definedtypically at the resolution of the
environmental data used for model development, and thus show variation in species density and
distribution. For geographispecific impactassessmers this is the most preferred metd of density
estimation, and has beeapplied for many of the species in the Navy OPAREA Density Estimates
(NODEsinodelfor the Atlantic Oceaand the Southwest Fisheries Science Center (SWFSC) density
modelsfor the Pacific Ocearsince this method ofahsity estimation yields the best value estimation

with the least uncertainty, it is the preferred data source when available.

2.1.4 DENSITYBASED ONRELATIVE ENVIRONMENTALSUITABILITY MODELS

The three methods described above estimate density directly from gusighting data in conjunction
with distance sampling theory. However, the majodfithe g 2 NJodeads have not been surveyed in a
manner that suppor quantifiable density estimation of marine mammals and &ed#es. In the

absence obmpiricalsurveydata,information on known or inferred associations between marine
habitat features and (the likelihood of) the presence of specific spéees been used to predict
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densities using modddased approaches. Thekabitat suitabilitymodels include RES meld (also

known as Environmental Envelope or Habitat Suitability Index modhagjtat suitability models can be

used to understand the possible extent and relative expected concentration of a marine species
distribution. These models are derived from@assessment of the species occurrence in association with
evaluated environmental explanatory variables that results in definingtiibility of a given

environment A fitted model that quantitatively describes the relationship of occurrence with the
envronmental variables can be used to estimate unknown occurrence in conjunction with known

habitat suitability Abundancecanthusbe estimatedased on the values of the environmental

variables providing a means to estimate density for areas that havebeeh surveyedIwo recognized
methods and sources of dengiestimation for marine mammals are considered here:Klaschneet

al. (2006 global density estimateand the Sea MammdtesearctJnit, Limitedat University of

St.Andrews (SMRU Ltd.) global density estima{&§RU Ltd., 20)2hereafter referred to as the

Kaschner et al. RES model or Kaschner et al. marine mammal density models, and the SMRUILtd. mode
Predictions from thesSMRU Ltd. modeire preferred ovethe Kaschner et al. model because the SMRU

Ltd. versiorused separately derived population abundance estimates to constrain the global density
estimates from the RES mod6@liven thatuncertainty § very highandresults carsubstantially diverge

from adjacent empiricallp | 8 SR NBadzZ 4a 62N R2y Qi O2NNBaLRyR (2 F
areas) this method of density estimation the least preferred type of data source

2.2 OVERARCHIN®ATA SOURE SELECTION ANDMPLEMENTATIONSUIDELINES

Ideally,marine species sightindata would be collected for the specificea andime period of interest
anddensity estimates derivedccordinglyHowever,as mentioned above, density dasae not available
for every peciesand seasomecessary for Navy impact analy$esause of the fiscal costs, resources,
and effort involved providing enough survey coverage to sufficiently estimate density. Therefore,
depending on the region, species, and season of intetleste may be little to no density data available
or multiple estimates derivetfom different methods. For exampleglative to many other areas of the
g2NI RQa 2 OSI y a Ivestobast BaMdbeed FuiveyédieBengively fob the purpose of
estimatng cetacean abundancboth stratified designedbased(e.g., Barlow & Forney, 20Pand

density spatial modelé.g, Forney et al., 200)2re availabldor many of these specieSome of these
surveyed areas overlap with Navy OPAREAs; howesmstljttle survey data are available for other
NBEIA2ya GKI G SyO02YLiampk, sustBatidlihe@nie@tBurveyhdatabareC 2 NJ S
extremely limited in theMariana Islands Study Argparticularly in the offshore areaMost survey
effortsin this regionare localized angery close tashore thus making it impossible to directly quditi
the density of most species known to occur in the offshore regoditise HSTT Study Arda these
cases, some sort of extrapolated density estimate or prediction fréXE8nodel needto be used,

both of which inherently includa high degree of uncainty.

The methodsisedto develop the density estimate directly affect the level of inherent uncertainty in the
estimate. As described above, if the density estimate for a geographic area is based on sighting data
from a direct survey effort, the inhent uncertainty is comparativelpw when compared to a

REShased estimate for a geographic area that has never been survEyetther, marine mammal

surveys are typically conducted during one or two seasons becausany placepoor weather
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conditions ad high sea states prohibit the completionwiihter surveys Sofor the same species in the
same regionpne density estimatiormethod may provide a betteraluefor one season and different
method for the other season&lnderstanding these methods ahdw they affect the quality of the
resulting dengy estimate is important to makingn informed decision about which specispecific
estimates are implementeth the NMSDDor each geographic area and season.

All density estimates are subject to a lesélincertainty. Further, many of the sources of uncertainty
and the data themselves are not independent, which complicates standard analytical methods for
estimating varianceDensity estimates and predictiofi®m ecological modslshould always be
consicered anapproximation to truth(Burnham & Anderson, 1998Each model is limited to the
variables and assumptions considered by the original data source provider. No mathematical model
representation of any biological population is perfeantd with regards to marine mammal biodiversity,
any single model will not completely explaire results

In summary, for every region and species there is a broad rangeadéble data of varying qualities
that the Navy needs to evaluate in order to select best values for incorporation into tleMSDD
Therefore, in order to provide a systematic structure for data source selettieiNavy established a
hierarchal approach for ranking dens#stimates as described below.

2.2.1 HIERARCHALAPPROACH FORRANKING DENSITY ESTIMATES

Some methods of density estimation are better than others and can produce a more accurate estimate
with decreased uncertainty. Therefore, when there are multiple data sources available, the data
selection process can be driviargelyby (1) spatial resolution ang2) uncertainty in the estimateAs
depicted inFigure 21 for the NMSDDmodeling methodsare ranked as follows

(A) Density estimatesom spatial modelsvill be used when availabl&s described in Section 2.1.1,
spatial models pvide the best source of density data at the finest spatial scales and yield
information on variation in species density and distributieful forenvironmental planning
efforts.

¢For the US EE&n the west coasand around the Hawaiian Island®WFE models for the
California Current Ecosystef@CEand the Central PacifilCENPA®)ere used

(B) If no density spatial model based estimatese available, the followingvere used in order of
preference:

(1) Density estimates usirdpsignedbasedmethods incorporating lingransect survey data and
involving spatial stratification (i.e., estimates split by depth strata or arbitrary survey
subregions) Although stratified designetiased estimates typically have higher uncertainty
due to fewersightings &ailable for the smaller strata, geographically stratified density
SatAYlFIiSEa LINPOARS | O0SGGSNI AYRAOFGAZY 2F | alL
(2) Density estimates usirdesignedbasedmethods incorporating only linransect survey
data (i.e, regional density estimate, stock assessment report)

(3) Density estimates derived using a RES model 8MRULtd. (2012 or Kaschneet al.
(2006. As eescribed in Section 2.1.3, these are the least preferred sources of density data
given their very coarse spatial resolution (global estimates) and high uncertaasgd on
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iKS bl geQa

bl g&Qa

depicted on the maps.

(C)As mentioned in Section 2.ih, some cases extrapolation from neighboring regional density
estimates or ppulation/stock assessmenisto areas with no density estimatésr only

KASNI NOKF t | LILINR I OKZ
density data arenot available Density estimates from RES models had to be used for the
t K I ;&&veveerlgiveh Wid répeseative acoustic modeling study areas
established for HSTT Phase lll, the Navy was able to eliminate the RS8 dhta, thereby
improving the density data used for Phase Ill acoustic modétirafdition to the specific
acoustic modeling study areas, density estimates available for the entirétgwéii Range
Complex IRGand Southern CaliforniaJOCALRange G@mplexare also shown on the maps
included in this report, and thus RES data remaining from the Phase Il analysgl are

estimates from RES modeis)appropriate based on expert opinion.

12/8/2015

Figure2-1: Graphical Depiction of Methods of Density Data Detliven and How They Rank in Guiding the

2.2.2 NAVYMARINE SPECIEDENSITYDATABASEDENSITYDATA COMPILATION AND
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DENSITY DERIVATION
Most to least desirable

DENSITY SPATIAL MODEL

DENSITY BASED ON
RES MODELS

~
EXAMPLE N

Spatial density models
such as those available in
SDSS (SWFSC and some
species in NODE).

U.S. NMFS govi-to-govt
calculations/pubs, peer-
reviewed scientific
literature, NMFS Stock
Assessments or regional
assessments.

Density based on Kaschner
et al. 2006 global Relative
Environmental Suitability
(RES) model and survey
data (SMRU Ltd.) or global
population (Kaschner).

NMFS pubs, foreign gowvi,
peer-reviewed publications,
gray literature, etc. to 7
support extrapolation. 7

Determination of What Density Data to Include in the NMSDD

INTEGRATION

Densitydataincorporated into the NMSDD and subsequently uasdnputfor the NavyQ @coustic
effectsmodelingare centrallymanagedat Naval Facilities Engineering Commaiianticandmade
publically available via welbased srvices from Duke University at

http://[seamap.env.duke.edu/models/
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In an effort to coordinate acrogee N- @& Q& fardéstalSlishaiconsistent approach teelect the
best available density estimatedata for each species acempiled for each specific area by season
using the hierarchicapproachoutlined inFigure 21 as a guideline for selection.

