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ABSTRACT

The diel activity and nocturnal movements of the American lobster, Homarus
americanus, were studied using a fixed hydrophone array tracking system at Broad Cove,
Conception Bay, Newfoundland. Twenty lobsters tagged with ultrasonic transmitiers were
monitored al various times between September, 1987 and August, 1990, providing 291
nights of tracking data of which 246 were complete (i.c. un animal was monitored for the
entire period of darkness).  Positional information on active lobsters was recorded every
two minutes, providing both temporal and spatial information on activity and movements.
It was assumed that tagging did not have a pronounced or prolonged effect on the activity
or movements of subjects.

Lobsters were active on 28.5 % of all tracking nights. Time of onset of activity in
the initial shelters averaged 1.5 h after sunset while time of onset of movement from them
averaged 2.4 hafter sunset. Lobsters were active at or within the final shelter an average of

52 min while the average time of cessation of activity at the fina! shelter was 5.7 h after

sunsel. The duration of the activity period, which corresponded to the interim between

onsel of activity at the initial shelter and cessation of activity at the final shelter, ranged

from 6 min to 12.8 h with a mean of 4.0 h. Total out-of-shelter time ranged from 4 min to

12 h with a mean of 2.3 h. The out-of-shelter period was ized by or
stationary behaviour.  Behaviour was considered stationary if the transmitter position
remained the same for a minimum of five minutes. Otherwise, the lobster was considered
1o be moving. Average movement limes and out-of-shelter stationary times were 1.3 h and
1.2 b, respeetively, while respective ranges were 4 min to 6 h, and 0 to 10.2 h.

ation within and between individual lobsters with

‘There was also considerable v




respect 1o distance moved. Two measures of dis

ance were caleulated: the maximum

distance (MD) of a lobster from al shelter and the approximate total distance (A'TD)

moved by a lobster while out-of-shelter. The ave of maximum distance from the

initial shelter and approximate total di

ance moved were 24 and 64 m, respe

ively. The

respective ranges of these two variables were 2 1o 74 mand 5 10 361 m. On average, large

il

ce of 27 m from the ini

lobsters (> 81 mm ca ce fength) moved a maximum di: al

shelter compared (o 21 m for small individuals (< or = 81 mm carapace length). Average

approximate total distance moved was essentially the same for both size groups.
Movements were cither simple (mostly straightline movement with little or no path
crossover) or complex (numerous abrupt dircetion changes with much path crossover).
Both types were characterized by exiensive, wide-ranging patiems and restricted. tight
palterns.

Thirty percent of the lobsters returned to the same shelter on the same night while
25 % of the lobsters returned to a particular shelter after periods of absence exceeding one
day. Certain shelters appearcd to be preferred by cither one individual or numerous

individuals. Shelter fidelity was quite variable between individuals. Some lobsters used

the same shelter numerous times while others changed shelters during cach activity bout.
The average entrance height : width ratio of shelters occupied (0.96) by monitored lobsters
was only slightly lower than that of unoccupicd sheliers (0.97).

as with boulder and

Over seventy percent of the total stationary time occurred in ar

outerop substrate. The greatest percentage of otal stationary time (49 %) oceurred in areas

with scattered horse mussel and green sea urchin distributions.,
Large lobsters (> 81 mm carapace length) moved more frequently (32.5 % vs. 28.8

%) than smaller ones (< or = 81 mim carapace length) but the smaller individuals averaged

i



longer activity bouts (5.1 h vs. 2.8 h). Large males (35.3 %) and small females (38.7 %)
were active more [requently than small males (21.4 %) and the large female (21.3 %).

Tagged ovigerous and molted individuals displayed activity consistent with the behaviour

described in literature for lobsters in these i iti Tagged il
were less active at times of oviposition and molting.

In general, activity was greatest at times when water temperature cxceeded 8° C
(aller July 1). Storm events sometimes resulted in the downslope movement of tagged

mdividuals. Lobster activity was slightly higher at times of new moon and first quarter

moon compared to times of [ull moon and last quarter moon.
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INTRODUCTION

The American lobster, Homarus americanus (Milne-Edwards), is a decapod
crustacean distributed throughout the waters of the continental shelf of the western North
Atlantic from the Strait of Belle Isle to South Carolina (Herrick 1909; Phillips et al. 1980).
Known depths at which it is found range from | m below low tide to > 700 m in submarine
canyons ofT the Continental Shelf, south of the southern Scotian Shelf (Herrick 1909;
Cooper and Uzmann 1980; Phillips et al. 1980). This species is important for both

commercial and scientific reasons. It has been a valuable target species for major fisheries

in both Canada and the United States since about 1840 (Dow 1980) and has therefore been

the subject of numerous scientific igali Besides its ial i the
American lobster represents an “excellent and fertile substrate for physiological,
biochemical, and neurobiological research” because it is large, long lived, abundant and

ecologically consequential (Phillips et al. 1980).

