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ABSTRACT

The concurrent increase in abundance of certaidenp@pulations and boat traffic
in many parts of the world has highlighted the nEdguantifying the probability
of whale encounters and whale-vessel strikes. Turaber of humpback whales
(Megaptera novaeanglidefrequenting Hawaiian breeding grounds is incregsi
along with the number of reported collisions, sid€&5. A study investigating the
probability of vessel collisions with this endanegrspecies was initiated in Maui
County waters, an area widely used by both commleerid recreational vessels.
Surprise encounters (SE) and near-misses (NM)neigfias a group of whales
sighted (at abeam and forward angles) within 300amd 80 m of a vessel,
respectively, were used as proxies for probabilftwhale-vessel strikes. Objectives
included identifying any relationship between eamimental €.g. Beaufort sea
state) or vessel-specific variablesd. speed), and the probability of a whale-vessel
collision. The susceptibility of different age-cd@s and group compositions.d.
calf presence) to vessel strikes was also invdstigdBetween February and April
2013, 33 line transect surveys were conducted soreling to 86.8 hr and 1,058
n.mi. of survey effortA total of 361 groups or 723 individuals were refmat,
including 191 SE (52.9%) and 12 NM (3.3%). Highestances of SE and NM were
observed between the islands of Lana’'i and Mauunkgration of SE and NM
individuals indicated a maximum of 2 and 5 indiatsiknt for calf and non-calf
groups, respectively. The rate of SE increased wigéssel speed, from 1.5
encounters/hr at five kts to 4.2 encounters/hrakt®. No NM occurred at 5 kts.
Little variation in the detection of encounters waand under different DSS and
BSS conditions.Calves were present in 28.3% of SE and 58.3% of NNis
coincides with previous reports that calves maynh@e susceptible to vessel
collisions. Continued research over the next 4s/galt help identify frequency and
trends of potential vessel collisions with humpbaghkales, and contribute to
developing a predictive model of vessel strikesti@anagement purposes.
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INTRODUCTION

Globally, vessel collisions with cetaceans are awgrg concern, and their increasing
numbers constitute a substantial conservation idsaist et al, 2001; ACCOBAMS, 2006;
Douglaset al, 2008). Both recreational and commercial vesselsravolved in this type of
collision, including tankers, cargo or cruise shipgale-watching vessels, Navy ships,
hydrofoils, sailboats, high speed ferries, fishbwats, and research vessels (Jeretesl,
2004; Dolmaret al, 2009; Ritter, 2012). As a result, various monitgmprograms have been
implemented, such as the International Whaling Casion’s Ship Strike Database (IWC,
2013).

Although a wide rangef cetacean species are reportedly struck by wedagjer endangered
species such as humpback whaleledaptera novaeanglidgeNorth Atlantic right whales
(Eubalaena glacialis North Pacific right whaleHubalaena japonica),fin whales
(Balaenoptera physaliisand blue whalesB@alaenoptera musculysare more susceptible
particularly when a) having a primary habitat oapgding areas of heavy vessel traffic; b)
resting at the surface; or c) moving at a slow gheéstet al, 2001; Lammerst al, 2003,
Vanderlaan and Taggart, 2007; Behrens and Constar#008; Berman-Kowalewsét al,
2010; DeAngelist al, 2010). Some populations of these species havenbegrecover
(Best, 1993; Barlovet al, 2011); however, increased vessel traffic hadrdmuted to an
increased risk of whale-vessel collisions (Jenseral, 2004; Dolmanet al, 2006),
preventing the recovery of certain populatioesg(North Atlantic right whale; Kraus,
1990; Knowlton and Kraus, 2001).

Currently, our understanding of whale-vessel dolfis is limited in many waysg,e. the
specific factors that lead to collisions are notlwmaderstood and the true frequency of
collisions is still unknown (Neilsoet al, 2012). In the latter case, many incidents are not
reported due to crew being unaware of a collisiparticularly on large tanker ships,
difficulty determining how an incident happened wheessels are on autopilot, and/or
concerns regarding liability (NOAA, 2012). Additially, many of the animals involved in
collisions lack external signs of trauma. Interimgliries caused by blunt force trauma can
only be detected via necropsies and a limited ptagyo of fatally wounded whales are
recovered and examined. When strikes are repdhetk is still a scarcity of critical details
such as the fate, age-class, and sex of the anamalell as the location and speed of the
vessel (Neilsort al, 2012).

