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ABSTRACT 
Research in a national marine sanctuary pro- 
vides the ability to monitor, assess and under- 
stand changes in, and threats to, the area. In 
July 2001, the Stellwagen Bank National 
Marine Sanctuary undertook a year-long 
study to quantify and map patterns of human 
and marine mammal use. Data were collected 
during monthly standardized shipboard sur- 
veys that bisected the Sanctuary at 5 km (2.5 
nm) intervals. We used a subset of those data 
and ArcView’s Spatial Analyst program to 
conduct an analysis of the density and distri- 
bution of fked gear (trap and gillnet) fish- 
eries, mobale gear (otter trawi and scallop 
dredge) fisheries and baleen whales. We used 
this to develop a ‘user geography” of the 
Sanctuary based on patterns of use and iden- 
tify high use areas that might pose the risk of 
environmental damage. We also used ArcView 
to develop an ino?ex of Relative Interaction 
Potential (RIP) to identify where baleen 
whales might become entangled in fishing 
gear; a known threat within the Sanctuary 
The RIP identified a number of areas that 
stood out in terms of entanglement risk. 
Information from the study will allow man- 
agers to identify future changes in Sanctuary 
use and investigate current areas of intense 
use for potential harm. 

INTRODUCTION 

N ational Marine Sanctuaries (NMS) are 
ocean areas of special national signifi- 

cance whose protection and beneficial use 
require comprehensive management and plan- 
ning. The primary goal of the NMS program is 
to protect the designated area’s resources. 
However, multiple uses are allowed if such uses 
are consistent with the sanctuary’s primary goal 
of resource protection. Because resource pro- 
tection and resource use are often in conflict, 
considerable information is needed if legitimate 
planning and defensible management are to 
occur, and resources are to be protected in the 
face of exploitation. 

One of the main suites of information 
needed for successful management and plan- 
ning is the spatial and temporal distribution of 
various activities that take place within a sanc- 
tuary and the levels at which they occur. Such 
information can then be used as a baseline 
against which to measure future changes and to 
investigate the degree to which such uses might 
interact with sanctuary resources or other user 
groups. Unfortunately, few sanctuaries have 

such data to guide their decision-making. Most 
information available to managers is either col- 
lected at scales that make its application to 
sanctuary management questionable or is large- 
ly anecdotal. Because sanctuary decisions are 
often embedded in controversy, such informa- 
tion frequently creates, rather than informs, 
debate. If good decisions depend on good sci- 
ence, better and more rigorous information 
must be available to decision-makers 
(Lubchenco, 1995; Caughley and Gunne, 1996). 

The productive waters encompassed 
by the Stellwagen Bank National Marine 
Sanctuary (SBNMS or Sanctuary) are home to 
an impressive array of marine life and are uti- 
lized by an equally impressive array of user 
groups. Public input has indicated high levels of 
concern over environmental issues such as the 
potential for habitat degradation by mobile fish- 
ing gear and the entanglement of baleen whales 
in fixed fishing gear. However, few data have 
been available to help guide Sanctuary manage- 
ment on such topics. In July of 2001, the 
SBNMS initiated a year-long study with the goal 
of determining the spatial and temporal distri- 
bution of human activity, marine mammals, and 
selected fish species. In this paper, we used a 
subset of those data to investigate the spatial 
and temporal densities oE 

1. fixed gear fishing effort (i.e., gillnet and 
trap fisheries), 

2. mobile gear fishing effort (i.e., otter 
trawl and scallop dredge fisheries), and 

3. baleen whales; i.e., humpback 
(Megaptera novaeangliae), right 
(Eubalaena glacialis), fin (Balaenoptera 
physalus), and minke (Balaenoptera 
acutorostrata) whales. 

We used those data to depict the “user geogra- 
phy” of the SBNMS and alert managers to areas 
where intense use or co-occurrence might sig- 
nal potential harm to sanctuary resources. 

METHODS 

s tudy Area-The SBNMS (Figure 1) covers 
an area of 2,181 km2 (842 mi2) in the south- 

west Gulf of Maine. It is an offshore sanctuary, 
with its boundary being - 5.5 km (3 nm) north 
of Race Point (Provincetown), MA, - 5.5 km (3 
nm) southeast of Cape Ann (Gloucester), MA 
and 46 km (25 nm) east of Boston, MA. The 
area’s main bathymetric feature is Stellwagen 
Bank, a curved glacial moraine that is almost 37 
km (20 nm) in length and over 11 km (6 nm) in 

PAPER 

David N. Wiley, Just C. 
Moller and Kristin A. 
Zilinskas 
Stellwagen Bank National 

Marine Sanctuary, 
Scituate, Massachusetts 

David N. Wiley 
International Wildlife 

Coalition, East Falmouth, 
Massachusetts 

MTS Joumzal l Vol. 37, No. 1 l 35 



width at its widest point. Water depths over and (Anon., 1982) and is used extensively by com- 
around the bank range from 20 to 90 m (65 to mercial fisheries and recreational interests. 
300 ft). To the north of the bank is deeper water 
(180 m or 600 ft) that rises to - 60 m (200 ft) Data Field Collection 

where the Sanctuary border intersects Jeffreys Survey Design-To determine the spatial and 
Ledge. There are also numerous smaller bathy- temporal densities of marine mammals and 
metric features. Within this area are seabed human activities within the SBNMS, we con- 
types ranging from muddy and sandy bottoms ducted monthly standardized shipboard surveys 
to extensive areas of gravel or small boulder along 15 designated tracklines that bisected the 
fields (Valentine et al., 2001). The area is home Sanctuary in an east/west direction and ran 
to some of the largest aggregations of baleen approximately perpendicular to Stellwagen 
whales along the United States’ eastern seaboard Bank (Figure 1). Track 1 was the southernmost 

Figure 1. The Stellwagen Bank National Marine Sanctuary showing survey blocks and tracklines. Monthly survey of track- 
lines was conducted from Julv 2001 throuah June 2002. 
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line and track 15 was the most northern line. 
Because the SBNMS is irregularly shaped, 
tracklines were not of equal length. Track 
lengths were 37 km (20 run) for line numbers 
l-11,27 km (14.5 nm) for line numbers 12 and 
13, -17km (9 run) for line number 14, and 7 km 
(4 nm) for line number 15. Total track length 
was 485 km (262 nm). Tracklines were separat- 
ed by 5 km (2.5 nm) and survey speed was 
12-13 knots. Observations were limited to sea 
states of - Beaufort 4 or less. 

