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ABSTRACT 

A total of 2 1 7  late-stage ovigerous female lobsters, HomarVs americanVs, were 

=arapa=e tagged zom May 15 to June 20� 1988�  and another 14  tagged with ultrasoni= 

transmitters zom June 14  to August 12 ,  1 988�  in the Jeddore area of the eastern shore of 

Nova S=otia. Between May 25 and August 7, 1988� 47 of t�e =arapa=e tagged lobsters 

were re=aptured. Temperature and salinity were monitored in boeh Jeddore Harbour and 

Clam Bay throughout the study. 

There was little eviden=e of migration of =arapa=e or soni= tagged lobsters into the 

harbour zom Clam Bay, alt�ough homing was observed 8r at least one soni= tagged 

lobster translo=ated into Clam Bay. A =omputer model of egg development in a vYiety of 

annual temperature regimes suggests that there is no physiologi=al advantage for ovigerous 

females to eit�er l[ate in the hYbour yeY-round or to migrate seasonally into the hYbour. 

Latefstage ovigerous females demonstrated 'resident' behaviour in areas with suitable 

lobster habitat +moving rarely, and only short distan=es), and 'transient' behaviour on 

featureless sand or gravel bottoms +where greater distan=es wre =overed, and at faster 

speeds) .  There ap^ared to be s^=ifi= sites where hatching [=ujed. The a=tivity of 

ovigerous females in=reased with egg development. This in=rease in movement did not 

appear to be tem^rature-related. Movement was not =ojelated wit� diel or tidal rhythms. It 

is suggested that most movement probably [=urs due to =hanges in motivation of the 

animal based on 8od and shelter requirements and both intra- and interspe=ifi= intera=tions. 

Hat=hing was observed between July 19 and August 23, 1 988 �  requiring 4f7 days. Two 

soni= Ègged females molted in the hYbour 4f5 wee6s after hat=hing. 

The results of this and other re=ent studies in the Jeddore Yea suggest that 

hypotheses that 1 )  tƶere exists a "longitudinal re=ruitment =ell" on the Atlanti= =oast of 

Nova S=otia, and 2) that prote=ted bays are important areas for larval development, may not 

be true. The harbour does not ap^ar to be an important brood area. The predi=ted hatchi�g 

dates of ovigerous female lobsters in both Clam Bay and Jeddore HYbour appear to leave 

suffi=ient time for subsequent lYval development . The ovigerous females in the harbour 

=ontribute less ehan 20% of the egg produ=tion for the area as a whole. It is suggested that 

lobsters in Jeddore Harbour may be a largely resident population. In the late fall some 

lobsters probably migrate out of the harbour, returning in the spring or going to another 

nearshore area. Many, however, probably remain in the harbour over winter. 
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Movements of the American lobster (Homa.rus americanVs Milne EdwYds)� like 

most animals� are not haphanYd or random� but oriented to attaining their needs� and are 

influenced by external and internal factors +Allen 1966). Migrations involve temporally 

coordinated and spatially oriented movements of a population +or a distinct component of a 

population) over relatively long distances� during which movement is typically from one 

environment or habitat to another +Herm6ind 1980). Herrnkind + 1980) has reviewed the 

movement patterns of spiny lobsters� while more general reviews 8r marine Învertebrates 

are provided by Allen + 1966)� Enright + 1978) and Herm6ind + 1983). A brief examinati:n 

of some exúples of migration in the spiny lobsters +`alinuridae) serves to demonstrate 

some of the variety and proposed functions of migration. 

The migrations of certain palinurids appear to play 6ey roles in recruitment success. 