1.1 Lobster Movement
‘The broad aspects of American lobster life history and behavior are relatively well
known. Studies under both natural and laboratory conditions have provided much

information about this animal. An aspect of the American lobster’s behavior which has

received much atiention is its patiern of movement, especially over distances measured in

kilometers (i.c. migration). Migration can be defined as dirccted simultancous movement

by a large segment of a population over large distances, usually on a scasonal basis (Ennis,

pers. comm.). Some lobsters migrate to deeper water during the winter months and back
inshore to shallower, warmer water in the springtime (Uzmann et al. 1977; Fogarly et al.

1980; Campbell and Stasko 1986). Various populations display different scales of



migration. American lobsters which display large scale migration include those on the
Scotian Shelf (Campbell and Stasko 1985 Pezzack and Duggan 1986: Campbell 1989), in
the Bay of Fundy (Campbell 1986: Campbell and Stasko 1986), off Prince Edward Island
(Wilder 1963), and off the northeastern U.S. coast (Morrissey 1971: Fogarty et al. 1980:
Krouse 1980). Lobsters tagged off Grand Manan, for example, showed scasonal shallow-
deep movements exceeding 20 km, with recaptures in shallow water (< 20 m) during
summer-fall and in decp water (> 200 m) during winter-spring (Campbell 1986). Some
lobsters display homing behaviour as evidenced by their retur (o essentially the sume

region after more than 10 months and 200 km of movement (Pezzick

and Duggan 1986).
Others appear to be more nomadic, seeming to move inshore and offshore in o more
random fashion without homing to previously visited locales (Harriman 1952; Spurr
1974).

Similar migratory behaviour is evident in other lobster species. The rock lobster,
Jasus edwardsii, for cxample, which was monitored through tagging studies in New
Zealand, reportedly migrates scasonally over distances exceeding 20 km (Street 1969;
Annala 1981; McKoy 1983; Annala and Bycroft 1993).

Stasko (1980) discussed the hypothesis that lobslers in the Gulfl of St. Lawrence
and around Newfoundland do not undertake long distance movements. He concluded that
lobsters in the southern Gulf of St. Lawrence appear to be restricted in their movements
with the average distance betweer release and recapture heing < 15 km, and that they may
also undergo seasonal short-distance movement between shallow water in the summer and
giccp water in the winter. Lobster size appears to be an important factor in the extent off
m::vcmcm since larger, sexually mature individuals demonstrate the most migratory

behaviour (Krouse 1980). Stasko (1980) reported that Newfoundland lobsters appear to



be restricted o shallow waters, mostly in Jarge bays, with no demonstrated movement
between bays, and that they exhibit short-distance scasonal movements between shallow
and deeper water (Stasko 1980).  Iowever, some individuals do disperse considerable
distances (Templeman 1935, 1940). Ennis (1983) also reported that the depth distribution
of Newfoundland lobsters changed scasonally, but usually the extent of the upslope-
downslope movements is less than 100 to 200 m.

While some data has been obtained on the time of peuk diel activity and the usc of
specilic shelters (Ennis 1983, 1984a; Karnofsky et al. 1989a, 1989b; Haakonsen et al.
1993), a gap exists in our understanding of the fine-scale localized movement of lobster.
For example, little is known about the frequency of movement of individuals, the temporal

and spatial extent of their or the functions of f-shelier activity. Need for

the study of these aspeets of activity and the potential value of ultrasonic telemetry in such
studies was identified by Caddy and Campbell (1986).