Three days were required to complete 
each months survey Trackline coverage was 
not random. Tracks were grouped into 3 blocks 
(Figure 1): Block A; tracklines l-5 (181 km or 
97.5 nm of trackline), Block B; tracklines 6-10 
(181 km or 97.5 nm of trackline), and Block C; 
tracklines 11-15 (114 km or 61.5 nm of track- 
line). Each block required one survey day to 
complete (including transit time). The order in 
which blocks were surveyed was determined by 
prevailing weather conditions and the previous 
months survey pattern. Because of weather 
conditions, survey days were not consecutive, 
nor were all tracks surveyed in every month 
(see results). 

Observation Platforms-lko observations plat- 
forms were used in the study the FN 
Wavelength and the MN AndyLynn. The FN 
Wavelength was a 10 m (32 ft) lobster style boat 
with an elevated (6 m) “tuna tower” from which 
observations were made. The FN Wavelength 
was used for the July and August 2001 surveys. 
All other surveys were conducted from the M/V 
AndyLynn, a 20 m (65 ft) party fishing boat. 
Observations from the M/V AndyLynn were 
made from the upper bridge, which was 6 m 
above the water. 

Sighting Categories-We grouped sightings 
into five major categories. These were: Marine 
Mammals, Fish, Commercial Fishing Vessels, 
Vessels (including commercial shipping), and 
Fixed Fishing Gear. Each category consisted of 
an assortment of identifiers likely to be encoun- 
tered during surveys. For example, the 
Commercial Fishing Vessel category consisted 
of Stern Trawler’, Side Trawlera Scallop 
Dredge, Gillnet Boat, Lobster Boat, Longhne 
Boat, Unidentified, and Other. A vessels identi- 
ty was inferred from its observed deck cont%gu- 
ration. To confirm identifications, we pho- 
tographed vessels whenever possible. 
Differentiation was made between vessels tran- 
siting an area and those actively engaged in 
their trade at the time of observation. Marine 
mammal and fish identification was made from 
characteristic field markings. 

Data CoUection-Data were collected using 
line transect methodology (Burnham et al., 
1980). The data collection team consisted of 

three people: two observers and a 
recorder/observer. Briefly, two observers each 
searched a 90” portion of a 180” field. The 180” 
field consisted of a semicircle extending from 
midship on the starboard side of the survey ves- 
sel, forward to midship on the port side of the 
survey vessel. When not recording, the recorder 
acted as a roving observer covering the full 180” 
arc. Observations were made with the unaided 
eye and with 7 x 50 power binoculars. Observer 
stations were rotated at the end of each track- 
line or at -30 min intervals during adverse 
weather conditions (e.g. some winter surveys). 

Sightings were recorded on hand-held 
computers using a data collection program sim- 
ilar to that described in Garrett-Logan and 
Smith (1997) and provided by the NOAA 
Fisheriesa. At each sighting, the recorder docu- 
mented its time (to the nearest second), identi- 
ty, estimated radial angle from the ship’s head- 
ing, estimated distance, number of objects in 
the sighting (high, low and best estimate), and 
behavior. For stationary or slow moving surface 
objects (e.g., fixed gear surface markers or 
slow moving vessels) radial angles were taken 
at right angles to the vessel’s heading (90’ or 
270”). For ephemeral or fast moving objects 
(e.g., marine mammals or sport vessels) radial 
angles were recorded at the time of sighting. 
Distances were determined by visually estimat- 
ing the distance to the sighted objects with the 
aid of range finding binoculars. Estimates to 
larger objects were aided by the use of radar, 
which also provided constant feedback for 
determining the accuracy of visual estimates to 
smaller objects that failed to appear on radar 
(e.g., surface buoys or marine mammals). 

Data Processing and GIS Analyses 
Determination of the latitude and longitude 
for sighted objects-The latitude and longitude 
of sighted objects were calculated using the 
bearing and range of the object from the ship’s 
location. The ship’s location, heading and speed 
were recorded at five-second intervals using a 
laptop computer containing “The Cap’n” soft- 
ware” interfaced with a Garmin GPS 48 
Navigator. Synchronized time stamps from the 
hand-held computers (containing sightings) and 
the laptop (containing vessel latitude/longitude) 
were used to find the five-second-interval loca- 
tion closest to the time of sighting. This provid- 
ed the ship’s heading and location at the time of 
the sighting. Deviations by the ship away from 
the trackline’s true east/west orientation were 
mathematically corrected for and a true bearing 
to the sighted object was calculated using the 
radial angle to the sighting. The latitude and 
longitude of the sighted object were then calcu- 
lated using the ship’s position and the range 
and corrected bearing to the object. 
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For analyses, we used a subset of the 
sighting categories and collapsed those we used 
into three broad grouping: (1) Baleen Whales, 
(2) Fixed Fishing Gear, and (3) Mobile Fishing 
Gear. The Baleen Whale category consisted of 
humpback, right, fin, and minke whales. The 
Fixed Fishing Gear category consisted of bullet 
buoys, high flyers, floatballs, and various com- 
binations of the three (e.g., highflier with a 
floatball). For the Fixed Fishing Gear category, 
we also included the location of individual gill- 
net and lobster (trap fishing) boats. This was 
necessary because the use of a particular style 
of surface buoy is not necessarily unique to 
either the gillnet or trap fishery. The inclusion 
of these fishing vessels provided insight into 
which fishery the buoys were likely to belong. 
The Mobile Fishing Gear category included 
stern trawlers, side trawlers and scallop 
dredges. Stern trawlers with cable in the water, 
but nets on their net-reels were considered 
scallop dredges. Only vessels active in their 
trade at the time of observation were included 
in the study. 

