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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.



ACKNOWLEDGEMENTS

[ 'would like to thank numerous people who a

d me during he seven years of

this thesis. Thanks to my supervisor, Dr. J. M. Green, for the infrastructure needed 1o

collect the data at Broad Cove as well as cedback on the manuseript. Dr. G. Eonis and

Dr. J. Brown, the other members of my supervisory committee, provided useful

encouragement and comment throughout the proces

Numerous folk provided diving and tracking assist

ance during the field work in
1988 to 1991, Divers included Kevin Cracker, Frank Boothroyd, Don Clark, John Creen,

Ralph Kuhlenkamp, Christine Campbell and Duane Barker. People who oceasionally

relieved me at the tracking station included Don Cl

and Thad Costigan. The tracking
cquipment was maintained and repaired by Bruce Cocker. Dr. M. Bruce-Lockhart
provided the computer softwarc which interpreted time delays.

A special thanks belongs to *Robbic” who lived nearby the tracking station. lis

youthful enthusi

m brought many a grin to my face.

Thanks to Dr. John Evans for introducing me to MiniCad. This software

contributed appreciably to this thes

Arother special thanks to Niki who put up with my constant complaining and the
frequent cheques written to pay continuance fecs.

Financial support for this study came from an NSERC grant awarded to Dr, J. M.
Green and a Biology Department graduate fellowship. Dr. G. Ennis, DFO, made available
several of the transmitters used in this study.

Finally, three cheers to the individual or individuals who were responsible for the

‘seven year limit’,



‘TABLE OF CONTENTS

Page

ABSTRACT i
AKNOWLEDGEMENTS v
TABLE OF CONTENTS vi
LIST OF TABLES . ix
LIST OF FIGURES Xi
LIST OFF APPENDICES xiii
1 INTRODUCTION 1
1.1 Lobster Movement 3 1

1.2 Habitat and Shelter Preference 5

1.3 Objective of Present Study 8

2 MATERIALS AND METHODS 10
2.1 Tracking System 10

2.2 Description of the Study Site 16

2.3 Tagging 20

2.4 Activity 23

2.5 Biological Variables 28

2.6 Environmental Conditions 29

2.7 Analysis of Data 29

2.7.1 Mapping 29

2.7.2 Statistical analysis 30

3 RESULTS 31
3.1 General Obscrvations of Lobster Activity 31

vi



3.1.1 Completely monitored activity bouts
3.1.2 Completely monitored active nights

3.1.3 Inactivity

Total Activity

3.2.1 Initiation of in-shelter a

vity and out-of-shelter movement

Initial shelter activity

3.2.3 Out-of-shelter activity

3.2.3.1 Movement
3.2.3.1.1 Temporal and spatial aspects
3.2.3.1.2 Directional changes

3.2.3.1.3 Net dircction of movements and depth
changes

3.2.3.2 Stationary (stop time)
3.2.3.2.1 Temporal and cnumeralive aspects

3.2.3.2.2 Use of different substrate and
macrobenthos types

3.2.3.3 Home range
3.2.4 Final shelter activity
3.2.5 Cessation of out-of-shelter movement and final shelter activity
Shelter Use
3.3.1 Distances between initial and (inal shelters
3.3.2 Homing

3.3.3 Shelter characteristics

vii

59
o
o0
o0
o8



3.4 Trends of Lobster Activity Possibly Related lo Biological and
Environmental Factors

4 DISCUSSION
4.1 Response to Transmitter Attachment
4.2 Lobster Activity
4.3 Shelter Use
4.4 Use of Different Substrala and Macrobenthos
4.5 Conclusion
5 REFERENCES
6 APPENDICES

viii

74



Table |

Table 2

Table 3

Table 4

Table 5

Table 6

Table 7

Table 8

LIST OF TABLES

umhm\ wnhm the l“() mx lo() m xuuly e
See text for description of how the survey was done.

Sex

, tracking period and percentage of active nights of the twenty
merican lobsters monitored at Broad Cove, Newfoundland,
1987 - 1990.

Ranges of maximum distance, approximate total distance, number of
stops and turns, distance between initial and final shelters, total activity
time, shelter times, movement times, stationary times, times of onsets
of activity and movement, and time of ce: ity for cach of
lwenty lobsters at Broad Cove, 1987-1990.
Included arc both complete and incomplete nights of monitoring

(all activity bouts)

Ranges of maimum distance, approxima otal distance, nuniber of
S0 ince between initial and final sheltes f

umc,.l\cllcr times, movement times, stationary times, times

of activity and muvcmcn(‘ and time of ces: [ activity for each of
twenty lobsters at Broad Cove, 1987-1990.
Included are only nights with f-shel
movement.

Post-sunsct times of f-shelter activit;

17

40

48

and
Nonparenthesized values refer to number of occurrences and parenthes
values refer to percentages of total number of occurrences.

Number of dircctional changes, net directions of movement and net depth
changes by lobsters at Broad Cove, Newfoundland, 1987 - 1990,

Frequency of lobster ‘stops’ and length of ‘stop time on different
substrate types within the study arca at Broad Cove, Newfoundland,
1987 - 1990.

Frequency of lobster *stops’ and length of *stop time’ on different

microbenthos types within the study arca at Broad Cove, Newfoundland,

1987 - 1990.




Page
“Table 9 Imlml and final shelters of cach observed lobster movement at Broad 63

¢, Newfoundland, 1987 - 1990. Included are distances between
ini .xl and final shelters, maximum distances of lobsters from their

. i : jtored night,
‘Moved’ = unobserved change of shelter followed by bracketed lincar
distance hetween observed final shelter and new shelter).

“Table 10 Shelters used by monitored lobsters, the number of times cach was used, 69
and the lobsters that occupied them at Broad Cove, Newfoundland,
1987 - 199

“Table 11 Minimum nunsber of shelters used and most often used shelters of lobsters 73
monitored at Broad Cove, Newfoundland, 1987 - 1990.



Figure |

Figure 2

Figure 3

Figure 4

Figure 5

Figurc 6

Figure 7

Figure 8

Figurc 9

Figure 10

Figure 11

Figure 12

LIST OF FIGURES

Page

Location of study area (gridded region) in Broad Cove, Conception
Bay, Newfoundiand.

Depth contours and locations of large boulders and rock outcrop,
hydrophones and debris of human origin at the study site in Broad Cove,
Newfoundland. The bottom survey was done in 1990 and 1991,

Distribution of substrate (yp\,s within the study site at Broad Cove,
Sce text for of how survey was conducted.

Distributions of horse mussels and sea urchins within the study site at
Broad Cove, See text for of how survey
was conducted.

Position of ultrasonic transmitter on lobsters tagged at Broad Cove,
Newfoundland.

Duration of activity (upper hi: (lower hi:
for all monitored bouts of 4 llvn(ynfmg;,n.d Tobsters.

Duration of out-of-shelter s
activity ol tagged lobsters.

ationary behaviour for all monitored bouts of

Approximate total di:
distance from
all bouts of activity.

ance moved (upper histogram) and maximum
clter (lower histogram) of tagged lobsters during

Duration of total activity (upper histogram) and movement (lower
histogram) for all completely monitored nights of activity of tagged lobsters.

Duration of out-of-shelter stationary hclmvmur for alt completely
monitored nights of activity of tagged lobsters.

Approximate total distance moved (upper histogram) and maximum
istance from initial shelter (lower histogram) ol tagged lobsters during
.\II completely monitored nights of activit;

Mecan percentage of total activity of in-shelter behaviour and out-of-shelter
stationary and movement behaviour during all monitored activity bouts
(upper graph) and all completely monitored nights (lower graph) of
tagged lobsters. Standard deviations are indicated by the vertical bars.

30

Ry

a8

43

44

46



Figure 13

Figure 14

Figure 15

Figure 16

Figure 17

Figure 18

Page

-of-shelter stationary time : movement time ratio of tagged lobsters 51
g all monitored bouts of activity (upper histogram) and all complete
s of tracking (lower histogram).

Out
du

Distribution of prospective lobster shelters in the study arca at Broad Cove, 61
Newloundland, surveyed in 1990 and 1991. Numbered asterisks refer to
toshelters which were occupied by monitored lobsters while unnumbered

ones are shelters which were not used by monitored lobsters during tracking
periods. Also shown are boulders and rock outcrop, hydrophones and

debris of human origin.

Distance between initial and final shelters of all tagged lobsters during 65
monitored bouts of uctivity (upper histogram) and complete nights ol
monitoring (lower histogram).

Mouth height : width ratios (upper histogram) and mouth arcas ( lower 71
histogram) of measured shelters occupied by tagged lobsters.

Movement paths of all out-of-shelter activiti t shelter 41, 75
Broad Cove, Newfoundland. Tagged lobsters involved mc]ur‘mM 5,8,
9,10, 11,12, 17 and 19.

Mean monthly water lemperaturcs % standard deviations (upper graph) 79
and pereentage of monitored nights with lobster movement against water
temperature (lower graph) at Broad Cove, Newfoundland, 1988 to 1990.




Appendix 1.

Appendix 2.

Appendix 3.

LIST OF APPENDICES

ly and cnvironmental data pertaining to the
ters monitored at Broad Cove, New foun
ach lobster is represented by bar graphs d
movement time, stationary time, maximum dis and .1ppr0\u|h\l-.
total distance movcd and a table displaying mean water temperat
S ng day. All nights with movement partially nl
cntirely within the <Iudy arca are plotted on th
lobster. Information provided by the plots include lobster 1.D.
dates including movement, movement paths, used shelters hmlldcl and
outcrop distribution, hydrophone locations, and bottom debris
origin. Symbols in tables displaying i Tact
include 1 (no waves), 2 (< 0.25 m), 3 (0.25 m - 0.
(first quarter moon), FM (full moon), LQ (last quarter moon), and NM
(new moon).

wking periods of all
d from 1987 to 1990
laying activity time,

Data on shelters occupied and not oceupicd by tagged lobsi
study _site al Broad Cove, Newfloundland, 1987 - 1990,  Shelter
specifics include substrate type (S = sand, SBC'= sand with boulder and/or
cobble, CBO = cobble with boulder and/or outcrop, O = aulcrop, BC
boulder and outcrop), microbenthos type (MB = nusscl bed with urchi
- J

s within the

urchins, NMU = ncither mu: nls nor un.hm\), entrang
width, shelter length, entrance height : width ratio, entrance area,
construction type (excavated (E) or not (NE)), and absence (A) or presence
(P) of lobster at survey time.

(cnulk.) lob\lcr (small or l.nrgc) lol ler sex X
male, small female, or large female), time of ymr(prxm ) .Iu]y ] July I -

L 15, after August [S), water lemperature (< or = 8°C, > 4
m, < 0.25 m, 0.25 - 0.50 m, or > 0.50 m), and mnnnph(m_ (hl\l
quarter, full moon, last quarter, new moon). Values presented are mean &
s.., range, and sample size. Only fully monitored bouts are included
cxcept for ‘percent active nights’ for which remaining fully monitored
nights are also included.

xiii



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
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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.



RESULTS

3.1 General Observations ol Lobster Activity

Frequency of out-ol-shelter activity was highly variable between individual lobsters
(Table 2). Ten of the twenty experimental animals moved from their shelters on at least 25
% of the nights during which they were monitored (Table 2).

