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INTRODUCTION

The use of voluntary programs to address environ-
mental issues has grown dramatically (e.g. EEA
1997, Barde 2000, Alberini & Segerson 2002, NRC
2002, Morgenstern & Pizer 2007). They are often
preferable to regulatory actions because they can be
implemented relatively quickly (Morgenstern & Pizer
2007); do not require the development of potentially
costly monitoring, policing, and penalty regimes; are
less prone to litigation; and can promote innovation
within the affected community (Khanna 2001, Rivera
& de Leon 2004). However, public participation is
essential to voluntary programs achieving their
intended goals. Voluntary environmental protection

programs have been used in such diverse areas as
improvement of air quality and reduction of various
industrial chemical emissions (Khanna & Damon
1999, Gamper-Rabindran 2006), adoption of energy-
efficient technologies and reduction of carbon diox-
ide emissions (Morgenstern & Pizer 2007), and waste
management (Lyon & Maxwell 2007). They have also
been used in protection of ecosystem diversity and
endangered species (e.g. FWS/NMFS 1997, Smith &
Shogren 2002, Mönkkönen et al. 2009).

Various attempts have been made to address a spe-
cific environmental issue involving endangered
marine species: the threat of at-sea vessel collisions
with large whale species (Wiley et al. 2008, Vander-
laan et al. 2009, Silber et al. 2012). Vessel collisions
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with whales occur in all oceans. They can involve all
large whale species and nearly all vessel classes, and
are often fatal to the whale (Laist et al. 2001, Jensen
& Silber 2003). Nearly 800 records of vessel collisions
with large whale species are described in the scien-
tific literature (Van Waerebeek et al. 2007). These
counts should be regarded as minima, as many colli-
sions go undetected or unreported (Kraus et al. 2005),
the cause of death cannot always be determined in a
beach-stranded carcass (Glass et al. 2010), and
reporting is inconsistent in many areas.

Efforts to reduce the threat of vessel collisions
with whales have included both mandatory and
recommended changes in vessel-routing practices,
in cluding the establishment of ‘Areas To Be
Avoided’ in both Canadian (Vanderlaan & Taggart
2009) and US waters (Silber & Bettridge 2006,
Silber et al. 2012), and the modification of vessel
traffic separation schemes in US and Mediterranean
waters (Tejedor et al. 2007, Silber et al. 2012). The
goal of these vessel-routing modifications is to
reduce the threat of collisions by reducing the
overlap of high density vessel traffic and whale
aggregation areas. Mandatory and recommended
restrictions of vessel speed have also been em -
ployed to minimize the threat of collisions with
whales (NPS 2006, NOAA 2008a,b, Tejedor Arce -
redillo et. al. 2008). Studies have indicated that as
vessel speeds diminish so does the likelihood of
serious injury or death when a whale is struck by a
vessel (Laist et al. 2001, Pace & Silber 2005, Van-
derlaan & Taggart 2007).

For the highly depleted North Atlantic right whale
Eubalaena glacialis, which is listed as Endangered
under the US Endangered Species Act (ESA) and as
depleted under the Marine Mammal Protection Act
(MMPA), collisions with ships (or ‘ship strikes’) is one
of the species’ greatest threats to recovery (Kraus et
al. 2005). In a population containing only several
hundred individuals, an average of about 2 known
(others almost certainly go undetected) vessel colli-
sion-related right whale deaths have occurred annu-
ally over the last decade (Glass et al. 2008, 2010, War-
ing et al. 2010). To address this threat, the US
National Oceanic and Atmospheric Administration’s
(NOAA) National Marine Fisheries Service (NMFS)
issued a final rule requiring vessels 65 feet (ca. 20 m)
or greater in length to travel at 10 knots or less during
certain times of the year in locations (termed ‘sea-
sonal management areas’ [SMAs]) along the US east-
ern seaboard that are characterized by right whale
occurrence and concentrated maritime activity
(NOAA 2008b). In combination with these manda-

tory restrictions, the NMFS also established a pro-
gram whereby temporary zones, called ‘dynamic
management areas’ (DMA), can be established
quickly in locations throughout the species’ range
when right whales are observed outside of the geo-
graphic extent or effective period of the SMAs
(NOAA 2008b). The SMA and DMA programs pro-
vide complementary protective mechanisms respon-
sive to both the predictable, as well as the unex-
pected and transitory presence of right whales.