In northern New Zealand� PanV9irVs verreauxi migrates against the cujent to maintain a 

recruitment cell +Booth 1986). P. ornatus adults migrate eastward from the Tojes Strait 

across the Gulf of ̀ apua to spawn so that the larvae will be cajied to a juvenile nursery 

area� after which ehe juveniles migrate zom a nursery Yea to adult grounds +Moore and 

MacFYlane 1984) . Juvenile P. cygnus off western Australia migrate from shallow i�sh:re 

nursery grounds to deeper water 30-50 km offshore +George 1 958�  Chittleborough 1970� 

Morgan 1 974). P. argus on the Great Bahama Ban6 migrates zom inshore settling areas t: 

areas of soft substrate or reefs where they adopt a "nomadic" life style +Herrnkind 1 980). 

Migrations may occur 8r other reasons as well� Throughout its geographical ra�ge� 

adult and late stage juvenile P. argus undergo an annual mass migrati:n in sÎngle file 

queues� from the reef shallows to the edge of oceanic channels +Herm6ind 1969� 1970� 

Hermkind and McLean 1971) .  The queuing behaviour and subsequent movement appears 

to be triggered by abrupt drops in water tem^rature associated with severe autumnal 

storms +Hermkind 1 970� Hermkind and Kanciruk 1 978� Kanciru6 and Hermki�d 1 978). 
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The migration may serve to remove the lobsters from shallows when the bottom 

temperatures can ąop into the animals lethal range +Herrnkind and Kanciru6 1978� 

Herrnkind 1980) . Finally� inshorefoffshore migrations of P. inSerrVpSus off souehern 

California were cojelated with the appeYance and disappeYance of thermal stratificati:n 

+Mitchell eS a9 1 969� Engle 1 979)� but may also be due to availability of 8rage� suitable 

habitat� and strong surge in shallow waters during winter +Mitchell eS a9 1969) . 

2 

In contrast with certain species of spiny lobsters� migration by HomarVs 

americanus is poorly understood. Inshore lobsters are generally nonfmigratory� typically 

moving less than 10f20 km between release and recapture +Templeman 1 935� 1940a� 

Wilder 1 954� 1 963� Wilder and Murray 1 956� 1958 �  Cooper 1 970� Mojissey 1 97 1 �  

Fogarty eS a9 1 980� Krouse 1 980� 198 1 �  Campbell 1 982� Ennis 1983� Maynard and 

Chiasson 1 986a� 1 986b� MaynYd eS a9 1 988� Duggan and `ringle 1 988) .  Some studies 

have demonstrated seasonal migrations of inshore lobsters into deep water in the autumn 

and bac6 to shallow water during the spring +Cojiveault and Tremblay 1948� Bergero� 

1 967� Lund 1 979)� while other studies have demonstrated a lac6 of seasonal migration 

+Wilder 1 954� Wilder and Mujay 1 956� 1 958) .  Cooper eS a9 + 1 975) and Ennis + 1 983� 

1984) suggested inshore lobsters movement to deeper water was in response to storm 

turbulence. They did not equate this movement with a seasonal onshorefoffshore migrati:� 

involving significant horinontal displacement. Seasonal migration by Magdalen Island 

lobsters was reported by Munro and Therriault + 1983). Here� they moved into the shall:w 

lagoons between midfMay and the end of June and then bac6 out to the exposed coast i� 

October. 

Seasonal deepfshallow migrations have also been observed for lobsters in the Bay 

of Fundy +Campbell and Stas6o 1 986)� 8r ovigerous females off Grand Manan Isla�d 

+Campbell 1986) a�d 8r offshore lobsters on the continental shelf +Cooper and U nman� 

1 97 1 �  Unmann eS a9 1 977� Lund 1 979� Fogarty eS a9 1 980� Campbell eS a9 1984� ̀ ennack 

and Duggan 1986).  These migrations are thought to be maximining the temperature and 



� 

thus the rate of molt©ng� growth� gonadal development� and egg extrusion and develoŨme�t 

+Cooper and Unmann 1 97 1 �  1980� Unmann eS a9 1977� Lund 1 979� Munro and Thejiault 

1 983�  Campbell ƞ 986� Campbell and SÈs6o 1986) .  