For xample,considerthe density data file fofin whale(Balaenoptera physaljién the easternNorth
Pacificduring summeiand fall

Density data sources are ranked in ordes&a on the methods outlined ire€tion 2.21 andFigure 21.
They are:

1) SWFSGpatid models (US EEX
2) SWEFSEtratified designeebased estimates off Baja, California, Mexico
3) SMRU Ltd RESnodelestimates (everywhere else)

The esulting density data file iRigure 21 shows the desighated geographic location of density
estimatesintegrated fromthe sources choseabove Since thesSWFS@ensity spatial model e most
desirabledata sourcdor geographic areswheresuch models aravailable, these data are used in lieu
of any other sourcefor this species and seasdrigure 22). As isevident inFigure 22, the SWFSC
model provides spatialtgxplicit density estimates within the U BEZ Stratifieddesignedbaseddensity
estimates were available favatersoff Baja California, Mexico, and are depictesdan areaf uniform
density diectly south of the U.EEEZData from the SMRU LtRESnodelwere selected for the
remaining areas shown on the map because no other density data were avallbablaierarchical data
selection processnsures thathe highest ranking and thus best aadile estimateis used for each
species considereand thatthere is only one representative density valioe eachgeographic locabn.
Thehierarchical rankingrocess is applied on a specilasspecies basisince available data sources
often vary by speies.The results are speciepecific density data files that are compilations of density
data from potentially multiple sourceare defined seasonally where possible, and provide density
values per season for each geographic area of interest.

TECHNICAL REPORT 9
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Figure2-2: Example of a Combined NMSDD Density Data File

If speciesspecificdensity data are not available, the density value of a surrogate species or season can
be used as a proxy value. A surrogate speciesgeeies with similar morphology, behavior, and habitat
preferences. A surrogate season is a sedhahbest represents the expected distribution and density

for that species.

Pacific Fleet, Atlantic Fleet, a&ystem Commands (SYSCOM&gach responsie for reviewingand
includingthe best available density data for their A@Ran ArcGIS compatible format with associated
metadata for inclusion into the master Atlantic and Pacific datagétsre is continual coordination
between Pacific Fleet, AtlaotFleet, and SYSCOMS to ensure consistency betegiemal
environmental analyses (e.g., Pacific and Atlaatigironmental Impact Statemerntand commands
across the NavyPacific Fleet, Atlantic Fleet, ag¥ SCOMSe alsoeach responsible for develogjrthe
supporting documentation on the methods of implementation for data included in the NMSDD.

2.2.3 METHODS FORSEASONALDESIGNATION

Seasons are defined by the available data and the minimum number of timeframes that characterize the
species distribution ovesne year. The number of timeframe designations could vary based on the

detail of the available data. This could be designated by the traditional four seasons, warm and cold
seasons, breeding and feeding seasons, monthly or smaller increments.

TECHNICAL REPORT 10



U.S. NAVY MARINE SPECIES DENSITY DATABASE PHASE IIl FOR THE HSTT STUDY AREA OCTOBERO17

The datasetvith the most seasoal classifications determines the number of seasonal density data files
that need to be developed. A separate density data file is required for each season designation. In
instances of combining a species for which there is an annumlityeestimate and a seasonally parsed
density estimate, multiple density data files may be developed based on the seasonal category. For
example, a species density dataset with four seasonal classifications is merged with a density dataset
with an annuatlassification. The annual dateedto be repeated for all four seasons and each

repeated value must have the same season start and end dates as the season classification. There
should be no overlapping time frames or geographic areas represented betisityddata within the
combination of the multiple datasets.

The ultimate result is a series of density data files #patially and temporally havdensity valusthat
span the specig€®xpected distribution for the entire year. The number of densityaddes for a given
speciessdefined by the data region of greatest detail (ithe greatest number of seasonal timeframe
designations) and may result in geographic partitioning and multiple density data files for a single
species if seasonal definitie differ for oceanic areas.

2.2.4 FILE FORMAT ANDMANAGEMENT

All density estimates need to be in an ArcGIS compatible format for integration with the Navy effects
analysis model. All data are clipped to the National Geosplatielligence Agency 1:250,000 ctamse

data for the coastal boundary. At a minimuthe metadata fields listed in Appenddare to be included

in the database file (.dbf) for all density values in the density data files.

The file format and structure standards are managed byNbeal lhdersea Warfare CentéNewport,

Rhode Islanpmodeling teamin collaboration withNaval Facilities Engineering Comma#diantic. By

keeping the data in the same file format, new data can easily be added to future iterations of the species
density data fes.

Uncertaintyis characterized in different ways by the original density data provider theske estimates
are preserved in the file format for use the effects modelingu.S. Department of the Navin
Progress Additional metadata fields other &m the oneslisted in AppendiB can beusedto
incorporate and retain these values.

TECHNICAL REPORT 11
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3 NAVY MARINE SPECIEBENSITY DATABASEPHASE Iz
OVERALL METHODS ANIBOURCES IMPLEMENTED

The following sections describe thisTTStudy Area for which density data havedn compiled and
incorporated into the NMSDBhase IllAvailable density data sourcese also describedA summary of
the improvements that have been made to the NMSDD from Phase Il to Phase Ill is protihged
Executive Summary

3.1 HAWAII-SOUTHERNCALIFORNIATRAINING ANDI ESTINGSTUDYAREA

TheHSTT Study Aréacludes three existing range complexes: 8@CAL Ran@omplex, HRC, and

Silver Strand Training Compléx addition to these range complexes, the Study Aeaincludesa

notional route to repesent Navy transit from one range complex to anottard an areaf the Study

Area thatoverlapswith the Point Mugu Sea Range. Other than the area of overlap, the Point Mugu Sea

Range is not part of the HSTT Study AFégure 31). In this report, theRA 8 Odza a A2y 2F aLISOAS
is presented under two headings: HRC and SO®#Adughout this report, KS &1 w/ ¢ KSIF RAYy 3 NI
GKS 1 FgFAA LRNIAZ2Y 2F GKS 1 {¢¢ {GdzReé ! NBlI > FyR (K
portion of the HSTT &y AreaGiven that spatial models developed by SWFSC were the preferred

source of density data incorporated into the NMSDD (see Section 2.2.1), the SWFSC California Current
Ecosystem and Central Pfiacstudy areas are shown Figure 31. The Papahanauokuakea Marine

National Monument is also shown in relation to the Hawaii Range Complex.

Legend
[ HSTT Study Area

Note:

SWFSC = Southwest Fisheries
Science Center

Papahanaumokuakea
Marine National/Monument

if 5 0 400 800km
L 1

N 0 200 400 600Miles

Data Sources
Military Operations
Ranges/Testing and Training
Areas, US Navy, 2015.
Boundaries:
Boundaries: ESRI, 2010.

|_International Date/7h_

Figure3-1: HawaiiSouthern California Training and Testing Study Area
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FaSR 2y (GUKS &a2dz/yR & 2 difbdd Sralysto Ad&se IBaRoustio/modeln§ study: @& Q
areas were established tmest characteriz&lavy training and testingnd capture the range of
environmental conditions within the HSTT Study Afégure 32). There are twaacoustic modeling
studyareas that encompass each of the main OPAREASs, and three representative transit corridor study
areas.Two of the representative transit corridor study areas are located withimtitenal route
represening Navy transitbetween SOCAL and HRC, one irvikstern portion of the route and another
in the eastern portion of the routdo ensure that the full range of environmental conditions were
evaluated. A third representative transit corridor study area was placed to the west of the Hawaii
OPAREA to ensutleat Navy transit to Guam was also asses&hsity updates were focused on the
acoustic modeling study areas shown in Figuti2cause these areas represent where most training
and testing occur within the Hawaiian OPAREA and around the main Haiskiizos, as well as within
250 nm of the west coast.

180° -175° -170° -165° -160° -155° -150° -145° -140° -135° -130° -125° -120° -115°
| -

' | | 5 s0°
& | r~— |
: | ‘ ‘ X
_//Y__E EEZ around ‘ ( | 2Vashinglon =
; Alaska ‘ 1 T e
i 3 U.S. EEZaround __ [ Z s
: U.S. West Coast { Oregon
\
|
Southern California Denjsity Extent
(100 km Bufferi)

International Date Line

Transit Corridor Représentative
U.S, EEZ Study Area 200 x 200 km

aroundHawall

Transit Corridor 250 nm Line
ReBiessae  Southern California
~ a0xkwim  Portion of the HSTT |.

| Study Area
w| ] Transit Corridor HRC Density Extent Lfge:‘; s .
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uls. EEZ around Sty e B oy s L el
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180° -175* -170° -165° -160° -155° -150° -145° -140° -135° -130° -125° -120° -15°

Figure3-2: RepresentativeAcousticModeling Study Areas for thélawaiiSouthern California Training and
Testing Study Aregboundaries shown in light gren). The U.S. EEZ boundaries are shown in purple.

Density data for the Phase Il analyses wéres updated specifically for the acoustic modeling study

areas and not for the entirety of HRC and SOCAL. As noted in Section 2.2.1, this allowed the Navy to
eliminate the least preferred sources of density data (i.e., Leg®ldata as shown in Tablel3, thereby

improving the quality and reducing the uncertainty of data used for Phase Il acoustic modeling. It is

important to note that the figures included the speciesspecific sections (Secyiod pbMH U Ay Of dzRS
density estimates available for the entirety of HRC and SOCAL, and thus portray data from the previous
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Phase Il analyses. While for some species these data differ substantially from the updated Phase Il data
shown for the acoustic modelinstudy areas, the Phase Il data were not used in the current acoustic
analyses, but are portrayed on the density figures for completeness.

