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SUMMARY

ThesecondCHAOZ (CHukchi Acoustic, Oceanographic, and Zooplankton) cruise took place on board the
F/\V Mystery Bay The cruise began Dutch Harboy AK orAugustl2, 2011 and ended in Dutch Harbor

on Septembed 1, 2011. Chief Scientist was Dr. Catherine Berchaho leada team of14 scientists
representingsix differentlaboratories In summary, a total &4 passiveacoustic an® oceanographic
moorings weraetrieved and releployed,over 70hydrographic andé0 zooplankton stations were

conducted, 24 houpassiveacousticmonitoring (via sombuoy deploymentsdccurred, and ovet 400

nmwere surveyed for marine mammal and bird observations.

BACKGROUND

The western Arctic physical climate is rapidly changiritge summer minimum sea ice extent in 2007
and 2008 covexd an area which was 37% less than that of two decades Hye Arctic also

experienced very low ice concentrations during the summer of 20hk speed of these changes was
unexpected, as the consensus of the climate research community just a fewageangas that such
changes would not be seen for anottthirty years. As sea temperature, oceanographic currents, and
prey availability are altered by this climate change, changes in baleen whale species composition and
distribution are expected (and evedced already by local knowledge and opportunistic sightings). In
addition, the observed northward retreat of the summer seagdgehas the potential to create
opportunities for the expansion of oil and geddated exploration and development into preusly

closed seasons and localities in the Alaskastic. This combination of increasing anthropogenic
impacts coupled with theteadily increasing abundance and related seasonal range expansion by the
bowhead, gray, humpback, and fin whales, indicakeg tore complete information on the yeaound
presence of large whales is needed in the Chukchi Sea planning &imaig and location of whale
migrations may play an important role in assessing where, whehow explorationor access to
petroleum reserves may be conducted to mitigate or minimize the impact on protected species.

This study hafour component projects: oceanography, passive acoustics, zooplankton, and climate
modeling. Each component project is a technical disciplindsewbrdinged by a Project Leader with
extensive experience in that disciplinBassive acoustic moorings, deployed concurrently with bio
physical moorings will provide previously unattainable yeamd assessmenbf the seasonal

occurrence of bowhead, humpbadight, fin, gray, and other whales in this planning area and their
response to environmental changes (including oceanographic conditions, climate, indices of potential
prey density, and anthropogenic activitiedjloorings permit observations during longnods when ice
covers the region, especially during the critical spring and early summer periods when spring
phytoplankton blooms occurSuch measurements are virtually impossible to obtain from ships, because
of the relatively short duration of cruisesd severe limitations in the availability of ships able to work

in icecovered seas.

The overall goal of this mulyiear IA study is to document the distribution and relative abundance of
bowhead, humpback, right, fin, gray, and other whales in aregsthtial seismic surveying, drilling,
construction, and production activities and relatieangesn those variables to oceanographic
conditions, indices of potential preyvailability and anthropogenic activities.

OBJECTIVES
The specific objectives are

1. Assess the yeaound seasonal occurrence of bowhead, gray, and other whale calls in the Chukchi
Sea.
2. Estimatethe relative abundance of these whales.



3. Obtain two full years of biophysical measurements on the shallow Chukchi shelf utilizing moorings
at three sites, and collect hydrographic and lower trophic level data during deployment/recovery of
the moorings.

4. Evaluate the extent to which variability in environmental conditions such as sea ice, oceanic
currents, water temperature and salinity, dprey abundance influence whale distribution and
relative abundance.

5. Run the National Center for Atmospheric Research (NCAR) climate model (Community Climate
System Model: CCSM) for future projections using the sea ice extents from 2007/2008 as initial
conditions.

6. Analyze multiple ensemble members from the NCAR model and other IPCC models to assess the
future variability of sea ice cover and extended sea ice free seasons during fall for the Chukchi Sea.

7. Evaluate whether changes in seasonal seaxtent are resulting in a northward shift of Bering Sea
cetacean species such as fin, humpback, and North Pacific right whales.

8. Provide longerm estimates of habitat use for large whale species and compare this with
predictions about annual ice coveraiyeorder to establish predictive variables to describe large
whale occurrence.