Numerous studies in both the laboratory and ficld have shown that Homarus
americanuy s primarily nocwrnally active (i.c. moving outside of the shelter during
periods of darkness) (Zeitlin-Hale and Sastry 1978; Ennis 1983; Lawton 1987; Karnofsky
et al. 1989a; Koike et al. 1993; Spanier et al. 1994). Such nocturnal activity appears to be
characteristic of other specics of lobster, including Nephrops norvegicus (Chapman and
Johnstone 1975), Panulirus cygnus (Jemakoff 1987; Jernakoff et al. 1987; Cobb 1981),
Panulirus argus (Kanciruk and Herrnkind 1973), and Jasus spp. (Fielder 1965; Williams

and Dean 1989). Generally, out-of-shelter activity peaks shortly after dusk and continues

at lower levels for a variable portion of the remainder of the dark period. Ennis (1983,
1984a) reported a peak in activity about 2 to 3 hours after the onset of darkness, and a

subsequent lessening in activity before dawn based on a series of year-round diurnal and



nocturnal SCUBA surveys of a lobster popula

on in Bonavista Bay, Newloundland. 1le

reported that the duration of out-ol-shelter activity was highly variable and he speculated

that the length of nocturnal activity of individuals is reluted to

ilability of food.
The limited data available also indicate that the distance moved on a given night can
be quite variable. Cooper and Uzmann (1977) found that individuals rarely moved > 300

m but they observed one American lobster that moved almost 2000 m in one night.

MacDiarmid et al. (1991) reported maximum nightly movement distances by male and
female spiny lobster (Jasus edwardsii) of 87 and 99 m, tespectively. Ninety five pereent of
the western rock lobster (Panulirus cygnus) monitored by JernakofT et al. (1987) moved

between 72.5 and 585 m per night, the median dis

ance being 310 m per night.

Environmental factors other than light intensity which appear to alfect the activity of

American lobs

er include water temperature (Herrick 1909; McLeese and Wilder 1958;
Ennis 1984a, 1984b) and turbulence/turbidity induced by storms (Ennis 1983,
pers.comm.). Nocturnal activity increases with increasing water emperature and remains

relatively high until waler (emperatures begin to drop.  Lobsters sometimes move

downslope in apparent response (o a substantial increas

in water turbulence and lrbidity

and later return to upslope locations once the storm effects have subsided (Ennis 1983).
Out-of-shelter activity is presumably primarily related to foraging and activitics

relating to mating and territoriality (Phillips ctal. 1980) but it has also heen suggested that

lobsters move simply to familiari with the ling benthic habitat
(Karnofsky ct al. 1989a).

Lobsters forage on a varicty of prey including crabs, molluses, sca stars, sea

urchins, polychactes and fish (Ennis 1973; Carter and Steele 1981a, 1981b; Elner 1980;

Elner and Campbell 1987). Sclection of prey appears to depend on different factors which



include lobster size, prey size and availability, and the lobster molt stage. Although the
American lobster has been described as an opportunistic feeder (Weiss 1970; Cooper and
Uzamann 1980), numerous studics have shown this species” selectivity in foraging (Evans
and Mann 1977; lirtle and Mann 1978; Leavitt et al. 1979), especially at critical stages of

the molting cycle. Seasonal shifts in prey may be ible for

seasonal changes in activity patterns.
Moody and Steneck (1993) reported that American lobsters frequently carried prey

back toashelter rather than cating it at the site of capture.

1.2 Habitat and Shelter Preference
During the first few years of benthic life, American lobsters of the approximately 5
10 40 mm carapace length range are strongly associated with habitats which provide cover

als (¢.g. cobble and small boulder) (Wahle and Steneck 1991) but this

for small ani

association decrease:

as they grow, presumably due to reduced risk of predation (Wahle
and Steneck 1992) and an increased ability to modify the substratum (Wahle 1992a).
However, larger lobster (carapace length > 35 mm) are most frequently found on substrate
with some boulder or other cover (Wahle 1992a). Cobb (1971) found that American
fobsters gencrally oceupicd shelters in which height of the opening was less than the width,

resulting in lower profile shelters. He described significant relationships between lobster

e and shelter size, specifically the arca of the opening. ~ Spanier and Zimmer-Faust
(1988) reported that spiny lobster (P. interruptus) preferred shelters with small entrances
relative to the inner shelter diameter,

Stewart (1970, 1972) described two lypes of space use behaviour in American

lobsters based on his observations of shelier occupancy - transient and resident. He



defined transient behaviour as the occupation of different shelters for short periods and
resident behaviour as the occupation of the same shelter for an extended period. Ennis

(1983) and Karnofsky et al. (1989a) noted botitypes of behaviour in Newfoundland and

chuscits lobsters.  While past studies have indicated pa

icular requirements for
shelter by adult lobsters, they have provided litle information on the long term use of

shelters by indi

uals.