Table3-1: Hierarchy of Density Data Sources

Level Sources

Peer reviewednd/or published studies of density spatial models that provide

Level 1I(Most Preferred) . . . . )
spatiallyexplicit density estimatesr values derived from these sources

Peer reviewedand/or published studies of stratified designédised density

Level 2 ) .
estimatesor values derived from these sources

Level 3 Peer reviewednd/or published studies of designdzhsed density estimatesr
values derived from these sources

Level 4 { G ! yRENMBIs|(SKRU Ltd., 2032

Level 5 (Least Preferred Kaschner et aREModel (Kaschner et al., 2006

3.2 APPLICATION OF THERAVYMARINESPECIEDENSITYDATABASEPROTOCOL
NMSDD shapefiles for théSTTStudy Area are currenthytratified by four seasons:

Winter: DecembegFebruary
Spring:MarchcMay
SummerJuneAugust
Fall:Septembe¢November

However, density data were rarely available at this temporal resolution. Marine mammal surveys are

typically conducted during only one two seasons becauseugh weather conditiong winter/spring

make it difficult to collect shipboard linigansect dat. Off California, for example, muchlofa C flata

that exist forwinter/springhave been acllected during aerial surveys. In this casleip survey data

provide the best estimates for summer/falvhile aerial survey data provide the $teestimates for

winter/spring. Furtherthe current NMSDBeasonal stratification approach is not appropriatedoery

project region.ldeally, seasonabtrata would be based otie greatest differenes in oceanographic

conditions for a given study area. For example, off theweStc2 | 4 G = (-KISH &M INSNR 2 Ré A &
generally considered Juglovember: Yy R (i K& & DIRI2 IS NEAPR svhild\Degedir AhB

May are considered periods of transition. In this case, given the seasonal periods used for the NMSDD,

the warmwater period fits nicely into the summer/fall strata, while the ceater and transitional

periods are both included in the winter/spig strata. In this example, given limitations in the available
adz2NSe RFEGEFYT GKS aadzYYSNkTFFEEf¢ SAGAYFGS At LR Lz
GoAYUSNKALINRYIE SadAYIGS At LI2LIzZ | GsBofaRr 1 K GKS &
annual density estimate, it will be repeated for all four seasons.
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C2NJ SIOK INBF yR &aSlaz2ys GKS bl g@geqQa 32+t Aa (2 A
different datasourceamay be relied uponTo select marine species densistimates, the Navy

established a data hierarchy based on available deadle3-1). These levels were established

consistent with the hierarchal approach for ranking density estimates as described in Section 2.2.1.
Whenappropriae, the most preferred density values may be those extrapolated from Levels 1 through

3 below.As described in Section 2.2.1, extrapolation from neighboring regional density estimates or
population/stock assessments is appropriate based on expert opamdiis preferred over using RES

models because of discrepancies identified by local expert knowledge.

The different data sourcemre described in more detail in the following sections.

The NMSDD protocol was applied when selecting the best available nspanges density foeach

study areaFor the HSTTuRly Area, Level 1 data (habithlased density modelseeTable3-1) were
available for multiple species/species groups within the NMFS SNRIFSGurvey areas off the U.S.
weg coast and Hawaii for the summer/fall seasons. For other species, seasons, and areas (e.g., Baja,
Mexico), stratified lingransect density estimate§.e., Level 2 datayere available. For a small number
of species for the winter/spring seasons, anddasmall portion of the HSTHudy Area that extended
west of the SWFSC survey area, density estimates were extrapolated from stratifigditisect density
estimates.Based on expert opinion from scientists at theFB@, for these HSTT cases for whasteL
1¢3 density estimates were not available, extrapolated density estimates were considered more
representative of expected densities than those generated from the lower level soiivees evel 4 and
5 data)

Information on the data density sourcesadlable forthe HSTTt8dy Areas$ included in the next section.

3.3 INFORMATION ONDENSITYDATA SOURCESONSIDERED ANDNCLUDED

3.3.1 LEVEL1ZLEVEL3 DATA SOURCES

Consistent with the hierarchalpproach for ranking density estimatas described in Section 2.2hd
the established levels summarizedTiable 31, the majority ofLevel 1 through Level 3 datsege

Table 31) used to describe cetacean densities within the HSTT Studyw&re estimated from
systematic lingransect shipboard surveys conducted by NMFS S\WR&GEIFSEigure3-3). As noted

in Section 2.2.1, these sources of density data are the most preferledSWFIRIFSGurveys are
typically conducted in summer/fall (roughly Jgiyovember) and cover three major study are@s:the
CCHwaters off the U.Swestcoast between the shore and approximately 3@utical milesqm]
offshore) (2) the CENPAQvaters north of the equator between thiaternational Date Line and
approximately 130° wegWV] longitude) and(3) the Eastern TropicabEific(watersextending from the
U.S:Mexico Border south to Perand west to approximately 137 longitude) Data from these surveys
have been used to del@p spatial density models and to estimate densities usingtliaesect analyses
as described belowlhe study areas used to develop spatial density models fo€C®&nd the Central
North Pacific overlap a large portion of the HSTT Study Adgzoughthey do not overlap,tie two
SWFSGtudy areasipproacheach other at the western edge of tl&CEtudy area and the eastern edge
of the CentraNorth Pacific studyarea.
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Figure3-3: Transectcoverage for surveys conducted lige Southwest Fisheries Science Cenbatween 1986
and 2006 in three broad study areas in the eastern North Pacific.

NMES SWESC Habiased Density Models for the California Current Bgstem (CCE Modgls

This data source is the top tier (Level 1) in the hierarchy of density data.

SWFS@as been developing predictive habiHa&sed density models for cetaceanghe CCHEor more
than 15 yearsHabitat variables used in the density mdsl@ave includetemporally dynamic
environmentalmeasurede.g.,sea surface temperate, mixed layer depthderived from remotely
sensed sources aollectedin situduring the linetransect surveysas well as more static geographical
measurede.g.,water depth, bathymetric slope The CCE habitat models have received extensive
validation using a variety of methods includicrgss validatiorfBarlow et al., 209; Becker et al., 2010
Forney, 2000Forney et al., 2012 predictions on novel data sefBarlow et al., 2009Becker et al.,
20123 Becker et al.2014 Forney et al., 2012and expert opinioriBarlow et al., 2009-orney et al.,
2012.

C2NJ UKS bl @eQa tKIAS LL I yl-dutet&a@Emode?pre8ictionsINBERA Ol A 2
(Becker et al., 20129lwere provided tahe Navy in ArcGIS format and incorporated into the NMSDD
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(U.S. Department of the Navy, 2015 hese models were develop@sing six years of systematic

line-transect data collected in the CCE between 1991 and 2B&&er et al., 2019bModel results

were providedfor striped dolphin Etenella ceruleoalbg, shortbeaked common dolphirDelphinus

delphi®) = wA & a eampuRkdgiselgRakific wiitesided dolphin lagenorhynchus obliquidens

northern right whale dolphinL{ssodelphis borealisz 5 | f f ®Rocoei®itsiaflispedm whie

(Physeter macrocephalydin whale blue whale Balaenopteranusculuy, humpback whalE . I A NR Q&
beaked whaleRerardius bairdji and a small beaked whale guitd @t dzZRA Yy 3 / dzOA SNRa o6S|I |
[Ziphius cavirostrjsand Mesoplodorspp.)

MorerecentlyA y & dzLJLJ2 NI 2F (GKS bl @geQa tKFaSmpoked ba{55 yS
methods were usedo develop a new set of CCE habitetsed density models that included an

additional set of survey data collected in 200%9vaters offSouthern Califorra (Becker et al., 2016

Sighting data from the combined 1992009 survey data enabled the development of models for two

additional species, longeaked common dolphirDelphinuscapensiy and common bottlenose dolphin

(Tursiops truncatysWithin the CCE study area, density predictions for distirday composites

covering the entire survey periods (192D09) were averaged torpduce spatial grids of average

species density a0 km x10km resolution, as well as spatialikplicit measures of uncertainfiBecker

et al., 2016. Final model predictions were provided to the Navy in ArcGIS foaméincorporated into

the NMSDDor their current Phase Il analyses.

Habitat-Based Density Models for Southern California (CalCOFI Mddels

This data source ii¢ top tier (Level 1) in the hierarchy of density data.

California Cooperative Oceanic Fisheries Investigations (CalCOFI) were formed in 1949 as a partnership
of the California Department of Fish & Wildliféational Oceanic and Atmospheric Administration

(NOAA Fisheries Service, and Scripps Institution of Oceanography. The original CalCOFI goal was to
study the ecological aspects of the sardine collapse off California, but the focus has expanded to study
the physical and biological marine environmenttbi# California coast. CalCOFI cruises are conducted
guarterly along predetermined track lines off southern and central California, and hydrographic and
biological data are collected at established water sampling stations as well as while transitingrbetwee
stations Figure3-4). Marine mammal sighting data have been collected usingttaresect methods on

the cruises since 2004.

Becker et al(2017) used CalCOFI sighting data collealedng winter and spring between 2005 and

2015to provide the firsthabitat-based density models for three specieth sufficient sample sizes for
modeling:humpback whale, shotteaked common dolphit Yy R 5 f f Qa4 LI2N1LI2A&ASDd a2 R!
fine scale (10 km) density predictions tbeese species during the cool seasonsngdg predictions for

distinct 8day composites ogering the entire survey period (208015 were averaged to produce

spatial grids of average species density akdBresolution, as well as spatialplicit measures of
uncertainty(Becker et al., 20)7Final model predictions werergvided to the Navy in ArcGIS format

and incorporated into the NMSDD for their current Phase Il analyses.
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Figure3-4: CalCOFI Transect Lines (Solid Black Lines) and Sampling Stations (Red Dots)

NMFS SWFE#IFSMHabitat-Based Density Models for the @ial North Pacific (CENPAC Modgls

This data source is the top tier (Level 1) in the hierarchy of density data.