Because the range of the right whale includes all
coastal waters of eastern North America, DMAs
might be created in any location along the US east-
ern seaboard (Asaro 2012). They are established
when reliable sightings are obtained (derived pri-
marily from systematic aircraft surveys for marine
mammals using trained observers) of 3 or more right
whales in US waters within a 75 square nautical
mile (n mile2) (138.9 km2) area, such that right
whale density was ≥0.04 right whales n miles–2. This
is consistent with protocol suggested by Clapham &
Pace (2001), and is based on the assumption that
whale groups at those densities would persist for an
ex tended period. Additional (15 n miles2) areas are
then delineated around the sighting location to
account for potential whale movement and are in -
corporated into a single polygon that encompasses
both the sighting location and its surrounding zone.
Each DMA is established immediately (i.e. <24 h)
upon confirmation of right whale sighting locations
and automatically set to expire 15 d after the initia-
tion date. If whale aggregations persist beyond this
period, the DMA may be extended for an additional
15 d. Maritime communities are notified of the exis-
tence of a DMA via: NOAA Weather Radio broad-
casts on a regular basis for the full duration of the
DMA; US Coast Guard (USCG) broadcast notices to
mariners; an email distribution list (605 recipients of
shipping industry liaisons and industry representa-
tives, pilot associations, harbor masters, marine ex -
changes, etc.); postings on the NMFS’ Office of Pro-
tected Resources ship strike web site and the
Northeast Fisheries Science Center’s web-based
interactive right whale sightings system; and an
automatic return message via electronic mail is sent
to mariners who seek information on whale-sighting
locations. Mariners are requested, but not required
(i.e. voluntary compliance is encouraged), to either
navigate around DMAs or travel through them at 10
knots or less. Given the geographic scope of the
DMA program and the number of vessels  routinely
transiting the US eastern seaboard, this voluntary
conservation measure can potentially affect the
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activities of a sizable portion of the commercial
shipping industry and other maritime interests
including passenger vessels, recreational boaters,
and fishing vessels that utilize US east coast ports
and waterways.

The goal of the present study was to assess vessel
operators’ responses to the DMAs. We examined ves-
sel speeds to determine the degree to which vessels
were adhering to the requested speed restriction and
to detect any changes in speed as they entered the
DMAs. We also examined vessel routes to determine
the extent to which vessels may have been altering
their course to navigate around the DMAs.

MATERIALS AND METHODS

Automatic identification system

We assessed mariner response to the DMAs using
automatic identification system (AIS) data. Designed
as a safety of navigation tool, AIS transponders send
global positioning system (GPS)-linked, very high
frequency (VHF) (161.975 and 162.025 MHz) radio
signals providing ship-to-shore and ship-to-ship
information transfer. The International Convention
for the Safety of Life at Sea (SOLAS), an interna-
tional agreement that specifies minimum standards
for the construction, equipment, and operation of
vessels, requires that all ships 300 gross tons and
greater engaged in international voyages, cargo
ships of 500 gross tons and greater not engaged in
international voyages, and passenger ships irre-
spective of size carry AIS equipment. Participating
nations are responsible for ensuring that ships oper-
ating under their jurisdiction comply with SOLAS
requirements. The USCG has codified these re -
quirements domestically by requiring that all vessels
65 feet (ca. 20 m) or greater traveling in US waters
carry AIS transponders. The AIS signal normally
has a range of about 20 to 30+ n miles (essentially
line of sight), but this range may be extended (e.g.
depending on the height of the receiving antenna)
or diminished in certain circumstances (e.g. electri-
cal storms or certain atmospheric conditions).

AIS transponders send multiple signals each
minute that provide a suite of information, both
dynamic (unique to a particular voyage) and static
(constant for a given vessel). Dynamic information
includes the vessel’s position (in latitude/longitude
coordinates), speed over ground, course over ground,
heading, and position accuracy, all of which are
determined by continuous GPS-linked updates. Sta-

tic information includes the vessel’s: name, call sign,
type, length, country of origin, and maritime mobile
service identity (MMSI) number (a number unique to
each vessel assigned for the purposes of navigational
safety). All static information is entered by the opera-
tor upon initializing the system.