Eleven of the seventeen lobster tagged between 1988 and 1990 exhibited activity on
the day of tagging (Table 2; Appendix 1). Two of these (lobsters 4 and 5) exhibited
unusual hehaviour, Lobster 4 initiated activity on the day following tagging 79 minutes
hefore sunset (Table 3; Appendix 1) Lobster 5 was active for almost four hours
immediately following tagging in the carly afternoon, and on the following day it initiated

activity over three hours prior to sunset (Table 3; Appendix 1). The other ten Iobsters did

not hecome active on the tagging day until after sunset (range of onset of activity = 16 - 366
min after sunset) (Table 3: Appendix 1). No other tracked lobster were known to be active

prior to sunsct.

3.1.1 Completely monitored activity bouts

‘Fimes after sunset ol onset of activity and onset of out-of-shelter activity for all
monitored ictivity bouts ranged from - 185 min (3.1 h) (negative value indicates time before
sunset) o 390 min (6.5 h) and 2 to 415 min (6.9 h), respectively (Table 3). Fifty percent
of observed onsets of activity occurred at least 72 min (1.2 h) after sunset while 50 % of

movement commenced at least |18 min (~2 h) after sunset. Activity ce

tion times ranged
from 5110 898 min (~ 15 h) after sunset (Tuble 3), the median value being 344 min (5.7

h).



Table 2,

Se ing period and percentage of active nights of the twenty Ametican lobsters
nmmlnrul at Broad Cove, Newfoundland, 1987 - 1990,

Lobster  Sex  Carapa cnglh cking Period “Tracking Active G Adtive
No. (mm) Nights Nights Nighis
| 3 81+ 16109/87 - 20/09/87 Ay 1
2 ? St+ 240087 - OS/WKT 11w 6
3 ¥ 81+ Q1187 - 25011187 14 3
4 M & OT06/8% - 170688 11 '
s F 70 24/06/88 - 15/07/88 17 5 ol
6 I 75 Q9711788 - 27/11188 16141 4 250
7 M " 12005/89 - 31/05/89 19 1 LS
) M 94 Q6/6/RY - 26/06/89 1914 O RIKY
) I 85 OJ0T/89 - 27/09/89 63 13 06
10 M s VTR - 24007789 Tm 2 2.0
I M 77 280789 - 30M08KY 23 1 ER)
7 M 104 13/09/89 - 27/09/89 T % 70
13 I 76 20/06/90 - 25/06/90 6 1 161
14 3 80 26/06/90 - 14/07/90 181y 9 500
15 M 78 26/06/90 - 07/07/90 12m 7 584
16 M 109 200690 - 1AOTHD 1310 3 231
17 M 105 17107190 - 20007190 +4 X 5.0
18 M 76 2307190 - 10/08/90 1242 0o S0
19 M 83 OTI0RM0O - 1RIORHO 8 | 125
20 F 77 2108190 - 29/08190 Tm 8 704
Total 291 3
Bracketed er to the number of ights, with incomplete taching

45 total w observed during 26 of them),
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“Total activity and movement times ranged from 6 1o 769 min (128 h) and 4 to 360 min (6
hy, respectively (Table 3). Filty pereent of all observed total activity times were 217 min
(3.6 h) or more while 50 % of all movement limes were 50 min or more (Figure 6).

Stationary times ranged from 0 to 612 min (102 h), with 50 % cxceeding 28 min
(Table 3; Figure 7). Initial shelter and final shelter times ranged from 0 to 255 min (4.2 h),
and G 10310 min (5.2 h), respectively (Table 3). Median values of time iu the initial and
final sheliers were 25 min and 22 min, respectively.

Proportions of total activity time accounted for by in-shelter and out-of-shelter
hehaviour were as follows. Initial shelter / total activity ranged from 0 to 0.92 while the
runge of final shelter / total activity was 0 10 0.73. Movement / total activity ranged from

0.03 (0 0.77 while the range of stationary / total activity was 0 to 0.80 (Table 3). The

shelter /total activity and final shelter / total activity proportions were
017 and 0.12, respectively. Movement / tolal activity and stationary / total uctivity
proportions had niedian values of 0.29 and 0.16. respectively .

Magimum distance and approximate total distance ranged from 210 74 mand 5 to
361 my, respectively (Table 3). The median maximum distance for fully monitored activity
bouts was 18 m (Figure 8) while the median approximate lotal distance for fully monitored
aclivity bouts was 46 m (Figure 8).

Abrupt turns and stops during the out-ol-shelter activity periods ranged from O to
15and 0to 13, respectively (Table 3). The median valucs for abrupt turns and stops were

2und 1, respectively.

3.1.2 Completely monitored active nights

Ranges of the lobster activity variables uddressed in the previous sceclion were much
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all monitored bouts of activity of tagged lobsters.
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Figure 8. Approximate total distance moved (upper histogram) and maximum distance
from initial shelters (lower histogram) of tagged lobsters during all monitored
bouts of activity.
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the same during completely monitored active nights as those for completely monitored
activity bouts (Table d). Figures 9 and 10 present range, mean # s.d., and median of total
activity time, movement time and stationary time of all completely monitored nights with

activity. Figure [1 presents runge, mean £ 5.d., and median of approximate total distance

and maximum distance of all completely monitored nights with activity.

3.1.3 Inactivity
‘There was no detected lobster rovement on 189 (77 %) of the 246 fully monitored

nights. Thirteen of the twenty tagged lobsters were inactive on more than 50 % of the

monitored nights (Table 2).  Inter-individual variation in frequency of activity was high.

Of the seven individuals tracked for at leas

sixtcen days, the least active lobster moved
only once in twenty-thee days (4 % activity) while the most active animal moved ninc
times in cighteen monitored days (S0 % activity) (Table 2).

There were nincleen instances of unobserved activity bouts during periods thought
to be fully monitored. Lobsters were found in shelters different than the ones they had

entered at the end of activity bouts thought to be their most recent.

“Tracking of lobsters 5, 7 and 9 provided reliable data pertaining to patterns of

activity of individual lobsters. Lobster 5 was inactive on only the third night of the first
four monitored nights. No movement was observed after Day 4 until Day 17, although

three of the intervening nights were unmonitored. However, the shelter at which activity

wa

nitiated on Day 17 was the same one at which activity ccased on Day 4. Either the

lobster remained in that shelter (#101) for thirteen days or it returned to it on one of the
three unmonitored nights.

Lobster 7 did not appear to move from its cupture shelter (#65) until sixteen days
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all completely monitored nights of activity of tagged lobsters.
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after tagging. Day 14 was an unmonitored night during this period. No more activity by
this animal was observed after Day 16.

Lobster 9 remained in its capture shelter until Day 4 of the monitoring period and
then became inactive until Day 8. No more movement was observed until Day 15 but it
was apparent that the animal had changed shelters at some time after Day 8. There was one

unmonitored night hetween Days 8 and 15,

3.2 Total Activity

Fifty percent ol the monitored lobsters had total activity times in excess of 410 min

(6.8 h). The average duration of lobster activity on fully monitored activity bouts was 239

min (4.0 h) (s.d. = 166 min).

With respect to the cight lobsters which had at Jeast five fully monitored activity
bouts (lobsters 5, 8,9, 12, 14, 15, 18 and 20 which will be referred to as *5+ lobsters’),
lobsters 14 and 15 showed the least variability in total activity time (range = 3.3 - 7.8 by
c.v, =0.28) while lobster 8 displayed the most (range = 6 min - 4.7 h; c.v. = 1.07).

Lobsters 14, 15 and 18 had the highest average activity times (> 5.5 h) while
Tohster 8 displayed the lowest average activity time (175 h).

Pereentages of total activity time accounted for by initial shelter time, stationary
time, movement time and final shelter time were similar for both fully monitored bouts and
fully monitored nights (Figure 12). Based on these results, the proportions of various
activities during an activity bout may closely reflect the activity type proportions during a

[ull night which could include mulliple activity bouts.
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stationary and movement hehaviour during all monitored houts (uppe
graph) and all completely monitored nights (lower graph) of tagged lobsters.
Standard deviations are indicated by the vertical bars.
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3.2.1 Initiation of in-shelter activity and out-of-shelter movement

Average times afler sunset of initial shelter activity and out-of-shelter activity onset
during all monitored activity bouts were 100 min (1.7 h) (s.d. = 106 min) and 151 min
(2.5 h) (s.d. = 103 min), respectively. During activity bouts, the average time difference
between the initiations of initiul shelter activity and out-of-shelter activity was 52 min (s.d.
=63 min) but on 50 % of the nights with movement, there was only a 25 min lag between
onset ol activity at the initial shelter and movement away from it. Over 50 % of all out-of-
shelter activity bouts commenced within the 2 h period following sunset (Table 5). Less
than 20 % of all out-of-shelter activity bouts began more than 4 h afier sunset. Times of

onset of movement were less variable than those of activity onset.

Oceurrence of out-of shelter activity peaked 2 to 4 h after sunset although the levels
during the 2 h blocks preceding and following the peak period were only slightly lower
(Tuble 5).

“There was considerable variation within and between individual lobsters with
respect o initiation ol activity and movement.
sociated with time

Of the *5+ lobsters, three had cocefficients of variation (c.v.

of onsel of activity which exceeded 1.0. Lobster 9 which moved at least thirteen times

fation time after sunset of 37 to 191

during its monitoring, exhibited a range of activity i
min (3.2 h) with an associated c.v. of 0.55. Converscly, lobster 18 which moved six
times, comntenced activity from 20 min before sunset to 29 min after sunset and had a c.v.
ol 146,

Length of time after sunset of movement initiation was also least variable with
lobster 9 (range = 44 - 240 min /4 b; c.v. = 0.48) and most variable with lobster 18 (range

=20 min - 4.7 hi c.v. = 1.04). Overall, this initiation time showed less variation than
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activity initiation as six of the *5+ lobsters” displayed ¢.v."s less than 1.0.

‘Times of activity initiation were quite different between the eight ‘5+ lobsters’. On
average, lobsters 8 and 12 did not initiate activity until more than 2 h after sunset while
lobsters 18 and 20 became active in their initial shelters an average of less than 40 min after
sunsel.

Of the *5+ lobsters®, average movement initiation times after sunsct were greatest
for lobsters 8 and 12 (> 2.5 h) and least for lobsters 18 and 20 (< 1.8 h). Average elapsed
times between activity initiation and movement initiation were greatest for lobster 18 (> 1.5

for lobster 8 (14 min). Average differeices for the other six lobsters ranged

) and le:

from 35 min to 1.1 h.

32.2 Initial shelter activity
During fully monitored activity bouts, lobsters, on average, were active within their

initial shelters for 50 min 61 min) before commencing movement. Fifty percent of

the monitored lobsters had activity times at the initial shelter exceeding 97 min (1.6 h). The
average percentage of total activity time which involved stationary time at the initial shelter
was 26 % (s.d. = 25 %) with 50 % of the obscrvations equalling or cxceeding 17 %.

All *S+ lobsters” showed a high degree of variability with respect to activity time at
the initial shelter. Lobster 8 had initial shelter time ranging from 0 to 50 min with a c.v. of
1.33. Lobster S, which had the least variability, had initial shelter times ranging from 2

minto 4.1 h, and ac.v. of 0.99. Lobster 5 also had the highest average initial shelter time

(1.9 h) while lobster 8 had the lowest, an average of 14 min. The average individual times

of the remaining *5+ lobsters' ranged from 35 min (o 1.6 h,

49



3.2.3 Out-of-shelter activity

Out-of-shelter times ranged from 4 to 718 min (~ 12 h) (Table 3) and averaged 139
min (2.3 h) (s.d. = 138 min). Fifty percent of all observations on fully monitored activity
bouts equalled or exceeded 103 min (1.7 h).