Habitatbased density models weigiginallydeveloped for cetaceans in thee@ral North Pacific based
on cetacean survey data collected e SWFS@ 199%2006(Becker et al., 2012cCetacean sighting
data were collected on systematic liti@nsect surveys in the temperate eastern Pacific, around Hawaii
and other Pacific Islands, and in the eastern tropical Pacific west of 120 degrees loridabidat
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variables includetemporally dynantg environmentameasureqe.g.,sea surface temperate, sea
surface chlorophyllandmore static geographicaheasureqe.g.,distanceto land) Models were
developed for ten cetacean species/species gsfpantropicalspotted dolphin Ftenella attenuath
spinner dolphin $tenella longirostris striped dolphin, roughoothed dolphin Bteno bredanendis
bottlenose dolphin Tursiops truncatysfalse killer whaleFseudorca crassidgnshortfinned pilot
whale [Globicephala macrorhynchysperm whaleBrydeQ &  g[Balaén@pteraedehit YR 'y &2 G KS N
R2f LIKAY &a¢ 3 NP dzLJ-bgaked Coiimdn yiaphimiz& Babific wiitaided dolphin)
Uniform densities were estimated for five additional species/guilds that had too few sightings for
modeling (Ri® Qa R2 f LIKA YiEinuk drdh py§ridkilleKwhéle§eresa attenuath Kogiaspp.,
and a small beaked whale guil@he resulting species densities were providethe Navy in ArcGIS
format for use in their Phase Il analyqgkS. Department of the Navy, 2015

MorerecentlyA y & dzLJLJ2 NI 2F (GKS bl geQa tKFaSspataLL ba{55 yS
predictions of cetacean densitiesnd measures of uncertaintyere developedusing additional survey

data collectecoy SWFSC/PIF82010 within theHawaiian Islands EEZ and2011 and 201 waters

surrounding Palmyra Atoll/Kingman R€Ebrney et al., 200)5Thecombined 19922012 survey data

were used taupdatethe previousCentral North Pacific modeland new griebased prediction methods

provided finer-scale information on the distribution and detysbf cefaceans in this study arekinal

model predictions were provided to the Navy in ArcGIS format and incorporated into the NMSDD for

their current Phase Ill analyses.

NMFS SWEFESC Lifieansect Density Estimates for the California Current Ecosystem

This data source is one of the preferred (Level 2) sources of density data in the established hierarchy.

Summer/Fall Shipboard Survey&ip-basedline-transect surveysvere conducted by NMFS SWFSC in
their CCEBtudy areadrom July through November 1991, 1391996, 2001, 2005, and 2008.2009, an
additional linetransect surveyvas conducted from September to December tfatused on waters off
Southern Californialnformation on the search effort angumber of species sightetlring these
surveys is repaed in numerous NMFS/E-SC administrative reportgchnical memorand, and
peer-reviewed publications

Cetacean density estimates for the GRlkly area(1,141,800 krf) are typicallystratified into four
geographic regionsvaters off(1) Oregon and Washgton (322,200 krnorth of 42°north [N]);

(2) northern Californig258,100 kmsouth of 42N and north of Point Reyed 38°N);(3) central
California (243,000 khbetweenPoint Conception at 34.5Pand Point Reyes); aifd) Southern
California (318,50@m?south of Point ConceptionRarlow and Forneg2007) used a multiplecovariate
line-transect approactiMarques & Buckland, 2008 derive uniformdensity estimates for each of
these four regions for 19pecies, as well d&ogiaspp.and Mesoplodorspp.For those species for which
habitat-density models could not be developed (due to insufficient sample sthesgstratified

uniform densityestimates were used by the Navy for their Phase Il analt& Department of the
Navy, 2015
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Inthe summer and fall @2014,an additional survey was conducteg BWFSC in the C&&dy area.

The same survey methods and survey design were used as the priap2D@81surveys, and similar
analytical methods were used to estimate density for the four geographic regions described above
(Barlow, 201% However, the new analysis included new estimates of trackline detection probability
based on a method developed by Barl(®015 and incorporated new methods for selecting detection
function covariates based on results peesed by Barlow et a(2011). In addition, data from the 1991
to 2008 surveys were ranalyzel using the new methods to provide more accurate estiméBzslow,
2016). For those species for which habidensity models could not be developed (diveinsufficient
sample sizes), these new stratified uniform density estimates were incorporated into the NM®DD
used by the Navior their current Phase Il analyses.

Winter/Spring AerialSurveysNMFS SWFSC conducted aerial surveys off Californidviesom to April
1991 and February to April 199Phe surveys covered waters from the coast offshore toriri0
offshore(Figure3-5). Forney et al(1995 provided cetacean density estates derived by standard
line-transect analyses; these estimates were stratified by four geograpbions within the aerial
survey study areaBarlow et al(2009 provided a summary of the geographically stratified
winter/spring density estimatederived fom these survey dataAlthough these estimates are based on
survey data collected more than 20 years ago, for some species they represent the best available
estimates for the winter/spring seasoRough weather conditions in the CCE make it difficulbttect
shipboard linetransect data yearound, and few studies have assessed cetacean density and
distribution in winter and spring. In the absence of more recent data, and for those species for which
abundance and distribution patterns are known to vagasonally, thesstratified uniform density
estimates were used by the Navy for their Phase Il analys&s Department ahe Navy, 201p

More recently, linetransect analyses of data collected during ship surveySoafthern California

(Campbell et al., 203%nd aerial surveys focused off San Clemente Ig|8d)Jefferson et al., 2034
provide uniform density estimates for selected species in winter/spring. These are described below and
have been incorporated into the NMSDD and used leyNhavy for their current Phase Il analyses.
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Figure3-5: CompletedTransects (Solid Line)rfthe Aerial Surveys Conducted/iINMFS SWFSSf Californiain
MarchcApril 1991and FebruarycApril 1992 The geographic strata used for density estimation are shown by
broken lines, with stratum numbers shown in circles.

NMFS SWFE#IFSA.ineTransect Density Estimates for the Hawaii&xclusive Economic Zone

This data source is one ofalpreferred (Leve®) sources of density data in the established hierarchy.

NMFS SWFSC conducteship-basedline-transect survey in summer/fall (Augadtovember) 2002
covering U.SEEZ waters surrounding Hawaii, including all of the Northwest Hawdaaialds

(Figure3-6). Barlow(2006) provided linetransect abundance estimates for 19 cetacean species based
on a multiple covariate approadMarques & Buckland, 200Q3estimates were stratified based on the
geographic strata shown Figure3-6. For those species for which habidénsity models could not be
developed (due to insufficient sample sizes), these stratifigtbtm density estimates were used by the

Navy for their Phase Il analyggkS. Department of the Navy, 2015
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Figure3-6: StudyArea for the Shipboard.ineTransect Survey Conducted/ INMFS SWFSE€2002. Bold lines
show the two strata used for abundance analys{&) Main Hawaiian Islands stratum an@) Outer Exclusive
Economic Zone stratum. Fine lines show search effort in Beaufort sea stateg2f 0

In the summer and fall of 2010, an additional survey was conduwitaboratively by SWFSC and PIFSC
in the Hawaiian EEZ using the same survey methodsarvey design as therior 2002 surveyA
multiple-covariate linetransect approactiMarques & Buckland, 200%as usedo derive uniform
density estimategrom these sirvey data(Bradford et al., 201)7 The new analysis also included new
estimates of trackline detection probability based on a method developed by B&ml®). For those
species for which habitadensity models could not be developed (due to insufficient sample sizes),
thesenew uniform density estimates wericorporated into the NMSDD and used by the/W#or their
current Phase Ill analyses.

NMES SWESC Limeansect Density Estimates for the Eastern Pacific Ocean

This data source is one of the preferred (Level 2) sources of density data in the established hierarchy.

Ferguson and Barlo(@2003 provided broadscale linetransect abundance estimates for cetaceans in

the easternPacific based on nine NMFS SWFSC shipboard surveys conducted between 1986 and 1996.
Their study area encompassed more than 25 millioAkm | y R Ay Of dzZRCERPARAC{ / Q& [/ / 9
Eastern Tropical Pacific study are@ensity estimates were stratified geogtzcally by Edegree

squares of latitude and longitud&igure3-7). Although they are at relatively large spatial resolution, the
stratified estimates provide density estimates for areas not covered by some of the other jablish
reports (e.g., Baja, Mexico), and these stratified uniform density estimates were used by the Navy for
their Phase Il analyses (U.S. Department of the N2QAS5).
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Figure3-7: Geographic Strata Uselly Ferguson and Barlow (2003)rfDensity Estimation

The acoustic modeling footprint used for the Phase Il analyses is encompassed within strata numbers
58, 59, 72, and 73{gure3-8). While the majority of stratum 58 is inaled in the SWFSC CCE study area
and sghting dataincluded inthe analyses biarlow(2016 and Becker et a{2016), density and CVs for

strata numbers 59, 72, and 73 werecalculatedfor use in the Phase Ill analysBensity estimates

were corrected for updated g(@stimates provided by Barlo(2015 using the average Beaufort sea
state value for oreffort transects within the strata contributing toedhsity estimates and the mean g(0)
for that Beaufort value (i.e., 3.5)hese new uniform density estimates were incorporated into the

NMSDD and used by the Navy for their current Phase Il analyses
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Figure3-8: SWFSC Geographic Strata Used for HSTT Density Estimation
Additional LineTransect Density Estimates for Regions within tHETT Study Area

In addition tothe National Oceait and Atmospheric Administrath line-transect density estimates
described above, additional peegviewed published studies of desiphbased estimates (Leve] 8ee
Table3-1) were used.

Southern California CalCOFI Ship Surv®auglas et al2014) provided seasonal density estimates for

the 11 most commonly encountered cetaceans during 16 CalCOFI surveys conducted between 2004 and
2008.Theseestimateswere not corrected foanimals missed on the tracklirsad are thus considered

biased lowCampbell et al2015 used linetransed analyses to estimate seasonal density for the six

most commonly encountered cetaceans (shoeiaked common dolphin, Pacific whiseded dolphin,

51 ffQa LR2NLR2A&ASY yR o60fdzSZ FAYZ FyR KdzYLW% Il Ol 6KI f
2004 and 203. Campbell et al(2015 applied correction factors for trackline detectignobability that

were derived for SWFSC ship surv@arlow, 1995 Given the differenbbserver configuration othe

CalCOFI surveysvo observers searching for animals with 7x binoculars compared to three observers,

two that use 25X binocularen the SWFSC surveys), thampbell et al(2015 estimates are still likely
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biased lowHowever, they currently provide the most recent winter/spring estimatesfacific white
sided dolphin, blue whale, and fin wieah Southern California waters.