CleYly� seasonal migration has evolved to place the lobsters in a habitat in which 

vYious biological functions will be optimined. In addition� movement paȫerns can v̚ 

between different geographic populations and life stages of the same species (e�g� P� �KgXP 

+Herrnkind 1980) and H� americanVs(Q11 above)) .  

Heȝd + 1 980) provides an excellent review of the methods used to study 

movement of palinurids� many of which could be applied to the study of HomaKVs 

americanus	 These include monitoring trends in the commercial catch distGibution� tagġ

re̟apture programs� direct in siSV observation bë divers and submersibles� ultrasonic 

telemeȪ� and laboratory experimenÈtion cojelating aspects of behaviour with ecologically 

significant sÈte vYiables. Ultrasonic tel̯metȠ has been used to sƕdy the local movement 

patterns of PanV9irus argus in ehe Caribbean +Clifton eS a9 1 970� Herrnkind and McLên 

1 97 1 �  HeΊ6ind eS a9 1 975) �  P� cygnVs in Western Australia +Rúû 1980� `hillips ,S a9 

1984� JernÝoff eS a9 1 987)� and Homarus americanVs in the Gulf of St. Lawrence 

+Maynard and Conan 1 984). Additional studies on H� americanus using highly accurate 

fixed ajays of hydrophones coordinated by micr[omputer Ye cuǂntly under way in 

Jeddore +Dr. R. OŘDor� Dalhousie University) and in New8undland +Dr. J. Green� 

Memoƍal University of New8undland) 

Two studies tested the effect of attached transmitters on lobster behaviour. Maynard 

and Conan + 1984) 8und that the presence of nonftransmitting tags on HomaKus ameKicaFXP 

had no effect on mortality� but resulted in reduced act©vity in aquaria. However� they also 

concluded that the presence of transmitting tags did not seem to affect "behaviour" . 

Jerna6off eS a9 + 1987) concluded that neither the physical presence of the tags nor the 

electromagnetic signal affected the number of PanX9iKus cygnXs sheltering during the day 

or 8raging at night. 
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In a review of factors influencing ehe sine of lobster stocks along the Atlantic coast 

of Nova Scotia� HYding eS a9 + 1 983) suggested that "this region represents a 'fringe' none 

8r the lobster as the surface temperatures are in general too cool and the prey species too 

lYge to allow successful recruitment of the lYval stages along the open coast" . They 

suggested further that "it appeYs that larval refuges exist in protected embayments where a 

strong thermocline can be developed and where the flushing rates Ye low" . 

A study on the ecology of eastern Nova Scotia lobsters was initiated in the eYly 

1980's by Department of Fisheries and Oceans personnel. Duggan and `ringle + 1 988) 

8und a high incidence of ovigerous females inside the lYge protected harbour of Jeddore 

+about 80 6m east of Halifax) in 1986-87.  They speculated that the hYbour may be an 

important area 8r both hatching and egg development. Given the continued lobster fishery 

on the Eastern Shore +Miller eS a9 1987) and an appYent lack of long disÈnce migration 

+Duggan and `ringle op. cit. � also see above) � it is likely that successful larval recruitment 

occurs along this shore. Adult lobsters +or ovigerous females in particulY) may have 

evolved local movement patterns which result in accelerated egg development and/or 

enhanced lYval survival. Local fishermen begin catching lobsters by trap at the start of the 

season +April 20) in about 40 m depth off Jeddore. They gradually move their traps 

shoreward until by the end of May� the traps Ye in shallow water +< 10 m) against the shore 

and over roc6y shoals . Many fishermen believe that this progressive change in apparent 

location of lobsters is due to a spring inshore migration. However� Wilder and Mujay 

+ 1 958) showed that similar trends in the fishery at `ort Maitland N.S. were due to the 

removal of legalfs ined lobsters zom the shallow Yeas during the previous season and to 

wYmer temperatures in the deeper waters in early spring. 

