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Abstract The movements of nine harbour porpoises,
Phocoena phocoena (L.), in the Bay of Fundy and Gulf
of Maine were tracked using satellite telemetry. Trans-
mitters were attached to the porpoises in August 1994
and 1995 after they were captured near Grand Manan
Island at the mouth of the Bay of Fundy. Tracking pe-
riods ranged from 2 to 212 d (mean 50 � 65 d). Por-
poises exhibited a high degree of individual variation in
movement patterns; ®ve moved out of the Bay of Fundy
into the Gulf of Maine. The porpoise with the longest
tracking period moved extensively throughout the Gulf
of Maine. These data suggest that seasonal movement
patterns of individual harbour porpoises are discrete and
are not temporally coordinated migrations. Porpoises
that moved out of the Bay of Fundy into the Gulf of
Maine did so following the 92 m isobath, which may
represent an important movement corridor. The move-
ment of porpoises from the Bay of Fundy into the Gulf
of Maine supports the hypothesis that harbour por-
poises from these two regions comprise a single popu-
lation at risk of entanglement in both Canadian and US
®sheries.

Introduction

Harbour porpoises (Phocoena phocoena) are distributed
throughout coastal waters of the temperate northern
hemisphere. The general distribution of the species is
known from sighting data, strandings, and incidental
catches in commercial ®sheries (IWC 1996). Little is
known, however, about the daily movements of indi-

vidual porpoises or of the seasonal movements of por-
poise populations.

An understanding of the scale, pattern and variability
of movements is of both fundamental and applied inte-
rest to biologists studying the ecology of this species.
Information on distribution and movement patterns is
required to understand the relationships between por-
poises, their prey, and abiotic factors such as tempera-
ture. Such information is also necessary for the
conservation of this species. Throughout their range,
harbour porpoises are vulnerable to entanglement and
mortality in gillnets (Je�erson and Curry 1994). Mor-
tality in these gillnets may threaten the viability of
a�ected populations (IWC 1996). For example, recent
estimates of harbour porpoise mortality in gillnet ®sh-
eries in the Bay of Fundy and Gulf of Maine range from
2.7 to 4.3% of the total population size (Bravington and
Bisack 1996; Trippel et al. 1996). These removals are
unlikely to be sustainable (Woodley and Read 1991),
which has prompted conservation action, such as time-
area restrictions on commercial ®sheries, in both
Canada and the United States (Palka et al. 1996). For
conservation strategies intended to reduce porpoise
mortality in commercial ®sheries to be e�ective, infor-
mation is required on the movement patterns of por-
poises and the distribution of ®shing e�ort.

Knowledge of the movements of harbour porpoises
has been limited because they are di�cult to study at sea
due to their small size, subtle individual markings
(Koopman and Gaskin 1994) and the limited time they
spend at the surface (Westgate et al. 1995). To overcome
these logistical di�culties, VHF radio transmitters have
been placed on harbour porpoises in the Bay of Fundy,
allowing researchers to follow the movements of indi-
viduals for periods up to 22 d (Gaskin et al. 1975; Read
and Gaskin 1985; Westgate et al. 1995). Despite the
potential of this technique, these telemetry studies were
hampered by short periods of contact with tagged por-
poises due to the di�culty of tracking at sea. This radio
telemetry approach is not feasible for long-term studies
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of the movements of marine mammals because of the
logistical di�culty tracking individuals at sea for months
at a time.

The use of satellite-linked telemetry (Fancy et al.
1988) has revolutionized the study of marine mammals.
It is now possible to obtain long-term data on the
movements and behaviour of tagged individuals via
computer uplink to the laboratory. Satellite-linked
transmitters have been successfully deployed on several
species of cetaceans (Mate 1989; Martin and Smith 1992;
Mate et al. 1992, 1994, 1995; Martin et al. 1993, 1994;
Davis et al. 1996; Watkins et al. 1996), but their use on
smaller species, such as harbour porpoises, has been
restricted because the transmitters were too large. Recent
advances in tag miniaturization have made satellite-
linked telemetry appropriate for use with harbour
porpoises for the ®rst time.