GIS Spatial and Temporal Density Analysis- 
To provide an indication of the relative abun- 
dance and distribution of the various cate- 
gories, we grouped sightings into 1Zmonth and 
seasonal time periods. Seasons were: summer; 
July, August and September, fall; October, 
November and December, winter; January, 
February and March, and spring; April, May and 
June. Within these periods, all tracklines were 
not equally surveyed. To correct for differences 
in effort, we partitioned sightings into strips of 
2.5 km (1.25 nm) on either side of a trackline 
(the effective search area during a survey). For 
each time period, we divided each sighting 
within these strips by the number of times the 
trackline was surveyed, thereby calculating a 
sightings/month value for each object. We did 
not correct for differences in sighting probabili- 
ties relating to distance from the trackline or 
sea state. The resulting data were investigated 
using Geographic Information Systems (GIS) 
technology (ArcView 8.2) by converting them 
into a personal geodatabase format with feature 
classes created from the individual records. 
These were georeferenced to conform to the 
Massachusetts State Plane coordinate system 
(North American Datum, 1983, Lambert 
Conformal Conic projection) for compatibility 
with datasets from other sources. 

ArcView’s Spatial Analyst extension 
was used to create density surfaces that identi- 
fied where sightings (e.g., fishing vessels or 
whales) were concentrated and provided a pre- 
diction of their distribution (ESRI, 2001). Density 
surfaces were created using the Kernel Density 
function. Values were calculated in square kilo- 
meters with an output raster cell size of 100 m2 

and a search radius of 5000 m. It is important to 
note that the resulting densities are greatly 
dependent on the search radius chosen. For 
example, larger search radii can link sightings 
over a larger area, but “dilute” heavy, localized 
concentrations. Smaller search radii can provide 
a more accurate quantification of localized den- 
sities, but reduce the analysis ability to provide 
a broad understanding of patterns over a wider 
area. Our choice of a 5000 m search area was a 
compromise between these factors, with an 
emphasis on the goals of identifying the broader 
patterns of uses occurring within the Sanctuary 
and providing a baseline against which future 
changes could be measured. 

Once the density areas were calculat- 
ed, the range of density values was divided into 
ten equal interval classes. The relative large 
number of classes was selected in order to pro- 
vide a better visualization of the data range and 
the areas of different use concentrations. For a 
category’s seasonal maps, we used the season 
with the greatest range of densities as the basis 
for creating the classes for all other seasons. 
This allowed densities and patterns to be com- 
pared among seasons. However, as explained 
above, within each density surface are areas of 
higher and lower concentrations than reported 
in the accompanying class boundaries. For all 
maps, we provided the sightings data from 
which the density contours were calculated. In 
some cases a single sighting contained multiple 
objects. This was particularly common for sur- 
faces buoys in the northwest portion of the 
Sanctuary and on Stellwagen Bank’s southwest 
corner in the summer when gear aggregations 
were extremely dense. 

GZS Interaction Potential Analysis-To inves- 
tigate the potential for interaction between the 
Baleen Whale and Fixed Fishing Gear cate- 
gories, we developed an index of Relative 
Interaction Potential (RIP). To derive the RIP, 
we created a matrix of five-minute grid cells 
that covered the SBNMS. The grid matrix was 
generated using the ArcInfo’s Generate com- 
mand and Fishnet option. Within each grid cell, 
we multiplied the total number of sighted 
objects within the two categories being investi- 
gated6. This resulted in a range of numbers for 
each grid cell that represented the potential for 
interaction. For example, if a grid cell had no 
whales (a zero value) and any number of fixed 
gear, the resulting value is zero or no probabili- 
ty of interaction. The same result would occur 
for any number of whales and no fixed gear. At 
the other extreme, if a grid cell had a large 
number of whales and a large number of fixed 
gear, a large index value would be calculated 
representing a much higher potential for inter- 
action. To normalize the result, the index values 
were divided by the area within the grid cells. 
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For comparisons, we aggregated grid cell va.l- boats, Lobster Boats; 100 sightings of 101 boats, 
ues into quartiles. Mobile Fishing Vessels; 187 sightings of 189 ves- 

RIPS were calculated for the 12-month sels, and Baleen Whales; 352 sightings of 414 
period and on a seasonal basis. For seasonal animals. 
RIPS, we used the season with the greatest 
range of interaction potentials as the basis for Spatial and Temporal Density-Fixed gear 

creating the four classes upon which other sea- fishing effort (gillnet and trap fisheries) 
sons were based. This allowed RIPS to be com- Itvelve-month summary-Numerically, fixed 
pared among seasons. For greater visualization, fishing gear was the dominant human use of the 
we provided the sightings data from which the SBNMS and it occurred throughout the 
RIPS were calculated. Sanctuary (Figure 2). Density surfaces ranged 

from a high of 1.73-1.92 surface bouysfkmzl 

RESULTS month around the southwest corner of 
Stellwagen Bank and the northwest section of 

S nrvey Effort-For the twelve-month peri- the Sanctuary off Cape Arm, to lows of 
od July 2001dune 2002, a total of 5,700 km 0.0-0.19 surface bouys/km2/month, primarily in 

(3,078 nm) miles of trackline were available to the southeastern section of the Sanctuary. The 
be surveyed, of which 4,460 km (2,408 nm) dense areas coincided with the presence of trap 
miles (78%) were completed. Tracks l-3 had fishing vessels, suggesting concentrations of 
the greatest coverage (92%) and tracks 11-14 
had the least (58%) (Table 1). By month, survey 

fishing gear targeting lobster or, in some cases, 
crab. 

coverage was greatest in July, October, April, 
and June (100%) and least in February (30%) 
(Table 1). For the entire survey area, the num- 
ber of track-miles surveyed did not differ signif- 
icantly by season (ANOVA F=2.86, P=O.104). 
However, considerably less trackline was cov- 
ered during the winter months. Percent track- 
line coverage by season was: summer; 83%, fall; 
87%, winter; 51%, and spring; 92%. 