Homing behaviour, exhibited by both transient and resident lobsters, is

characterized by periodic excursions from a shelter and the subsequent retum to the original
orto a nexiby shelter (Chitticborough 1974 Ennis 1983: Jernakoff 1987), Homing can
occur after an absence of a few hours or several days. Data on this topic has been limited
todate.

Observations of American lobster homing on a localized scale under field conditions.
include thosc by Ennis (1983, 1984a) and Kamofsky el al. (1989a). Ennis reporied
individuals who retrned to the shelters that they had lelt the same night as well as
individuals who retumed to shelters after lengthy absences.  Kamofsky et al. conducted

three homing experiments in which they removed individual lobsies

[rom their shelters and
then released them about 40 m away. In all three homing trials, (he lobsters retured to
their home shelters within 24 h.

Various techniques have been used to study the fine-scale sctivity and movement
patierns of lobsters. The studics by Ennis (1983, 1984a) employed SCUBA and direct
observation, Ultrasonic telemetry, on the other hand, can provide continuous monitoring.

In another approach, Karnofsky ct al. (1989) attached strobe lights o the

lobster to monitor their movements. While these

udies provided valuable data, they had

shortcomings, especially witli respect (o the di i nature of the monitoring or the



small number of animuls obscrved. Spanier et al. (1994) used a remotely operated vehicle

(ROV) 10 observe the behaviour of Americun lobster but this is costly and provided limited

results. Telemetry was also used by Chapmnan and Johnstone (1975) and Jernakoff et al.

(1987) in their studics on the of M. icus und P. cygnues, resp

Chapman and Johnstone used ultrasonic telemetry while Jernakoff et al. used an

cleciromagnelic telemelry system. This clectromagnetic system involved' the detection of
pulses of electromagnetic energy by aerials installed on the scabed. Signals were relayed to
a receiver and monitored on an oscilloscope. However, the small reception range of these
signals requires many acrials 1o cover a rather limited study area and, therefore, more

system maintenance (Phillips ctal. 1984),

Ultrasonic transmilters have been used in the past to investigalc movement by large

decapod crustaceans butonly on a limited basis (.und and Lockwood 1970, Haakonsen et
al. 1993).

‘The approach taken in the present study was to use a fixed hydrophone tracking
system that enabled individual lobsters to be tracked for loag periods from a shore based

f: . This has some advantages over the previous systems used. The slow rate of

movement by lobsters on the bottom is well suited (o this type of tracking system which is
most sensitive horizontally along the sea bed (Hawkins et al, 1980). These conditions are
ideal for the collection of data on such parameters as distance moved, ratc of movement and
direction of movement. Preliminary tracking indicated that tagged lobsters tended to remain

within the array area forexiended periods but in the event that animals became more widely

ranging, hydrophones could be moved relatively easily to enlarge the array area. The
hydrophones could be sited in relation to the sea bed topography to minimize signal

blockage and indircct signal reception (through the sea bed) and thereby maximize the



accuracy of time delay measurement (Hawkins et al. 1974). Another sigail

anl

advantage
of this tracking lechnique is that signal data can be recorded on site and then subjected to

more detailed analysis ata ler time,

Although underwater biotclemetry requires the use of an extensive eleetronic

system, the components (transmitters, receiving systems, dat

a loggers, ele.) have become

better designed and more user friendly. This method's

apability to provide continuous

data and, therefore, a more complele representation of an animal’s activity far outweighs its

added logistics and expense.

1.3 Objective of Present Siudy
During this study, ultrasonic tracking was used to monitor the movements of
individual American lobster during their nocturnal activity periods for extended times. The

general objective was to provide a more detailed description of the temporal and sps

components of the behaviour of individual lobsters in their natral environment. Specific

questions which were addressed included the following:

1. Howoften do individuals display out-of-shelter activity*?

2. When do individuals initiate movement from shelter and how long do they
remuin out of shelter?

3. How is out-of-shelter time apportioned between moving and stationary

behaviour?

Ed

How far do individuals move while out-of-shelter?
5. Do lobsters spend varying amounts of time in areas with different substrata

and macrobenthos distributions?



6. What, il any, are the differences between seldom occupied and often occupied
shelters?

7. Do lobsters demonstrate shelter homing after short-term and long-term

absences?
8. Are there different trends in activity between lobsters of different sex

and size?