In this paper we describe the long-term movements of
nine harbour porpoises in the Bay of Fundy and Gulf of
Maine using data obtained from satellite-linked teleme-
try. Our objectives were twofold: to improve our un-
derstanding of the scale over which porpoises travel on a
seasonal basis; and to better understand their seasonal
movements in relation to large-scale patterns of gillnet
®shing e�ort in these areas.

Materials and methods

Porpoise capture

Satellite-linked transmitters were placed on nine harbour por-
poises, Phocoena phocoena (L.), released from herring weirs around
GrandManan Island, New Brunswick, Canada (44°45¢N; 66°45¢W),
in August 1994 and 1995 (Table 1; Fig. 1). Porpoises were removed
from weirs with a seine net, placed on a closed-cell foam pad and
sponged with sea water. Body mass was measured with a spring
balance or estimated from regressions using length and girth as
predictive variables (Read and Tolley 1997) (Table 1). The blood
chemistry and hematology of seven porpoises indicated that they
were healthy, based on values of Koopman et al. (1995). The two
adult females exhibited elevated levels of progesterone and were
likely in the ®rst trimester of pregnancy; one of these females
(No. 1) was also lactating and accompanied by a calf.

Transmitters

Satellite-linked transmitters, or platform transmitter terminals
(PTTs), were attached to the dorsal ®n of each porpoise. Prior to

attachment, the dorsal ®n was cleaned with a topical antiseptic and
the tagging site was injected with 1 cc of lidocaine HCL 2%, epi-
nephrine 1:100 000 at the location of each attachment pin. There
were two PTT con®gurations (Telonics, Mesa, Arizona, USA):
front-mount (n = 5) and side-mount (n = 4). The front-mount
design used a stacked-board ST-10 PTT. This transmitter was en-
cased in a steel cylinder and attached to a thin, neoprene-lined,
polyethylene saddle which provided a ®rm base to secure the cyl-
inder to the dorsal ®n. The plastic saddle wrapped around the front
of the dorsal ®n and extended caudally approximately 3.5 cm; the
transmitter was mounted on the leading edge of the saddle. The
saddle was attached to the dorsal ®n using three 8.0 mm diameter
high density polyethylene or Delrin pins secured with steel lock
nuts. The PTT was 15 cm long with a 17-cm whip antenna. The
entire cylindrical PTT package, including saddle, weighed ap-
proximately 300 g in air. The side-mount con®guration consisted of

Table 1 Phocoena phocoena.
Data on harbour porpoises
equipped with satellite trans-
mitters in 1994 and 1995 in the
Bay of Fundy, Canada

Ident.
no.

Sex Standard
length (cm)

Body mass
(kg)

Period of
contact

Con®guration Tracking
period (d)

1994 1 F 141 53a 11 Aug±12 Aug Front/VHF 2
2 M 145 53a 17 Aug±22 Aug Front/VHF 6
3 M 140 46 24 Aug±4 Sep Front/VHF 21

1995 4 M 142 48 13 Aug±3 Sep Front 21
5 M 147 51 13 Aug±2 Sep Front 19
6 F 147 56 16 Aug±18 Sep Side 33
7 M 141 48 21 Aug±20 Mar (96) Side/VHF 212
8 M 151 54a 21 Aug±26 Oct Side 66
9 M 140 47 21 Aug±27 Oct Side 67

a Body mass estimated by predictive equations using length and girth (Read and Tolley 1997)

Fig. 1 Map of study area including the lower portion of the Bay of
Fundy and the Gulf of Maine. Boxes indicate the principal areas of
harbour porpoise bycatch in bottom-set gillnets determined from
Canadian (Trippel et al. 1996) and US (Bravington and Bisack 1996)
®sheries observer programs
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a ¯at-board ST-10 mounted in a low pro®le, rectangular, lexan box.
These tags were attached directly to the side of the dorsal ®n using
three 6.5 mm Delrin pins. The backing plate on the transmitter
housing provided attachment points for the pins. The pins passed
through the backing plate and dorsal ®n and were secured on the
opposite side of the ®n with steel lock nuts backed with small
(30 ´ 1.5 mm) Delrin washers. Both backing plate and washers
were lined with open cell foam. This tag had a 17-cm whip antenna,
measured 11 ´ 5 ´ 2 cm, and weighed approximately 150 g in air.