In general, the density of fixed fishing 
gear was greatest in the western portions of the 
Sanctuary and diminished to the east. The pres- 
ence of trap fishing vessels was also greatest in 
the western portions of the Sanctuary, suggest- 
ing that much of this activity was associated 
with the lobster/crab fishery. While the level of 
fixed fishing activity decreased to the east, sub- 
stantial levels of use still occurred there. These 

Sightings-The analyses is based on 6,526 levels were highest (-0.2-0.6 surface 
sightings of 9, 991 objects (a sighting could con- bouys/kmz/month) in an area northeast of 
tain multiple objects). The totals by category Stellwagen Bank and along a line delineating 
were: Fixed Gear; 4,963 sightings of 6,130 sur- the Western Gulf of Maine Closed Areas 
face buoys, Gillnet Boats; 55 sightings of 56 (WGMCA), an area closed to groundfishing 

Table 1. Coverage of survey tracklines by month, season and year. Dark blocks signify surveyed tracklines and white blocks signify tracks that were not 
surveyed. Each month’s survey consisted of 15 tracklines totalling 475km (256nm). Surveys occurred within the Stellwagen Bank National Marine Sanctuary 
from July 2001 through June 2002. 

1 

I Track Line 

Block 1 Block 2 Block 3 

Percent of 
2 3 4 5 6 7 8 9 10 11 12 13 14 15 Survey Area 
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MTS Journal l Vol. 37, No. 1 l 39 



(e.g., Atlantic cod (Gadhus morhua)). These Seasonal Summary-There were substantial 
areas coincided with the presence of gillnet seasonal changes in the level and distribution 
fishing vessels, indicating that this fishery of surface buoys indicating the presence/absence 
occurred primarily in the eastern and northern of fixed fishing gear (Figure 3). The densest 
portions of the Sanctuary. With the exception of aggregation occurred during the summer 
the southwest corner of Stellwagen Bank, there months around the southwest corner of 
was a tendency for fixed gear not to be associ- Stellwagen Bank (3-4 surface bouy.sIkrnV 
ated with the shoal water of Stellwagen Bank month). This aggregation persisted at reduced 
itself. levels in the spring and fall (-1 surface 

Figure 2. The density and distribution of surface buoys within the Stellwagen Sank National Marine Sanctuary from July 
2001 through June 2002. Each point represents the sighting of one or more surface buoys. Surface buoys are indicators of 
fixed fishing gear (trap or gillnet)“sets” that can extend thousands of meters along the seafloor. Two surface buoys equals 
one set. Trap and gillnet sets cannot be unambiguously differentiated by surface buoys. Sightings of actively fishing lobster 
(trap) and gillnet vessel are provided as an aid to determining the type of gear in an area. 
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Figure 3. The seasonal density and distribution of surface buoys within the Stellwagen Bank National Marine Sanctuary from July 2001 through June 2002. 
Each point represents the sighting of one or more surface buoys. Surface buoys are indicators of fixed fishing gear (trap or gillnet)“sets” that can extend 
thousands of meters along the seafloor. Two surface buoys equals one set. Trap and gillnet sets cannot be unambiguously differentiated by surface buoys. 
Sightings of actively fishing lobster (trap) and gillnet vessel are provided as an aid to determining the type of gear in an area. 
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bouys/kmVmonth), but was absent during the Spatial and Tmporal Density-Mobile 
winter months. Another dense seasonal aggre- fishing effort 
gation occurred in the northwest section of the 
Sanctuary during the spring, winter and fall 

Welve-month summary-There were two 

(-1-2 surface bouys/km2/month). A third con- major concentrations of mobile fishing vessels 

centration occurred during the winter in an (Figure 4). The densest aggregation (0.048-0.052 

area to the west of Stellwagen Bank. Excluding vessels/kn?/month) occurred in the southeast 

the high use area around the southwest corner section of the Sanctuary. The primary vessels 

of Stellwagen Bank, fixed gear was most abun- associated with that area were scallop dredges, 
dant in the Sanctuary during the fall, winter and although substantial numbers of stern and east- 
spring and was primarily associated with trap ern trawlers also worked the area. A second 
vessels. aggregation occurred over a broad area covering 

Figure 4. The density and distribution of mobile fishing vessels (stern dragger, eastern dragger and scallop dredge) within 
the Stellwagen Bank National Marine Sanctuary from July 2001 through June 2002. Each point represents the sighting of an 
active fishing vessel. 
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the Sanctuary’s northwest quarter and consisted 
primarily of stern and eastern trawlers. Monthly 
densities in this region ranged up to 0.036 ves- 
sels/kn+/month. With the exception of the heavi- 
ly used portion in the southeast comer, mobile 
vessel’s made less use of the Sanctuary’s eastern 
section and the shallower area on top of 
Stellwagen Bank proper. 

Seasonal S ummary-The major use areas iden- 
tified in the 12-month summary were retained on 
a seasonal basis (Figure 5). The southeast seg- 
ment was used in all seasons, with scallop ves- 
sels most prevalent in winter and summer. Stem 
and eastern trawlers remained active in the 
northwest section, with a tendency to move fur- 
ther offshore in the spring. 

Spatial and Temporal Density-Baleen 
Whales 
‘Iivelve-month summary-The highest use 
area for baleen whales was around the south- 
west comer of Stellwagen Bank (0.11-o. 12 
whale/kmYmonth), followed by the area around 
Jeffreys Ledge (-0.08409 whale/kmVmonth) 
(Figure 6). Other areas of concentration 
occurred around the southeast and northwest 
comers of Stellwagen Bank (0.05406 
whale/kmVmonth and 0.02 -0.04 
whale/kmVmonth, respectively). 

Seasonal Summary-The greatest concentra- 
tions of baleen whales occurred during the 
summer months around the southwest comer 
of Stellwagen Bank (0.36-0.39 whale/kmV 
month) and Jeffreys Ledge (0.25-0.28 
whale/kmVmonth) (Figure 7). Other high use 
areas by season were: fall; southeast comer of 
Stellwagen Bank (0.13-0.16 whale&m2/month), 
winter; a small area in the Sanctuary’s north- 
east quarter (0.36-0.39 whale/km2/month)r and 
spring; Jeffreys Ledge (0.13-o. 16 whalel 
km2/montNmonth). 