9. Are there different trends in lobster aclivity under varying environmental

conditions?

Methods used in past investigations of this type of activity were unable to produce

the real-time data and detailed activity pattems made ble by ultrasonic tracking. While

this study is largely descriptive, results do suggest numerous dircctions of subsequent

research. In a continuation of my work, more specific hypotheses concerning homing,

shelter selection and resource use, and the possible effects of environmental and biological

paramcters on lobster activity, can be generated and tested.



MATERIALS AND METHODS

2.1 Tracking System
Field studics on the activity and movements of mature American lobster were

conducted in Broad Cove, Conception Bay, Newfoundland (Figure 1), A fixed

hydrophone array tracking system. similar to that described by Hawkins et al. (1974
1980), Clark and Green (1990), and Bradbury (1993), was used to track individual

lobster. The hydrophone array consisied of four ommnidirectional hydrophones mounted in

aluminum frames on the sca floor at depths of 8 - 12 m. Hydrophones were raised ahove

the seabed by about 1 m to limit the amount of signal blockage which oflen occurs when

working with specimens which live on the substrate (Urqubart and Smith 1992). Lobsters

were tagged with eylindrical ultrasonic transmilicrs (VEMCO Ltd.) me:

ring 48 mm in
fength and 15 mm in diameler with frequencics ranging from 54.6 (o 76.8Kl1z. Receplion
of a transmitter by at least three hydrophones was necessary to determine the lobster’s
position.

Hydrophones were connected by cable to a 4 - channel telemetric receiver located
onshore in the field station at Broad Cove. The receiver filtered out extrancous background

noise and passed the cleancd signals 10 a four - channel oscilloscope. The oseilloscope

displayed time intervals (or time delays) between the reception of the signal by the first
hydrophone and its reception at subsequent hydrophones. Each time delay could be
translated into a hyperbola between the two hydrophones (using the speed of sound in
water). The interscction point of the two hyperbolae translated from the two time delays
indicated the position of the lobster. Delay times were recorded by hand 1o the nearest

millisecond. FISHTRAK, computer software written by Prof. M. Bruce-Lockhart (Dept.



Figure 1. Location of study arca (gridded region) in Broad Cove, Conception Bay,
Newfoundland.
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of Engincering, Memorial University of Newfoundland), used the delay time to calculate
the position of the transmitter. FISHTRAK calculates the position of a transmitter to within
a theoretical distance of 0.1 m. However, delay times were only measured to the nearest
millisecond, limiting the accuracy of positioning to about 1 m. Therefore, position fixes
caleulated by FISHTRAK were rounded off to the ncarest meter. The arrangement of the
four hydrophones usually allowed the location of a tagged lobster with this accuracy within
the study site described below. This accuracy was decreased when background noise was
high due to heavy scas or when i tagged lobster was sheltered among rocks.

Suspect readings recorded from the oscilloscope were removed from the data
ihrough visual inspection. These readings would infrequently occur because of random

noise or poor signal transmission or reception.

At least three times per year throughout the study, the tracking system’s accuracy

was ground-truthed. This was ished by placing itters at known locations

relative to the array system. Commonly used fixed positions were the northeastern corner
of the castern-most wharf (position 0, 50) and the *point” (position 290, 65) (Figure 1).
Positions of the transmitter caleulated from the time delays were then compared to the
known positions of these sites.

The hydrophone array covercd the study site - a 120 m x 100 m area ranging in
depth from 3.4 1o 134 m (mean low water, MLW) (Figure 2). Between May 1990 and
August 1991, this arca was mapped on a cell by cell basis (each cell measured 5 m x 5 m)
in terms ol bottom topography, faunal cover, water depth, and lobster shelters. Three
quadrants (cach 60 m x 50 m) were surveyed in 1990 while quadrant ‘D was surveyed in
1991, Two permanent transect lines were placed on the bottom; one (T1) extended from

position 180, 100 to 300, 100, and the other (T2) extended from 240, 50 to 240, 150.



Figure 2. Depth contours and locations of | nd rock oulerop,
hydrophones and debris of human origin at the study site in Broad Cove,
Newfoundland. The bottom survey was performed in 1990 and 1991.