Durations of out-of-shelter activity time were least variable for lobster 14 (range =

15 min - 5.2 b; c.v. = 0.59) and lobster 20 (range = 2.2 - 6 h; 0.46). The most

variability was shown by lobster 8 (range =4 min - 1.8 hi ¢.v. = 0.98) and lobster 9 (range
=5 min - 4.7 h; c.v. = 1.05).

Five of the *5+ lobsters' had similar average out-of-shelter activity times (> 3.2 )

but lobsters 8 and 9 had ially shorter average out-of-shelter activity periods (< 1.7
h).
The stationary time : movement lime ratios of {ully monitored activity bouts ranged

from 0.1 to 7.2 with a median value of 0.4 (Figure 13). Therefore, the majority of the

t-of-shelter activity was ized by more tham stationary

behaviour. Figure 13 also presents ratios from fully monitored nights ol

activity.

3.2.3.1 Movement

3.2.3.1.1 Temporal and spatial aspects

Lobsters averaged 73 min (1.2 h) (s. 5 min) of movement per fully monitored

activity bout. Fifty percent of the monitored lobsters displayed movement times exceeding

106 min (1.8 h). The average percentage of to tivity time which involved
movement was 31 % (s.d. = 20 %) with 50 % of the observations equalling or exceeding
29 %.

Lobster 14 showed the least variability in movement time of all *5+ lobsters™. Its
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range of movement times was 15 min - 2.8 h with a c.v. of 0.68. Lobsters 8 and 9 again

displayed the highest variability. Their movement time ranges were 4 min - 1 b, and 5 min

- 3.2 b, respectively. and the ated c.v.'s were 1.00 and 1.18, respectively.

The average movement times of lobsters 12 (2.8 h) and 18 (2.3 h) were clearly
longer than those of the other *5+ lobsters’, especially lobsters 8 and 9 whose movement
times averaged 21 min and 45 min, respectively.

During fully monitored activity bouts, the distance between a lobster’

initial shelter
and its positional ix furthest from the initial shelter averaged 24 m (s, = 18 m). Eleven
of the twenty monitored lobsters were over 25 m from their initial shelters during at least
one of their movements.

The lobsters with most variability in maximum di

ce (MD) from initial shelter of
the 5+ lobsters’ were 5 and 8. For lobster 5, the distance ranged rom 4 to 65 m with a

c.v. of 1.0I. For lobster 8, the range was 6 to 74 m, with a c.v. of 0.93. Least variability

was associated with lobsters 12 and 18. The c.v.’s were 0.30 (range = 35 - 63 m) and
0.35 (range = 29 - 71 m), respectively.

Lobsters 12 and 18 also exhibited the highest average MDs. The average values
were 47 m and 50 m, respectively. The lowest averages were shown by lobster 15 (13 m)
and lobster 20 (14 m).

The approximate total distance (ATD) moved by lobsters on fully monitored activity

bouts averaged 64 m (s.d. = 66 m). Ninc of the twenty lobsters moved more than 100 m al
least once during a nocturnal activity bout.

Lobsters 5, 8 and 15 showed the highest variability of this parameter of the *5+

lobsters’. For these lobster, the c.v.'s were 1.0 (range = 5 - 214 m), 0.96 (range = 6 -

107 m), and 1.00 (range =8 - 171 m), respectively. As was the case with MD from initial

52



shelter, lobsters 12 (range = 64 - 361 m; ¢.v. = 0.72) and 18 (range = 31 - 287 m; c.v. =

0.79) had the least inter-activity bout variability.

Lobsters 12 (162 m) and 18 (136 m) averaged the longest ATD’s while lobsters 8,
9, 14, and 20 moved, on average, the shortest distances (range = 44 - 47 m).

“There was a high correlation between ATD and MD during fully monitored activity

bhouts (r = 0.67, p < 0.0001).

3.2.3.1.2 Directional changes

Lobsters averaged 3.1 abrupt dircctional changes per night of movement (s.d. =
3.4). Fifty percent of fully monitored nights with movement were characterized by at least
two changes in dircction (Tuble 6). Twenty-four of observed lobster movements did not
display any abrupt wms. Excluding these nights without direction change, fifty percent of

movement nights had at |

st four abrupt turns (Table 6).

Of the *5+ lobsters’, lobsters 5,9, 14, 15, and 18 displayed high variability (c.v. >
1.0) with respect to the number of abrupt dircctional changes made during out-of-shelter
movements on (ully monitored nights. Lobster 20 showed the least variability (c.v. =
0.57).

Lobsters 5 and 12 cach averaged over six abrupt turns per movement on fully

monitored nights while lobsters 8, 9, and 14 cach averaged < 3 turns per movement.

3.2.3.1.3 Net direction of movements and depth changes
Forty-three of' the obscrved lobster movements (53 %) resulted in net offshore
movement while twenty-six (32 %) resulted in inshore displacement (Table 6). The

remaining 15 % were neither offshore nor inshore by the end of the movement.
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Consequently, the average depth change resulting from movement was slightly positive
(0.06m % 1.4); i.e. movement to deeper water. Depth change ranged from -3.7 m to 4.0
m (Table 6). Variability within and between lobsters was substantial with respect to net

direction of movement and net depth change (Table 6).

3.2.3.2 Stationary (stop time)
2.3.2.1 Temporal and coumerative aspects

“The average amount of time spent stationary by lobsters while out-of-shelter during
Tully monitored activity houts was 66 min (1.1 h) (s.d. = 93 min). Fifty percent of the
monitored lobsters displayed out-of shelter stationary times exceeding 55 min. The average
percentage ol fotal uctivity time which involved out-of-shelter stationary behaviour was 23
% (5.d. = 23 %) with 50 % of the observations cqualling or exceeding 16 %.

Of the *5+ lobsters”, out-of-shelter stationary behaviour times were most variable
for lobster 9 (range = 0 - 3.8 h; c.v. = 1.47) and lobster 18 (range = 0 - 4.3 h; c.v. =
1.38). Lobsters 12 and 20 showed the least variability. Lobster 12°s out-of-shelter
stationary time ranged from 50 min to 2 h (c.v. = 0.36) and lobster 20’s time ranged from
55 min (0 3.2 h (c.v. = 0.44),

With respect to between lobster variability, lobsters 14, 15 and 20 had the highest
average stationary times while out-of-shelter (> 1.7 h) compared to lobsters 8, 9, and 5
whose average times were 21 min, 46 min, and 52 min, respectively.

Lobsters 5, 18 and 20 cach averaged over four stops per night of movement

compared 1o the average of < 2 stops of fubsters 8, 12, 14, and 15.
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3.2.3.2.2 Usc of different substrate and macrobenthos types
Atotal of 183 stops were made by the lobsters during their nocturnal movements.

The average number of stops per activily bout was 2.3 (s.

2.6). The total stationary

time related to these stops was approximately 88 h, 48.5 % of the total time spent outside
of shelter.

One hundred and six of all stops (57.8 %) made by lobsters occurred in regions

where the dominant substrate w:

boulder and outerop (Table 7). The high pereentage of
stops on this substrate is 10 be expected considering 53.5 % of the study site bottom is
characterized by boulder and outcrop (Table 1). Stationary time on this substrate type
totalled over 62 h, 70.8 % of all stationary time. The average duration of a stop on

boulder/outcrop substrate was 35.3 min.

The fewest number of stops occurred on sand with boulder and/or cobble and
cobble with boulder and/or outcrop substrate. Each of these substrate types accounted for
< 12 % of the entire study site (Table 1). Twelve stops (6.6 %) were made on the former
and fifteen (8.2 %) were made on the latter (Table 7). Despite the low number of stops on
these substrate types, the average duration of a stop exceeded 25 min. The lowest total
stationary time (255 min /4.2 h) and average stop duration (10.2 min) occurred on sind
substrate (Table 7).

Seventy-three stops (39.9 %) (Table 8) were made in regions with a scattered

mussel and urchin distribution (54.6 % of study site) (Tables 1). Regions with scattered

urchins only and dense mussel beds had 51 and 41 stops, resp

tively. Interestingly,
forty-one stops represent over 22 % of the total while mussel beds account for < 8 % of the
study site macrobenthos (Table 1). The arcas with scattered mussel and urchin

distributions also had the most stationary time (43 h, 49.0 % of total) and the longest
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average stop duration (354 min) (Table 8). Ex

Tuding the lone Type M area (seattered

mussels only), stop number and time were le:

Lin areas lacking both mussels and urchins,

‘These arcas had only 18 stops, 356 min (5.9 h) of stationary time, and an average stop

duration of 19.8 min (Table 8). However, these

as lacking hoth spey accounted for <

7 % of the study site.  The third most frequent number of stops oceurred in arc

with
mussel beds although this macrobenthos type represents only 7.8 G0 of the study area
(Table 1).

Average stop durations were less prior to July 1'in all m

obenthos cover types
exceplt scatiered mussel and urchin, The average stop duration in dense mussel beds wis
Pl geslop

slightly higher between July | and August 15 (31.5 min) than after August 15 (21.0 min).

The opposite was true in areas with cither

ttered urchins or without mussels or sea

urchins. Average stop durations in arcas of scatiered mussel and urchin distribution were

sentially the same during the two post-July 1 periods

3.2.3.3 Home

range

The maps in Appendix | show the movement patterns ol the labsters monitored
from 1987 to 1990. There was a high degree of variability hetween individuals with
respeet to the area covered by cumulative movements. Lobsters 6,9, 14, 15, and 20

confined their movements o a relatively small area. Each moved over essentially the samie

region on successive nights of activil

. Conversely, lobsters 2, 5, 8, 12, and 18 snged

widely over the study site.

3.2.4 Final shelter activity

Length of lobster activity at the final shelter averaged 51 min (s.d. = 68 min). Fifty



percent of the Jobsters had final shefter times exceeding 87 min (1.4 h). The average
pereentage of total activity time represented by time at the final shelter was 22 % (s.d. = 22
) with 50 % of the observations equalling or exceeding 12 %.

’s less than

Final shelter activity times of only two of the cight *5+ lobsters™ had c.
L0, Lobster 20 clearly had the most variability (range = 0 - 3 h; cv. = 2.22) while
lobsters 12 and 14, whose final shelter activity times ranged from 2 min - 1.2 h,and O -
5.2 h, respectively, had c.v.'s under 0.86, All 5+ lobsters had average final shelter
activity times under | h except for lobster 14. This animal averaged just over 2 h of activity

atits final shelters during its cight activity bouts,

32.5 Cessution of out-of-shelter movement and final shelter activity

“The average limes afier sunsetfor the cessation of activity during activity bouts was

340 min (5.7 h) (s,

= 164 min). Activity decreased significantly 6 to 8 hafier sunset and
was virtually over 8 1o 10 after sunset (Table 5). Only 6.3 % of movements were observed
8hafter sunset.

There was considerable variation within and between individual lobsters with

respect to cessation of activity and movement. Times after sunset of activity cessation for
each of the *S+ lobsters™ had a c.v. less than 0.66. Lobsters 12, 14 and 15 showed the

least variation (range = 3.5-9.4 h; c.v. < (.28) while the times of lobster 8 were most

variable (range = 1.2-7.9 h;e.v. = 0.65). Lobsters 8 and 9 averaged the carliest cessation

of activity after sunset (< 4.4 h) of *5+ lobsters’. On average, lobsters 12 and 14 remained

active the longest after sunset (> 7.3 h).