Interaction Potential--Baleen Whales and 
Fixed Fishing Gear 

‘Iivelve-month summary-The highest poten- 
tial for interaction between baleen whales and 
fixed fishing gear (top quartile 5minute blocks) 
were the areas around the southwest and north- 
west comers of Stellwagen Bank (Figure 8). 
These areas consisted of six, B-minute blocks 
around the Bank’s southwest comer and three 
5-minute blocks around the northwest comer. 
Second-level interaction areas were located in 
the northern portion of the Sanctuary along the 
southern border of Jeffreys Ledge (three 5- 
minute blocks),a one 5-minute block section in 
the southeast portion of the Sanctuary, and a 
five, 5-minute block area that was contiguous 
with the high RIP areas of the northwest and 
southwest comers of the Bank. The highest 

RIPS occurred around the southwest comer of 
the Bank. 

Seasonal summary-The greatest areas of top 
ranked RIPS occurred during the spring and 
summer around the southwest and northwest 
comers of Stellwagen Bank, with each season 
possessing five top ranked index areas (RIP = 
3.34-98.28) (Figure 9). The fall exhibited two 
top ranked index areas, one on western 
Jeffreys Ledge and one in the most southwest- 
em portion of the Sanctuary. There were no top 
ranked RIP areas during the winter season. The 
southeastern section of the Sanctuary consis- 
tently exhibited the lowest RIPS in all seasons. 

DISCUSSION 

F ulfilling a sanctuary’s dual mandate of mul- 
tiple use and resource protection requires 

an understanding of how human activities are 
conducted, how those activities might impact 
the environment, and where and at what levels 
they occur. To that end, we provide a brief 
description of each fishery and its reported 
potential environmental impacts. We then use 
the survey results to describe patterns of use 
and identify areas that might be at risk of harm. 
We also used the RIP index to identify where 
baleen whales might be at the greatest risk of 
entanglement and suggest ways to mitigate 
such interactions. 

We offer a number of caveats to this 
discussion. First, there is no known metric 
equating the density of fishing effort with envi- 
ronmental harm and the degree to which 
Sanctuary resources might be impacted, if at 
all, is unknown. Second, the reported fishing 
effort and distribution must be viewed with 
lmowledge of the concurrent fisheries manage- 
ment regime, such as the patchwork of closures 
implemented by the New England Fisheries 
Management Council (NEFMC) to reduce 
groundfishing effort (Table 2) and the year- 
round Western Gulf of Maine Closed Area. 
Changes in fisheries management will undoubt- 
edly change current fishing patterns. Finally, 
even long-term monitoring data are more pow- 
erful in explaining the past than predicting the 
future (Bondrup-Nielson and Herman, 1995). 
Our data provide a valuable snapshot of occur- 
rences within the SBNMS from July 2001June 
2002. The degree to which they reflect previous 
or future occurrences is unknown. 

DESCRIPTION OF FISHERY 
TYPES 
Fixed Gear Fisheries 
l’rup Fishy-Trap fisheries employ a passive 
methodology in that traps sit on the seabed and 
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Figure 5. The seasonal density 
National Marine Sanctuarv from 

and distribution of mobile fishing vessels (stern dragger, eastern dragger and scallop dredge) within the Stellwagen Bank 
July 2001 through June 2002. Each point represents the sighting of an active fishing vessel. 
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Figure 6. The density and distribution of baleen whales; i.e., humpback (ft!egaptera novaeangliae), right (Eubalaena 
glacialis), fin (Balaenoptera physalus), and minke (Balaenoptera acutorostrata) whales, within the Stellwagen Bank National 
Marine Sanctuary from July 2001 through June 2002. Each point represents the sighting of one or more whales. 
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use bait (usually dead fish) to attract lobsters, 180 ft) apart (W. Hoffman, Massachusetts 
and to a lesser extent crabs, to the traps. Traps 
are wire or wooden cages that typically meas- 
ure91cmby53cmby34cm(36inby21inby 
13.5 in), although some can be larger. Traps are 
often fished in “trawls” consisting of a number 
of traps leading off a common “ground line”. In 
the area around the SBNMS, trawls typically 
consist of - 25 traps spaced 30-55 m (lOO- 

Division of Marine Fisheries, Boston, MA, Pers. 
Comm.) Therefore a single trawl can be over 
1,219 m (4,000 ft) in length. Ground lines along 
the length of the trawl characteristically consist 
of buoyant polypropylene line that can float 
more than 5 m (16 ft) above the bottom 
(McKiernan et al., 2002). On each end of a 
trawl, a “buoy line” runs from the gear to a 
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Figure 7. The seasonal density and distribution of baleen whales; i.e., humpback (Megaptera novaeangliae), right (Eubalaena glacialis), fin (Balaenoptefa 
physalus), and minke (Balaenoptera acutorostrata) whales, within the Stellwagen Bank National Marine Sanctuary from July 2001 through June 2002. Each 
point rep.resents the sighting of one or more whales. 
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Figure 8. Relative Interaction Potential (RIP) index showing the potential for interaction between baleen whales and fixed 
fishing gear, by 5-minute square area. The index was calculated by multiplying the total number of fixed gear surface buoys 
within a 5-minute square by the total number of whales sighted in that square. Results were compared by quartile. Data 
were collected from July 2001 through June 2002. 
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buoy visible at the surface (i.e., the surface 
buoy). It is important to note that the surface 
buoy counts provided in our results represent 
unseen fishing gear on the seafloor. As 
described above, two surface buoys might indi- 
cate the presence of over 1,219 m (4000 ft) of 
lobster gear. Since 1990, the lobster fishery has 
ranked first in landed fish value for New 
England waters (Pol and Carr, 2000). 

Envirrmmentd Issues of leap Fisheries- 
Lobster/crab traps are a passive fishing gear 
that has minimal impact on the seabed. In addi- 
tion, they pose minimal threat to small 
cetaceans such as porpoise and dolphins, or 
seabirds. The fishery also has a number of 
mechanisms that allow it to achieve substantial 
selectivity. For example, traps are fitted with an 
escape panel along a lower edge that allows 
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Figure 9. Seasonal Relative Interaction Potential (RIP) indexes showing the potential for interaction between baleen whales and fixed fishing gear, by 5- 
minute square area. The index was calculated by multiplying the total number of fixed gear surface buoys within a 5-minute square by the total number of 
whales sighted in that square. Class ranges were developed by taking the quartiles for the season with the greatest range in RIP values (summer) and apply- 
ing them to all other seasons. Data were collected from July 2001 through June 2002. 
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Table 2. Groundfish closures within the Stellwagen Bank tion is due to the lack of lobster in the near- 
National Marine Sanctuary by month. Closures were insti- shore waters and because traps in shallow 
tuted by the New England Fishery Management Council to 
recovery depleted groundfish stocks. 

water (<- 25 m or 80 ft) are vulnerable to 
destruction caused by winter storms (W. Adler, 

Area I Closure Dates 1 President, Massachusetts Lobstermen’s Assoc. 