To minimize the size of the PTT packages, we only used one
environmental sensor, a surface time counter, which provided a
cumulative record of the time the tag was above the water surface.
The value of the surface time counter was transmitted twice during
each signal, allowing us to detect transmission errors. Each tag also
incorporated a salt-water switch, which prevented transmission
when a porpoise was submerged. To further conserve battery life,
we used a duty cycle of 8 h d)1. The PTTs were powered by two 2/3
A lithium cells which, under these operating conditions, were pre-
dicted to provide several months of battery life.

We also attached standard Model 2 VHF transmitters (ATS,
Ipsanti, Minnesota, USA) on four porpoises ®tted with PTTs.
These tags transmitted at frequencies in the 148 MHz range at 110
pulses min)1, without a salt-water switch or duty cycle. VHF
transmitters had life expectancies of >50 d. Each tag was attached
to a livestock ear tag (Jumbo roto-tag, Dalton Supplies, Nettle-
bed, England) which we applied to the trailing edge of the dor-
sal ®n. VHF tags had 33-cm-long whip antennae, measured
1.1 ´ 2.5 ´ 5.5 cm and weighed 15 g. VHF transmitters had an
e�ective range of �5 km at sea level, with greater ranges for
receivers on cli� tops or in airplanes.

Data analysis

Location and sensor data from each porpoise were obtained from
Service ARGOS, Inc. (Landover, Maryland, USA) in ASCII for-
mat on magnetic media. In addition to the location and surface
time data, Service ARGOS provided information on the quality of
the estimated location. Location quality depends on the number of
transmissions received from a PTT during a satellite overpass, the
time elapsed between these receptions, movement of the PTT, and
the stability of the transmitter oscillator. Each location was clas-
si®ed into one of four categories: Class 3 (at least six uplinks re-
ceived in a single satellite pass, position accuracy better than
150 m), Class 2 (®ve uplinks received in a single satellite pass,
position accuracy within 350 m), Class 1 (four uplinks received in a
single satellite pass, position accuracy within 1 km), Class 0 (less
than four uplinks received in a single satellite pass, position accu-
racy greater than 1 km). In addition, location estimates in Classes
A (three uplinks received) and B (two messages received) were
provided. The location estimates of these latter two classes were of
unknown quality. All estimated locations were ®ltered using a
speed plausibility check; consecutive positions resulting in an av-
erage travel speed of greater than 7.5 km h)1 were excluded. This

®lter value was selected based on published travel speeds (Gaskin
et al. 1975; Westgate et al. 1995) and ®eld observations of wild
harbour porpoises. We tested each tag on shore prior to deploy-
ment, and obtained position estimates from known locations
allowing us to ground-truth the accuracy of the location classes as
provided by ARGOS.

Analysis of movement data was performed using Arcview
Geographic Information System (GIS) (ESRI 1994). We included
only the best position obtained per day from each porpoise to avoid
bias associated with multiple daily positions. Mean daily distance
travelled was calculated by summing the distance (km) between the
best position received each day for all days of the deployment and
then dividing this value by the number of days of the deployment.
Mean rate of travel was calculated by dividing the distance (km)
between sequential best daily positions by the time (h) that had
elapsed between those positions. Mean distance from shore (km)
was calculated by averaging the distance from the best daily posi-
tion to the nearest mainland shoreline (including Grand Manan
Island). The proportion of time spent in various water depths was
estimated by assigning best daily positions to one of three bathy-
metric brackets: 0±92 m, 92±183 m, and >183 m. Depth was es-
timated using bathymetry contours on digitized National Ocean
Service (USA) and Canadian Hydrographic Service marine charts.
The proportion of time spent at the surface was estimated using
telemetered data from the surface time counter.

Results

Data were obtained from tagged harbour porpoises
(Phocoena phocoena) for periods ranging from 2 to
212 d. A total of 1334 locations were received on 447
tracking days. The mean number of positions per day
for all location classes ranged from 1.9 � 0.8 to
3.9 � 0.9. Reliable location classes (0, 1, 2, 3) accounted
for 53.8% of all position estimates (Table 2).