OVERVIEW

The track taken by the ship is represented in Figure 1. Pleashesegportbelow for a description of
the stationgactivities.
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RESULTS

“‘ Acoustic component
Mooring deployments

Three arrays of longerm passiveacoustic recordes; shown in Figuré,

were deployedn the Chukchi Seaffshoreof Icy Capeluring the 2010 cruise
(Table 1Figureb, purple pentagon$. Thesemoorings were retrieved and

& redeployed in the same positions during the 2011 cruiBeesenstruments
j (Autonomous Underwater Recorder for Acoustic ListedgRAL), Muki

3 Hectronique Inc) recorded at a sampling rate of 16 kHzaduty cycle of
1.583hours onevery5 hours for an entire year.This duty cycle staggethe
recording loopso thatthe recording periochdvan@sby one hour each day
Thisoverall patternrepeats every six daygroducinga large sample size for
all time periodsequally Therearefive recorders in each array to reduce
localization errors and increase the chance of localizations in the event of
multiple recorder failures Pingers shown inFigure3, were placed oneach
mooringof the arraysto provide the calibration sitpls needed for
calculating localization errors.
New pingers were purchased this
year, as the pingers deployed on
flrad eSINDRa Y22NRyYy Joedete&ddBn
all recorders of an arrayThree of the recorders retrieved
from the C arragndone from the B arrapave been
checked and afbur recorded from September until late
May/late June They stoppedivo to three months short of a
full year due to dead batteriesSee Appendig for mooring

v |
Figure 2.Longterm
passive acoustic mooring

designs. Figure3. Pingers eing prepped for deployment

Fouradditional AURAL moorisgvere deployed off of on mooring

Barrow, threefor the Bowhead Feeding Ecology Study

(BOWFESPojecz ' YR 2yS F2NJ YIFGS {GF FF2NRQANSE {funiadd ©
AON projec(Table 1 Figure % Furthermore, duringhe 2010 cruisethree EAREcologcal Acoustic
Recordermoorings weredeployedalong the 50m isobathand one in Unimak pag$able 1 Figure §

to better understand the movements dialeen whales once they leave the Chukchi. Sdbfour EAR
moorings were recovered during theitial transit from Dutch Harbor to Nome, aradl fourwere
redeployed in the same locations on the return transit at the end of the cruise.

ThedoublecapacityMARU (Marine Acoustic Recording
Unit, Figured) deployedby the Bioacoustics Research
Program(BRPCornell Universityln 2010 was retrieved
and redeployed in the same locati¢hable 1;Figure5,

red triangle) As with the other moorings for this project,
the MARU will be deployed for a full yeaecording
continuouslyup to 1kHz The BRP will uséé¢ data
recorded orthe recoveredunit to fine-tune their auto
detection buoythat will be deployedn 2012.

Figured. MARUecorder being deployed by
Chris TesagliaHymes and Bill Floering.
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Table 1.Date and locatiomf passiveacoustic mooring deployments

Date Time Mooring Instrument | Latitude Longitude Depth (m)
9/1/11 13:35 CZ11A1 AURAL 70°52.408 -163°13.268 44.03
9/1/11 13:03 CZ11A2 AURAL 70°51.434 | -163°07.10 43.48
9/1/11 14:38 CZ11A3 AURAL 70°49.006 | -163°08.167 43.48
9/1/11 14:18 CZ11 A4 AURAL 70°48.586 | -16314.868 43.66
9/1/11 13:57 CZ11A5 AURAL 70°50.853 | -163°18.567 43.85
8/24/11 | 17:38 Cz11B1 AURAL 71°15.145 -164° 16466 43.5
8/24/11 | 17:17 CzZ11B2 AURAL 71°14118 -164° 11576 42.5
8/24/11 | 18:38 Cz11B3 AURAL 71°12098 -164°11.875 42.5
8/24/11 | 18:14 Cz11B4 AURAL 71°11.776 -164° 17664 45.15
8/24/11 | 17:57 CzZ11B5 AURAL 71°13.716 -164°20.639 44.4
8/26/11 | 11:55 Cziic1 AURAL 71°51219 -165°59.899 43.5
8/26/11 | 11:34 czi1c2 AURAL 71°49.914 | -165°54.033 42.55
8/26/11 | 11:12 Cz11cCs3 AURAL 71°48.135 -165°55.636 42.74
8/26/11 | 10:48 Cz11C4 AURAL 71°47915 -166°01.727 43.3
8/26/11 | 10:21 CZ11C5 AURAL 71°49.742 -166° 04.287 43.66
8/28/11 | 20:28 BF11 1 AURAL 71° 33.08 -155° 33.07 72.52
8/29/11 | 10:09 BF11 2 AURAL 71° 45.07 -154° 28.8 103.6
8/29/11 | 13:28 BF11_3 AURAL 71°41.32 -153° 1052 108
8/29/11 | 17:32 AO11 1 AURAL 7124.719 -152 00.674 181.3
9/1/11 10:21 DBPU 197 MARU 71° 01637 -163° 43797 42.79
9/4/11 15:37 RW11 1 EAR 61° 35.398 | -171° 194502 | 53
9/5/11 8:10 RW11 2 EAR 59° 1458 -169° 24750 53
9/6/11 9:52 RW11 3 EAR 57° 40200 -164° 43500 53
9/9/11 16:47 RW11 4 EAR 54° 25710 -165° 16050 164
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Sonobuoy monitoring