Vessel speed and size are key contributors to isgvend frequency of whale-vessel
collisions, with faster vessels accounting for leighnstances of strikes (Laist al, 2001;
Panigadaet al, 2006; Vanderlaan and Taggart, 2007). To illustrsianderlaan and Taggart
(2007) estimated that if a vessel with a mass Bogmtly exceeding that of a whale is
travelling at 12 knots (kts), 50% of collisions vi@dbe lethal. Alternatively, if the same
vessel is travelling in excess of 19 kts, 100%atdlisions are deemed to be lethal.

The Hawaiian Islands aréhe most isolated archipelago in the world. Consequently,
they are highly dependent on vessel traffic for commerce. Moreover, vessels are an
important mean of transportation and a major source of revenue for the local
economy, particularly for the tourism sector (Lammers et al, 2003). In Hawaiian
waters, there has been a concurrent increase seeaffic (commercial and recreational)
and humpback whale abundance (Mobé&tyal, 2001; Lammerset al, 2003; Delfour,



2007; O’Connotet al, 2009). The number of whales frequenting thesengaind calving
grounds is estimated at 7,469 to 10,103 individuatyeasing at an annual ratecaf 5.5-
7.0% (Mobleyet al, 1999, 2001; Calambokidet al, 2008; Allenet al, 2012). This has
resulted in a rise of whale-vessel collisions beiegorted, with calves and juveniles
having a higher incidence of being struck (Lastal, 2001; Lammerst al, 2003).
However, increased monitoring efforts over the [styears, through the development of
the Hawaiian Islands Humpback Whale National Mar8anctuary (HIHWNMS, 1992;
Figure 1), may account for some of the apparestindrequency of whale-vessel collisions
and make the data challenging to interpret (Lamraeas, 2003).

The majority of whale-vessel strikes reported inMdgan waters by the National Ocean and
Atmospheric Administration (NOAA) and the HIHWNMS@ur in the four island region of
Maui County (Maui, Moloka’i, Kaho'olawe, and Lang’more specifically between Maui,
Moloka’i, and Lana’i (Mobleyet al, 1999; Laiskt al, 2001; Lammerst al, 2003; Barlow

et al, 2011). To illustrate, between 1975 and 2003, 67¥hale-vessel collisions occurred
in Maui waters (Lammerst al, 2003). In the 2012-2013 whale season, 10 vestgkes
were reported to NOAA, of which seven were recordédMaui and one off Lana'’i (Ed
Lyman, NOAA/HIHWNMS, pers. comm., May 10, 2013hi3 is not surprising given that
the greatest density of humpback whales in Hawaviaters occurs in this region (Mobley
al., 2001), along with 50% of Hawaiian whale-watchopggrations (O’Connoet al, 2009).
The area also hosts a fleet of both commereia, (arge cruise ships, barges, and military
crafts) and non-commercial vessels including unemé¢d watercraftse(g, canoes, kayaks,
and stand up paddle boards), which are becoming rpopular (pers. obs.) and are
occasionally involved in a collision with humpbagkales (Ed Lyman, NOAA/HIHWNMS,
pers. comm., May 10, 2013). Increasing reportw/iudle-vessel collisions in Maui County
leeward waters may, however, be primarily linkedhte number of whales increasing at a
faster rate than vessel traffic. Indeed, betwedd8 hd 2006, humpback whale sightings in
Ma’'alaea Bay tripled while vessel traffic declineg 10% (Forestelet al, 1990; Kaufman,
unpublished data).