The AIS network operates continuously and auto -
nomously, updates as often as every 2 s, and is capa-
ble of handling >4500 reports min−1, making it a
highly precise means to track vessel operations. The
USCG established a network of AIS receivers that
covers nearly all US waters. The NMFS’s Office of
Protected Resources, in cooperation with the USCG
and the Department of Transportation’s Volpe
National Transportation Systems Center, makes use
of data feeds from this system (see Silber & Bettridge
2010 for a detailed description of our AIS data acqui-
sition and analysis).

Vessel operations in DMAs

We analyzed operations in 66 DMAs that were
established between December 2008 and June 2011.
Of these, 59 occurred in waters off New England and
7 off the states of Georgia and Florida (Table 1). All
but one of the DMAs in New England waters were
rectangular in shape, while those occurring in waters
off Georgia and Florida tended to be irregular in
shape due to their juxtaposition to already in-effect
SMAs or broadly distributed whale sighting loca-
tions. The locations and frequency of DMAs were
influenced not only by the seasonal occurrence of
right whales Eubalaena glacialis, but also by a vary-
ing amount of aircraft survey effort throughout the
year and the DMA protocol itself, which indicates
that DMAs not be overlain with established SMAs.
DMAs ranged in size from 404 to 4391 n miles2

(Table 1). The 59 DMAs in northeastern US waters
occurred in all months of the year, with most occur-
ring in November (n = 6), December (n = 9), and
 January (n = 8) (Table 1, Fig. 1). All US south -
east Atlantic coast DMAs occurred in January and
February, the period of high right whale occurrence
in that region.

We quantified the number and types of vessels
travelling through the DMAs during their effective
period. These counts included only those transits that
consisted of at least 1 n mile of travel within an active
DMA. Information on ‘vessel type’ is encoded in the
AIS message itself as established by the International
Maritime Organization protocol and as entered by
the operator. The operator is limited to a finite num-
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DMA No. of Area Start date End date Tanker Cargo Passenger Pilot Sovereign Tow Tug Other Total
whales (n miles2)