3.3 Shelter use

Numerous prospective lobster shelters were identified and assessed during the

survey of the study

conducted in 1990 and 1991 (Figure 14, Appendis 2). Maps in
Appendix 1 show the positions of the shelters occupied by individual lobsters during their

monitoring periods. Table 9 presents shelter information associated with cach observed

lobster movement including initial and final shelter identifications and the lincar distances

belween them. Also included in Table 9 are data on the time between days with movement.

3.3.1 Distances between initial and final shelters

The average distance between initial and final sheliers was 17 m (s.d. = 17 m),

| shelte:

including the nights when lobsters returned to their init lter their out-of=shelter

movement, Filty perceat of the movements during fully monitored activity houts resulted

in relocation to a shelter at least 12 m from the initial one (

gure 15). Figure 15 also
presents data on distance between initial and final shelters used during the fully monitored

nights of activity.

3.3.2 Homing

Homing, which includes the consecutive and inconseeutive use of the same shelter

following movement, was obscrved only 27 times in 81 occurrences of out-of-shelier
activity (33 %) among 11 of the 20 lobsters (55 %).
There were twelve occeurrences of an animal returning to the shelter from which it

had initiated movement that same night (15 %0). This consecutive use of the same shelier

was observed among cight individuals (40 %). Lobsters 9, 4, and 20, animals tracked the

longest, were the only ones to demonstrate this behaviour more than once. Lobsters that
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Figure 14, Distribution of prospective lobster shelters in the study arca at Broad Cove,
Newfloundland, surveyed in 1990 and 1991, Numbered asterisks refer to
shelters which were occupied by monitored lobsters while unnumbered ones
are shelters which were not used hy monitored lobsters during the tracking
periods. Also shown are boulders and rock outcrop, hydrophones and debris
of human origin,
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Table 9. Continued.
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Figure 15, Distance between initial and final shelters of all tagged lobsters during
monitored bouts ol ity (upper histogram) and complete nights of
monitoring (lower histogram),
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homed once included 3, 12, 15 and 16.

Inconsccutive use of the s

me shelter was observed fifteen times (18 %) among

cight lobsters (40 %). Lobster 9, which displayed consecutive use homing most

also exhibited i ive use most frequently (6 times). Labster 14 returned
to a previously used shelter three times after more than a one day absence,
Lobsters that homed were both male and female, with ¢

pace lengths ranging

from 77 to 109 mm. All homing events involving the consecutive use of the same shelter
oceurred after July 1.

Lobster 9's initial homing event ,which involved shelter 41, coincided with the first

observed movement of this animal 4 days aller t

ing (July 7, 1989). The lobster's out-

of-shelter activity time during the homing event was 4.5 h and it moved as far as 31 m from

the shelter. Lobster 9

second homing event (August 30) involved a shelter (# 208) which
it had occupicd seven days before. It was outside the shelter for 1.7 b and moved at feast
12 m from the shelter. After approximately 48 h, the animal again exhibited homing to this
shelter (September 1). This time the lobster remained outside the shelter Tor only 20 min

and moved a

aximum of 9 m from the shelter. Eight days later, lobst ain homed

(September 9) to shelter 208, Since the last homing event, the lobster had been observed
moving out-of-shelter for only a short time (~15 min). On September 9, homing involved
4.7 h of activity outside of shelter during which the animal moved at least 21 m from the
shelter. Ten days later (September 19), lobster 9 was again in shelter 208,

Lobsters 14 and 20 exhibited homing behaviour twice. Lobster 14 homed to shelter

53 and lobster 20 homed to shelter 33.
Labster 14 was tagged at shelter 53 cight days before its first homing incident on

July 4, 1990 and used other shelters during the intervening time. Shelter 53 was used four
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days hefore the initial homing behaviour was observed. Lobster 14's sccond homing event
aceurred five days later on July 9. On both nights of homing, lobster 14 was outside of the
shelter for more than 3.5 h but was never more than 11'm from it.

obster 20's homing behaviour oceurred on the second night afier tagging (August
22, 1990). The animal was out of shelter for 4.5 h but moved less than 8 m from it. Five
nights later, homing oceurred again after 225 h of out-of-shelter activity. This night the
animal moved fess than 6 m from the shelter mouth.  Lobster 20 used three different
shelters between the homing events.

Each of lobsters 3 and 12 moved at least 25 m from its shelter and spent at least 4 h
outside of shelter during its homing activity bout. Neither of lobsters 15 and 16 moved
wore than 8 m from its shelter during homing. Out-of-shelter activity times of the homing
events of 15 and 16 were 50 min and 131 min (2.2 h), respectively.

Lobsters 2 and 6 returned to the vicinity of their initial shelters but did not use them.
“The maximum distances [rom initial shelter and out-of-shelter activity times of lobsters 2
and 6 were 18 mand 70 min (1.2 h), and 14 mand 140 min (2.3 h), respectively.
Whether these shellers were occupied by other animals was not determined.

Lobsters 2, 6, 8,9, 10, 14, 15, 18 and 20 homed to shelters they previously
occupied atter multiple day absences (Table 9). Homing occurred after 2 1o 18 days (Table
9.

Lobster 8 used shelter 161 on June 8, 1989 and again on June 21, Between these
dates. it used five other shelters. Two of these were more than 50 m from shelter 161.

Lobster 9 also returned to a shelter after several days absence. On August 23, 1989
and again on Seplember [0, it used shelter 218, During the intervening period, it used four

other shelters, all within 10 m of shelter 218,
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3.3.3 Shelter characteristi

At least 74 different sheliers were used by the twenty monitored lobsters (Tables
A2-1 and A2-2, Appendix 2; Table 10). Of the six (23, 33, 41, 53, 100, 208) which were
used more than twice (Table 10), all but shelter 100 were located in arcas with primarily
boulder cover.

The most frequently used shelter, # 41, was often checked first when searching for
lobsters to tag. Therefore, its multiple use can be misleading when compared to the other
shelters. Ninc of the twenty lobsters tagged were (rom shelter 41, Shelter 23 was the only

other shelter where lobsters were captured for tagging more than once (twice). Shelters 33,

53 and 208 were cach used at least six times by lobsters on nontagging, days. Shelters S3
and 208 were cach used seven times but by only two and one lobster, respectively. Shelter
33 was occupied six times by (hree lobsters, shelter 23 four times by two lobsters, and

shelter 100 three times by three lobsters.

Of the twenly shelte

s that were occupied twice, seven showed oceupancy by two
animals at diffcrent times, Forty shelters were used only once while one hundred and
twenty-seven marked shellers were never observed in use by tagged lobsters during this
study.

There apparently was no difference in substrate and macrobenthos type between
Jocations of shelters used and unused by tagged lobsters (Tables A2-1 and A2-2, Appendix
2). Over 61 % of the shelters unused by tagged lobsters were excavated while almost 52 %
of used shelters were of this type. The ranges of mouth height : width ratios (h : w) for
used and unused shelters were 0.37 to 2.0u and 0.24 to 2.80, respectively. The mean b
w for used shelters was 0.96, compared to 0.97 for unused shelters (Figure 16) . Mouth

areas of used and unused shelters ranged from 40 to 360 cm2 and 24 10 1215 em?2,
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able 100 Shelters wsed by monitored lohaters, the number of times each was uscd. and the lobsters that occupied
them it Browad Cove, Newloundiand. 1987 - 1990,
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“Fable 10. Continued.

Shelier Number No. of Uses

Lobsters Tnitially Captused at Shelter
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* Numbers in parentheses represent the number of imes labsers used specific sheliers
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Figure 16. Mouth height : width ratios (upper histogram) and mouth arcas (lower
histogram) of measured shelters occupicd by tagged lobsters.
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respectively. The mean mouth for used shelters

170 em?2 compared to 235 em?
for unused shelters (Figure 16). Neither shelter measurement was substantially different
between used and unused shelters.

Shelters 41, 33 and 53. often used shelters, had mouth h : w ratios of 0.67, 1.33,

and 0.70, respectively. and mouth arcas of 216, 192, and 280 ¢m2,

spectively. These
data were not available for shelier 208, All four sheliers were located on boulder and
outcrop substrate but their associated macrobenthos types differed. Shelter 33 was located
in an area with a seattered sca urchin distribution and no mussels, whercas shelters 41 and

53 were located in regions with s

attered distributions of both sea urchin.

5. Shelter 208 wi

muss

s Tound within a mussel bed with scattered sea urchins. Shelters
41,33 and 53 had all been excavated. Lobsters were present in only shelters 33 and 53 at

the times they were surveyed.

‘The only apparent association between lobstcs and shelter dimension was with
respect to the mouth height : width ratio. Larger lobsters appeared to select shelters with
the smallest ratios. For example, lobsters with carapace lengths under 79 mm used shelters
with h : w ratios ranging from 0.37 to 2.0 (mean * s.d. = 0.95 £ 0.40). Lobsters of

carapace lengths exceeding 93 mm used shelters with b @ w

os ranging from 040 to

0.82 (meun £

0.650.13). The h: w ratios of shelters used by large lobsters were
not significantly different from those used by small individuals.

The minimum number of shelters used by individs

Tohsters was highly
correlated with the duration of the monitoring period (r= 0.61). Based on frequency of
use, lobsters 9, 14 and 20 seemed to prefer particular shelters over others (*home shelters')

(Table 11). Lobster 9 used shelter 208 seven times, lobster 14 used shelter S

six fimes,

and lobster 20 used shelter 33 four times. Nine other lobsters used certain shelters (wi




11, Minimum number of shelters used and most often used sheliers of lobsters monitared at Broad
Cowe, Newloundland, 1957 - 1990.
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Ranges of distances between the often used shelters and other used shelters during the
monitoring period by lobsters 9, 14 and 20 were 3 1o 50 m, 4 to 43 m. and 510 17 m,
respectively (Figure 14).

Twelve activity bouts originating at shelter 41 (representing 9 lobsi

) are
presented in Figure 17. Ranges of maximum distance (MD) and approximate total distance
(ATD) were 6 to 38 m, and 6 10 128 m, respectively.  Most of the movements were
directed downslope, probably due to the dropofT located immediately inshore of the shelter.

3.4 Trends of Lobster Activity Possibly Related 1o Biological and Environmental Factors

Although movements of male lobsters tagged in this study were, on averige, longer

in duration and distance, females averaged more time out-ol-shelter due to their substantial

stationary time (Table A3-1, Appendix 3). Females (30.1 %) had a slightly higher
frequency of movement than the males (26.7 %). None of these activity differences due to
sex were statistically significant (p > 0.05, Mann-Whitney Unpaired U Test).

Large lobsters (> 81 mm carapace length) were active more frequently (32.5 %

compared to 28.8 % for smaller lobsters) and averaged greater distance from the initial

shelter although these di were nol statistically significant (p > 005, M-W). On

the other hand, smaller individuals (69 - 81 mm carapace length) averaged signi

ntly
longer activity bouts (p < 0.01, M-W) with movements over greater distances than larger
lobsters.