Throughot the survey sonobuoys were deployed approximately eveByhdurs to obtain an evenly

sampled crossurvey census of marine mammal vocalizationghen transiting through low whale

density areas, sonbuoys were deployed every three hours. tfpes of s 2 0 dz2 @& 6 SNB dzaSR:
POCQHOYRABT. Qa0 ¢CKS pT1.Qa&a IINB Yy 2YYARAKNBOGAZ2Y I f
53Fand 53Esonobuoys have either omnidirectional or DIFAR (Directional Frequency Analysis and

Recording) capabilities, andety7C sonobuoys were DIFAR only. When in DIFAR mode, the maximum
frequency range is 28z, thus the buoys were often deployed in omni mode when pos&hble when

it was not important to get a bearing to the animad)achieve the full bandwidthModifications (taping

and tying) had to be made taoth the 77C and the 53E sonobuoy$ie inimum depth setting on the

77C sonobuoyis 200 £, and most of the cruise took place in deplkss than 150 ft{Figure7). Thus,

parts of the sonbuoy were taped ad/or tied up to shorten the deployment depth to approx. 75 Tthe

USS9&3E sonobuoyrseeded their 9V display batteries replaced. However, we discovered that during

the battery replacement process, we were inadvertently disabling the depth settingslliyg out the

cotter pins, causing the buoys to deploy to the full 1000 ft. Therefore, in addition to the battery

replacement, a section of the wire was tied to the plastic housirenture a deployment depth of less

than 90 ft(Figure 7)

Figure 7.
Modifying
sonobuoys.
Left and
middle:
Taping and
tying up the
| 177C. Right:

| tying up the
9 53 E.

There weretwo preamplified antennas stalled on the vessghnomnidirectional antennas well ag
F3A RANBOUOA2YLIE yaSyyl o 20K FyaSyylra oF yR LINB

B

with the directional antenna facing astern. The Yeag used primarily during transit when the

sonobuoy was guaranteed to be behind the vessel, and the omnidirectional antenna was used for

monitoring multiple sonobuoys simultaneouslyhe acoustigstation in the bridge is shown in FiguBe

A total 0f246 sonobuoys were deployed during the cruise (AppeﬂaiixOf these110 were modified
(taped and tiedSPWr T / 43 @eTe SPWp 0 CTOH# 56 SNB Y2 RA A SR o0ySg ol G0GdSNe

15were norY 2 RA ¥ A S R afdt6 vergpiBES7R a
omnidirectional bwys. The overall sonobuoy sussegate
was 85%.Near the end of the cruise, eleven of the 77C
buoys experienced some sort of internal failure, as they
continued to transmit a strong VHF carrier signal, thet
acousticand DiIFAR componentgould completey
disappear within 3810 minutes.