These lines partitioned the study arca inta four sectors, each one measuring 60 m x 50 m.
Both permanent lines were marked off every 5 m. Beginning at the point of interseetion of

T1 and T2 (240, 100), a movable line. also m:

ked off in 5 m increments, was run

perpendicular to T1 at cach of the § m marks. This was don on &

clor by sector

A composite map was developed using the 480 cells.

2.2 Description of the Study Site

The bottom slopes graduatly scaward to the outer edge of the

at position 246, 75 to 275, 74 where there is an abrupt depth change (dropoff) from 4.0 t0

6.5 m (Figure 2).

Bottom topography in the study arca consisted mainly of bedrock outerops and
sand interspersed with regions of small (o large boulders and cobble (Table 15 Figure 3).

Depending upon the predominant subs

e type, cach cell was categorized as: 1) sand; 2)

sand with boulder and/or cobble; 3) cobble with boulder and/or outcrop; 4) outerop; and §)
boulder and outcrop.
The predominant animals in the study arca considered to he prey for lobster were

horse mus

Is (Modiolus modiolus) and green sca urchins (Strongylocentrotus

drochachiensis). Oc

asional scastars (Asteria

v spp.) were encountered but their numbers

were low compared with mussels or urchins. The number of horse mussels at any one site
in the study arca varied from 0 to dense beds (arcas where individual mussels contacted
adjacent ones). Sea urchins were also absent in some cells while covering as much as 25%

of the bottom in others.

Based on a visual estimate of the density of horse mussels and sca urchins, cach

categorized as one of the following: 1) mussel beds with urchins; 2) mussels only

16



“Table 1. Percentage cover of various substrate types and horse mussels and sca urchins
within the 120'm x 100 m study site at Broad Cove, Newfoundland. Sce
text for description of how the survey was done.

Substrate Description Arca Proportion of
Type (m2) study site (%)
S Sand 50 10.4
SBC Sand with boulder and/or cobble 82 17.1
BO Cobble with boulder and/or outerop 55 1.5
0 Outerop 36 75
BO Boulder and outcrop 257 535
Macrobenthos  Description Arca Proportion of
Type (m2) study site (%)
MB Mussel bed with urching 37 7.8
M Scattered mussels 4 08
MU Scattered mussels and uiching 262 54.6
u Scattered sea urchins 144 300
NmU Neither mussels nor urchins 33 6.8

Sand - Loose materials col
Cobble - Rock fragment between 64 and 256 mm in diameter.
Boulder - Rocl giment > 256 mm in diameter.

Outerop - Naturally protruding rock bed.

¢ of graing < 4.0 mm in diameter.

(definitions from Owens, 1977)



Figure 3. Distribution of substrate types within the study site at Broad Cove,
Sce text for ion of how survey was conducted.







(scattered distribution); 3) muss

s (8

(scattered distribution); or 5) neither muss

attered distribution) with urchins: 4) urchins only

Is nor urchins (Table |

e 4). Categories 2

and 3 had the same estimated density of mussels.

As cach cell was mapped, all potential lobster shelters were marked with number

painted rocks and measured for entrance height and width and shelter length. It was also

al evidence

noted whether a shelter had been excavated. Excavated shelters showed physi
in the form of removed substrate while non-cxcavated shelters cither lacked such evidence

or were on hard substrate. Excavated shelters were not necy

arily prep:

1 by Tobster

since cel pout (Macrozoarces americanus) also excavate similar shelters. Regardless of the

H

original excavator, these shelters could be used by either animai. Whether a sheller was

occupied by a lobster at the time of the survey was also noted.

2.3 Tagging

Transmitters (VEMCO Lud.) emitted pulsed signals at frequencies of 52 - 69 kllz

with pulse rates between 50 and 60 pulses per minute. The length and weight of the
transmitters were 60 mm and 8 g, respectively. Each transmitter was marked with an
identificr number and a contact phone number in case of capture of (he lobster in a
fisherman’s trap. Tranmitters used in 1987 and 1988 had non-replaceable batteries while
those used in 1989 and 1990 had removable batteries. Battery life was approximately
twenty-one days, depending on ambient water temperatures.