With whale-vessel collisions being a matter of @ncglobally, most studies have assessed
the risk of whales being struck by establishingocourrence of the distribution of whales
and vessel traffic within major shipping routesy(, Vanderlaaret al, 2009; Williams and
O’Hara, 2010; Redferet al, 2013), which in some cases has resulted inisgighipping
lanes €.g., Merrick, 2005; Hinch and De Santos, 2010). To datry few studies have
attempted to quantify the risk of vessel strikegdiying into account the frequency of near
collisions. Richardsoet al. (2011) undertook a modeling exercise, accountimgzérious
conditions €.g., environmental variables) to evaluate the probgbitf a whale-vessel
collision based on data collected from whale-watghtessels as platforms of opportunity
(PoP) in Maui County waters. The authors used mapm@ncounters (SE) and near-misses
(NM) as proxies for whale-vessel collisions. SE &fid were defined as first sighting a
group of whales< 300 meters (m) and 80 m from a boat (abeam to aatwangle),
respectively. A distance of 80 m was chosen as less than the Hawaiian regulation,
which restricts any vessel from approaching a grolupgrhales< 90 m. Richardsoet al.
(2011) model predicted a) a 8.2% increase in SE& feelocity increase of one knot (kt); b)
a decrease in the likelihood of a SE with an ineeda wind speed (Beaufort sea state); and
c) a 5.5% chance of a NM during whale-watchingstriiven the inherent biases of
sampling from PoP, the authors recommended fuithastigation a) using line transect
surveys, with no approach restrictions, to contoolcertain variablese(g., effort, vessel



speed, operator variability, and platform type) & assessing a potential age-class or sex
biases associated with SE or NM. Taking into actoRmchardsonet al. (2011)
recommendations, this five-year study was initiate@013, under permit NMFS 16479,
with the following objectives:

1) Model the probability of whale-vessel collisionsangs SE and NM as proxy data
from line transect surveys to help reduce the emtg of whale-vessel collisions
and allow vessels to operate more safely;

2) Test the hypothesis that sub-adults, calves, argflecific individual whales are
more susceptible to collisions in Maui;

3) Test the effects of boat speed and environmentadlitons on the probability of
whale-vessel collisions;

4) Compare results with Richardsenhal (2011) study.

METHODS

Study area

To evaluate the potential for whale-vessel coliisiavithin the four island region of Maui
County, parallel survey lines at4@rue) North were equally spaced 1 nautical mmilen{.)

or 1.8 kilometer (km) apart, starting at a deptlc@f20 m. The study area was chosen to
cover a large section of a) the HIHWNMS; and b)hhigessel traffic incurred during the
whale season (December — May). The total survey eogerecta. 176 n.mi? or 604 kni
(Figure 1).
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Figure 1: Hawaiian Islands Humpback Whale National Marinac®aary (HIHWNMS) boundaries and the
transect lines depicting survey area in Maui Couvdgers, Hawai'i, between February and April 2013.

20.5

Data collection

Data were collected using systematic line transeoteys (Figure 1) from an 8 m fiberglass
motorized catamaran research ves8alean Protectqrfitted with two 150 horse power
four-stroke outboard engines. Prevailing sea (Dasiglea state (DSS)5) and weather



conditions influenced which part of the study aczald be sampled. The subsequent
direction of travel along each line (North to SoathSouth to North) and starting speed (5,
10, 15, or 20 kts) were randomly selected usingshmple” function in ‘R’ (R Core Team,
2013). Weather permitting, attempts were made teestthe entire study area equally.

Surveys were primarily undertaken between 07:001nm80 in order to take advantage of
calmer sea conditions prior to the onset of afternérade winds. Weather conditions
including wind speed (Beaufort sea state (BSS)) dinéiction, DSS, percentage cloud
cover, and glare were recorded at that start oh ¢eensect line, and as they changed
throughout the survey, providing detailed environtak data on covariates that might
affect animal sightability (Bucklandt al, 2001). Global Positioning System (GPS) units
(Garmin GPSmap 276C and/or Garmin 4000) tracked amd location of the vessel on a
one-minute (1-min) basis.