Southern California Bight/San Clemente Island Aer&alrveys Navyfundedaerial surveysvere
conducted in the vicinity ddCfrom 2008 t02013(Figure3-9). Jefferson et al(2014) used aerial survey
data collected from 2008 to 2013 &stimate demsity for marine mammal specigs two main survey
areas (Santa Catalina and San Nicolas Basirg) Bauthern Qéornia Bight Density estimates were
stratified by warm (MagOctober) and cool (Novembehpril) seasons.

SOCAL Aerial Surveys
Survey Tracks Lines within the
San Nicolas Basin, Santa Catalina Basin, and

South of San Clemente Island Survey Areas
2008—2013

g
/
Authof/sc/ / ///
= ey ol

Source: Jefferson et al. (2014)
Figure3-9: SWFSC Geographic Strata Used for HSTT Density Estimation

NMES Stock Assessment Reports for the Pacific

This data source is one of the preferred (Level 3) sources of density data in the esthbiestagchy.

In addition to the above, density estimates are available from NMFS Stock Assessment Reports for the
Pacific(Carretta et al., 201)7and AlaskgMuto et al., 2017. These Stock Assessment Reports provide
uniform abundance estimates for recognized stocks of marine mammals within broad geogragtaic st
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3.3.2 LEVEL4ZLEVELS DATA SOURCES

The Level €5 data sources are the least preferred sources of density data as notebie3-1. These
data sources are based on environmental suitability modglste that a Level 5 density size,
Kaschner et a(2006) is described first below, because the Level 4 squsddRU Ltd2012) is based on
improvements to th&kaschner et a{2006) models).

Kaschneet al. Marine MammalDensityModels

This data source is one of theastpreferred (Leveb) sources of density dain the established
hierarchy

Based on a synthesis of existing observations about the relationsbipgen basic environmental
conditions and species presené@schneet al. (2006 used environmentasuitabilitymodels to predict
the average annual range of a marine mammal species on a global level. Habitat preferences were based
on sea surface temperature, bathymetand distance taoearestland or ice edgeThesedatawere then
used to characterizepecies distribution and relative concentration on a global oceanic acal&° grid

cell resolution To transform the RES valuesdensity estimates, publisheglobal populatiorestimates
were used to compute a mean annual global population estimate. Kaseha&2006) then prorated

the global abundance estimates using the RES values as an index oé redaicentration (i.e., so that if
one was to sum up all of the cells, the result would be the mean global population). One of the
disadvantages of this method is that it is difficult to validate the results because much of the area
covered has never beesurveyed and uncertainty was qualitatively assessed. In the P&Giichner

etl f (@QQ& predicted distributions for many species do not correspond well with known distributions
(Ferguson et al., 20)1Some of the discrepancibgstween the Kaschner et af2006) modelpredictions
andknown species distributionsould be due to the difference betweehe éfundamental niché and

the drealized niché (Hutchinson, 195) the fundamental niche describes all environments that permit a
species to survivavhile the realized niche is thgpsciesobserved distribution which results from
interspecific andntraspecific dynamics, interactions with the ptoaienvironment, and historical

events

Sea Mammal Research Unit Limited (SMRH.) Marine Mammal Density Model

This data source is one thfe leastpreferred (Levedt) sources of density data in the established
hierarchy.

SMRULd. developed a global density model using a different approach for 45 species of marine
mammals(SMRU Ltd., 2032The SMRUtd. model used the seasonally defined RES valkiaschner et
al., 2009 described abovand developed aelationship betweerthe RESaluesand empirical density
datain order b generate predictionsf density for locations where no surveys have been conduded.
thorough literature search for survey data was undertaken to identify-bhged and/or aerial surveys
of marine mammad. Survey datavere collated on a global level and included surveysesit980,
although most surveys included in the analysis were 4@810.Models relating density (from surveys)
to RES values were constructed using Generalized Linear Mivdlgdd model fitting usednly the
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summer season data for the Northern and Sarthhemispheres. The summer RES values were passed
through the fitted equations to give predicted densities for all 0.5°-geills This,coupled with

database values for the area of water within each cell, gadggadbal abundanceestimate. Seasonal
predictionswere madeby allocatingthis global abundance in accordance with the seasonal RES values
and the model coefficientdhis approach ensuretthat the total global abundance of a species did not
change between seasoriBhe advantage of this approaoker the Kaschner et g2006 modelsis that
SMRU1d. used actual density data from a number of sources and developed a model fit to the RES
value to make the predictions. This method allowed for the uncertainly in each cellgodnditatively
assessedwhich was not possible with the Kaschner e{2006 model For the purpose of

environmental impact assessment, when available, this method of density estimation is prefeeed
Kaschneet alQ @006 density model
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The remainder of this document provides the density profiles that are being used by the Navy for
modelingthe potential exposure of each species to Navy sound sources H3AaStudyAreabased on

the data sources and selection methods describeSdntion®2 and 3 Species are presented in groups

of related taxa: baleen whales, sperm whales, delphinids, porpoises, beaked whales, pinnipeds, and sea
turtles. Within each group, speciese presented in alphabetical order by their scientific name; hence

the scientific names are presented before the common names. This organization scheme &selys cl
related speciesogether.Information on which species are found in tHSTTStudy Areas provided in
Table4-1. All species included in Tableldad density estimates revised and updated for Phase llI,

either for the entire species and all seasons, for specific stocks or geographic areas (HRC, SOCAL), or for
select seasong$siven the repreentative acoustic modeling study areas established for HSTT Phase llI,
the Navy was able to eliminate the use of all Lev@ data sources (i.e., the least preferred sources of
density data as noted ifable3-1), thereby improvng the quality and reducing the uncertainty of data

used for Phase Il acoustic modeling.

There are three elements in each species profile: (1) spspiesific information related to stock

structure and detection in the field, (2) information on tlensty data used fodifferent regions within

the HSTBtudy Area, and (3) maps of the estimated species density in the Study Area. Each of these
elements is described in more detail below. In a few cases, one of the elements may be expanded or
removed base@n special circumstances for that species.

4.1 SPECIEDESCRIPTIONS

For each species, a brief description of the general appearance and notable identifying characteristics is
provided. The description is not meant to be a detailed profile of the speciesphueygs the ease or
challenges of detecting and identifying the species in the field. This information provides a context for
the information on species presence. Species that have a low likelihood of being seen or a high
likelihood of being confused withtleer species lead to higher levels of uncertainty in estimates of their
density. Scientists are often conservative in classifying a marine mammal or sea turtle seen in the field,
unless there is a high level of certainty. This conservative approach teatis¢rvations that cannot be
positively classified to species and thus fall into gengrbl? dzLJa & dzOK | & adzy ARSY G A FAS
guilds sucht &Kogiad LISOA Sa ¢ o0 F 2 NJ (i Kgialldedc¥andavds shdtm wihale £ S«
[Kogiasimg)). Thosespecies that are more difficult to sight or identify are more likely than others to

have large number of observations fall into the general groups. Challenges to identifying animals in the
field can thus be an impediment to obtaining enough sighting tiatenable the estimation of

speciesspecific density or abundance; in these caslessity is sometimes estimated for broader taxa
6SPIDPT aqavYl t MesapbdosR o KI § Sax¢

Within each species description, information on stocks recognized by NMRBeaimlernational

Whaling Commission (IWC) (for large whales) is also presented. Stocks are the management unit used by
NMFYCarretta et al., 200)for most species; however, NMFS has recently identified distinct population
segmants (DPSs) for a few species to refine management and listing under the ESA (e.g., humpback
whales and green sea turtle$jor those stocks and DPSs that are Threatened or Endangered, the Navy
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needs to be aware of stock structure and the likelihood ofrat&ing with a particular stock or DPS.

When an individual marine mammal or sea turtle is observed, it may be quite difficult to define which
stock or DPS it belongs to if the geographic ranges of two or more stocks overlap, as it does for species
such ailler whales and bottlenose dolphins. When possible, densities are provided for specific stocks,
but for the majority of cases, densities are reported for the species as a whole.