Lobsters were captured within the study area by SCUBA divers and then returned
1o shore for transmitter attachment. The main criterion for lobster selection was that they
were large enough for transmitter attachment. The smallest animat tagged had a carapace

length of 69 mm and the largest had a carapace length of 109 mm. Animals were measured



Figure 4. Distributions ol horse mussels and sea urchins within the study site at Broad
Cove, Newloundland. See text for explanation of how survey was conducted.
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for carapace length and sexed prior to commencing the tagging procedure. The dorsal side
of the carapace was dried and lightly sanded to provide a better surface for epoxy adhesion.
The tag was attached to the lobster with a rapid set epoxy resin such that the transmitter end
was oriented towards the rostrum of the animal (Figure 5). This orientation maximized the
chances of signal detection when the animal was near the mouth of the shelter since lobsters
orient themselves with their head toward the shelter opening.  After tagging, the lobster
was kept on shore under moist conditions (kelp or moist cloth cover) until the epoxy had
sel (approximately 15 min). It was then returned to the capture site, usually a shelter, and
held for one or two minutes until a good set of time delays was recorded. The animal was
then released into the shelter from which it was taken,

Twenly lobsters were trucked at various times during the periods of September 16
to November 25, 1987; June 7 to November 27, 1988; May 12 to September 27, 1989;
and Junc 20 to August 29, 1990. This provided 291 nights of tracking data, 265 of which
were complete (i.c. an animal was monitored for the entire period of darkness). Individual
lobster tracking periods ranged from 4 to 86 days while the number of actual tracking
nights for individuals ranged from 4 to 63. In 1987 and 1988, only one lobster was
tracked at any onc time. In 1989, there were periods between July and September when
two animals were tracked simultancously, and in 1990, three lobsters were tracked at the

same time from June to July.

2.4 Activity
Several measures of lobster activity were calculated, based on positional data

recorded every two minutes during the animal's activity period. Positions could only be

caleulated if a signal was received by three itoring on a



Figure 5. Posil}un of ultrasonic transmitter on lobsters tagged at Broad Cove,
'wiou
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basis was not begun until one hour prior to sunset since lobsters become most active

the onset of darkness.

When a lobster was in its shelter, cither no si

il was received or a weak audio

signal was received on one or more hydrophones. When it moved to the shelter mouth, the

audio signal usually increased markedly. The time of signal strengthening was called

‘onset of activity'. Somictimes the signal was strong enough to be received by three

hydrophone:

esulting in consistent time delays.  Usually, consistent time delays were

reccived shortly after the marked increase in the audio signal. ‘The time from increase in

audio signal to changing time delays (indicating position change or movement) was called

initial shelter time”. It was not possible to distinguish between when it lobster was actually

in or just outside the shelter,

The time when time delays started to change was called *onset of out-ol-shelter
activity’. The distinction between out-of-shelter stationary time and movement time was set

at 5 min without a position change. Although somewhat arbi

ary, this was based primarity
on obscrved rates of movement by tagged lobsters which, on average, were low. 11 time

delays were changing at least every five minutes, a lobster was considered to be moving

and these periods were called * time’. Any [~shelter period ling live
minutes during which time delays did not change was called ‘stationary time’, Fach
stationary period, regardless of duration, was called a *stop”. A lobster was considered (o
be out-of-shelter until such time that the signal weakened and remained so for a prolonged
period (i.e. > 10 min). Usually the signal would disappear from the oscilloscope and then
the audio signal would sharply drop. The period between when the last movement
occurred and the loss of or sharp drop in audio signal was called *final shelter time”. The

time of finul audio signal loss was called *

sation of activity'. ‘The oscilloscope signals



were generaully strong just prior o when a lobster entered a shelter so it was possible to
caleulae the shelter's position. In some instances, the occupancy of a particular shelter
wars verified the following day with a handheld hydrophone while SCUBA diving or

snorkelling.

Onset of activily, onset of out-of-shelter activity (movement), and ce:

activity were expressed in relation to the official timz of sunset.

“Total activity time” was defined as the period between onset of activity and
cessation of activity: i.e, the sum of initial shelter time, movement time, stationary time and
final shelter time.

ion during which a lobster

An “active night' was defined as any monitoring scs

moved outside of its shelter. Occasionally, « lobster moved towards its shelter mouth, as

indicated by a strengthening of the signal, yet did not show any change in position.

Monitoring sessions with only this type of behaviour were not considered active nights.

ions classified as active

*Pereent active nights” refers to the proportion of all monitoring s

ts.

The majority of monitoring sessions lasted for the entire period of darkness.