Observations were undertaken by experienced obsemy&ng a continuous scanning
methodology (Mann, 1999), by naked-eye or retiahmtulars (Bushnell 7 x 50). While on
effort, one observer was stationed on the port@mel on the starboard side of the helm,
scanning equal sections of water (from abeam twwdat, from an eye height cb. 1.8 m).

A third person acted as data recorder, with remgirstaff, if present, at rest. With the
exception of the skipper, observers regularly eataduties to prevent fatigue. All whales
sighted< 300 m (abeam and forward of the vessel) were decbwith the following data:
time and location (latitude and longitude) of sight transect number, vessel speed, group
composition (number of individuals and their agassks), group distance and bearing in
relation to the boat (measured in reticles), dioectthe group was travelling, and the
number of other vessels present 300 m of the group. Environmental variables
aforementioned were also noted in addition to watepth (m). Reticles were later
converted into meters following Kinzey and Gerroel¢2001) methods.

For each group, the sighting was labeled as a méss-(NM), surprise encounter (SE), or
non-surprise encounter (NO). NO is defined as atalinsighting > 300 m that
subsequently came 300 m of the vessel. NO could not, therefore, tituie a SE, as a
vessel should have safely maneuvered around thee(@havhen initially sighted at > 300
m. When a NM occurred, attempts were made to take fohoto-identification (photo-ID)
images of each individual(s) involved, using a GaBd SLR camera equipped with a 100-
400 mm lens. A maximum of 30 min were spent witbhefbcal group in compliance with
permit conditions (NMFS permit 16479). Initial bef@al response of the animal(s)
(approach, neutral, or avoidance) was also recorded

After 15 min on effort, the vessel would stop, dwdh port and starboard observers would
conduct a 1-min-360° scan for humpback whales ptes®.5 n.mi. or 1 km radius of the
research vessel. The two observers were eithegreeski(on a rotation basis) as primary or
secondary observer. The primary observer would st@rkwise, starting at the bow, and
call out any sighting and associated informationthe data recorder. The secondary
observer would scan counter-clockwise, also stinthe bow, and write down their own
observations. For each sighting during a scanfath@ving variables were recorded: group
size and composition, distance and bearing of isighfrelative to bow of boat), and
sighting cue €.g., blow). At the end of the scan, observers would gam their
observations and note any whale(s) that were mibgegither of the observers. The line
transect would then resume with speed increaseatr@ments of 5 kts, from 5 kts to 20 kts



(i.e., after 20 kts, the next speed would be 5 kts). Egolnp was only counted once while
conducting transect lines and 1-min scans.

Analysis and data processing

Total distance covered while on effort during thervey period was calculated by

multiplying the length of each transect line by thenber of times it was completed. Owing
to inconsistency in recording age-class (speclfiadults and sub-adults), groups of whales
were either categorized as calf or non-calf forydital purposes, given that observers were
confident that all calves were properly identified.

Kernel estimates of intensity models (Van Winkl@73) for calf and non-calf encounters
were determined by combining the number of SE amd. [Data were projected, by
convention, in Universal Transverse Mercator (UTKDordinate system with units
expressed in km and, therefore, resulting inteessiais individuals/kfn Intensities were
calculated using a Gaussian smoothing kernel aaphgrg for kernel densities were done
using the “spatstat” function in ‘R’ statisticalfseare (Baddeley and Turner, 2005).

Time required to maneuver and avoid a collision estgmated at 80 and 300 re(, for
NM and SE, respectively), using velocities of 5, 16, 20, and 25 kts to represent the
spectrum of boat traffic observed in the studyaegi

Encounter frequency per n.mi. and per hour (hr) stasdardized by calculating the distance
(n.mi.) and time (hr) travelled along each transateach specific speeide(, 5, 10, 15, and
20 kts). Encounter frequency with varying sea stateditions (BSS and DSS) was
standardized by calculating the total number SENNdper sea state dayd.,BSS from 1

to 5 and DSS from 1 to 4).

Data collected during 1-min-36Gcans were used to determine the “miss rate” By th
primary observer. Sightings were standardized by, @ad confidence intervals were
calculated using the “plotmeans” function (Warn2812) in ‘R’ statistical software (R
Core Team, 2013).