Entire Sanctuary 1 - 30 April 

North of 42” 30’ 00” 1-31May 

South of 42” 30’ 00 1 October - 30 November 
1 - 28 February 

1 - 31 March 

Marshfield, MA, pers. comm.). In springtime 
fishermen reverse the process, following lob- 
ster from the deeper waters of the Sanctuary 
back to near-shore waters. 

The trap fishery that focused ,on the 
southwest corner of Stellwagen Bank was the 

I I ’ exception to this trend. This fishery targeted 

sub-legal size animals to pass through it. In 
addition, because lobsters are live captured, 
immatures or females brooding eggs can be 
returned to the water unharmed. Traps are also 
fitted with corrodible links which cause lost 
traps to fall apart, limiting the time spent as 
ghost fishing gear. 

A drawback to the fishery is its inter- 
action with baleen whales. Right, humpback, 
fin, and minke whales are all known to become 
entangled in the buoy lines running from traps 
to the surface or in the groundlines floating off 
the bottom between traps (Waring et al., 2001, 
Kenney and Hartley, 2001). This issue is most 
severe for the highly endangered right whale. 
Unless anthropogenic mortality in this species 
is reduced, it is projected to become extinct 
within - 2OOyrs (&swell et al., 1999) and lob- 
ster gear has been identified as a major threat 
to the species (50CFR229.32). As a result, 
NOAA Fisheries has promulgated the Atlantic 
Large Whale Take Reduction Plan to reduce the 
incidental take of baleen whales in the lobster 
fishery, with a focus on right whale protection 
(50CFR229.32). 

Distribution and Seusonality of Trap Fishing 
Gear-The trap fishery was focused on the 
western half of the Sanctuary. A dense aggrega- 
tion of traps existed in the Sanctuary’s most 
northwestern section (just off the coast of Cape 
Ann, MA) with areas of decreasing density radi- 
ating out from that hub. Trap fishing was the 
dominant commercial fishery in the southwest- 
em portion of the Sanctuary, with a particularly 
dense axea located on the southwest comer of 
Stellwagen Bank. 

With the exception of the dense aggre- 
gation of traps located on the southwest comer 
of Stellwagen Bank, traps were at a Sanctuary 
minimum during the summer months. This is 
because lobsters, the fishery’s main target, are 
concentrated in shallow, near-shore waters dur- 
ing that season. As lobsters move offshore in 
the fall, fishermen follow them into the deeper 
waters west of Stellwagen Bank. By winter, a 
substantial portion of the fishery is focused in 
that area and the water immediately west of the 
Sanctuary’s western boarder. This concentra- 

crab and was at its peak during the summer 
months, when fishing densities were among the 
highest observed anywhere within the SBNMS. 
In the fall, this fishery shifted slightly west, as 
fishermen targeted the more profitable lobsters 
in the storm-safe deeper waters west of the 
Bank, and some numbers of them likely 
remained through the winter. In the spring, the 
disappearance of lobsters from deep water and 
a reduction in storm frequency and severity 
accompanied the reestablishment of the fish- 
ery on the Bank’s southwest comer. 

Potential areas of concern-Potential areas of 
concern for the trap fishery are covered under 
the section on Interaction Between Fixed Gear 
and Baleen Whales. 

Gillnet Fishery-Gillnets are comprised of 
thin, transparent, monofilament webbing 
stretched between a buoyant “float line” run- 
ning along the top on the net and a heavy “lead 
line” running along the bottom. Tension 
between the buoyant float line and the heavy 
lead line causes the webbing to rise from the 
seabed to a height of 2.5 to 3.6 m (8 to 12 ft). If 
flatfish (e.g., flounder) are targeted, the float 
line and lead line are tied together, limiting the 
height to - 1 m (3 ft). A single net is - 91 m 
(300 ft) long and nets are joined together into 
“strings”. In the Gulf of Maine, net strings range 
between 458 m (1500 ft) and 2,292 m (7,500 ft) 
in length (Read, 1994). Each end of a string is 
marked on the surface with a buoy (usually a 
“high flyer”) that is attached to the gear by a 
line also used for hauling. Strings of gillnets are 
often set in a zigzag or even circular pattern, 
with small weights along the lead line acting as 
pivot points. As with the trap fishery, it is 
important to note that an observation of two 
surface buoys can indicate the presence of hun- 
dreds or thousands of meters of netting on the 
seafloor below them. The landed value and 
ranking of New England’s gillnet fleet has var- 
ied greatly since its resurgence in the 1970’s. 
Pol and Carr (2000) ranked gillnetting fourth in 
landed value in 1997, the most recent year of 
analysis. 

Environmental issues of the Gillnet Fishery- 
As a passive fishing gear, gillnets have mini- 
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mum impact upon the seabed. An additional 
positive attribute is that they can be size selec- 
tive, allowing undersized fish to pass through 
the webbing uncaught (Hamley, 1975). 
However, gillnets are relatively unselective in 
terms of the species that become entrapped in 
them (see Perrin et al., 1994). For example, 
almost a.ll marine mammals frequenting the 
SBNMS are vulnerable to incidental kill in gill- 
nets (e.g., Kraus, 1990; Read, 1994; Wiley et al., 
1995; Waring et al., 2001). Seabirds and marine 
turtles can also be incidentally caught during 
fishing operations. 

Several attempts have been made to 
reduce the kill of non-target species in gillnets. 
This includes the use of acoustic devices to 
deter harbor porpoise (Phocoena phocoena) 
from nets during some portions of the year 
when porpoise are in the Sanctuary This miti- 
gation attempt has also raised concerns. If 
acoustic deterrents are aversive to harbor por- 
poise instead of simply alerting them to the 
presence of nets, they could act as a barrier to 
porpoise movement. As with the lobster fishery, 
the gillnet fishery is subject to the Atlantic 
Large Whale Take Reduction Plan to reduce the 
incidental take of baleen whales. Specific infor- 
mation on that plan can be found in 
50CFR229.32. 