Reception range when using the omnidirectional antenng
was approximatel®@-10 miles. When the directional
antenna was used, reception rangeeragedL1 miles,

Figure8. Acoustic station in the bridge



with a maximum ofL7 miles. Species heard include humpbduok,bowhead, gray, killer whaleblorth
Pacific right whales, walrusperm whalesand a number of unidentified calls. The location of the
sonobuoys and species detected are shown in Figieesl 10 for the Chukchi/Beaufort and Bering Seas
respectively
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Oceanographic component

Longterm moorings

During the 2010 CHAOZ cruisethie middle of eaclpassiveacousticarray, a cluster /E(
of oceanographic mooringsigure 11) wasdeployed Table 2Figurel?). These -
clusters weresuccessfullyetrieved and redeployed during the 2011 cruideach

Of dZaGiSNJ O2yaAraidSR 27F |y aL-odingvic profikery 3
and an RCM9 current meter,anda A2 Y22 NAy3dé O2y il Ay
linked set of instruments; a Seacat, an €¢cmrometer, a par sensor, and an ISUS
nitrate meter. These moorings collect various oceanographic measurements,
including temperature, pressure, depth, salinity, conductivity, and fluorescimae
full year. In 2010, he middleclusterhad a mooring containing a upward looking
TAPS3 (Tracor Acoustic Profiling System) instrumenineasure zooplankton bio
volume and size distributiogFigure 2, bluecircle). In 2011 we redeployed two
active acoustics instruments on separate moorings but within close proximity to
each other. One was the old style TAP&d the other was a brand new next
generation TARBNG, @timized to detect krill.In addition to these moorings, on

Figure 1. Oceanographic
mooring being deployed



the initial transit from Dutch Harbor to Nome, AK, we retrieved four oceanographic moorings (two
moorings at two locations) for PMEL and redeplotregitwo moorings at the northernmost site.

Table 2. Date and location of oceanographic mooring deploymeSBRCP = Acoustic Doppler Current
Meter; RCM = Recording Current Meter

Date Time(ALT) | Mooring name | Instrument Latitude Longitude

8/15/11 | 18:11 11BSFBA 62°11.770 | -174°39.570
8/15/11 | 21:27 11BS8A 62°11.648 | -174° 40.031
8/25/11 | 11:42 11CKIRLA 600 KHz ADCF 70°50.397 | -163° 12.562
9/1/11 | 12:32 11CKPRLA RCM9, ASL | 70°50.328 | -163°11.630
8/24/11 | 14:56 11CKR2A 600 KHz ADC} 71°13.282 | -164° 14.470
8/24/11 | 14:06 11CKIRRA RCM9, ASL | 71°13.381 | -164° 15.402
8/24/11 | 16:45 11CKT2A TAPSB 71°13.104 | -164° 14.861
8/24/11 | 15:54 11CKT2B TAPSB 71°13.170 | -164° 14.007
8/26/11 | 09:38 11CKRBA 600 KHz ADC} 71° 49.486 | -165° 58.514
8/26/11 | 08:52 11CKIBBA RCM9, ASL | 71°49.143 | -165°58.919
8/18/11 | 23:03 106694 ARGOS drifter] 66°00.48 | -16847.84
8/19/11 | 12:33 106699 ARGOS drifter] 67°46.55 | -168>34.81
8/27/11 | 02:22 106698 ARGOS drifter] 72°47.89 | -161°00.52
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Figurel2. Location of oceanographmeoorings Yellow circles represg icemoorings;blue circles
representmoorings withthe TAPSnstruments



Hydrography stations

At each mooring site, alorgixtransectlines in the
Chukchi, at two sitem the BeringStrait, and an
additional two transects in Unimak Pass in theilgr
Seahydrographic data (temperature, conductivity,
nutrients,and chlorophyll)were collected(Tables 3
4; Figures 16-17). Methods includecdhigh-resolution
vertical profiling of water properties (including
temperature, salinity, chlorophyll fluorescese, PAR,

Figure 14. ARGOS drifter being
deployed off the stern

175°W
L

Figure B.
CTD being
prepared for
deployment

dissolved 02) to within 4m of the bottom using a Seabird 911Plus CTD
(Figure B) with dual temperature, conductivity and oxygen sensors.
Nutrient and chlorophyll samplesere collectedwith water bottles at
discrete depthsand frozen for analysist a later date at the NOAA
laboratories in SeattleDissolved oxygen samples were taken at every
other cast to help calibrate the oxygen sensors on the GYEomplete
report on individual stations can be found in Appendix 3.