Graphs were generated using the “ggplot2” packsgekham, 2009) and maps using the
“raster” package (Hijmans and van Etten, 2012Rn *

Finally, owing to small sample sizes and lack ofitiryear data, statistical analyses were
limited to descriptive statistics indicating theimt&ends in data collected to date.

RESULTS

Between February"2 and April 24" 2013, 33 survey days allowed for sampling of 151
transect lines in the four island region of Mauiu@ty. Each transect line was surveyed a
minimum of five and maximum of eight times throughothe study period. This
corresponded to 86.8 hr and 1,058 n.mi. (1,960 ¢ingurvey effort. A total of 361 groups
of humpback whales and 723 individuals were sighte800 m of the research vessel,
consisting of 116 calves and 607 non-calves. Thhgetd group observed included 12
individuals. Of all sightings, 52.9% (n = 191) w&E and 3.3% (n = 12) were NM. Owing
to varying group activity and weather conditioriské shots for photo-ID were captured for



40% (n = 8) of the non-calves involved in NM, with re-sights observed.

Group composition of SE and NM

Calves were present in 28.3% (n = 54) of SE an8%8n = 7) of NM (Figure 2). Of all SE
and NM involving calves, 54.1% (n = 33) were mothalf pairs, 39.3% (n = 24) were
mother-calf-escort groups, and 6.6% (n = 4) warglsicalvesi(e., mother did not surface).
Lone adults accounted for 39.3% (n = 75) of SE 28@% (n = 3) of NM, while groups
consisting o> 2 individuals, accounted for 32.5% (n = 62) SE a6d7% (n = 2) of NM
(Figure 2).

Near-Misses
M Two or more Adults

Surprise Encounters
B Two or more Adults

M Lone Adults o Lone Adults

W Calves i Calves

Figure 2: Percentage of surprise encounters (A) and nearesiB) for calf and non-calf (adult) groups of
humpback whaledMegaptera novaeangliaén Maui County between February and April 2013.

Location of SE and NM

Occurrence of SE for calf and non-cgtbups followed similar trends, with higher instasc
observed between Lana’i and Maui (Figure 3). Alirrely, NM with calf groups were
more uniformly distributed than non-calf groups,iethwere more concentrated within a
fairly close region off west Maui (Figure 3).

Kernel estimates of intensity of SE and NM

Kernel estimates of intensity for SE and NM withif cgroups ranged from 0 to 0.5
calves/kni within the study area (Figure 4A). Similar anayfir SE and NM with non-calf
groups indicated a maximum estimate of 1.2 nones#knf (Figure 4B). Enumeration of
SE and NM individuals/kfmindicated a maximum of 2 and 5 individualsfkfar calf and
non-calf groups, respectively, throughout the staia.
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Figure 3: Location of surprise encounters (SE) and nearasi§dM) for groups of humpback whales with (A)
calf (n = 61) and (B) non-calf (n = 142) within the bdanes of the Hawaiian Islands Humpback Whale
National Marine Sanctuary (HIHWNMS) in Maui Countaters between February and April 2013.
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Encounter frequency in relation to vessel speed
Transect lines 1-10 indicated a higher rate of 8 MM per n.mi when compared to lines
11- 23 (Figure 5). The highest SE rate occurrdimett with a SE expected every 2.75 n.mi.
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Figure 5: Rate of surprise encounters (SE) and near-midéie per nautical mile with humpback whales
(Megaptera novaeangliddor each transect completed within Maui Countyexsbetween February and April
2013.

A 2.9 fold increase in the rate of encounters (I®Ehand NM) was observed when vessel
speed exceeded 10 kts. Maximum encounter ratesolserved at 15 kts, with a rateca.