Distribution and Seasondit~ of GiUnet 
Fishing Gear-Gillnetkg was most prevalent 
in the northern and eastern portions of the 
Sanctuary, and was the dominant fishing activity 
in the Sanctuary’s northeast quarter. The densest 
aggregation of gillnet activity occurred south of 
Jefieys Ledge along a line formed by the 
Western Gulf of Maine Closed Area. A second 
concentration of gillnet activity occurred within 
a broad area along the northeast flank of 
Stellwagen Bank and another in the northwest 
section of the Sanctuary off Cape Ann. On a sea- 
sonal basis, fewer gillnet boats were observed in 
the spring than in other seasons. 

Some gillnet vessels and unidentified 
fixed gear were observed in the Western Gulf of 
Maine Closed Area, mostly during the summer 
and fall. Unidentified fixed gear could indicate 
illegally fished gillnets or could belong to legal- 
ly operating lobster or hagfish boats. The inabil- 
ity to differentiate between legal and illegal 
gear presents a substantial management prob- 
lem within this section of the Sanctuary. 

Potential areas of concern-If acoustic deter- 
rent devices on gillnets act as a deterrent to 
harbor porpoise movements, the most likely 
area of impact would be along the northern 
boarder of the Western Gulf of Maine Closed 
Area, where a concentration of pingered gill- 
nets could potentially impede porpoise move- 

ment in and out of the Sanctuary. The potential 
areas of concern involving gillnet interactions 
with baleen whales are covered under the sec- 
tion on Interaction Between Fixed Gear and 
Baleen Whales. 

Mobile Gear Fishes 
Mobile gear fisheries consisted of 

otter trawls and scallop dredges. There was 
also a single observation of a hydraulic clam 
dredge operating in the west central part of the 
sanctuary. Because many of the sea floor 
impacts of these fisheries are similar their envi- 
ronmental issues wiU be discussed jointly 

Otter Trawl Fishery--otter trawlers or “drag- 
gers” target primarily groundfish by towing a 
large conical net along the seabed (Van Brandt, 
1984). The net opening is maintained by the 
action of a buoyant “headrope” (on the top) , a 
weighted “footrope” (on the bottom), and the 
spreading affect of heavy trawl “doors” (up to 
450 kg or - 1,000 lbs) on either side of the net’s 
mouth. The resistance of the doors moving 
through the water maintains a net opening width 
of 15 to 25 m (50-80 ft) (Carrothem, 1981). 

Fish are captured by the forward 
motion of the net along the bottom, which 
causes fish to enter the net’s mouth and collect 
in the anterior “codend”. Fish capture is facili- 
tated by the movement of the footrope along 
the bottom that disturbs bottom dwelling !%sh 
and forces them up into the path of net. The 
footrope can be modified with rollers or other 
devices that provide fishermen with access to 
rocky or uneven bottom (Carr and MiUiken, 
1998). From 1950 through 1990, trawlers ranked 
first in landed fish value for New England and 
second from 1990-1997 (Pol and Carr, 2000). 

Scallop Dredge Fisheq-A scallop dredge con- 
sists of a -5 m (15 ft) wide rigid metal box trail- 
ing a bag of metal rings. The weight of the 
dredge (up to 700 kg or 1500 lbs) and the angle 
of the forward cutting bar force the dredge to 
dig a few centimeters (l-2 in) into the seabed. 
The forward motion of the cutting bar dislodges 
scallops from the bottom causing them to pass 
over the bar and collect in the trailing chain 
bag. Scallop vessels usually tow two dredges 
simultaneously at speeds under - 5 knots 
(Rango and McSherry, 2001). Scallop dredges 
are considered “dry” dredges in that they do not 
use water jets or suction in the capture 
process. From 1950-1997, scallop dredges 
ranked third and occasionally second (1950 and 
1980) in landing values for New England’s com- 
mercial fisheries (Pol and Car-r, 2000). 
Environmental Issues of Mobile Gear 
Fisheries-The issues of trawl and/or dredge 
impact on bottom habitat and benthic fauna, 
and the associated impact on marine biodiversi- 
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ty and the recruitment of commercial stocks, is 
hotly debated. Numerous authors have docu- 
mented at least short-term impacts to the 
seabed and/or benthic fauna (see reviews in 
Jennings and Kaiser, 1998; Turner et al., 1999; 
and DeAlteris et al., 2000). In general, mobile 
gears were found to disrupt bottom substrate, 
suspend fine sediments and remove or damage 
large epifaunal invertebrates, often in only a 
single pass (Fresse et al., 1999). However, these 
impacts must also be measured against natural 
disturbances to the seabed caused by forces 
such as storm activity (DeAlteris et al., 1999) 
and the long-term environmental impact of 
mobile gear is not understood. An additional 
issue is the bycatch of non-target species or 
size classes during the fishing process. 

Distribution and Seamnality of the Otter 
Trawl Fishery--The broadest and densest area 
of otter trawl activity occurred in the most 
northwest section of the Sanctuary, off the 
coast of Cape Ann, MA. Another focus of trawl 
activity was in the Sanctuary’s most southeast- 
em area off the tip of Cape Cod, MA. Smaller 
pockets of trawling occurred just south of the 
Stellwagen Bank’s southwest corner and on 
Jeffreys Ledge along the northern border of the 
sanctuary. 