At threelocations in theChukchi Sea, ARGOS drifters were deployed off
the stern of the ship (Figusl4 and 15. These fredloating instruments
drift along with the currentsand their location is determined via satellite.
The first drifter was deployed in the Bering Straitdahe second was set
out off Point Hope to look at the advection of water from the Bering into
the Chukchi Sea. The final drifter was deployed to the north of Hanna
Shoal to examine the circulation around this bathymetric feature.
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Table 3.Summary of hydrographic and zooplankton operations

Operation Number

SeabirdFasCAT CTD (CAMounted or) 64

CTD with bottle samples (CTaBird 911 plyis 60

Mné AYYSNI RA Y SBUBINS (MEBR A 64

Mooring deployment or recovery (MOQR 2

Epibenthic tucker sled (Sled) 64

Tracor Acoustic Profiler w. 6 frequencies (TAPS 64

Table 4. Summary of hydrographic and zooplankton samples

Samples Collected Tows | Number
Misc species in EtOH (AMGEN) 8 13
Extracted chlorophyll (Chlor) 60 307
Calvin Mordyissolved inorganic nutrients (CMNUTS) 60 319
SeaBird CTD (CTD) 60

Deployment of buoy or mooring (Deploy) 2 2
Stimulated fluorescence collected during CTD casts (Fluor) 60
Photosynthetically Active Radiation data collected during GBEB (PAR) | 60

Quantitative tow preserved in formalin (QTowF) 64 220
Acoustic determination of zooplankton (TAPS6) 64
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Zooplankton component

At eachhydrographicstation, plankton tows were conducteddbles 34;
Figurelb). Stratified samples for mesozooplankton and micronekton P

were collected with ah?® Tucker Sledshownin Figure 18 and 19, which

allowedus to collect samples right next to the bottom (and does a bettar

job of capturingarger prey such as euphausiidg)his year we used three i
nets on the frame: Net Q a drogue net towed from the surface to the
bottom without a cod end; Net & 0.333mm fished along the bottom for
5-10 minutes to captue krill
within 1m of the bottom Net 2
¢ 0.333mm net fished from the
bottom to the surface to obtain #&
an integrated water column -
tow of large Plankters. Net 2
also contaied a 25cm
diameter ClarkeBumpus net
frame inside it with 0.150mm
mesh to capture small
zooplankton.The net samples

. §
N\

Figure B. Tudker sled being eployed

Figure ®. Tucker Ied beingnsed after
deployment



also contaird ichthyoplankton (fish larvae) that will be identified and enumerated as part of the study.
All processing of the samplesliMbe done after the completion of the cruisé& SeaBird SB (FastCAl

was attached to the top of the net sled tollecttemperature, pressureand conductivity

measurementsising a conducting cable for rethe monitoring of conditions. In additn a TAP$

was mounted on the top of the sled frame and ensonified a small volume of water directly in front of

the net mouth. This device will provide us with independent acoustic estimates of zooplankton biomass
and size composition during the cruise.

Visual surveys
Marine mammalbbservations

Rotating teams of three scientists collected sighting data ugi
standard line transect methods during-@ffort status.
Operations began at 08:40 and ceased at 21:20, or as long|as
conditions would allow. A flobservation period lasted 80
minutes (40 minutes in each position) and was followed by a
40 min rest period. One observer (starboard) was stationed|on : .
GKS aKALIQA OoNARIAS SAYSRIEQE KSE 20 a N SN BR.\HpE WoA
binoculars with reticles to scan from 60° ptot60° starboard '\
(Figure20). The data recorder was positioned on the bridge
and surveyed the trackline with 7x50 binoculars while
scanning through the viewing area of the primary observer.
When a sighting was detected, the primary observer convey
to the recorder the horizontal angle and number of reticles
from the horizon to the initial sighting. Additional informatio
collected was sighting cue, course and speed, species iden
and best, low, and high estimates of group size. The comp
program WNCRUZ (available at .
http://swfsc.nmfs.noaa.gov/PRD/softwares/software.himl  Figure 20 Marine mammal observer using
was used to record all sighting and environmental data (e.g. the Big Eye binoculars

cloud cover, wind speed and direction, and sea conditions).