4 encounters/hr (Figure 6). Two NM were observedmteds of 10 kts, accounting for
18.1% of the total NM. No NM occurred at 5 kts.

i SE

b
wn
1

H NM

Encounters/Hour

Lo | A wooop
w =] [ = L =
I 1 1 I I 1

Jary
=
1

=
[, ]
1

0.0 -
3 10 15 20

Vessel Speed (kts)

Figure 6: Rate of surprise encounters (SE) and near-mis#d3 fer hour with humpback whaleslégaptera
novaeangliapat varying vessel speeds (kts) between FebruahAgril 2013 in Maui County waters.
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The time to maneuver and avoid potential whale-elesdllisions decreased with increasing
vessel speeds (Figure 7). Vessels travelling at2have only 8 seconds (sec) to avoid a
whale initially sighted at 80 m, a9 sec if the whale is sighted at 300 m (Figurelf7).
travelling half that speed.¢., 10 kts), the vessel will have twice as much timevoid a
potential collision.

i Surprise Encounter Avoidance Time To Collision

M Near Miss Avoidance Time Toe Collision

Speed [kts)

T T T
0 20 40 60 a0 100 120 140

Time

Figure 7: Time required (seconds, sec) to maneuver a vesseprevent a collision with humpback whale

(Megaptera novaeangliaénitially detected at 80 m (near-miss) and 30@surprise encounter), at varying
speeds (kts).

Encounters in relation to varying sea state conditins

Little variation in the detection of encounters wasnd under different DSS and BSS
conditions (Figures 8 and 9). There was a sligbtelese in detection of SE when BSS = 5.
No SE or NM were recorded at DSS = 4 nor any NNB&S = 5. However, it should be

noted that only 9.1% (n = 3) of the days had DS&and 18.2% (n = 6) of the survey days
had a BSS =5.
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Figure 8: Detection of surprise encounters (SE) and neasanigNM) per day with humpback whales
(Megaptera novaeangligeat varying Beaufort sea states recorded withinuiM@ounty waters between
February and April 2013.
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Figure 9: Detection of surprise encounters (SE) and neasenigNM) per day with humpback whales

(Megaptera novaeangliagext Douglas sea states recorded within Maui Cowrstiers between February and
April 2013.




Correction factor (1-min-360° scans)

Between March and April 2013, 289 1-min-366Cans were undertaken. A total of 85
groups, totaling 117 individuals, were observedhimit0.5 n.mi or 1 km radius of the
research vessel. Sightings per scan decreaseddnoaverage of 1.5 whales per scan in
early March to zero whales per scan in late Agfigggre 10). The primary observer missed
30.2% of the whales detected by the secondary wéser

25

20

15

10

05

Average Count/Day

__ll /-

.
n=3 n=11 n=14 n=16 n=20 n=19 n=18 n=22 n=12 n=19 n=11 n=12 n=10 =13 n=10 n=10 n=13 HJ—'S n=11n=12 n=6 n=9 n=10 n=11 n=10
T T T T T T T T T T T T T T T T T T T T T T T T T

2013-03-04 2013-03-07 2013-03-14 2013-03-22 2013-03-27 2013-04-01 2013-04-08 2013-04-15 2013-04-24
Date
Figure 10: Average humpback whal®ggaptera novaeangliaeightings within 0.5 n.mi or 1 km per 1-min-
360° scan within Maui County waters between Marold April 2013. Note: Vertical bars represent 95%

confidence intervals.

1 4

00
1

DISCUSSION

Whale-vessel collisions are a matter of concermalg. To date, very few studies have
attempted to quantify the risk of a whale beingatrby a vessel by taking into account the
frequency of near collisiong@., Richardsoret al, 2011). Most studies have assessed the
risk of whale-vessel collisions by establishingaamurrence in the distribution of whales
and vessel traffic within major shipping routesy(, Vanderlaaret al, 2009; Williams and
O’Hara, 2010; Redferet al, 2013). However, large whales, such as the huniplzan be

at risk even in areas without major shipping larassjs the case in Maui County waters,
Hawali'i (e.g., Lammerset al, 2003). This study aimed at assessing the risk véssel
striking a humpback whale in this region using liresect surveys and surprise encounters
(SE) and near-misses (NM) following the recommeiodat of Richardsoret al. (2011).
Although preliminary results (initial year) of avé-year study are presented here,
interesting patterns on factors influencing theelitkood of whale-vessel collisions with
humpback whales in Maui County waters are alreadgrging.