Large males (35.3 %) and small females (38.7 %) were significantly active more
frequently than small males (21.4 %) and the one farge female (21.3 %) (p < 0.05,

Kruskal-Wallis Test). Large and small males moved farthest (p > 0,05, K-W) while small
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Figure 17. paths of all [-shelter activities originating at shelier 41, Broad
Cove, Newloundland. Tugged lobsters involved included 4, 5, 8, 9, 10,
12, 17 and 19,
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lobsters of both sexes displayed the highest average times of total activity (p < 0.05, K-W),
in-shelter activity (p > 0,05, K-W) and out-of-shelter activity (p > 0.05, K-W).

Lobsters monitored after August 15 were active most frequently although the
differences between the time periods were not statistically significant (p > 0.05, K-W).
“The percent active nights in this period was > 40 % compared to < 30 % prior to July 1 and
between July | and August 15 (Table A3-2, Appendix 3).

Average distances moved and average times of out-of-shelter activity by individuals
were greater after July | than before. Average total activity time was highest during the
July 1 to August 15 period and essentially the sume during the preceding and following

periods. DifTerences in distance moved, duration of out-of-shelter activity, and duration of

total activity were not statistically significant (p > 0.05, K-W). The average percentage of

total activity time accounted for by stationary or stop time was significantly higher after
August 15 than before (p < 0.01, K-W). The average numbers of stops and abrupt turns
per activity hout of tagged lobsters were highest after July | but not significantly different
than those prior to July 1.

Obviously, time of year and water temperafure are interrelated. More often than not,
the time periods exhibiting most activity also were characterized by highest water
temperature, The frequency of activily at water temperatures exceeding 8 °C (30.5 %) was

slighity higher than when temperatures cqualled or were less than 8 °C (25.0 %). Al

average spatial and temporal aspects of activity shown by tagged lobsters were highest

above 8 °C except for in-shelter activity (Table A3-2, Appendix 3). On average, aclivity
and movement of lobsters monitored at times of lower water temperatures commenced later

and ceased carlier after sunset than those of animals tracked when water temperatures > 8

“The average number of stops and abrupt turns per activity bout of tagged lobsters was
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highest at times of higher water temperature. Figure 18 presents the mean monthly water
temperatures measured at Broad Cove between 1988 and 1990 as well as frequency of

tagged lobster movement on nights with both monitoring and temperature

Frequency of lobster activity was slightly higher at times when wave height was
greatest. Out-of-shelter activity occurred on 42 % of the monitored nights with wave
height exceeding 0.5 m compared to slightly under 30 % activity occurrence on the
monitored nights with wave heights less than 0.5 m.

All average spatial and temporal aspects of activity shown hy tagged lobsters, except
for in-shelter activity, were cither highest or among the highest when wave heights
exceeded 0.5 m (Table A3-3, Appendix 3). These include time after sunset of activity
cessation and number of stops and turns.

Out-of-shelter activity at times of highest seu state was characterized by offshore or

downslope movement more oflen than activity during other sea states. There are some

examples of P al times off ly rough
scas. Lobster 2 (Day 4), lobster 9 (Day 78), and lobster 12 (Day 7) all moved considerable
distances offshore. Ranges of horizontal downslope movement distance and depth change
were 33 10 52 m, and 1.1 t0 4.0 m, respectively.

Frequency of activity of tagged lobsters was highest at tlimes of new moon and first
quarter moon. No trends with respect to spatial and temporal specifics of lobster activity

under different moon phases were obvious (Table A3-3, Appendix 3).
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DISCUSSION

4.1 Responsc to Transmilter Attachment
The stationary tracking system used in this study permitted continuous nightly data
collection on the activity of individual lobster. However, the quality of the data partly

depends on the cffect on the lobsters of i | and its presence.

“The attachment of a transmitter to the dorsal surface of a lobster cara

pace has not
been a common procedure in the past.  This method has been used for Homarus
americanus (Lund and Lockwood 1970; Karnofsky et al. 1989a; Iaakonsen et al. 1992),

Homarus gammarus (Collins et al. 1991), and Panulirus cygnus (Jernakoff 1987;

JernakofT et al. 1987). Lund and Lockwood, Karnofsky and JernakofT et al. reported that
tagged animals appeared to behave normally during the monitoring period although capture
and handling effects may have persisted for onc or two days after tagging. Neither
Haakonsen et al. nor Collins et al. discussed the possible effects of transmitter attachment,

but presumably they thought it had litle effect on their subjects.

Although attempts were made to minimize st

1o the animals during tagging,
some individuals appearcd 10 be temporarily affected by the tagging procedure. This was
inferred from the occurrence of out-of-shelter activity by two lobster during daylight hours
on or shortly after the day of tagging. The majoi:ty of tagged individuals moved on the day

of transmilter attachment but mostly after sunset.

The presence of the tag on the lobster carapace added 1 ¢m Lo the height of the
animal which could have affected the size of a shelter opening which the lobster was

capuble of entering. However, al! shelters in which individuals were initially found had

openings large enough to accommadate the added lobster height.
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‘That lobster 9 successfully spawnced, lobster 10 successfully molted, and numerous
lobsters showed homing hehaviour following tagging collectively suggest that tagging did
not have a substantial effect on their subsequent behaviour. Lobster 9 extruded eggs at
some time between 14 and 38 days after transmitter attachment and lobster 10 molted
within cight days of tagging. The spawning and molting conditions scemed to substantially
reduce the activity levels of both animals. Seven of the Iwenty tagged lobsters exhibited
same night homing, some more than once. Lobster 9 returned to the tagging shelter on its
first night of observed uctivity after tagging (Day 4) while lobster 14 homed to its tagging
shelter twice, on Days 9 and 14 of the monitoring period. Lobster 14 had left its tagging
shelter on the first night of monitoring so its homing events to the tagging shelter occurred

affter it had occupied several other shelters.

4.2 Lobster Activity

Ennis (1983, 1984a) reported nocturnal activity indices (NAIS) for lobsters in the
field, determined from May to November, NAI was calculated by dividing the number of
lobsters seen out-of-shelter by the total number of lobsters seen on the dive and ranged
from 0.10 to 0.60. Karnofsky ct al. (19895) who used the same index to investigate
lobster activity levels under field conditions found a May to November range of 0.35 to
0.80. Although these NAT values are not directly comparable to data collected in the

present study, they were essentially the only measures of lobster activity available until

now. Karnofsky and Price (1989) s under semi-natural

and found that , on average, 70 % of lobsters were in their shelters during after dark census

limes. The (v ies of individual I-shel cl ined in the present

study are the best data of this type to date. There was a great deal ol variability with respect
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10 how often individual lobster at Broad Cove moved from their sheliers (4.3 10 714

o
monitored nights). The average frequency of lobster acti

y in the present study was 30.5
% which indicated that the tagged lobsters remained in or at their shelters on about twice as
many nights as they left them.

Numerous ficld studies have indicated that American lobster nocturmnal act

ity
begins around dusk and peaks within 2 10 3 h after sunset (Cooper and Uzmann 1980;

Ennis 1983, 1984a; Karnolsky et al. 1989, 1984b;). Similar observations have been

made under natural conditions on other lobster species including Jasus lalandei (Fielder

1965) and  Panulirus cygnus (JernakolT 1987; JernakolT et al. 1987). These lindings were

corroborated by the present study. On average lobster initiated shelter activity 1.5 halter
sunset and left shelter 50 min later, 2.3 b after sunset. Ennis (1983) found that lobster
activity remained high for at least 2 to 3 h after peak activity but he could only speculate as

1o whether the level remained high until sur.

e or tapered of f gradualy 1o 4 Tow pre-dawn

level. The present study indicated that relatively little out-of-shelter acti

ing 6 h afler sunset. et al. (1992), however, using ultrasonic telemetry,
monitored the movement of two American lobsters and found that they remained out-of-
shelter considerably longer than 6 b after sunsct. They commenced out-of-sheller activity

at dusk and remained outside of shelter until shontly after sunrise.  Rare diurnal out-of-

shelter sightings in this study were also the case in other studics (Ennis 1983, 1984a;

Lawton 1987;

arnofsky and Price 1989; Karnofsky ct al. 1989a, 1989b; Haakonsen et al
1992). Other than on the day of tagging, nonc of the tracked lobsters were observed out-
of-shelter prior to sunset, During more than 50 h of daytime diving at the study site, fewer
than 20 observations were made of lobsters out-of-shelter. Only the fact that the lobsters

were out of shelter was noted and no observations regarding their activities were made,
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However, according to Stencck (pers. comm.), snorkelling rather than SCUBA diving

provides a much better opportunity te make observations on daytime out-of-

clter lobster
activity. Itis possible that some of the unobscrved shelter changes on nights considered (o

be fully monitored occurred during daylight hours. Ennis (pers. comm.) reported that

daytime sightings ol postmolt lobsters [oraging out-of-shelter wa tively common in a
Placentia Bay population compared to a Bonavista Bay population. He considers lobster
density to be a likely factor in diurnal lobster movement. Lobster density at Broad Cove is

more similar to that of the study site at Bonavist

Bay than at Placentia Bay (Ennis, pers.
comm.). Itis assumed that other than foraging, day time lobster movement was primarily
for the purpose of shelier change.

Although Ennis (1983, 1984a), Karnofsky ct al. (1989, 1989b) and Haakonsen et
al. (1992) provided information on the timing of lobster out-of-shelter activity, they did not

address in-shelter

tivity or the s|

tial and more specific lemporal aspects of aut-of-shelter

activity. My data includes active times in or at shelter, stationary time out-of-shelter,

movement time, and measures of distance moved by lobsters while out-ol-shelter.

Karnofsky ct al. (1989b) reported that some lobster

s appeared at their shelters”
openings at sunset but usually did not leave until approximately oae hour later. This was
the general pattern for the lobsters tracked in the present study as well. Active time spent
by tagged lobsters at the initial shelter during cach activity bout averaged just under one
hour. Lobsters may be monitoring the environment in the vicinity of the shelter prior to
cmerging from it. Chemical cues play an important role in the foraging and social

behaviours of lobsters (Moore et al. 1991) so it is reasonable for an animal to conduct an

initial asscssment of its surroundings before leaving the protective cover of shelter.

Another possib'~ reason for activity at the initial shelter prior to movement away from it is
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the lobster might be finishing off food previously brought to the shelter. However, this
would not he likely if the lobster had not left the shelter for days.

More often than not during nights when tagged lobsters did not leave their shelters,
the audio strength of the transmitter signal increased around sunset or shortly after.
Usually the signal strengthening lasted under 30 min but sometimes persisted for up to 2 h.
Moody and Steneck (1993) reported from their field observations that American lobsters
commonly carricd prey to shelter where they then proceeded to manipulate it. Ennis (1983)
observed lobsters feeding at their shelters during the first couple of hours after sunset.
However, he could not determine whether the prey had been collected that same night or

had been stored from previous foraging movements. Persistent initial shelter activity on

those nights without 1 may have been indivi feeding at or near
the shelter mouth. Final shelter time in the present study might also represent such feeding
behaviour by the tagged lobsters. In some cases, these shelters probably were not the final
ones used during the night’s activity but instead locations where substantial activity of
some sort occurred belore the movement recommenced that night.

Some out-of-shelter stationary time might also represent events where individuals
were [ceding in relatively sheltered locations. Results from the present study indicated that,
on average, out-of-shelter activity of the tagged lobsters was almost equally partitioned into
movement and stationary behaviour. Karnofsky et al. (1989a) reported that relatively few
foraging behaviours (117) were observed during 333 h of observation. Many of these
cvents involved lobsters carrying prey although their subsequent destinations were not
reported.