Table4-1: Specieswith Hawai-Southern California Training and Testiggudy AreaDensity Estimatesincluded in
the NMSDCPhase If

Taxonomic Name ‘ Common Name HSTTHRC| HSTTSOCAL
Cetaceans (Order Cetacea)
Baleen Whales (Suborder Mysticeti)
Balaenoptera acutorostrata Common or dwe minke whale X X
Balaenoptera borealis Sei whale X X
Balaenoptera edeni .NBERSQ3a 6KIf S X X
Balaenoptera musculus Blue whale X X
Balaenoptera physalus Fin whale X X
Eschrichtius robustus Gray whale X
Megaptera novaeangliae Humpback whale X X
Toothed Whales (Suborder Odontoceti)
Sperm Whales (Family Physeteridfgperm whalg and Family Kogiidagpygmy and dwarf sperm whalg
Kogia breviceps Pygmy sperm whale X X
Kogia sima Dwarf sperm whale X X
Physeter macrocephalus Sperm whale X X
Dolphins(Family Delphinidae)
Delphinus capensis Longbeaked common dolphin X
Delphinus delphis Shortbeaked common dolphin X
Feresa attenuata Pygmy killer whale X
Globicephala macrorhynchus Shortfinned pilot whale X X
Grampus griseus wWAdazQa R2f LIKAY X X
Lagenodelphis hosei CNI aSNRa R2f LKA X
Lagenorhynchus obliquidens Pacific whitesided dolphin X
Lissodelphis borealis Northern right whale dolphin X
Orcinus orca Killer whale X X
Peponocephala electra Melon-headed whale X
Pseudorca crassidens Fal® killer whale X
Stenella attenuata Pantropical spotted dolphin X
Stenella coeruleoalba Striped dolphin X X
Stenella longirostris Spinner dolphin X
Steno bredanensis Roughtoothed dolphin X
Tursiops truncatus Common bottlenose dolphin X X
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Taxonomic Name ‘ Common Name | HSTTHRC| HSTTSOCAL
Porpoises (Family Phocoenida)
Phocoenoides dalli ‘ 51 ffQa LIZ2NLIZ2AAS ‘ X
Beaked Whales (Family Ziphiidae)
Berardius bairdii . ANRQ& 0SI1SR X
Indopacetus pacificus [2y3YlLyQ&a o6SI1S X
Mesoplodon carlhubbsi HubksCbeaked whale X
Mesoplodon densiross . tEFPAYOAEESQa 08 X 2
Mesoplodon ginkgodens Ginkgetoothed beaked whale X
Mesoplodon perrini t SNNAYQa o6SI{SR 2
Mesoplodon peruvianus Pygmy beaked whale X
Mesoplodon stejnegeri Stejneger's beaked whale S
Ziphius cavirostris azA SNDa 68K 18R X X
Pinnipeds (Order CarnivofaSuborder Pinnipedia)
Arctocephalus townsendi Guadalupe fur seal X
Callorhinus ursinus Northern fur seal X
Mirounga angustirostris Northern elephant seal X
Neomonachuschauinslandi Hawaiian moR seal X
Phoca vitulina Harbor seal X
Zalophus californianus California sea lion X
Sea Turtles (Order Testudines, Suborder Cryptodira)
Chelonia mydas Green sea turtle Xt X
Eretmochelys imbricata Hawksbill sea turtle X!
Caretta caretta Loggerheadea turtle xt
Lepidochelys olivacea Olive ridley sea turtle Xt
Dermochelys coriacea Leatherback sea turtle Xt Xt

1 Species for which existing data do not support the derivation of studg specific density estimate® not have values
included in te NMSDDPhase IlIThey are indicated in the table as an acknowledgement of possible occurrence with
a density assignedlank cells indicate lack of expected regular occurrence within a given area

2 Study Area density estimates are represented Iggaus (Kogiaspp.).

3{ GdzR& ! NBI RSyaauea
beaked whales of the genidesoplodon).

SadAYLFGSa NB NBLINBaSyiasSR oe |

4 Study Area density estimates are represented by & & S |

4.1.1 SPECIESCONSIDERED BUNOT INCLUDED

G dzNI £ S1.6HdzA f Ré

6{SOGA2Y

Spatially explicit, absolutat-seadensity estimates of the type needed for quantitative analysis of
impacts are not available for several taxa of concern to the Navy and trag®ies, specifically
ESAlistedsea birds an@&ESAlistedmarine fishes.

To the Navy's knowledge, the dataeded to create spatiaHgxplicit, absoluteat-seadensity estimates
for the three ESAisted fish species, scalloped hammerhead sh@pghgrna lewinj steelhead
(Oncorhynchus nkjs9, and Gulf groupemycteroperca jordanjin the HSTT t8dy Area do not exist
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nor could they be readily created. As sudansity estimates for fisheme not included in this technita
report.

Little or no telemetry data are available for thigee ESAlisted sea birds expected to be in offshore areas
of the HSTT Study Arethe California least ternSternula antillarum browhiHawaiian petrel
(Pterodroma sandwichengjsshorttailed albatrossRhoebastria albatrys marbled murrelet
(Brachyramphusnarmoratu) = | YR b S ¢ S {Pufidds adriélris Nawélih&igh pdpulation
estimates do exist fosome ofthese specieddowever without robust information on distribution
patterns too many assumptions would need to be made to produce reasiendensity estimates for
these species an@s suchthey are excluded from this repoffEurther, even though population
estimates exist for some of these species, they do not provide speeifiatar density estimates

needed for the NMSDIUSFWS has pidaced relative density models for guilds of sea hililg these
relative abundance models cannioe used for quantitativéake estimation.

4.2 DENSITYDATA FORTHEHSTTSTUDYAREA
4.2.1 TABLES

Information on the sources of density dadge summarized in the texth€ density valuesised in the
NMSDDCPhase llare reported ina tablethat appeasin each species descriptioDue to the different
sources of density data and their inherent limitations, the precision of the density estimates is variable.
Specific unifam density values are providdor designeebased estimates. If a quantitative density

range is provided, this indicates that more than one uniform density estimate was applied to the region
(e.g., where there may be stratified density estimates applicabliifferent portions of the region).df
density spatial models or RES models for whiehsity values vary throughout the rangeletter is used

to indicate the model sourcén all cases,igen the different data sources and theissociatedspatial
resolution the tableshould be viewed concurrently with the density maps (Section 4.2.2).

The majority of density estimates used in the NMS3®iase IlEome from the sources and methods
described irsections2 and 3 of this document. In some cases, densiya particular species could not

be characterized by the data available from these sources. In those cases, information from scientific
literature was used to derive a density estimate. This method relied mainly on information provided in
peer-reviewedpublications. In all cases the data sources were prioritized based on thepdiestgiin
Sections 2.2.1 and 3t@ ensure consistency with the hierarchical approach established to select density
values.

In some cases, the Navy has the most comprehensigdaecent data on the presence of a species in a

range complex. For example, the Navy has been collecting data on sea turtles in locations within HRC for
more than a decade. The data are collected for natural resource management purposes and to satisfy

the requirement of the Sikes A¢16 Lhited Sates Code [U.S.C§670a6700)to maintain an Integrated

Natural Resource Management PI@NRMPJor each installatiorand associated submerged lands

operated by the Department dbefenseinthesecases, the Na@ Q& RIF G 6SNB Fylfeél SR
the NMSDDPhase I
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4.2.2 MAPS

Maps from theGeographic Information Systedatabase used in NMS[Hhase llare povided for each
speciesMaps are only supplied for areas where a species is expéxtectur. If a specgedoes not
occur in an eea, a map will not be providedror example, gray whal@8schrichtius robustyislo not
occur in HRC, but they do migrate through SOCAL. Therefore ategeay whale density magfor
SOCAL, but not a map for HRE .noted in S¢ion 3.2, shapefiles for the NMSO®hase llare currently
stratified by four seasons; however, density data are rarely available at this temporal resolution.
Therefore, for some species themgay bea map for every season hdbr many species, seasondiviie
combined or there will only be one annual map. If there is a difference in density values between
seasons in thetudy aeas, then a map will be provided for the seasons that differ. Seasons whose
predicted densities are the same will be combinediohe map that is labelled appropriateMaps are
not provided for seasons for whictiudy areadensties are expected to be zero.

Density data for the Phase Il analyses were updated specifically for the acoustic modeling study areas

and not for the entiety of HRC and SOCAL. As noted in Section 2.2.4trttisgyallowed the Navy to

eliminate the least preferred sources of density data, thereby improving the quality and reducing the
uncertainty of data used for Phase Ill acoustic modeisgdescribedh Section 3.1, two modeling study

areaswere establishedhat encompased each of the main OPAREAs veell aghree representative

transit corridor study areas. The boundaries of these modeling study areas are shown in white on each
ofthemaps,andld®tf SR | OO2NRAyYy It & @EA B HZIKISWY 5§ FEFRNYRE( &
FYR G¢NFyarid / 2NNRKR2 Nh adSitloINGS theSspedific Gcbudtis m@délidgRtady ! NB I € 0
areas, density estimates available for the ertjref HRC and SOCdk also shown on the mapSor

some portions of HRC and SOGAlyes from thdeast preferred sources (i.e., tHRESnodelg reman.

While for some species these data differ substantially from the updated Phase Il data shown for the

acoustic modeling sidy areas, the Phase Il data were not used in the current acoustic analyses, but are
portrayed on the density figures for completeneSice the range of density values displayed on the

map legends represents the range of density values throughouti®i#& Study Areathe density values

must be viewed in the context of thrange ofdensty estimates foreachspecies.

The maps of species density should be interpreted with causarce the global models predict habitat
suitability, they may not be consestt with values based on field data. Even desighased and spatial
models may differ by orders of magnitude at the borders of their predictive areas, because of

differences in assumptions, ecological variables used in the models, and other factorsdifieesaces
between data sources can cause incongruities in density values displayed on maps. Ultimately, the Navy
is most concerned with having the highest quality data in the areas where Navy exercises take place and
where animals may be exposed to sdugenerated from Navy activities. For many of these areas,

marine mammal and sea turtle densities are currently characterized in a satisfactory manner by the
models available; however, there are ongoing efforts to improve density datasets, and the Navy wil
incorporate improved estimates into the NMSDD as they become available.

Toensure consistent representatidhroughoutthe report, a density classification scheme was
developed for each species across all project areas and all seasong, igatieas ca compare

TECHNICAL REPORT 32



U.S. NAVY MARINE SPECIES DENSITY DATABASE PHASE IIl FOR THE HSTT STUDY AREA OCTOBERO17

estimates. Thisspeciesspecific classification system ensutkat density valusfor each specieare
accounted for in one layarsing Natural Breaks withdensityclassesAs noted in Sectiod, the density
table should be viewed concurrently with the density maps, particularly if one is interested in a specific
value that may be presented in the table but represented by a range of values on the map.