On-effort status was defined as a visible horizon, Beaufort sea state wver,Jand survey speed of 10
knots through the water. Fog effort corresponded to observations conducted under poor visibility (no
horizon) but with a Beaufort sea state 5 or less. Under unacceptable weather conditiodsh(Mish (1 & X 1 ®p
nautical miles (njl- Y Rk 2 NJ & S | -effoit WaillclSes ok the tiridlge ®efefconducted. One
observer was positioned on the bridge to record-efffiort sightings and environmental data. Visual
operations were conducted between oceanographic stations, mooring sites arsitséetween

transects. A data recorder/observer was positioned on the bridge at all times during daylight hours
under unacceptable survey conditions and while stationary during oceanographic operations. At the
ONXzA &S S RSNDa Rivey EibiBaasitenpdarily suspénded Mbligrachi  a
approaches to sightings for phetdentification.

Photcidentification

Identification photographs of target species were obtained to allow evaluation of movements of animals
during the survey and coparison to existing catalogs. Highest priority species for plaeatification

on the CHAOZ survey were North Pacific right, blue, killer, fin and humpback whales. When the
observers located a target species, the visual survey effort was suspended gmihthey survey vessel


http://www.sciencedirect.com/science?_ob=RedirectURL&_method=externObjLink&_locator=url&_cdi=6034&_plusSign=%2B&_targetURL=http%253A%252F%252Fswfsc.nmfs.noaa.gov%252FPRD%252Fsoftwares%252Fsoftware.html

was directed to obtain photographs of the animals. The vessel was positioned for the best lighting and

angle so that photographs could be obtained of the callosity pattern of right whales, the dorsgl fin
blue and fin whaleas wel as the chevron on fin whales, flukes of humpback whales and saddle patches
of killer whales. Photographs were taken using Canon 50D, 7D and Nikon D200 autofocus digital
cameras equipped with a 1600 and 8200 mm zoom lens. All photographs were revieyend the

highest quality identification photograph(s) of each animal were selected to be compared to existing

photo-identification catalogs from the Bering and Chukchi Seas and along the Aleutian Chain.

Visual Survey Effort and Sightings

The survey ogered a total of 1,206 nm oaffort while fog effort legs accounted for 210 nm (Table

Figures21-23). There were a total of 303 sightings (541 individuals) of 14 confirmed marine mammal
species; these included right, killer, fin, humpback, gray, and Bin ¢ KI £ Sa X
porpoise, walrus, fur, bearded, ringed, spotted seals and Steller sea lions. Additionally, there were 80

I a

g St

sightings (85 individuals) of unidentified large and small whales, porpoise, and pinnipeds (EleeBps

For a complete listing of sightings, see Appendix 4.

Table 5 Completed visual effort for marine mammal observation

Effort type Effort (nm)
On Effort 1,206

Fog Effort 210

Total 1,416
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Figure21. Marine mammal sightings and effort data from the CHROZF1 research cruise, Barrow to

Bering Strait (open symbol = @ffort sightings, dotted symbol = effffort sightings; on effort = black,
fog effort = gray).
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Figure 2. Marine mammal sightings and effort data from the CHAOZ 2011 research cruisg, Steaiih
to Nunivak Island (open symbol =-effort sightings, dotted symbol = eéfffort sightings; on effort =
black, fog effort = gray).
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Figure23. Marine mammal sightings and effort data from the CHAOZ 2011 research cruise, Bristol Bay
and the Aleutian Islands (open symbol =efifiort sightings, dotted symbol = effffort sightings; on
effort = black, fog effort = gray).



Photcidentification

Right Whales

Photographs for photédentification purposes were collected from two North Pacific righales

(Figure24) on August 18 within the right whale critical habitat. Both left and ride head from both
AYRAGARdIzZEfa yR FfdzlSa FNRBY 2yS gSNB R20dzYSyiSRo
an animal last sighted in 2009. To dates second individual has not been identified in the catalog.

Three scientists have taken this animal through the catalog. It is possible this individual has been

sighted in the past but identification is unattainable due to poor photographs for a nuofliee

animals in the catalog. Both animals were observed breaching, as well as rolling around with one

another in what is defined as a surface active group. Both individuals were associated (less than one

body length) during the entire one hour of olrgations.

Figure24. b 2 NIIK t F OAFAO NARIKG 6KItSax 6!0 baa[ "yp a{ Lk
during the CHAOZ 2011 research cruise.