NE_01 11 1767 12/11/2008 12/25/2008 11 1 0 1 0 11 11 8 43
NE_02 43 1576 12/11/2008 12/28/2009 6 0 0 0 0 0 0 0 6
NE_03 3 1356 12/11/2008 12/25/2009 21 3 0 0 0 0 0 0 24
NE_04 28 1997 1/13/2009 2/10/2009 39 14 0 0 0 23 32 17 125
NE_05 3 1605 1/16/2009 1/29/2009 32 21 3 0 0 20 19 10 105
NE_06 6 1448 2/11/2009 2/25/2009 14 6 0 0 0 5 7 3 35
NE_07 5 1456 2/11/2009 2/25/2009 27 18 0 0 1 3 5 5 59
NE_08 12 2419 2/11/2009 2/25/2009 12 18 0 0 1 0 0 5 36
NE_09 3 1592 3/17/2009 3/28/2009 1 0 0 0 0 0 0 0 1
NE_10 5 1764 4/13/2009 4/25/2009 0 1 0 0 0 0 0 0 1
NE_11 15 1926 5/12/2009 5/27/2009 13 4 0 0 0 0 0 6 23
NE_12 3 1602 5/13/2009 5/27/2009 22 1 0 0 0 0 1 3 27
NE_13 44 4391 6/2/2009 6/29/2009 41 30 8 0 1 1 0 21 102
NE_14 3 4391 7/9/2009 7/21/2009 20 22 3 0 3 0 0 24 72
NE_15 5 1644 9/2/2009 9/16/2009 8 2 4 0 0 2 0 15 31
NE_16 26 2124 10/15/2009 11/11/2009 18 5 11 0 0 17 17 30 98
NE_17 24 1918 10/22/2009 12/1/2009 49 2 1 0 2 1 0 4 59
NE_18 16 2441 10/27/2009 11/10/2009 9 2 2 0 0 2 0 0 15
NE_19 41 3661 11/10/2009 12/17/2009 71 15 6 0 2 7 10 37 148
NE_20 47 3403 11/10/2009 11/24/2009 19 9 0 0 0 0 0 1 29
NE_21 27 4198 12/4/2009 12/19/2009 7 0 0 0 0 0 0 0 7
NE_22 37 3768 1/4/2010 1/15/2010 3 0 0 0 0 0 0 0 3
NE_23 13 1887 1/5/2010 1/28/2010 34 6 0 0 0 10 13 10 73
NE_24 3 1527 2/1/2010 2/15/2010 0 0 0 0 1 4 0 2 7
NE_25 14 1922 3/8/2010 3/22/2010 1 0 5 0 0 1 0 1 8
NE_26 6 1697 3/12/2010 3/24/2010 7 11 0 0 0 0 0 3 21
NE_27 8 1941 3/22/2010 4/4/2010 15 19 10 0 1 1 0 1 47
NE_28 3 1566 4/14/2010 4/28/2010 0 0 15 0 1 1 0 5 22
NE_29 18 886 4/22/2010 5/5/2010 25 16 2 0 5 9 33 25 115
NE_30 80 1682 4/30/2010 5/5/2010 8 9 3 0 3 7 16 15 61
NE_31 11 2460 5/24/2010 6/5/2010 20 10 2 0 0 0 2 12 46
NE_32 3 1591 7/27/2010 8/9/2010 21 22 5 3 1 7 16 50 125
NE_33 4 1591 8/9/2010 8/23/2010 26 19 9 4 3 8 11 55 135
NE_34 10 1591 8/18/2010 9/1/2010 24 22 6 2 2 9 14 52 131
NE_35 6 1591 9/1/2010 9/14/2010 16 15 11 4 1 8 12 30 97
NE_36 4 1707 9/13/2010 9/25/2010 5 1 8 0 0 0 0 0 14
NE_37 7 1591 9/13/2010 9/27/2010 27 19 20 8 1 10 20 16 121
NE_38 10 2308 10/14/2010 10/28/2010 13 1 6 0 0 0 0 7 27
NE_39 8 1818 10/14/2010 10/28/2010 14 10 14 2 0 3 13 14 70
NE_40 4 1471 10/14/2010 10/28/2010 1 2 1 0 0 0 0 0 4
NE_41 14 1818 10/28/2010 11/8/2010 10 4 2 0 3 2 6 6 33
NE_42 10 3754 11/16/2010 11/27/2010 24 24 1 0 0 3 20 8 80
NE_43 14 2760 11/16/2010 11/27/2010 7 9 0 0 0 0 0 2 18
NE_44 12 2447 11/16/2010 11/27/2010 0 1 0 0 0 0 0 1 2
NE_45 7 2299 11/29/2010 12/14/2010 15 2 0 0 2 5 9 8 41
NE_46 16 2413 12/1/2010 12/14/2010 4 0 0 0 0 0 0 0 4
NE_47 4 1683 12/1/2010 12/14/2010 9 0 0 0 0 0 0 1 10
NE_48 28 4032 12/21/2010 1/2/2011 24 13 0 0 0 1 0 0 38
NE_49 5 1561 12/21/2010 1/2/2011 2 1 0 0 0 0 0 1 4
NE_50 3 1579 1/4/2011 1/15/2011 15 5 0 0 1 2 6 2 31
NE_51 4 1680 1/4/2011 1/15/2011 1 0 0 0 0 0 0 0 1
NE_52 8 2108 1/4/2011 1/15/2011 2 0 0 0 0 0 0 0 2
NE_53 3 1592 1/10/2011 1/23/2011 86 196 13 0 3 33 23 18 372
NE_54 5 1612 2/25/2011 3/11/2011 11 28 21 0 2 0 1 1 64
NE_55 5 1813 3/15/2011 3/29/2011 3 6 0 0 0 0 0 1 10
NE_56 3 899 4/27/2011 5/10/2011 0 1 18 0 1 5 6 8 39

Table 1. Characterization of the 66 dynamic management areas (DMAs) analyzed, including: number of whales that prompted
the DMA, total area (in square nautical miles, n miles2), start and end date (month/day/year) of DMAs active period, and num-
ber of vessel transits (that consisted of at least 1 n mile of travel within the DMA) by vessel type that were detected within the 

DMAs during their active period
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ber of designations, such as cargo, tanker, passenger,
tow, pilot, tug, and sovereign (i.e. those owned or
operated by a national government), and we used
these same designations in our analysis. For charac-
terization of use of the areas by vessel type, we
developed an ‘other’ category that included, for
example, fishing vessels, sailing or pleasure craft,
sovereign, dredging, and diving vessels when these
were indicated by the operator.