Frequently, a lobster’s activities on consecutive days varied markedly both

temporally and spatially. Difference in the relative durations of movement and stationary



behaviour suggest that in some

ses, the function of out-of-shelter movement on adjacent

nights was different. In addition to movement for foraging and resource assessment, social

behaviour associated with territoriality and reproduction would have been exhibited by

lobsters during out-of-shelter activity. The degree of territoriality in lobsters is still unclear

but large dominant males are known to keep shelters adjacent to their preferred mating

shelter.  Possession is mail

ained by periodic visitations (Karnofsky and Price, 1989).
Lobster 12 (104 mm carapace length) might be representative of a dominant male. This
animal was very active between Septeniber 13 and 19, a period perhaps after peak mating,
time. However, it is likely that some female lobsters were still available for mating at this
time of year (Atema and Cobb, 1980). On four of the five nights with observed
movement, lobster 12 displayed extraordinary activity events (large compared to all other

observations). Interestingly, none of these events involved much stationary hehaviour but

rather spatially and temporally long movements resulting in numerous shelter changes. The

low proportion of stationary time might suggest behaviour other than foraging. Five of the
seven occupied shelters were clustered in a common region while the other two were
relatively distant, one inshore and the other offshore from the cluster. The arca with the
five closely situated shelters could possibly have represented the core of the lobster's
territory.

Female lobster 6 (75 mm carapace Iength) also exhibited extraordinary activity. Its
movement on November | 1 had the highest total activity time and stationary time recorded
during the study. Females do tend to feed at a high rate longer into the late fall than male
lobsters (Ennis 1973). Based on the incidence of stop time, the complex and
multidirectional nature of its path and its high frequency of activity during the monitored

period, this female lobster may have been feeding to recover from a late molt.
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Encounters between conspecifics also oceur, usually vesulting in dominance

displays. ‘These displays of dominance are related to mating, most of which occurs
hetween June and Scptember. A sexually mature female secks out a dominant male,
resulting in cohabitation at the mating shelter of the male. Mating usually occurs within
hours of the female molting. Cohabitation continues after mating during which the male
provides protection to the vulnerable softshelled female. Therefore, during the few days

preceding their molt, females often show an increase in activity associated with mate

selection (Atema and Cobb, 1980).

Late pre-molt male lobsters also display an increase in activity, presumably to
obtain and defend appropriate shelter in which to molt (Tamm and Cobb 1978; Karnofsky
et al. 1989a). Lobster 10, a 75 mm male, molted shortly after being tagged. The carliest
the molt occurred was the fourth day of monitoring since substantial activity was observed
on the third night. The molted shell with tag was discovered in an open area during a dive
five days after the last observed movement. The shelters in the vicinity of where the tag
was found, including the lobster’s last known shelter, were searched but no soft
individuals were located. The out-of-shelter activity shown by this premolt lobster on the
third night of monitoring lasted for 4 h. During its slow movement to slightly deeper
walter, lobster 10 stopped near mussel beds twice, for approximately 30 min at each

location. It may have been inspecting shelters along its way considering the high density of

shelters on il
Lobster 19, captured on August 7, was a new-shelled postmolt individual. It

moved on the first night of monitoring, possibly a reaction to tagging. Movement lasted

for only 15 min and resulted in a downslope relocation of 8 m. No activity was observed

during the remaining cleven nights of monitoring. Lobster are extremely vulnerable



immediately following molting because of their

ol

hell condition and normally s

shelter until the new shell hardens to some degree. Tamm and Cobb (1978), based on

experiments under artificial conditions, indicated that immediately post-molt lobsters (4 - §

days after molt) generally displiyed evasive actions to avoid conspecific

“These actions

included remai

Bas

ing in-shelter for prolonged periods.

d on obscrvations made while SCUBA diving, lobster 9 extruded eggs
between July 18 and August 11, 1989, Between July 4 (day of tagging) and July 18, this
large female had three activity bouts (~21 % of monitored nights). No movement was
observed again until August 15 although there were some nights during which monitoring
did not occur. Between August 15 and September 27, the frequency of aclive nights
increased to 33 %. Karnofsky and Price (1989) found that under semi-natural conditions,

large berried females had lower activity levels than large males, small males and females,

and large unberricd femalcs. However, they had no data on activity during pre- and post-
cgg cxtrusion. Lobster 9 demonstrated an increase in activity following a period of
inactivity. Although durations and distances ol most out-of-shelter movements after

August 11 were short, frequency off was higher I to before the period

of inactivity. Some of the post-oviposition activity bouts were characterized by numcerous

stops close to shelter and prolonged final shelter times which might indicate feeding. This

also had three post-ovipositi with some of the highest out-of-

shelter stationary time : movement time proportions observed during the study. These high

ratios might have indicated increased fecding hehaviour, ¢l teristic of recovering female
lobsters shortly after cgg extrusion (Squires et al. 1973).
Some animals remained inactive for several days between movement events

(lobsters 5 and 9) while others were inactive only onc night over a period of several days
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(lobsters 2 and 12). Other animals remained inactive for essentially the entire tracking
period (lobsters 4 and 7). Ennis (1983) reported that lobster occupied the same shelter in
Bonavista Bay for as long as forty days. Whilc it may be unlikely that a lobster remained
in its shelter for this entire period, based on the low incidence of homing in the current
study it is justificd to presume that there was little activity during the forty days. This is not
1o say that the animals were not feeding during these periods without out-of-shelter activity
considering the 2vidence from other studics for in-shelter food storage and feeding (Cooper
and Uzmann 1980; Richards et al, 1986).

Lobsters at Broad Cove demonstrated two types of movement path patterns; simple

with few path crossovers and abrupt dircction changes; and complex with numerous path

cr and abrupt dircction changes. Each of these patterns w: aracterized by both

SOV

spatially extensive and limited movement. Generally, the simple direct patterns appeared to
function as relocation movements whereus the complex patterns which included more stops
and were characteristically longer in duration, probably involved foraging and social
behaviour. Straightline movements usually resulted in a marked depth change whereas
many of the more circuitous complex movements ended at a depth similar to that of the
initial shelter. Karnofsky ct ul (1989a), during their lobster homing experiments, observed
both simple and complex movement paths but could not relate them to specific functions.

Although previous studies have provided some information on timing of lobster

tivily, they have provided little data on the extent of movement of individuals. Horizontal
displacements, maximum distances (MDs) and approximate total distances (ATDs), were
quite variable within and hetween individuals. Some lobsters displayed wide ranges of
cach variable while others showed only extensive or limited movement during all activity

bouts. The individual tracks with high ATDs were generally characterized by high MDs.



This might be expected since high ATDs probably result from searching movements which
take the animal further from its shelter than if it were making directed, non-searching
movements. Fifty percent of all lobster activity bouts a Broad Cove were characterized by
MD’s which cxceeded 18 m. Haakonsen et al. (1992) reported an American lobster

moving a maximum of 60 m from its burrow on a single night. Their observation of

distance moved was well within the range seen at Broad Cove hut considerably higher than
the average of 24.1 m. Animals monitored at Broad Cove moved > 60 m from their

shelters only seven times (9.4 % of all monitored activity bouts). Cooper and Uz

ann
(1980) reported that lobsters rarely moved more than 300 m during a nocturnal activity
cvent. Of the seventy-four lobster movements observed at Broad Cove on fully monitored
nights, only onc had an approximate total distance greater than 300 m. The average total
distance moved by lobsters at Broad Cove was four times the average distance of 16 m
moved by lobsters studicd under semi-natural conditions by Karnofsky and Price (1989).
However, the indoor pool tank used by Karmolisky and Price was only 15 m in diameter
and most probably had a limiting cffect on movement, unlike the tracking conditions of the

present study.

Three monitored lobster movements had ATDs equalling or exceeding 250 m,
which compared to all observed ATDs, were considered extraordinary events. Two of
these movements were exhibited by male lobster 18 (76 mm carapace length) and the other
by malc lobster 12 (104 mm carapace length). Lobster 18 showed ahove average activity
throughout tracking. Being a smaller male at ncar peak time for mating and molting (late
July), this individual may have been scarching for an appropriate shelter in which 1o molt
and/or have been experiencing eviction by more dominant males. The combination of its

cextensive movement, its use of widely separated shelters and its small size may imply that



this individual was not perceived as dominant by other lobsters. Lobster 12, as discussed
carlier, also displayed higher than average activity. However, considering its larger size
and use of clustered shelters, along with its extensive movement, its activity might be
representative of a dominant individual.

‘The home range of individual lobsters has never been demonstrated until the present
study. Obviously, the higher the number of activity bouts recorded, the better the
definition of the home range.  Again, variability between individuals was large. Some
lobsters scemed to demonstrate more fidelity to a region than others who appeared to
wander in a more nomadic fashion. One might expect that an individual tracked over a long
period of time would use a larger arca on its cumulative movements. Lobster 9, for

example, who was active thirteen of the eighty-six days monitored, maintained a relatively

small home range. Conversely, lobsters 12 and 18 moved extensively over periods of less
than ten days. Movement paths were not necessarily repeated but there were cascs where
an individual lobster moved over the same general area on different nights, lobsters 6, 9,

14 and 20, for example.

The nineteen cases of a lobster being found in a shelter different from the one where
it had last been positioned were either due to displacement from the shelters during
unmonitored daytime periods or to a second unmonitored bout of activity the same night.
Large males do evict conspecifics from shelters as a demonstration of dominance. The
evicted lobsters will often leave the immediate vicinity for areas where interaction with
more dominant individuals are possibly not as likely (Karnofsky and Price, 1989). The
unobserved shelter changes by small male lobsters 6 and 15 could possibly have been

results of evictions. In some cases, the new location was quite close to the old one while in

others, it was u considerable distance away.
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Karnofsky et al. (1989b) did not observe any difference between male and female
lobsters with respect to activity. The present study also indicates that males and females
have similar patterns. Ennis (1973) found that female lobsters fed at a high rate longer into
the winter than did males but this difference in behaviour oceurred in fate November to
carly December. Differences were more evident between large and small lobsters in the
present study. However, the activity data of the large berricd female may well have

lowered the average values associated with large animals.

The results regarding activity differences between sex by size categories do not
fully agree with the limited data from other studics on American lobsters, Karnolsky and
Price (1989) found that large males were most active, used the fewest number of shelters,

and had the longest tracks while small females were least active and moved the shortest

distances. Large females used the most different shelters in their study. Ennis (1983)
reported that small males seemed to show most preference for one shelter. At Broad Cove,
large males and small females were most active while males of both size categories moved
farthest. Small females used the most different shelters while small males used the least

(not including the large female category). The large female ca

cgory was represented solely
by the female who was berricd for most of her monitoring time.
Generally, activity of lobsters at Broad Cove was greater after July | than before,

Most probably, the coupling of increased water temperature with this time of year was

responsible for the increased activity. It is reasonable to assume that the molting stage of

cach indivi i the observed di in activily variables between subjects.
Ennis (1983) observed that lobster aclivity was lowest in carly July (later stages of
intermolt) cven when compared to carlier in the year. However, lobster activity in

Bonavista Bay increased during July and dropped in carly September, just as it did in
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Broad Cove.