We used conventional radiotracking techniques to
locate two of the four VHF tagged porpoises after re-
lease. The other two porpoises carrying VHF transmit-
ters moved quickly out of range after release, making it
impossible to relocate them. Porpoise No. 1 was relo-
cated on the day following release and again 4 d later,
after we had lost satellite contact with the PTT. From
visual observation and photographs taken on this day,
we noted that the polyethylene attachment pins had
sheared and the entire PTT package had been lost. This
observation led us to employ more robust Delrin at-
tachment pins for the remaining deployments. We con-
tinued to monitor VHF radio signals from No. 1 until

Table 2 Phocoena phocoena.
Data on movements and sur-
face behaviour calculated from
tracking harbour porpoises
equipped with satellite trans-
mitters

Ident.
no.

Mean no.
uplinks d)1

Mean daily
distance
travelled (km)

Mean rate of
travel (km h)1)

Mean distance
from shore (km)

Proportion of
time spent
at surface

1a NA NA NA NA NA
2 3.5 58.5 2.3 � 1.3 27.3 � 20.3 NAa

3 3.8 13.9 0.6 � 0.4 11.5 � 4.7 NAb

4 1.9 � 0.8 34.1 1.6 � 1.2 23.4 � 20.9 0.05 � 0.01
5 2.1 � 0.7 22.6 1.1 � 1.1 16.0 � 15.4 0.07 � 0.04
6 3.6 � 0.7 18.1 0.8 � 0.7 6.6 � 5.1 0.04 � 0.01
7 2.6 � 1.2 28.1 1.2 � 1.0 81.4 � 44.8 0.03 � 0.01
8 3.7 � 1.0 15.0 0.6 � 0.4 18.5 � 6.4 0.05 � 0.01
9 3.9 � 0.9 17.6 0.7 � 0.5 26.0 � 26.1 0.04 � 0.01

a Due to the short duration summary statistics were not calculated
b Due to an attachment failure that a�ected the salt-water switch, surface data were not calculated
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31 August, visually relocating her and her calf on four
other occasions. We also located No. 3, 7 d after release
in a large group of feeding porpoises east of Grand
Manan Island. In all of these sightings, tagged porpoises
were swimming normally, usually in the company of
other porpoises.

Tagged harbour porpoises displayed considerable
variability in their movement patterns. Four (Nos. 1, 3, 6
and 8) remained in the Bay of Fundy throughout their
tracking periods (2 to 66 d) (Fig. 2). These porpoises did
not remain in the deep, central portions of the Bay for
extended periods, although several traversed the deep
water (>200 m) between Grand Manan and Nova
Scotia. One porpoise (No. 8) spent several weeks to the
southwest of Grand Manan. Tagged porpoises rarely
moved further northeast into the Bay of Fundy than the
northern tip of Grand Manan Island. All of the indi-
viduals that remained in the Bay of Fundy spent at least
some time in the primary areas of Canadian gillnet
®shing e�ort, located to the northeast and southwest of
Grand Manan Island (Fig. 1).

Five tagged porpoises (Nos. 2, 4, 5, 7, 9) left the Bay
of Fundy and did not return during their tracking pe-
riods (6 to 212 d) (Figs. 3, 4). None of these porpoises
left the Gulf of Maine. When porpoises left the Bay of
Fundy they moved southwest along the 92 m isobath.
One of these porpoises, No. 7, had the longest tracking
period (212 d) and moved extensively throughout the
Gulf of Maine (Fig. 4). After release, this porpoise
moved from the Bay of Fundy to Cashes Ledge in the

Gulf of Maine, covering 300 km in 21 d. Porpoise No. 7
stayed in this area for approximately 1 month before
travelling south to Je�reys Ledge, where it remained
during the height of the US autumn gillnet ®shery. In
mid-November, No. 7 moved directly east to the