For comparative purposes, we studied operations
within the 66 DMAs relative to operations in 10 n
mile ‘buffer’ areas surrounding the DMAs. We also
compared operations in periods when the DMAs
were active relative to 2 wk periods directly preced-

ing and immediately following the
active DMA times. Vessel speeds
were examined to determine if basic
vessel operations changed in re -
sponse to the DMAs. We calculated
mean and median speeds within
DMAs and compared speeds within
DMAs to those in 10 n mile buffer
areas surrounding DMAs to deter-
mine if vessel operators changed at-
sea speeds in response to the DMAs.
To ensure representative travel
speeds, we limited the speed analyses
to those trips that consisted of at least
5 n miles of uninterrupted travel at
speeds of 5 knots or greater both
inside the DMAs and in the 10 n mile
buffers around them. Shipping indus-
try consultations indicated that any
anticipated course or speed modifica-
tions would occur within 5 n miles of
a management area. We (arbitrarily)
doubled the size of this study area to

10 n miles. Vessels may continue to transmit AIS
signals while at anchor or in port. Therefore, to
reduce the amount of un needed data (e.g. those
indicating a speed of 0 knots) and to consider ves-
sels actually underway, we analyzed speed data for
only those vessels traveling >5 knots. Our use of
vessel speed throughout refers to the vessel’s ‘speed
over ground’ (SOG) as provided in the AIS signal.
Vessel speeds within the DMAs were compared to
those in the corresponding 10 n mile buffer areas
using a Wilcoxon signed-rank test. This comparison
was made for all vessels combined, as well as for
the following 3 vessel types: cargo, tanker, and pas-
senger. Center, spread, outliers, and inter quartile
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DMA No. of Area Start date End date Tanker Cargo Passenger Pilot Sovereign Tow Tug Other Total
whales (n miles2)

NE_57 13 1995 5/2/2011 5/15/2011 8 12 10 0 3 13 19 18 83
NE_58 21 648 5/3/2011 5/17/2011 13 22 0 0 6 1 0 10 52
NE_59 21 1163 5/3/2011 5/17/2011 8 18 0 0 2 0 0 9 37
SE_01 16 693 1/12/2010 2/5/2010 0 0 0 0 0 2 2 3 7
SE_03 19 774 2/1/2010 3/24/2010 0 0 0 0 0 3 6 3 12
SE_05 33 1476 2/22/2010 3/15/2010 12 35 29 0 1 34 14 13 138
SE_07 8 673 1/12/2011 1/27/2011 0 2 0 0 0 0 0 1 3
SE_08 4 635 1/31/2011 2/15/2011 0 1 0 0 0 1 1 1 4
SE_09 5 404 2/24/2011 3/11/2011 0 1 0 0 0 1 1 1 4
SE_10 5 845 2/28/2011 3/15/2011 7 44 0 0 0 3 4 4 62

Totals 905 961 781 249 24 53 279 370 607 3324

Table 1 (continued)

Fig. 1. Boundaries of dynamic management areas (DMAs) located in waters
off New England. DMAs NE_10, NE_22, NE_42, and NE_59 have been 

labeled and shaded to illustrate variation in size and shape
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range, or middle 50% of the transit speeds, were
also determined for the transits. Transit speeds
greater than the 75th percentile plus 3 times the
interquartile range were represented as outliers.

We also examined vessel routes to determine if
vessel operators altered course to avoid a DMA. For
vessels with transits that were located entirely within
the 10 n mile buffer, a hypothetical shortest-possible
route was created using the vessel’s first and last
positions. If the hypothetical shortest-possible route
intersected the DMA, we considered the transit a
potential avoidance transit (Fig. 2). We conducted
this analysis for transits initiated during the effective
periods, as well as for the 2 wk periods directly pre-
ceding and following the effective periods.

RESULTS

A total of 3324 trips consisting of at least 1 n mile
were made by 1100 individual vessels through active
DMAs. The average number of transits per DMA was
50 and ranged from 1 to 372. The majority of transits
were made by tankers (n = 961), followed by cargo
vessels (n = 781) and tugs (n = 370). Of the 1100
unique vessels, 769 were foreign-flagged.