This study is intended to contribute to our understanding of the ecology and 

behaviour of latefsÈge ovigerous female lobsters (Homarus americanus�	 These are female 

lobsters carrying developing eggs under the ventral surface of the tail +also refejed to as 

"berried")� eggs which are due to hatch within a few months. Specifically� ehe study was 



5 

designed to test the hypothesis that late-sÈge ovigerous females underta6e directed 

movement from the nearshore coastal none into the wYmer waters of Jeddore Harbour� 

Ovigerous females were tagged with carapace tags during the spring fishing season and 

trac6ed using ultrasonic transmitters after the season. Egg development of all lobsters was 

monitored throughout the study. Finally� movement is examined in relation to a number :f 

environmental and physiological pYameters. 



The study site was located at Jeddore +44°45'N, 63°CXl'W) on the Atlantic coast :f 

Nova Scotia� about 80 6m east of Halifax +Fig. 1 ) .  It consists of an enclosed harbour 

+Jeddore Harbour� hereafter referred to as Řthe harbourŘ) and a coastal Yea outside the 

harbour� Clam Bay +Fig. 2) . A long najow channel sepYates the two Yms of the hYb:ur 

from Clam Bay. 

The hYbour is about 13  6m2� typical of the many estuYies and harbours along this 

coast +see Fig. 1 ) . The tides are semifdiurnal with a mean range of 1 �5 m. The flushing 

time of the harbour was estimated at 4�4 tide cycles� or about every 55 hours +DiBacco 

1 989). The hYbour basin bifurcates into two arms� the Eastern Arm and the Western Arm� 

and is lYgely characterined by a gently sloping mudfsilt bottom 5f 10  m deep. There Ye 

several extensive mussel (�ySi9Vs e(V9is� and eelgrass (ZosSera marina� flats inside the 

harbour which may be exposed at low tide. Lobsters are fished inside the harbour� 

particularly in the Eastern Arm near reefs along the shoreline. These reefs often have 6elp 

(Laminaria spp.) and sea anemones (�eSri(iVm seni9e� attached. 

The shore of Clam Bay is generally r[6y except 8r stretches of mud and sand 

with eelgrass or cordgrass (SparSina a9Serniflora� in some shallow inlets. The bottom is 

typically boulders or bedroc6 with a dense cover of 6elp� interspersed with large expanses 

of sand +Moore and Miller 1 983). Laminaria 9ongicrVris, L. (igiSaSa, Saccorhiza 

dermaSodea, A/aria escV9enSa, AgarVm cribosVm, DesmaresSia viri(is, and several species 

of filamentous algae are common. Lobsters shelter under roc6s or in crac6s and crevices i� 

the beąoc6. The Clam Bay area supports a moderate lobster fishery 8r this coast� with 

about 20 licensed boats from the communities of East and West Jeddore. The bottom 

slopes gradually to the Scotian Shelf� levelling off at about 150 m some 60 6m offsh:re. 

Lobsters are not fished commercially from the inshore grounds to ehe edge of the 

continental shelf +Pennac6 1 984) 
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The harbour channel is about 4 6m long� 1 6m wide� and 10f20 m deep� The walls 

of the channel are zequently steep (30f50 degrees of slope) and 8rmed of clay and rocks� 

Numerous burrows in the clay serve as shelters 8r crabs and lobsters� The habitat appeYs 

similY to the "`ueblo Village" habitat described by Cooper and Unmann + 1980) in the 

submYine canyons of Georges Ban6� SimilY habitat has been observed in Malpeque Bay� 

`�E�I �  +D. R. Maynard� pers � comm�) �  Water from the two Yms of the harbour feeds i�t: 

the channel near Brown Island� and zom the hYbour basin through several brea6s i� the 

mussel/eelgrass flats on eieher side� The principal hydrographic feature of the channel is ehe 

strong tidal flow +up to 2-3 6nots) �  

The other area studied� though less rigorously� was seaward of Musquodoboit 

Harbour +Fig� 3) .  Musquodoboit was included in one aspect of this study because the 

fishermen there were eager to participate� Here� lobsters are trapped in a vYiety of insh:re 