Randomyvs. non-random surveys

Richardsonet al. (2011) were the first to quantify the risk of whalkessel collisions in
Maui County waters using platform of opportunitie®oP). Following their
recommendation, this study conducted systematie transect surveys to quantify the
probability of whale-vessel collisions in the ar@uath methods led to different sighting
patterns of SE and NM within Maui County waterstHa former study, two “hot spots” for
SE and NM were apparema. 1.6 n.mi. (3 km) south of Ma’alaea harbor and 6in(fi.2
km) south of Lahaina harbor. In contrast, the oenge of SE and NM in this study was
more uniform (in particular for groups with calvet)e exception being that encounter rates
(SE/NM) were slightly higher between Lana’i and Mé&r both calf and non-calf groups
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than in other parts of the study area. Sampling sinuld have accounted for this
discrepancy (204s. 33 surveys), however, more SE were recorded sdhidy (n = 191)
than in 2011 (n = 133; Richardsenhal, 2011). The disparity in the location of SE and NM
is due to inherent biases in the PoP sampling ndsthadready highlighted by Richardsein
al. (2011). Whale-watching vessels, which were use®a@s, were actively seeking out
whales. These PoPs were further constrained by timie most tours being two hours long.
This implies that vessels would likely engage inalehwatching activities with whales
encountered in close vicinity of the harbor anditlithe distance travelled. Consequently,
the study area was not evenly sampled, leadinga® ib the results, given that effort was
not taken into account. Although a PoP can provaleable data, systematic line transect
surveys should be the preferred research methotbgetbwhen establishing where whale-
vessel collisions are more likely to occur.

Vessel speed and the probability of collisions

Vessel speed had an effect on the rate of SE andobddrved, with a two-fold increase
when speed exceeded 10 kts. The maximum encouwateeroccurred at 15 kts with four
encounters/hr. This concurrent increase betweeselVapeed and rate of SE and NM is
consistent with Richardsaet al. (2011) findings. Other studies have also demotestrenat
vessel speed, as well as vessel size, influencidstbe frequency and severity of whale-
vessel collisions (Laiset al, 2001; Vanderlaan and Taggart, 2007). The proibabil
analysis indicated that death or a serious injorg tstruck whale decreases rapidly when
vessel speed is 12 kts (Vanderlaan and Taggart, 2007). Consequewndssel speed
restrictions are being used in various geograpbaatlons to reduce the occurrence or
severity of whale-vessel collisions with large whalpecies, which have proven to be
effective in some cases.{.,humpback whales in Alaskan waters (Geatlal, 2011) and
North Atlantic right whales in American and Canadiaaters (Vanderlaaat al, 2009;
Wiley et al, 2011)). This information could have important ragement implications to
reduce the incidence of collisions in Maui Countgtevs during whale season (December -
May) given the increased risk of striking a whatespeeds> 10 kts (Richardsort al,
2011; this study). At speeds 15 kts, reaction time to maneuver a vessel anddaao
collision is severely reduced. Lammesal. (2003) reported that between 1975 and 2003,
ca 55% of whale-vessel collisions occurred withlditor no forewarning. Furthermore,
when some indication of vessel speed was provideanged from 7 to 26 kts, with 62.5%
travelling at 8 kts. The “Be ‘Whale Aware™ code obnduct in Maui, Hawai'i developed
by Pacific Whale Foundation (2013), which advisessel operators to limit vessel speed to
15 kts and have observers on vigil at all timesrduwhale season, should therefore be
followed by both commercial and recreational vesperators.