Fig. 2 Phocoena phocoena. Tracks of three harbour porpoises in the
lower Bay of Fundy obtained from satellite telemetry. Only best daily
positions are shown. Due to the brief tracking period of No. 1,
movements of this porpoise are not shown (d No. 3; s No. 6; m
No. 8)

Fig. 3 Phocoena phocoena. Tracks of four porpoises in the Bay of
Fundy and Gulf of Maine obtained from satellite telemetry. Only best
daily positions are shown (s No. 2; n No. 4; m No. 5; d No. 9)

Fig. 4 Phocoena phocoena. A 212-d track of a single harbour porpoise
(No. 7) obtained from satellite telemetry. Only best daily positions are
shown
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Franklin Basin and remained there through December.
Between January and mid-March this porpoise travelled
throughout the central Gulf of Maine.

Individual variability in porpoise movements was
exempli®ed by the tracks of three adult male porpoises
released from the same weir on 21 August 1995. One of
these porpoises (No. 8) spent the entire 66-d tracking
period in the Bay of Fundy (Fig. 2). The second por-
poise (No. 9) remained southeast of Grand Manan Is-
land in the Bay of Fundy for 25 d before moving
southwest to Cashes Ledge in the Gulf of Maine
(Fig. 3). The last porpoise (No. 7) immediately left the
Bay of Fundy and spent the entire tracking period in the
Gulf of Maine (Fig. 4).

Estimates of daily distance travelled were similar for
all porpoises (13.9 to 28.1 km) with the exception of
No. 2 with a mean daily distance of 58.5 km. Mean rates
of travel ranged from 0.6 to 2.3 km h)1, but the rates of
travel in longer tracking periods (>30 d) were similar
(Table 2). Mean distances from shore ranged from 6.6 to
81.4 km with an overall mean of 50.2 � 46.2 km. Por-
poises spent between 3 � 1 and 7 � 4% of their
tracking periods at the surface (Table 2). Tagged por-
poises were most frequently (55% of locations) in water
depths of 92 to 183 m and least frequently (12%) in
depths >183 m (Fig. 5).

Discussion

Ecological signi®cance

The movements of harbour porpoises (Phocoena pho-
coena) monitored by satellite telemetry can be inter-
preted at several scales. Individual porpoises often spent
periods from days to weeks in fairly restricted areas.

Many of these areas, particularly in the waters to the
southeast of Grand Manan Island (Fig. 3), the western
shore of the Digby Peninsula (Fig. 2) and Je�reys Ledge
(Fig. 3), are known, from sighting surveys and aggre-
gations of incidental catches in commercial ®sheries, to
be important habitat for this species (Gaskin 1984;
Palka 1995; Palka et al. 1996). Other areas, like the
waters to the southwest of Grand Manan Island (Fig. 2)
and the Franklin Basin (Fig. 4) were not previously
considered important porpoise habitat. Harbour por-
poises are small endotherms (ca. 50 kg) which inhabit
temperate waters (<10 °C) and are suspected to have a
limited energy storage capacity (Koopman 1994). Given
these energetic constraints, it may be advantageous for
porpoises to maintain close proximity to aggregations of
prey. Many areas that harbour porpoises frequented are
known to support seasonal concentrations of Atlantic
herring (Clupea harengus) (Stephenson et al. 1993), the
primary prey of harbour porpoises in the Bay of Fundy
and Gulf of Maine (Recchia and Read 1989). The pe-
riods of restricted movements recorded with satellite
telemetry were consistent with previous ®ndings from
VHF telemetry studies of porpoises in the Bay of Fundy
(Gaskin et al. 1975; Read and Gaskin 1985; Westgate
et al. 1995).

Porpoises also made fairly rapid point-to-point
excursions that lasted from several hours to several days.
This directed travel was seen most frequently by por-
poises exiting the Bay of Fundy along the 92 m isobath
(Figs. 3, 4). This area may represent an important
movement corridor connecting the Bay of Fundy and
lower Gulf of Maine. The impetus for such short-term
movements is unclear. Porpoises may undertake such
movements in response to changes in local prey avail-
ability, the presence of predators, or to social factors.
These rapid long-distance movements were not captured
in previous VHF telemetry studies (Gaskin et al. 1975;
Read and Gaskin 1985; Westgate et al. 1995) because of
the limited range of the transmitters, the relatively small
areas that could be e�ectively surveyed and the fact that
porpoises were not tracked at sea for extended periods.