However, some sessions did not include the entire period of darkness and were called

“incomplete monitoring nights’.  On some monitoring nights, loss of signal was
misinterpreted as a lobster entering its linal shelter for that night. This became obvious

ions did not

when they were found in a different shelter the next day. Although these s
record all Tobster activity on a given night, they did monitor a full *bout’ of activity. That
is. a lobster left its shelter and eventually entered another (i.e. weak or no signal).
Therefore, vesults were presented on the basis of fully monitored activity bouts. Sencral

tesults from fully monitored active nights were also presented but when addressing specific

27



temporal and spatial activity. a Its were from fully monitored activity bouts unles

otherwise stated
Two measures of distance moved by lobster were recorded. They are the maximum

distance of a lobster from its initi

| shelter and the approximate total dis

nee moved by a

lobster during an activity hout. These two measures will be referred 1o as *m

ximum
distance’ (MD) and ‘approximate total distance” (ATD), respectively. Maximum distance is

the straightline distance between a lobster's initial shelter and its positional fix furthest from

1 dis

the initial shelter. Approximate total distance was caleulated by summation of ces
between consecutive positional fixes recorded every two minutes during an activity bout.
Any time that a lobster made a directional change which exceeded 90°, the event was called
n “abrupt turn’.
Individuals of vericbrates and the higher inveriebrates commonly restrict (heir
activities to a definite area, called the ‘home range” (Odum, 1971). The movements of’

frequently active tagged lobsters were considered in relation to home ranges.

2.5 Biological Variables

Lobsters were divided into two groups based on carapice length. A smaller lobster
was one with a carapace length of 69 to 81 mm while larger lobsters exceeded 81 mm.

This dis

fiminating size provided a relatively even division of the monitored nights of

tagged animals. The 81 mm length represents the minimum commercial for lobster in

at which female lobsters in

Newfoundland and coincidentally approximates the
Newfoundland waters become sexually mature (Ennis 1980).
Tracking was divided into three time periods; before July 1, July 1 to August 15,

and after August 15, These periods were based on findings by Ennis (1973) on scasonal
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changes in scrum protein concentration for American lobster in Bonavista Bay,

Newl i Serum protein ions cun be dircctly Jinked to the molting stages

of lobsters. The tracking time periods *before July 17, Suly 1 1o August 15°, and ‘after

August 15" roughly correspond to the molting

ges inter-molt’, ‘pre-molt’, and *post-

moli/recovery’, respectively.

2.6 Environmental Conditions

Water lemperature was monitored on a daily basis during tracking in 1989 to 1990.
During the ficld scason in 1989, a Ryan thermograph situated on the sea floor immediately
offshore of the dropoff (243, 76) at a depth of 6.5 m provided temperature data.
‘Temperatures were monitored in 1990 by means of a thermistor probe at Hydrophone No.
3 (Figure 1). No water temperatures were recorded in 1987 while in 1988, readings were
recorded at least every second day with a standard mercury thermometer located at a depth
ol Sm.

Sea state was recorded at sunset of each monitoring night using the following
criteria: | =no wave action, 2=<0.25m, 3 =0.25-0.50 m, 4 =>0.50 m.

Moonphase data were obtained from the Observer's Handbook (Bishop ed. 1987 -

1990) resulting in the following criteria: NM = new moon # 3 days, FQ = first quarter £ 3

days, FM = full moon £ 3 days. LQ = last quarter + 3 days.
2.7 Aunalysis of Data
2.7.1 Mapping
All positional data were plotied using MINICAD, a computer aided design program

which can mimic a GIS (geographical information system) at a most basic level, Data



collected during the survey of the study arca were mapped onto various liyers using the

above software (c.g. various types of substrate, stand:

ardized water depth, focations of

physical obstructions, patches of prey, ete.). This made it pe

ble 1o view the Tobster

tracks in relation to various ff

atures of the study arca. For example, layering a lobster track
over the macrobenthos data indicated what benthos was present at stop sites. Interchanging

layers in this manner helped to provide i

pertaining to the nocturnal

of tracked lobsters.

2.7.2 Statistical analysis

Descriptive statistics were used to summarize the data. I addition to standard

deviation, the coefficient of variation was calculated to present the amount of v

b

associated with activity variables,

Correlation analysis was uscd to investigate the

sionship between maximum

distance from initial shelter and approxima

¢ total distance, and between lobster cara

pice
fength and the square root of shelter mouth arcat. “Fhe Mann-Whitney Unpaired U Test was

used to analyze characteristics of shelters used and unused by tagged lobsters.
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