Environmental conditions and the probability of colisions

Richardsonet al. (2011) found that as wind increased, the likelthad detecting a SE
decreased. In contrast, preliminary results in $hisly suggest that DSS3 and BS< 5,
have no adverse effect on the ability of the obsety detect whales. Detection of both SE
and NM occurred at similar rates throughout all tivea conditions, the only noticeable
exception being that no NM were recorded at BSS Ehgre may be inherent biases in the
results due a small sample size at that range aedallack of data in the upper ranges of
rough sea conditions (BSS 6) as transects could not safely be conductedxirerme
weather conditions.
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Age-class and susceptibility to whale-vessel colbsis

SE occurred across all age-classes. A lone adudt h@vever, slightly more likely to be
involved in a SE than a calf or a group of two oorenindividuals. This differs from
Richardsoret al. (2011) findings, which showed a significantly gexgtroportion of calves
and sub-adults involved in SE than the general ladipn. This discrepancy likely reflects
differences between random and non-random survethadelogy. The current study
represents the minimum number of individuals obsgrn a SE, given that the research
vessel could not stop while on effort to confirne timitial group size. Richardscet al.
(2011), however, had more time to assess groupfkire a PoP, especially if the vessel
stopped for whale-watching.

In terms of NM, ca. 60% involved a calf. This supports previous redeafindings
indicating that calves and juveniles are more walble to vessel strikes, which might be
explained by their naivety to the dangers of anr@gghing vessel (Laistt al, 2001;
Lammerset al, 2003). In Hawaiian waters, 57% of collisionswitumpback whales, in
which age-class was specified, involved eitherlbarguvenile (Lammerst al, 2003). In
2013, 50% of whale-vessel collisions reported toAXOinvolved calves (Ed Lyman,
NOAA/HIHWNMS, pers. comm., May 10, 2013). Finallhe whales identified in NM
were all unique individuals; the sample size, hosvewas small (n = 8).

Future research

Whale-vessel collisions in Hawaiian waters, patéidy in Maui County, are occurring
with increased frequency and will likely continwerise as the humpback whale population
continues to increase, unless steps are takertit@lgamitigate this issue (Lammees al,
2003). The aim of this five-year study is to pravi@mpirical data quantifying the
likelihood of whale-vessel collisions in Maui Counvaters for effective management
decisions to be implemented, suchsaged reduction during certain times of the year or
closure of specific high density areas of humpbablales. Continued research over the
next four years will collate more data in orderhip a) identify frequency and trends of
potential collisions using SE and NM; b) determihage-class or gender bias exist, or if
certain individual whales are more likely to beotwed in a NM; and c) establish critical
distance thresholds in relation to vessel speedhfasfactor may vary with type of boat,
skill level and experience of the vessel operator)l weather conditions. A predictive
model of vessel strikes will also be developednfi@nagement purposes, highlighting areas
and conditions leading to higher risk of collision.

To reduce whale-vessel collisions, baseline datawbiale distribution, vessel traffic
distribution, and the frequency of near collisicare required (DeAngelist al, 2010;
Richardsoret al, 2011). The proportion of whales within a specdrea that are likely to
be struck is a function of whale densities, volusheessel traffic, vessel speed, and whale
behavior (Redferret al, 2013). Spatial mapping and modeling of whale diessin
relation to vessel traffic in Maui County would tfioer help pinpoint areas of overlap that
have, therefore, higher risk of a whale-vesselisiolh. Data are, however, currently
limited. Land-based observation using a theodohteuld, therefore, be beneficial for
monitoring both vessel traffic and humpback whatribution in this regiond.g., Bejder

et al, 2006).

A self-imposed speed limit of 15 kts during humpgbadale season (December - May) in
Maui County is warranted (Lammernst al, 2003; Vanderlaan and Taggart, 2007;
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Richardsonet al, 2011; this study). Speed restrictions have prote be efficient in
reducing the number of whale-vessel collisioag(Vanderlaaret al, 2009; Gendet al,
2011; Wiley et al, 2011). Furthermore, education and awarenessrgrsy €.9., “Be
Whale Aware” by the Pacific Whale Foundation; Ocdzatmquette and guidelines by
NOAA) should continue to be implemented to increpablic awareness on the issue of
whale-vessel collisions and comply with guidelirsesl code of conducts such as speed
restrictions, which are easily quantified. As bathale and human populations continue to
rise, with a concurrent increase in anthropogediivities in the marine environment, more
management, based on scientific research, wilkeleired to ensure that both humans and
animals can co-exist.
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