When the movements of tagged individuals are ex-
amined at their largest scale, it is clear that the home
range of harbour porpoises occupies most of the Gulf of
Maine and is much larger (ca. 50 000 km2) than the
210 km2 previously estimated (Read and Gaskin 1985).
Tagged porpoises moved throughout the Bay of Fundy
and Gulf of Maine, covering hundreds of kilometers in a
relatively short time. The mobility of these small por-
poises was surprising and has forced us to reassess our
concept of the scale at which they use their habitat on a
seasonal and annual basis. In particular, the movements
of Porpoise No. 7 illustrate the extensive use of the Gulf
of Maine by these marine mammals. Prior to this study,
our knowledge of the habitat use of harbour porpoises
in the autumn and winter was limited to observations of
incidental catches in gillnets. We can now better appre-
ciate the dynamic nature of habitat utilization during
this period.

Fig. 5 Phocoena phocoena. Histogram showing the proportion of time
spent in various water depths by porpoises as determined by satellite
telemetry. Depths were calculated by assigning the best daily positions
to one of three bathymetric brackets: 0±92 m, 92±183 m, or >183 m.
Actual depths of the entire study area are shown in the column at far
right
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The movements of porpoises from the Bay of Fundy
into the Gulf of Maine, but not around the southwestern
tip of Nova Scotia, supports Gaskin's (1984) hypothesis
that harbour porpoises in the Bay of Fundy and Gulf of
Maine comprise a single population. This ®nding cor-
roborates other evidence from mtDNA studies (Wang
et al. 1996), life history parameters (Read and Hohn
1995), and organochlorine pro®les (Westgate et al.
1997). The current management strategy, based on the
assumption of a single population in this region, is ap-
propriate. These data also show that the seasonal
movements of individual porpoises are discrete. The
seasonal decline in harbour porpoise density in the Bay
of Fundy during autumn (Gaskin 1984) is not the result
of a coordinated migration, but a gradual net movement
of porpoises into a wider geographic region. Records
from strandings and incidental catches in commercial
®sheries indicate that the winter distribution of harbour
porpoises extends as far south as North Carolina (Ga-
skin 1984; Read et al. 1996). The movements of Porpoise
No. 7, however, show that some individuals do not leave
the Gulf of Maine during winter.

The values for the mean daily distance and mean rate
of travel represent minimum estimates for harbour
porpoises. The scale at which we measured these pa-
rameters, based on best sequential positions per day,
misses much of the ®ne-scale movement exhibited by
free-ranging porpoises (Westgate et al. 1995). The con-
gruence between the mean daily distance and mean rate
of travel among the discrete movements recorded from
Porpoises Nos. 7, 8 and 9 (Figs. 2, 3, 4) re¯ects the
coarseness of this scale. These values may therefore be
more indicative of average porpoise movements within
restricted areas (as discussed above) rather than between
such areas. This is illustrated by the record from Por-
poise No. 2, which had a much greater daily travel dis-
tance (58.5 km), a consequence of its relatively straight
movement during the short tracking period.

Knowledge of the proportion of time a harbour
porpoise spends at the surface is important for the de-
sign and analysis of abundance surveys. Data from the
present study re¯ect the actual proportion of time (3 to
7%) that the salt-water switch, and hence the dorsal ®n,
was above the water surface. These values are very close
to the true time that a harbour porpoise would be visible
to observers aboard a survey vessel, and much less than
estimates of the time porpoises spend in the upper 2 m
of the water column (33 to 60%) (Westgate et al. 1995).

Conservation signi®cance

The movements of harbour porpoises from areas of
gillnet ®shing e�ort in the Bay of Fundy to similar
®shing grounds in the Gulf of Maine indicate that in-
dividuals in this population are at risk of entanglement
during several periods of the year. For example, Por-
poise No. 7 travelled from the most concentrated area of
Canadian gillnet ®shing e�ort in August to an area of

intense US gillnet activity later in the fall. These move-
ments emphasize the trans-boundary nature of the Bay
of Fundy/Gulf of Maine population.