Of the 3324 transits analyzed, 1799 included at
least 5 n miles of uninterrupted travel at speeds of
5 knots or greater both inside the DMAs and
10 n mile buffers outside DMAs and thus were in -

cluded in the vessel speed analyses. The 1799 tran-
sits were made by 745 individual vessels, 557 of
which were foreign-flagged. On average, speeds in
active DMAs were greater than the requested limit
of ≤10 knots (mean = 12.0, SD = 3.91). Differences in
median speeds in DMAs (Mdn = 11.4) as compared
to their adjoining buffer areas (Mdn = 12.0) were
statistically significant (Z = 5.96, p < .001) (Fig. 3);
how ever, the differences were small, and reductions
in speeds were not great enough to universally
comply with the re quested 10 knot limit. We found
similar relationships among cargo, tanker, and pas-
senger vessel types. Mean speeds by tanker and
cargo vessels were <0.5 knots lower inside DMAs
than in their respective buffer areas. The largest
difference in speeds was observed for passenger
vessels, whose mean speeds in the 10 n mile buffer
areas and DMAs were 16.05 and 14.10 knots,
respectively. Considering individual trips, however,
599 of the 1799 analyzed had mean speeds equal to
or below the requested maximum of 10 knots; of
those, 166 had mean speeds above 10 knots prior to
entering the DMA.

Potential avoidance transits were observed in the
active periods of only 18 of the 66 DMAs analyzed
(Table 2). In 7 of these 18 (all of which occurred off
New England), potential avoidance transits were
observed only during the active period and not in
the 2 wk periods before and after the DMA went
into effect. However, in the remainder (i.e. 11 of 18)

of the DMAs in which apparent
course changes were made, we also
detected avoidance transits in the 2
wk period directly preceding and/or
following the DMA active period.
This suggests that other factors likely
played a role in determining routes
chosen by operators that we attrib-
uted to ‘avoidance’, regardless of
whether a DMA had been established.
For example, vessel operators may
have been responding instead to
other navigational measures lying ad -
jacent to or near those areas in which
DMAs were imposed, including the
existence of re commended routes in
waters off Georgia/Florida and a traf-
fic separation scheme and an ‘Area
To Be Avoided’ off New England (see
www. nmfs. noaa. gov/ pr/ shipstrike/ for
descriptions of locations of each of
these) immediately adjacent to a
DMA.
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Fig. 2. Four vessel transits around dynamic management area (DMA) NE_16
in which courses may have been altered to avoid travel through the manage-

ment area. See ‘Vessel operations in DMAs’ in ‘Materials and methods’
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DISCUSSION

A number of measures involving changes in vessel
operations have been implemented in various
regions around the world to reduce the threat of ves-
sel collisions with endangered large whale species.
These include both mandatory and voluntary vessel
speed restrictions and changes to vessel routes. Lev-
els of vessel operator participation in heeding these
measures appeared to be mixed. For example,
mariner adherence with voluntary measures that
include an ‘Area To Be Avoided’ (e.g. Vanderlaan et
al. 2009), 3 modified traffic separation schemes (Teje-
dor et al. 2007, Vanderlaan et al. 2008, Silber et al.
2012), and recommended routes (Lagueux et al.
2011) tended to be high. In contrast, Wiley et al.
(2008) found that adherence to guidelines for whale-

watch vessels was low, and compliance with both
voluntary and mandatory vessel speed restrictions
has also been low, at least initially (Silber & Bettridge
2010). The relative success of some measures may
depend upon their being endorsed by the Interna-
tional Maritime Organization (Silber et al. 2012), the
efficacy of outreach or monitoring and mariner notifi-
cation programs, or may suggest vessel operators are
more likely to adhere to voluntary routing measures
than those involving vessel speed reductions.

We made the assumption that vessel operators
were adequately notified about the management ar-
eas, but we were not able to confirm this. Therefore, a
better understanding is needed about why the out-
come of this program was less than expected. Factors
may include, for example, that notification of the
management areas was not universally received by
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Fig. 3. Box plots of average vessel transit speeds within the dynamic management areas (DMAs) and 10 nautical mile buffers
located outside of the DMAs for (a) all vessels combined, (b) tanker vessels, (c) cargo vessels, and (d) passenger vessels. Me-
dian speeds, represented by bars inside of the box plots, are provided along with the results from the Wilcoxon signed-rank 

tests. Data values greater than the 75th percentile plus 3.0 times the interquartile range are shown as outliers (ds)
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vessel operators, they were received but ignored, at-
sea conditions precluded slowing to 10 knots, or other
factors. However, the studies needed to make these
determinations are beyond the scope of this one.