The distribution of otter trawl activity 
showed indications of distinct seasonality. The 
concentration of activity off Cape Ann persisted 
throughout the winter, summer and fall, but dis- 
appeared in the spring when almost all trawling 
was focused around the northwest corner of 
Stellwagen Bank and a second area just to the 
northeast of that area. These areas harbored lit- 
tle or no fishing in other seasons. Similarly, an 
area around the southeast comer of Stellwagen 
Bank was fished heavily in the spring, but was 
much reduced in the winter. The area just south 
of Stellwagen Bank’s southwest comer was 
fished primarily in the fall and an area just 
south of Stellwagen Banks northwest comer 
was fished primarily during the summer. No 
otter trawl activity was observed in the Western 
Gulf of Maine Closed Area. 
Distribution and Seasonality of the Scallop 
Dredge Fishy-The scallop dredge fishery 
showed distinct geographic fidelity, being con- 
fined primarily to the southeastern portion of 
the Sanctuary. Based on vessel density, this 
locale exhibited greater use than any other area 
targeted by the mobile gear sector. A far lesser 
area of scallop dredge activity extended from 
that area in a broad swath across Stellwagen 
Bank and up the mid section of its western 
slope. Low levels of scallop dredge activity 
were observed in the northwest section of the 
Sanctuary and no scallop vessels were 
observed in the northeast section. No scallop 

dredge activity was observed in the Western 
Gulf of Maine Closed Area. 

Seasonaliiy in the scallop fishery was 
pronounced, with the greatest effort in the win- 
ter and the least in the spring. However, these 
patterns are complicated by the ability of stem 
and eastern rigged trawlers to be involved in 
the scallop fishery, but assigned to the trawling 
category. 

Potential areas of colzcem--Based on levels of 
activity, the greatest areas of concern would be 
in the vicinity of the southeast comer of 
Stellwagen Bank, where scallop dredges and 
otter trawler occurred in relatively high numbers 
and the northwest section of the Sanctuary 
where relatively high levels of otter trawling 
occurred. However, if habitat impact is depend- 
ent on substrate type, lesser-used areas might be 
equally or more negatively impacted than those 
areas identified only through intensity of use. 

Interactions between f?xed gear and 
baleen whales - 

Entanglement in fixed gear is an iden- 
tified mortality threat for most species of 
baleen whales, and both gillnet and trap fish- 
eries have been implicated (Waring et al., 2001). 
Since the creation of the SBNMS in 1990, 
numerous sightings of entangled whales have 
occurred within its border and whales have 
been observed becoming entangled in the 
Sanctuary (e.g., Weinrich, 1999). 

The Relative Interaction Potential 
(RIP) index suggested that the most likely sites 
of whale entanglement would be Stellwagen 
Bank’s southwest and northwest comers, fol- 
lowed by southern Jeffreys Ledge. The highest 
RIPS occurred in the summer around the south- 
west comer of Stellwagen Bank. The analysis’ 
prediction was retroactively corroborated by 
the sighting of three entangled humpback 
whales on Stellwagen Banks southwest comer 
in late July and August of 2001 (Center for 
Coastal Studies, Provincetown, MA, unpub- 
lished data). While entangled whales can tow 
fishing gear hundreds of miles, the occurrence 
of entangled whales within the highest RIP 
areas strengthens the possibility that at least 
some of the interactions occurred there. The 
high RIP values associated with the southwest 
and northwest comers of Stellwagen Bank and 
to a lesser extent southern Jeffreys Ledge are 
also areas where entangled whales are fre- 
quently reported, although this is complicated 
by the fact that the whale watching vessels 
reporting entanglements are also concentrated 
in those areas. 

In summary RIPS were capable of iden- 
tifying interaction “hot spots” and could provide 
managers with the opportunity to manage at 
scales smaller than the entire sanctuary. In terms 
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of whale entanglement, managers could could 
use RIPS to target specific areas for actions such 
as fishery closures, gear modifications, or inten- 
sive surveillance to facilitate rescue attempts. 
They can also be used as a valuable tool to facili- 
tate dialogue and information exchange between 
interest groups seeking solution to the problem. 

CONCLUSION 

N ational Marine Sanctuaries are often in the 
difficult position of protecting resources 

while promoting a multiple use philosophy. This 
can only be accomplished through information 
that allows decision-makers to understand the 
abundance and distribution of Sanctuary 
resources, and the magnitude and distribution 
of potential interactom. The use of shipboard 
surveys and GIS analyses can quantify such 
information and provide important insights for 
management, such as the co-occurrence of vul- 
nerable resources and potentially harmful 
human activities. However, it must be empha- 
sized that there is no current metric equating 
levels of activity with harm. While we have cho- 
sen to use the results to explore environmental 
risk, they could also be used to identify areas 
where the Sanctuary plays an important eco- 
nomic role in the local community. The fact 
that zones of intense use can simultaneously be 
areas of elevated environmental risk and 
increased economic benefit represents a major 
challenge to Sanctuary management. 

An additional benefit of mapping dis- 
tributional data is the ability to gain a broader 
understanding of the Sanctuary by using it as a 
foundation for soliciting local knowledge. For 
example, discussions with local lobstermen led 
to an understanding of the impact that storm 
activity and water depth had on fishing pat- 
terns. Thus, data such as ours can be a tool for 
initiating important dialogue between the 
Sanctuary and the public, a concept that lies at 
the heart of the NMS program. While we have 
attempted a sample analysis and discussion of 
our data, we await the complex scrutiny, review 
and input of the many interested parties that 
make up the SBNMS community. In this way 
the explanatory power of our data will be maxi- 
mized and a deeper understanding of the 
Sanctuary will evolve. 
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ENDNOTE 
‘Sometimes referred to as western-rigged trawlers. 
2Sometimes referred to as eastern-rigged trawlers. 
aNortheast Fisheries Science Center, Woods Hole, MA 
02543 
4Nautical Technologies Ltd. 2 17 Burleigh Road, 
Bangor, Maine 04401. 
Kharles Mayo (Center for Coastal Studies, 
Provincetown, MA 02657) first proposed this method 
of determining risk for use by the Atlantic Large 
Whale Take Reduction Team (ALWTRT). The 
ALWTRT was tasked by the Department of 
Commerce with identifying ways to reduce the inci- 
dental kill of several species of baleen whales in fixed 
fishing gear. 
@The Western Gulf of Maine Closed Area is a year- 
round ground fishing closure created by the New 
England Fishery Management Council to recover 
depleted stocks. Gillneting, otter trawling and scallop 
dredging are prohibited within the area 
7This area was based a concentration of right whales 
observed on a single survey in March 2002. Excluding 
those sightings, the highest winter concentration of 
baleen whales occurred on the southwest comer of 
Stellwagen Bank (0.13-0.16 whale/kn+). 
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