These data allow us to evaluate, albeit in preliminary
fashion, the e�cacy of time-area ®shery closures as a
management strategy for reducing the level of incidental
mortality. Our data indicate that porpoises exhibit a
high degree of individual variability in their movements,
suggesting that e�ective closures will have to be exten-
sive in time and space. The ®shing industry has proposed
the use of trigger mechanisms, so that ®shery closures
would be tied to the appearance of harbour porpoises in
particular areas, thus minimizing disruptions to ®shing
activity. Our results suggest that the movement patterns
of individual harbour porpoises are extremely variable
and are not currently predictable on a scale that would
serve as a useful trigger mechanism.

The bathymetric analysis showing that in the Bay of
Fundy and Gulf of Maine, harbour porpoises are found
most frequently in areas where depths range between 92
and 183 m are consistent with observations of high rates
of incidental catches in this depth range (Bisack and
Northridge 1993). It is unclear why porpoises use these
waters to a greater extent than other areas, but it may be
related to the distribution of their prey. This is an area of
study that may o�er considerable insight into the nature
of entanglement and factors that contribute to its risk.
We hope to obtain detailed information on harbour
porpoise foraging behaviour in relation to prey distri-
bution and bottom topography in the future.

The high degree of individual variability in the
movements of these porpoises has important conse-
quences for the practice of applying telemetry data to
both basic ecology and conservation problems. It is clear
that large data sets are required to capture the full extent
of variation among individuals of di�erent ages and
sexes. Our results are limited by the relatively small
number of porpoises we studied and the brief tracking
periods of some porpoises. A larger data set might reveal
other areas of the Bay of Fundy and Gulf of Maine that
constitute important habitat for these porpoises. Two
such regions identi®ed in the present study are the area
southwest of Grand Manan used by Porpoise No. 8 and
the Franklin Basin used by No. 7 during the late fall and
winter.

Finally, we note that this technology o�ers great
promise for the study of the ecology, behaviour, and
conservation of small cetaceans. Our observations rep-
resent the ®rst satellite telemetry data obtained from
harbour porpoises and the longest period of satellite
contact yet obtained from a cetacean (212 d). Despite
the limited time that porpoises spend at the surface, it
was possible to obtain reliable location estimates from
most porpoises on most days. It was not possible to
make any objective assessment of the e�ects of PTT
packages on tagged porpoises. Over the course of the
longest deployment (212 d, No. 7) we noted a signi®cant
increase ( p < 0.01) in the average daily distance trav-
elled and a signi®cant decrease ( p < 0.01) in the pro-

320



portion of time spent at the surface. Neither of these
®ndings are consistent with trends one might expect
from a sick individual, suggesting that any e�ects were
within the tolerance limits of harbour porpoises. Utili-
zation of two tags (VHF and PTT) enabled us to relo-
cate porpoises after release and to modify and improve
the tag design after identifying a problem. The side-
mounted design holds more promise as a long-term
attachment con®guration. We believe that the short lon-
gevity of the front-mount design resulted from increased
drag, as measured from mock tags in wind tunnel testing
(Brad Hansen, National Marine Mammal Laboratory,
Seattle, Washington, personal communication).

These data provide new insights into the movement
patterns of harbour porpoises. Porpoises do not con®ne
their movements to the Bay of Fundy during the sum-
mer but also utilize extensive parts of the Gulf of Maine.
Generally, porpoises made relatively fast linear move-
ments between apparently productive habitats where
they then remained for extended periods. There was a
high degree of individual variability in porpoise move-
ments and there was no evidence that porpoises engaged
in a coordinated migration out of the Bay of Fundy/
Gulf of Maine during the autumn. The movements of
porpoises from Canadian to US gillnet ®shing areas
shows that they are at risk of entanglement for a signi-
®cant portion of the year. These movements underscore
the trans-boundary nature of this population and em-
phasize the need for co-ordination between management
agencies in Canada and the USA in resolving con¯icts
between porpoises and gillnet ®sheries.
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