The HSTStudy Areas depicted in two separate maps (one thabels the westerrportion of the Study
Area, including HRC, and one that shows the eagiertion, including SOCAIRepresentativetransit
corridor studyareas, onein the easterrportion and two in the westermportion of the HSTT Study Area
were selectedalong the transit corridor to represent the rangedfferent habitats that could occur
These aras aref | 0 S f BaRsit Catridak: Representativ@tudy Aredand assignedpecificdensity
estimates
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5 BALEEN WHALES

5.1 BALEENWHALESSPECIEPROFILES
5.1.1 BALAENOPTERACUTOROSTRATAOMMONAND DWARFMINKE WHALE

Minke whalesare a species whose presence carchallenging to quantify, because thaye difficult to
observe on visual surveykhey can move quicklgver sustained distancgBord et al., 2005 their blow

is cryptic and relatively smaénd they do notaisetheir flukes when divingJefferson et al., 2015
Leatherwood et al., 1988In some cases, they do approach ships, affording good idetitifica
(Leatherwood et al., 198&errin et al., 20090 Common minke whales are the smallest baleenle/ira

the North Pacifi§Leatherwood et al., 1988Their body shape isdinctive for a rorqual whale, because
they have a sleek body and a pointed head. Their dorsal fin is tall and falcate for a baleen whale. The
coloration is distinctive with a dark back, white belly, swathes and streaks of intermediate color on the
sides,and a white band on the pectoral fijdefferson et al., 203% eatherwood et al., 1988Dwarf

minke whales, which occur only in the Southern Hemisphere, haad-amite pectoral fin and the

white extends onto the shouldddefferson et al., 20)5At a distance the species could be mistaken for
other baleen whales, such as a fin whale, sei wtBdgaenoptera borealjs2 NJ . NE R @adférsom K| S
et al., 2015Leatherwood et al., 1988lIf only the back is seethe species could also be mistaken for a
beaked whaldJefferson et al., 201% eatherwood et al., 1988

ThelWCrecognizes three stocks of minke whales in a@th Pacific (1) the Sea of Japéfast China

Sea (2) the rest of the western Pacific westof 88 ' YR 600 (G KS & NBovidvdny RSNJ 2 F
1991). These broad designations basically reflect a lack of knowledge about the population structure of

minke whales in thé&orth PacifiqCarretta et al., 201/ NMFS has designated thraeaks of minke

whale in theNorth Pacific (1) the Hawaii stock, (2) the California/Oregon/Washington stock, and (3) the

Alaska stockCarretta etal., 20)7¢ KS G KNBS bacC{ ai201a LINAYFINRfE& FIf
the PO A T A O ensityivaludg fob thé& HSHiudy Area are presented for the species as a whole.

While animals in SOCAL or HRC could presumably be assigned to a stock, animals in tbertidosit

could belong to the Hawaiiastockor California/Oregon/Wshingtonstock

HRCMinke whales are heard regularly during the winter around Kérankin & Barlow, 20Q0and on

the hydrophone array at Pacific Missile Range Fadiligrtin & Kok, 2011, Martin et al., 201%, but they

are observed extremely rarely on vessel or aerial surveys. This difficulty in observation probably
accounts for the fact that very littleada are available to desribe this species distribution in HRQd

the western half of the transitorridor. For the Phase Il analyses, the Navy @sgensityestimateof
0.00423 animals/km(CV = NAbhat wasacoustically derived from hydrophones using correction factors
for autumn, winter, and springMartin, 2015 Martin & Matsuyama, 2016 These data represent an
improvenent to the NMSDD from Phase I, whirESlata from Kashneret al.(2006) were used for

these seasonRES data from Kaschner et(@D06) are shown in the remainder of HRC outside the
boundaries of the acoustimodeling study areas.

Minke whales are thoughto be more abundant itHRQluring the cool seas@{Barlow, 2008 Some
degree ofcool seasompresencein HRGvould follow the pattern oBome other baleen whatespecies
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such ashumpbackfin, and sewhales(Barlow, 2006Craig & Herman, 199:n the summer, minke
whalesare likely absent from lowproductivity tropical watergJefferson et al., 201 %errin et al., 2000
During two separate lirtransect surveys of the Hawaii EEZ during summer and fall, minke whales were
only seen and/or acatically detected during the fall montt{Barlow, 2006Bradford et al., 201)7

Therefore a density of zero is used feummerin HRC and the westeiportion of the transit corridor.

SOCALDensity valuefor minke whalesre availabldor SOCAL faall seasonsrom SWFS€ports,
memoranda and scientificliterature. In the winter and spring, the densiof minke whales igstimated
as0.00028 animals/krhoff of the entire coat of California (this valuie reported as 0.0008nimals/kn?

in Forney et al(1995 and is restated as 0.00028 animalsA@V = 0.62n Barlowet al.(2009. In the
summer and fall, minke vale density increases to 0.00068imals/knt (CV = 1.60in waters off

Southern CalifornigBarlow, 2018&. This provides an update to the density estimate used previously in
0KS bl @& Qa t KiheaSlatdd Barlow2016) éstinété is haged on a multipovariate line
transect approach using survey data collected between 1991 and 2014 and incorporates new estimates
of trackline detection probability derived by Barl@2015. Fergusorand Barlow(2003 provide density
valuesfor areas ofBajaC2 NJ (1 KS b | @& Q athetFétdusoSand Ballo@00 defiskya S & >
estimates and CMgere recalculated based on the extent of the acoustic modeling footprint

resulted in aninke whaledensityestimae of 0.00061 (CV = 0.51) the Baja area, the same valise

used for all seasons

Table5-1: Summary ofDensity Values for Minke Whali the HawaiiSouthern California Training and Testing

Study Area
Locdion Spring Summer Fall Winter
HRC 0.00423 0 0.00423 0.00423
W. TransitCorridor 0.00423 0 0.00423 0.00423
E. Transit Corridor 0.00028 0.00068 0.00068 0.00028
SOCAL 0.00028 0.00068 0.00068 0.00028
Baja 0.00061 0.00061 0.00061 0.00061

The units for nmerical values are animals/KrD = species is not expected to be present; S = spatial model with var
density values throughout the range.
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5.1.2 BALAENOPTERA BOREALISEI WHALE

Sei whalesarerelatively large, darkcolored baleen whake Sei whales are more common in colder

waters, andare nealy absent from tropical zones, particulaitythe summer(Jefferson et al., 2015

Perrin et al., 200P Theyare a species that can be difficult to identify positively from a distance, because

2T GKSANI adzLISNF A OA I f aldspeffdrdon eNal. (P@1Eenttendoddyet al:, Y9OBS . NB RS Q
For this reasonseiwhales may often be underrepresented in data from visual surweith their

identity unresolved, thewre relegated tdhe dunidentified rorquat 2 Nunidentified large whalé

categoriesNMFS recognizes two stockssef whalesn the U.S. Pacifithe Eastern North Pacifitock

and the Hawaistock(Carretta et al., 201)7 Densityvalues for the HSTIudy Area are presented for

the species as a whole. While animals in SOCAL or HRC could presumasitynieel &s a stock, animals

in the transitcorridor could belong to theeither stock

HRCSei whales are seen infrequently near HRC ,aaadeportedto be more abundanin the area

during the cool seasor{8arlow, 2008 Bradfordet al.(2017) report a uniform density value for sei
whalesof 0.00016 animals/ki(CV = 0.90hat is applicable to the HRstudy areaand western portion
of the transitcorridor. This provides an update to thiensityestimate used previously in the a2 Q &
Phase Il analyses as it is based on muHipheariate linetransect analyses of survey data collected in
the Hawaiian Islands EEZ in 2010 and incorporates new estimates of trackline detection probability
derived by Barlow2015. This value is used for winter, spring, and fallitside the boundaries of the
acoustic modeling study areas are density data used in the Phase Il analgseing a uniform
estimate from Barlow et a(2009) that is similar to the Bradford et gR017) estimate, as well as
Kastiner et al.(2006) predicted RES values in the northern portion of HRC.

In the summerseiwhales are likely absent from low productivity tropical wat@lsfferson et al., 2035
and during two separate lingansect surveys of the Hawaiian Islands EEZ during summer and fall, sei
whales were only seen during the fall mon{@arlow, 2006Bradford et al., 201)7 Therefore a density

of zero is used fosummerin HRC and western portiorf the transit corridor.

SOCALDensity values foseiwhales are available for SOCAL frextentific literatureIn the summer

and fall, Barlow2016) provides a sei whale density estimateG®o®0005animals/knt (CV=0.85) for

waters offcentral andSouthern CaliforniaThis provides an update to the density estimate used
LINS@A2dzat e Ay (KS thée updat@diBarto201H) Bstirate is basdd bréaimbltiple I a
covariate linetransect approach using survey data collected between 1991 and 2014 and incorporates
new estimates ofrackline detection probability derived by Barl@¢2015. This number is also applied to
SOCAL in winter/spring and to all seasons in vgabéiBaja since ngeasonor regionspecificvalues

were availablein the literature Outside the boundaries of the acoustic modeling study areas, RES data
from Kaschner et a[2006) are shown for the remainder of the SOCAL Ranga@ex.
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Table5-2: Summaryof Density Values for Sei Whaie the HawaiiSouthern California Training and Testisgudy

Area
Location Spring Summer Fall Winter
HRC 0.00016 0 0.00016 0.00016
W. Transit Corridr 0.00016 0 0.00016 0.00016
E. Transit Corridor 0.00005 0.00005 0.00005 0.00005
SOCAL 0.00005 0.00005 0.00005 0.00005
Baja 0.00005 0.00005 0.00005 0.00005

The units for numerical values are animals?i® = species is not expected to be present;sBatial model with various

density values throughout the range.
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5.1.3 BALAENOPTERADEN| BRYDESWHALE