Ennis (1983) reported that the nocturnal activity index varied with temperature
throughout the period of July to November. He observed low activity in early July, then
an increase which was maintained until carly September, and finally a decrease which

o water McLeese and Wilder (1958) reported

increases in lobster uctivity levels as water temperatures rose during the spring and early
summer months.
The present study indicated an increase in activity frequency at water temperature 7

-8°C

., app y the same water at which Ennis (1983) noted an increase
in the nocturnal activity index. Lobster in Ennis’ study maintained a high activity index
until water temperatures began to fall. However, in the present study, the percent active
nights began to decrease at 11 °C although activity levels remained higher than those at
temperatures below 7 °C. There are various possible explanations for the irregular trend
which commenced at 11 °C. These include low number of observations and that the
lobsters which displayed egg extrusion and molting were monitored during times of high
water temperature. Their inactivity contributed substantially to the falling activity levels
seen above 10 °C. Karnofsky et al. (19895) found that lobster activity did not follow
temperature as closely as Ennis indicated especially above water temperatures of 10 °C. In

fact, they found that lobster activity at times of water increase and

vice versa.

Data from the present study could not identify any trends associated with possible
cffects of daily water temperature fluctuation on lobster activity, mainly because water
temperatures never changed that much within a 24 h period.

Ennis (1983, 1984u) und Cooper et al. (1975) observed lobsters moving to slightly
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decper water at times of stormy weather and subsequently, rougher seas. The animals then
returned to shallower water after storm effects had subsided. Broad Cove lobsters showed
similar movements which coincided with higher scas and, thus, support the obscrvations of
Ennis and Cooper ct al. The most graphic examples of directed downslope movement by

lobsters were at times of ly rough scas. I ingly, stationary times in both

initial and final shelters were much lower at times of greater wave height. If the storm
effect was great enough to increase turbulence at the seafloor, it is reasonable to speculate
that the chemical stimuli normally monitored by lobsters would be rather erratic. Perhaps
this is sometimes the cue for lobster to move to a less affected location. 1T the chemical
stimuli are erratic and provide less information to the lobster, there is perhaps little need to
remain at the shelter mouth unless the animal is feeding on stored food.

There appeared to be a substantial difference in percent activity between nights of
new moon / first quarter (37 %) and nights of full moon / last quarter (24 %). However,
this remains speculative. No other studics on American lobster have investigated the
effects of moonphase on activity and further study is required to determine if the trend seen

in the present study is real.

4.3 Shelter Use

Little previous data exist on shelter use by individual lobsters. What does exist was
cither collected under artificial conditions or by ficld sampling on a short and discontinuous
basis.

Past studies have indicated that large, more dominant lobsters tend o occupy fewer
shelters than smaller individuals (Cobb and Tamm 1975; O'Neill and Cohb 1979).

Dominant animals are less likely to be evicted and since they probably occupy the better
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quality shelters, they are less likely to voluntarily move. The Broad Cove study does not
provide a clear trend of larger lobsters occupying fewer shelters than smaller ones.

However, since the study site was rated as excellent lobster habitat (Ennis. pers. comm.)

and prospeclive shellers seemed Lo far outnumber the lobsters (based on the number of

empty shelters seen during SCUBA surveys), competition for shelter may not be as
important in determining shelter use patterns as in other arcas. If numerous shelters are
available, lobsters of the size range tagged in this study might demonstrate more movement
bhetween shelters than in locations where shelters are at more of a premium. On the other
hand, empty shelters are often an indic:tion of eviction due to competition (Steneck pers.
comm.). Most of the shelters used by an individual were often located in the same
vicinity. For example, lobster 9, during its cighty-six days of monitoring, used twelve
different shelters but all were within 30 m of one another. Exceptions to this were the

shelters used by lobsters 5 (small femalc), 8 (large male) and 18 (small male). These

lobsters were relatively wide ranging during the il three weeks of
shelters sometimes being as far as 90 m apart. Lobsters 8 and 18 accounted for five of the
six largest distances between initial and final shelter observed during the entire study. Of
the fourteen instances observed between 1988 and 1990 when the initial to final shelter
distance exceeded 30 m, ten involved male lobsters.

Ennis (1983, 1984a) made thirteen observations of individual lobsters who had
changed shelters on consccutive days. In all but three cases, the new shelter was less than
1S m from the original one. The study area surveyed by Ennis was approximately 250 m x
50 m. In the present study, 50 % of all movements resulted in the final shelter being
located less than 12 m from the initial one.

Cobb (1971) found significant correlations between lobster size and shelter size but



his lobster sample size was

far larger than twenty animals. Like Cobb, Lobserved that the

shelters used most often were usually low profile in that the shelter mouth height was

substantially less than the mouth width. This pattern of shelter use was less clear in the

present study tha

in Cobb's work, probably due to the r

atively small sample size.

Cobb conducted ficld studies which showed that American lobsters generally oceupicd

shelters in which the height was less than the width. Eighty-seven percent of the shelters

occupicd in Cobb's study had h : w less than | and 44 % of them had h : 1/2w less than 1.

Lobster

¢ appeared most closely eorrelated with the square root of the mouth area (r =
0.71). In the present study, although the mean mouth height : width ratios of used and

unused shelters were almost identical, the shelters with the largest ratios remained unused

The lower mean mouth of us

by tagged lobste: I shelters might indicate the
importance of smuller openings to shelter sclection but no substantial correlation was found
between lobster size and mouth arcas of shelters used at Broad Cove. The fact that large

and small lobsters used the same shelters at different times might be further evidence (hat

shelter competition was not an issuc at Broad Cove, Conversely, Steneck (pers. comm.)
notes that the competitive environment in lobster habitat changes nightly which might
account for different occupants of the same shelter.  Over 40 % of the shelters used by

lagged individuals were occupied by lobstes

t the time of the shelter survey while only 28
% of the shelters not used by tagged lobsters were occupied. 1t is not possible to conclude,
however, that this percentage difference is a refiection of shelter quality.

Particular shelters were used by more than one individual during the study. Most
of these shelters were found on boulder and outcrop substrate and near mussel patches but

did not show u strong association between their dimensions and lobster ¢

pace length.

There was some indication that larger lobster used more shelters with mouth height : width
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ratios less than 1.0. These animals were perhaps dominant individuals and had choice of
shelter over the smaller lobsters (Atema and Cobb 1980). Ennis (1983, 1984a) also found
that certain shelters at his Bonavista Bay study area were being used by different animals at
different times but he did nol provide data on shelter characteristics other than depth and
only limited data on the association between particular lobsters and shelters.

Differences in individual lobsters” shelter fidelitics were also observed by Ennis
(1983, 1984a), Karnofsky ct al. (1984a), and Karnofsky and Price (1989). Ennis found
that the number of shelters used per individual was a function of time. Those animals he
observed for 1 to 2 months averaged two shelters cach while those observed for 11 to 12
months averaged five shelters cach. In the present study, lobsters tracked for under two
weeks averaged 3.6 different shelters while those tracked for over two weeks, used an
average of 5.3 different shelters.

The fact that three individuals accounted for 67 % of all incidents of same night
homing reflects the variability associated with shelter fidelity. Thesc individuals remained
in more limited arcas and, therefore, the probability of their returning to the initial shelter on
the same night were high compared to those lobsters who were wider ranging. Same night
homiag by American lobster was also reported by Ennis (1983, 1984a) and Kamofsky and
Price (1989). Ennis obsc-ved six same night events during which the lobsters were never
observed more than [0 m from the initial shelters. The observed maximum distances from
the initial shelter on same night homing events in the present study ranged from 2 to 36 m.
Six of the twelve same night homing events were characterized by lobster position fixes

greater than 10 m. Karnofsky and Price (1989) reported same night homing 34.5 % of the

time during their under semi-natural iti Same night homing occurred

only 15 % of the time in the present study.
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Possible reasons for a lobster not to return to its initial shelter include 1) it found

another of equal or superior quality, 2) the initial shelter was taken by another lobster, 3) it

was forced into another shelter as

a result of an encounter with a predator or a more
dominant conspecific, and 4) it moved into a shelter close o where it obtained prey in order
to protect the food. If the second reason was the explanation, then the lobster would have

to return to its ini

| shelter at some point during movement in order to determine
occupancy by another. Tracks in the present study did not indicate this. Reasons one and

three appear most applicable in thi

udy but differentiation between the two

remains difficult,
Most of the movement paths associated with the same night homing behavior were
extremely circuitous. There was litile indication of lobsters suddenly returning to the initial

shelter after prolonged movement characterized by multiple path crossovers and numerous

abrupt direction changes. Rather, the animals scemed to slowly wend their way back to the

shelter, occasionally stopping on the way for whatever reason. In a couple of instances,

lobsters took substantially less time to return to shelter from a location than move from the
initial shelter to that location but even these were not dirccted movements.

Karnofsky et al. (1989a) reported on homing experiments conducted with (wo
lobsters. These long-term resident lobsters, one mate and onc female, were captured near
their shelters, tagged with light-emitting diodes and released approximately 35 m from their

shelters. The animals were then followed by snorkellers. The male, released at 23:24,

returned to h The

shelter within 2.25 h on & relatively simple path without crossovers.
female, released at 20:28, still had not returned to her shelter after 3.25 h but obscrvations
the next day found her there. The path she followed during the 3+ h after tagging was

more complex than the male’s and was characterized by numerous crossovers, The male
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was tagged a second lime, sixteen days after the initial experiment. This time he
demonstrated completely different behaviour. Immediately upon release, he entered a
nearby shelter for 20 min and then was lost by the obscrvers. Two nights later, a molted
carapace with a flashing diode was located in front of the male’s home shelter (site of
capture).

Data collected on homing behaviour in the present study are a vast improvement
over Karnofsky et al. (1989a). Less subject manipulation was used at Broad Cove so
presumably all homing behaviour at the study site was less biased.

Nightly homing has also been observed in other lobster species such as spiny
lobster, Jasus edwardsii (MacDiarmid ct al. 1991), Panulirus cygnus (Cobb 19815
Jernakoff 1987; Jernakoff et al. 1987), and Norwegian lobster, Nephrops norvegicus

(Chapman and Rice 1971).

4.4 Usc of Different Substrata and Macrobenthos
Most of the stops (58 %) and shelter choices (66 %) were likely made on boulder

and outerop because this substrate was present in over half of the study site area. Such

is 1 common shelter-providing habitat for the American lobster throughout most
of its range (Hudon 1987; Wahle 1990; Wahlc and Steneck 1991). 1t has also been shown
that kelp beds in association with this substratum provide suitable habitat for the animal
(Bologna and Steneck 1993). Arcas of the outcrop near the dropoff at Broad Cove had
dense growths of Desmarestia and provided some shelter for lobsters. Lobsters, which
appear to display central-place foraging behaviour, should prefer shelter locations which
promote the least energy expenditure for maximum return (Lawton, 1987). Therc were

instances in the present study where lobsters did return to a shelter with prey, perhaps
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cnough to allow the lobster to remain in-shelter for & period of days and still be able Lo

feed. Predator avoidance becomes less important to a lobster as it grows (Wahle, 1992b)
so one might expect smaller individuals to spend a greater proportion of their time in
shelters than larger lobsters. However, since all lobsters tagged in the present study were
at least 69 mm carapace length, predator avoidance was probably a non-issue with most of
them.