We analyzed and presented these data in rather
broad terms (e.g. mean speeds) to assess the overall
effectiveness of the program at an affected popula-
tion level, but this approach may obscure some
changes in behavior (e.g. changes in speeds) made
by individual vessels or segments of the population.
It appears, for example, that operators of passenger

vessels made somewhat greater attempts than those
operating other vessel types to alter their operations
in response to DMAs. Additional analysis is likely
needed to determine, with greater specificity, if indi-
vidual vessel operators or certain segments of this
community were aware of and made attempts to
comply with the requests made through this pro-
gram. Such analysis is advisable to further assess the
utility of the program or specific aspects of it.

Voluntary conservation measures are generally
preferable to those that are mandated because the
former are more readily implemented and have fewer
administrative costs (Alberini & Segerson 2002), do
not require development of enforcement programs,
and have various benefits derived from willing partic-
ipation. However, data are not always available to de-
termine if compliance with such initiatives is actually
occurring, and we herewith add to the handful of
studies in which compliance has been measured in
regards to reducing vessel-strikes. We found that,
when taken in the aggregate, mariners exhibited real
and detectable, but generally low levels of adherence
with requests to alter speed or course. Therefore, this
program likely had only a modest consequence in re-
ducing the occurrence of vessel collisions with right
whales Eubalaena glacialis.

Public voluntary programs may have the tacit ben-
efits of improved environmental protection that
results from community-wide dissemination of infor-
mation even if changes in behavior are not quantified
(Lyon & Maxwell 2007), and it is possible this is an
unintended benefit of the program we studied. How-
ever, the lackluster response of vessel operators to
DMAs suggests only moderate success of the pro-
gram in achieving its goals and that the NMFS may
want to re-evaluate the utility of the program and
consider, for example, doing away with it to devote
energy to more effective ship-strike reduction mea-
sures, or altering it to enhance its effectiveness per-
haps by making certain actions within DMAs manda-
tory and enforceable.

Our findings may have application to other settings
where voluntary environmental conservation actions
are contemplated or undertaken. If they are used,
consideration should be given to establishing realis-
tic, agreed-upon baselines (Morgenstern & Pizer
2007) and reasonable expected outcomes; develop-
ing means to engage, notify, and ensure adherence
by the affected communities; and creating monitor-
ing programs that enable periodic assessment the
program’s overall conservation value (Alberini &
Segerson 2002, Vanderlaan & Taggart 2009, Silber et
al. 2012).
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DMA Vessel type Avoidance transits
Before During After

NE_04a Tanker 0 4 0

NE_07 Tug 1 1 1

NE_08 Tanker 1 1 0

NE_11a Tanker 0 1 0

NE_13 Tanker 0 1 1

NE_14a Tanker 0 1 0

NE_15 Passenger 0 3 1
Tanker 0 1 1

NE_16a Passenger 0 2 0
Tanker 0 2 0

NE_17a Passenger 0 1 0

NE_18 Passenger 0 1 0
Tanker 0 0 2

NE_31 Other 0 1 0
Tanker 0 0 1

NE_33a Tanker 0 1 0

NE_38a Passenger 0 1 0

NE_57 Cargo 1 0 0
Other 0 0 1

Pleasure 0 0 1
Sailing 0 0 2
Tanker 5 2 1

NE_58 Sailing 1 0 0
Tug 0 2 2

SE_03 Towing 0 0 1

SE_05 Cargo 0 1 0
Pleasure 0 0 1

Tug 0 1 1

SE_10 BigTow 1 0 0
Cargo 7 5 7

Dredging 1 0 0
Tanker 0 1 0

aAvoidance transits were not detected in the 2 wk
 periods directly before and after the DMA was in effect

Table 2. Number of ‘avoidance transits’ (see ‘Results’ for a
definition of this term) detected for the dynamic manage-
ment areas (DMAs) during their respective active periods
and during the 2 wk immediately preceding and following
their active periods. Only those DMAs in which avoidance 

transits were detected are listed
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