Bryde'swhale isa baleen whalaypicallyfound only in tropical and warremperatewaters(Kato &
Perrin, 2009Leatherwood et al., 19§80ff Southern California, sightings and acoustic detectiongeha
increased over the last 10 yediserosky et al., 203Emultea et al., 20)2indicating a potential
northern shift in distribution(Kerosky et al., 20)@ . NE RS Q& 4 K htedSaad asousficilly 6 SSy a A
detected inSuthern California waters all seasons, although they are most common in summer and
fall (Barlow & Forney, 200 Barlow, 2016Debich et al., 201,5erosky et al., 2015multea et al., 2012
.FASR 2y | 02dzaiA0 RS(iSOlAz2ya AG KIFa NBOSyidte oSSy
waters yeasround (Helble et al., 201,8Vartin & Matsuyama, 2016. NE RvBaf@sican be difficult to
identify positively from a distance, becausétbeir superficial similaritydseil y R h YotieNes Q &
(Jefferson et al., 20)5Positive identification of the species requireslearview of three rostral ridges
in front of the blowhole. The difficulty of observing this feature is confounded by the fact tiiE R S Q &
whalesare rapid swimmers and are not easy to view closely from a véssiéérson et al., 2015
Leatherwood et al., 1998Forthesereasors,. NE RvBafesimay often & underrepresented in data
from visual surveys; they amcluded primarily irthe dunidentified rorquat or cunidentified large
whalet categoriesNMFS recognizes two stocks.oNE RvBaf@siin the U.S. Pacific, thadkernTropical
Pacificstockand theHawaiistock(Carretta et al., 2017 Density values for the HSHTidy Area are
presented for the species as a whole. While animals in SOCAL or HRC could presumably be assigned to a
stock, animals in the transiorridor could bdong to either stockThe IWC recognizescomplex suite of

NE R S QstocksiithefP&ific there are threestocks the NortiPacific (eastern, western, and East
China Sea), three stocks in the SoRttific (eastern, western ar&blomon Islands), armhe cross
equatorialstock, called the Peruviastock(Carretta et al., 201)7

HRCThe Phase || NMSDD included the first CENPAC habitsi SR RSy aAiieé Y2RSt F2NJ
based on systematic survey data collecterin 1997to 2006 (Becker et al., 2012cMore recently,

Forneyet al. (2015 updated the CENPAC habi#tadsed models of cetacean densitiesing additional

survey data collected within thidawaiian Islands EEZ2010and in waters surrounding Palmyra

Atoll/Kingman Reeiin 2011 and 2012n addition, improved modeling methods were used that allowed

model predictions to be applied directly on al@% x 25 km spatial gridchesemodelk coverthe entire

HRC angrovide representativelensityvalues for the two wegrn transit corridorstudy areasThe
updatedCENPAC NE R S Q spatigliidddlvéas applied to all seasons for HRC émaltransit

corridor.

SOCALBarlow(2016 LINE @A RSa | . NBERS Q& 080002innalsk8IyCV A 0.85)f&a G A Y I (
waters off central andouthern Californian summer andall. This provides an update to the density
SAGAYIGS dzaSR LINB JA 2 dza fs asthéupdatedBarlow201@) estrdate is Kdsel S L L |
on a multiplecovariate linetransect approach using survey data collected between 1991 and & 4

incorporates new estimates of trackline detection probability derived by Baj28d/5). This number is

also applied to SOCAL in wirspring and to all seasons in waters off Baja since no seasgagion

specific values we available in the literature.
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Table5-3: Summaryof By aA i & =+ f dzSa irfte NawailsBuR&OCalifotid Tirainifig and Testing

Study Area
Location Spring Summer Fall Winter
HRC S S S S
W. Transit Corridor S S S S
E. Transit Corridor 0.00002 0.00002 0.00002 0.00002
SOCAL 0.00002 0.00002 0.00002 0.00002
Baja 0.00002 0.00002 0.00002 0.00002

The units fomumerical values are animals/KS = spatial model with various density values throughout the range.
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5.1.4 BALAENOPTERMUSCULUSBLUEWHALE

Blue whale are relatively easy to observe and identify in tleéd. They are the largest baleen whale,
their blow is tall and distinctive, arttieir color is mottled, light graplue compared to the dark gray to
black of the other large baleen whalgkefferson et al., 20)5The dorsal fin is set far back on the body
and is reduced in sizeit may be present only as a small buiidefferson et al., 201% eatherwood et

al., 1988. From a distance or in backlight, blue whales could be mistaken for fin whales, but aielese
will dispd misidentification(Jefferson et al., 2015 eatherwodal et al., 1988 There are four subspecies
of blue whale, but oniBalaenoptera musculus found in the North Pacifidpduto et al., 2017. Because
they are readily identifiabledensity values for blue whales are available in the literatureNiéS
reports for areas that have been surveyed.

The IWC recognizessingle stock of bie whales in the North Pacific, whNMFS-ecognizes two stocks:
an Eastern North Pacific stock and a Central North Pacific @acietta et al., 201)7 TheEastern North
Pacificstockincludes animals found in the eastern NoRAcific from the northern Gulf of Alaska to the
eastern tropical PacifiCarretta et al., 2017 Density values for the HSHILdy Area are presented for
the species as a whol&heoretically most of the blue whalesn SOCAandin the eastern portion of the
transit corridorbelong to the Eastern NortRacific ock. Blue whales in HR&hd in the western portion
of the transit corridomvould most likelybe members otthe CentralNorth Pacific tock.

HRCBradford et al(2017) report a uniform density value for blue whales@60005animals/kn?

(CV=1.09 that is applicable to the HRILdy areaand western portion of the transit corridor. This

provides an update to the density estimate used@e 2 dzat @ Ay GKS bl @& Qa t KI &S
on multiplecovariate linetransect analyses of survey data collected in the Hawaiian Islands EEZ in 2010

and incorporates new estimates of trackline detection probability derived by B&BO&b). This value is

used for winter, spring, and fall. Outside the boundaries of the acoustic modeling study areas are

Kaschner et a(2006) density datahat wereused in the Phase Il analyses

Blue whale wcalizations are heard from acoustic listening stations north of the Main Hawaiian Islands
during the cool seasor(dlosal, 2015bas well as other times of the yeéBtafford et al., 2001 In the
summer,bluewhalesare consideredbsentin HRC ard blue whalesvere not sighted during a 2002
line-transect survey of the Hawaiian Islands EEZ during summer afBlaiddiw, 2008 During a

follow-up survey in 2010, blue wha®ere seen within the Hawaiian Islands BBEE during the fall
months(Bradford et al., 201)7 Therefore a density of zero is used for that season in HRGlzend

western portion ofthe transit corridor.

SOCALThe Phase Il NMSDD included a CCE hdizitsd density model for blue whales based on
systematic survey data collected frod®91to 2008 (Becker et al., 2019bThe model provided
spatiallyexplicit density estimates off the U.S. west coast for summer andvfatke reently, Becker et
al. (2016 updated theCCHabitat-based models of cetacean densities using additional survey data
collectedprimarily offSouthern Californian 2009 In addition, improved modeling methods were used
that allowed peciesspecific and segmerdpecific estimates of botaffective strip widthandtrackline
detection probability to be incorporatenhto the models baed on the recorded viewing conditions on
that segment using coefficients estimated by Barktval. (2011) for effective strip widthand
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Barlow(2015) for trackline detection probabilityDensity predictions fronthe updatedmodels are grid
based ata pixel resolution 010 km x 10km, providing finer spatial resolution and eliminating
interpolation artifactssometimespresent inthe previous CCE mode{Becker et al., 20)6Density
estimates from the updated blue whale model were applied to the por#iof

Y2RStf Ay 3

aiddzRe |

transit corridor for summer and fall.

Ferguson and Barlo@003 LINE A RS RSy aaide

NE I

GKIF G

2SS NI I LA

@I f dzS &

iKS bl geQa

GdKS

T2NJ

{2C{/ Qa

I NS I a

I

2F7T

the Ferguson and Barlo2003 density estimates and CVs were recalculated based on the extent of the
acoustic modeling footprinand werealsocorrectedfor new estimates of trackline detection probability
derived by Barlow2015. The resultinglue whaleuniform density estimate of 0.00164nimals/knt

(CV = 0.42)as usedor summer and fallGiven the overlap of the Ferguson and Barlow strata used to
recalculate densities (refer to Figurer} this value is also applicablette remainder of the SOCAL
Range Comiexfor summer and fall

Campbell et ali2015 provide the most recent wieer/spring densityestimates for blue whaleis
Southern California waters and their seasonally stratified-limasect estimate of 0.0000&nimals/knt

o/ £ T

M®DPH N O

gl a

LILX A SR

2 (KS

LR NIAZ2Y 27F

the Campbell et alstudy area, as well as the eastern portion of the transit corridor. In the absence of
winter/spring density data off Baja, tH@éampbell et al2015 uniform density estimate was also applied

g2

GKS .|

el

L2 NIA2Yy 27F

GKS bl geQa

{ h Outs[de theO 2 dz& G A O

boundaries of the aasstic modeling study areas, RES data f&MRU Ltd2012) are shown for the
remainder of the SOCAL Range Complex.

Table5-4: Summay of Density Values for Blue Whale in théawaitSouthern California Training and Testing

Study Area
Location Spring Summer Fall Winter
HRC 0.00005 0 0.00005 0.00005
W. TransitCorridor 0.00005 0 0.00005 0.00005
E. TransiCorridor 0.00007 S S 0.00007
SOCAL 0.00007 S S 0.00007
Baja 0.00007 0.00161 0.00161 0.00007

The units for numerical values are animalsfk® = species is not expected to be present; S = spatial model with variou
density values throughout the range.
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Figure5-8: Fall/Winter/Spring Distribution of Blue Whale in HRC and the Western Portion of the Transit Corridor
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