Average durations of stops gave better indications of preferred substrate for

stationary behavior. The longest average stop durations, in

ending order, oceurred on

‘boulder with outerop’, ‘cobble with boulder and/or outcrop®, snd

ad with boulder
and/or cobble’. As expected, ‘sand’ and ‘outcrop’ substrates had the shortest average stop
durations, perhaps because they provide little shelter or food.

Average stop durations were longest in arcas dominated by scattered mussel and

urchin distributions. This type of which also had the highest percentage of

all lobster stops, accounted for most of the macrobenthos cover in the study site arca, OF

7

all shelters used in this study, most were located in regions with scattered musscl and
urchin distributions. Besides these species being prey for the American lobster (Squires

1970; Wei

s 1970; Scarratt 1980; Elner and Campbell 1987; Hagen and Mann 1992), this
distribution type also was present in over 50 % of the study area. Therefore, the
probability of stops and shelters occurring in these regions was high. Conversely, dense

mussel beds which comprised less than 8 % of the entire study area were

ites of stops

over 22 % of the time and accounted for over 18 % of all stationary time. The average stop

duration in mu

sel beds was 23.7 min. A distinct preference for these beds appeared to be
shown by some of the tagged lobsters.

Exumination of the stop data in the various dominant macrobenthos types at
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different times of the year suggested that arcas with scattered mussel and urchin
distributions were selected most prior to July 1, mussels werc preferred between July 1 and
August 15, and firally urchins and mussels after August 15. The proportion of stops and

slationary time in arcas without mussels and urchins increased dramatically after August

15. Itis difficult to speculate whether these seasonal differences are due to actual changes
in prey preference or to coincidental proximity of the various macrobenthos distribution
types. Other studics have indicated that the dict of American lobster does change with
respeet to physiological needs associated with the molting cycle (Ennis 1973; Leavitt et al.
1979). During Junc and July months, Ennis (1973) found that mussel shell fragments
accounted for the highest proportion of stomach contents in lobsters from Bonavista Bay,
Newloundland while sea urchins made up the highest proportion in August and September.
Data regarding lobster stops al Broad Cove may reflect this shift in diet. Polychaete
remains were most evident in the Bonavista Bay lobster in August and September. Stops
made by Broad Cove lobster on sandy substrate were most prevalent during monitoring
times after August 15, but these relationships remain speculative until further research is
conducted.

Leavitt et al. (1979) found that the stomach contents of hard-shell iobsters contained

more prolcin consti i to mineral consti while the opposite was true for

soft-shell lobsters. Stop location and duration data from the present study may reflect these
findings as more stationary behaviour between July | and August 15 occurred in areas with
mussel patches compared to the other time periods. The July 1 to August 15 period
probably best represents the time of peak change in shell condition, but again this requires
further study.

Apparently some of the movements with stops had foraging purposes but they also
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appeared to scrve other functions. It has been suggested that lobsters might remain in
shelters between foraging activity events (Ennis 1983) however this study demonstrated
lobster movement uncoupled with feeding behaviour. There were numerous examples of

lobster out-of-shelter activity characterized by stationary time in prey poor arca:

and also

movement uninterrupted by stationary time. Karnofsky et al. (1989a) were also surprised
by the paucity of food obtaining behaviours demonstrated by lobsters during their nineteen

month study.

4.5 Conclusion

This study has provided detailed information on aspeets of Amer lobster

behaviour under natural field conditions. It has examined activity / inac

ty of lobste:
temporal and spatial aspects of out-of-shelter activity and its breakdown into movement and
stationary behaviour, and duration of activily in shelters. Spatial aspects of out-of-shelter
activity for which new knowledge was provided by this study included physical limits of
movement by individual lobsters over multiple day periods, path patierns of movement,
shelter homing by individuals on the same night of movement and after extended absences,
shelter use on consecutive days, use of different substrate and dominant macrobenthos
types, and short term vertical displacement (i.c., depth changes).

A weukness of the present study was that effects of biological and environmental
factors could not be separated. To better understand the impact of these factors, one would
have to collect much more data under more controlled conditions. For example, the
investigator should be more selective with respect to the size and scx of the monitored

lobsters and perhaps collect molting condition or serum protein data to replace the ‘time of
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year' variable.

With the further development of computer software, time delay data can now be
collected automatically as ofien as every 15 seconds and for indefinite durations. Events
such as the unobserved shelter changes by lobsters would be recorded with continuous
computer monitoring. More hydrophones placed within the study area would help to
reduce the number of locations where the transmitter signal is either partially blocked or
affected in such a way as to result in erratic and erroncous time delays at the receiver.

Ideally, a monitored lobster's suspected presence in a particular skelter should be
verified by dircet inspection on a daily basis. That is, SCUBA or remotely operated
operations should be in effect cach day.

Coupling the data collected to date with the above suggestions for study
improvement, ultrasonic telemetry should be used to further investigate the various

iological and cnvil factors which account for the considerable

variability associated with the diel activity of the American lobster.
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Appendix 1.

Activity and environmental data pertaining to the tracking periods of all

obsters at Broad Cove, New durmg the period of
1987 to 1990. Each lobster is represented by bar graphs displaying activity
time, movement time, stationary time, maximum distance and approximate
total distance moved and a table displaying mean water temperatures, sea
states, moonphases and tracking day. All nights with movement partially or
entirely within the study area are plotted on the study area map, one map per
lobster. Information provided by the plots include lobster I.D., range of
dates including movement, movement paths, used shelters, boulder and
outcrop distribution, hydrophone locauons. and bottom debris of human
origin. Symbols factors
include C (no waves), L (< 0. 75 m) M (0. 25 -0.50 m), H (> 0.50 m), FQ
(first quarter moon), FM (full moon), LQ (last quarter moon), and NM
(new moon).




Activity, movement and stationary times of lobster | tracked between
September 16, 1987 and Sepiember 20, 1987 ('nt’ is non-tracking day)
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Activity, movement and stationary times of lobster 4 tracked between June 7

! and June 17, 1988 (at'is non-tracking day)
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Activity, movement and stationary times of lobster 5 tracked between June
24and July 15, 1988 (nt'is non-tracking day) ~ —~
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Activity, movement and stationary times of lobster 6 tracked between
November 9 and November 27, 1988 (t' is non-tracking day)
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and May 31. 1989 (nt'is non-tracking day)

T B

ity Time

O tavement T

i = M Sutionary Time

| g -

! -

i n

| 12 3 & 6 7 8 9 1011 12 13 1415
i

i Tracking Day

i

|

|

(m)

Approximate Total Distance

00 Maimn distance

Tracking Day

i 6: -
: A PO

: 5 ;

' 123 45

watertemperatare ) | s [ 3 | 3 o [afaf a5 ] ]
Sea stare clufufelele|ecle|n]e
Moonphase ]

Teacking day v sl ]o]m

nt

I

y. movement and stationary times of lobster 7 tracked between May 12

1617 18 19

20

6 7 8 9 10 11 12 13 1415 16 17 18 19 20

wln
w|m




O a0
4 ]
i 4%
et O
D. -
<o
i A &
£,
50




(min)

Activity, mov

o BB

12 3 4 5 67 8 9 101112131415 161718192021

300 i~ e e

nent and stationary times of lobster § tracked between June 6
and June 26, 1989 (nt'is non-teacking day)

- [ o BlAdiviy Tine

- * O Movement Time

nt Eh. B nt

Tracking Day

4.5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

n g

123
Tracking Day
Water temperature °C) | % | w [0 | o [ s | o w2 o a]w|a]ofofo]ofn]n]o]o]
seastae clefs|sfsfu]e sl e]elelefe]e]e]e]e
Moonphase w0 w n
Tracking day pafa el sfal oo ofalufafolufuslwlafujo]unfa




e g

ast
oKt

Ppudapsng.

UMOYS 10U 9f: PUE [ SIS
U3212q £ JUN[ WO WUIWIAOLY

ndsmso



Activity,

‘movement and stationary times of lobster 9 tracked between July 4
and July 25, 1989 (nt' is non-
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Activity, movement and stationary times of lobster 9 tracked between July
i 26.and August 16, 1989 ('at' is non-tracking day)
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Activity, movement and stationary times of lobster 9 tracked between
August 17 and September 7. 1939 (nt’ is non-tracking da
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Activity, movement and stationary times of lobster 9 tracked between
September 8 and September 27, 1989 (nt'is non-tracking day)
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Activity, movement and stationary times of lobster 10 tracked between July
17 and July 24, 1989 ('nt" is non-tracking day)
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Activity, movement and stationary times of lobster 11 tracked between July
28 and August 18, 1989 (at'is non-tracking day)
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Activity, movement and stationary times of lobster 12 tracked between

September 13 and September 27, 1989 (nt’ is non-tracking day}
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Activity, movement and stationary times of lobster 13 tracked between June
20and June 25, 1990 (ot is non-tracking day)
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Activity, movement and stationary times of lobster 14 tracked between June 20
and July 14, 1990 (nt' is non-tracking day)
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Activity, movement and stationary times of lobster 15 tracked between June
| 26 and July 7. 1990 (o’ is non-tracking day)
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Activity, movement and stationary times of lobster 16 tracked between Ju
29 and July L1, 1990 (nt' is non-tracking day)

.
2 Acivity Tine |

O Movement Time

|
[ B Suationary Tirm J
| € i
1
i 0oz
i
|
|
! ¢ total distance moved
. by lobster 16 between June 29 and July 11, 1990 (nt is non-tracking da
i
i ‘D.\Inxmumuh\m . |
|

! i o |
I = iy St
.

1 2 3 4 5 6 7 8 9 10 11 12 13

Tracking Day

Watriemperawre 0y | 9 | 10 [ 8 | s [ 2 [ ol o sl o] 0w
| Sea state M L L L M M H M M M L M M
Moonphase FQ ™
 Tracking day 1 2|3 4 s 6| 2| s loflw|u]lnr|n




S}

&

S 4

Shi (g:én (:7(%‘17
]

et

180
150



Activity. movement and stationary times of lobster 17 tracked betw
i and July 20, 1990 (' is non-tracking day)
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Activity, movement and stationary times of lobster 18 tracked between July 23
and August 10, 1990 (' is non-tracking day’
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Activity, movement and stationary times of lobster 19 tracked between August
7 and August 18. 1990 ('nt’ is non-tracking day)
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Appendix 2.

Data on shelters occupied and not occupied by tagged lobsters within the
study site at Broad Cove, Newfoundland, 198 990.  Shelter
specifics include substrate type (S = sand, SBC = sand with boulder and/or
cobble, CBO = cobble with boulder and/or outcrop, O = outcrop, BO =
boulder and oulcrop) m.\crobcn(hos type (MB = mussel bed with urchins,
M = scattered mussels, ttered mussels and urchins, U = scatiered
urchins, NMU = neither mu: cls nor urchins), entrance height, entrance
width, shelter length, entrance height : width ratio, entrance
construction type (excavated (E) or not (NE)), and abs
(P) of lobster at survey time.
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Appendix 3.

Activity data presented through categorization by lobster sex (male or
female), lobster size (small or [arge) lobster sex x size (small male, large
male, small female, or large female), time of year (prior to July 1, July I -
August 15, after August 1:) water temperature (</= 8°C or > 8° C), sea
state (calm, < 0.25 m, 0.25 - 0.50 m, or > 0.50 m), and moonphase (first
quarter, full moon, last quarter, new moon). Values presented are mean +
s.d.. range, and sample size.  Only fully monitored bouts are included
except for ‘percent active nights' for which remaining fully monitored
nights are also included.
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