habitats similY to Clam Bay and Jeddore Harbour� 
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221 ovigerous females were sampled during the second half of the lobster fishi�g 

season� zom May 1 5  to June 20� 1 988.  Sampling was conducted zom a 6 m enclosed 

runabout. Lobster fishermen would call by Ō radio when an ovigerous female was 

captŁed during their normal fishing activities. The fisherman would pass the ovigerous 

female to the study personnel� and in8rm us of the capture l[ation +Loran coordinates) � 

depth� and time-out-of-water. On days we could not be contacted� fisheğen with 

ovigerous females ȯould replace the lobster in the trap until we were available +generally 

only 1 -2 d) . 

CYapace length� date and l[ation of capture� approximate sine of the egg mass 

+guaged crudely by visual estimate as 0- 1 00% of expected egg mass)� depeh of capƕre� and 

time-out-of-water� and a sample of 15-30 eggs removed. Numbered carapace tags _Ğ�ĕĢ 

Wilder 1 954� Stas6o 1980) were applied to 2 1 7  of the sampled lobsters Ã� Each lobster was 

returned to the bottom as close to the capture l[ation as possible usÎng a weighted bucket 

with a tripline. 

A charter was conducted ƪter the fishing season� from July 28 to August 9. O�e 

hundred traps were hauled every second day� 40 in Clam ĳay and 60 in the harbour. 

Thirty-six females ȯere caught which were either egg-cžſying or had remnants of eheir egg 

mass +empty egg cases still attached to setae 8llowing lYval hatch). 

The cYapace lengths of 220 ovigerous females sampled during the fishing seas:� 

and 33 ovigerous females sampled during the charter� were compared between two sa�Ũle 

areas +Jeddore Harbour and Clam ĳay) and two sampling periods +May/June and 

July/ August) using two-way ANOV A +Sokal and Rohlf 1 98 1  ) .  

Â Carapace tags were used instead of sphyrion tags +retained through the molt) because :f 

concerns expressed by fishermen about possible mortaliǋ to bejied fe�ales by the 

sphyrion tagging process. 

8 
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Some lobsters tagged during the fishing season were recaptured by fisherme� 

during subsequent wee6s of the fishery and during the July charter. When a fisherman 

recovered a tagged lobster the tag number and Loran coordinates of ehe recapture l[ati:n 

and depth were recorded. A $5 reward was paid to the fisherman 8r this in8rmation. 

When no Loran coordinates were provided� the recapture location was estimated based o� a 

description of the l[ation and depth. When recaptured lobsters were made available to 

study personnel� anoeher egg sample was ta6en. 

Beginning June 14� 8Łteen ovigerous females were fitted with ultrasonic 

tra�smitters . Two transmitter models were used� both made by Vemco Ltd. +3895 Shad 

Bay Rd. � R.R.q4 Armdale� Halifax Co. � N.S . �  ĳ3L 4J4� +902) 852f3047) :  model V3f®HI 

+65 mm long� 16  mm diameter� 25 g� with a battery life of about 64 dó serial numbers were 

6776f6785)� and a smaller model with a battery life of over 85 d +serial numbers were 

55 1 0f55 15) .  Each transmitter transmitted on one of 5 frequencies +50.00f76. 80 kHn) a�d 

at one of 2 signal repetition rates +54 or 60 pulses per minute)� allowing ten unique 

combinations of zequency and rate. The transmitter was attached to the dorsal midline of 

the lobsterŘs cYapace with 5fminute epoxy. A cable tie ensured that the transmitter would 

remain with the lobster if the glue came unstuc6 +see Figures 4 and 5) .  A number of these 

lobsters were held in lm x 0. 7m x 0.5m holding cages neY their capture location 8r 

periods of up to 1 2  d when transmitters were not immediately available. Other transmitters 

+smaller model) were used for 1 f3 wee6s on ehree ovigerous females be8re their assig�ed 

transmitters +q678 1 �  q6783� and q6784) were ready 8r use. Sonic tagged females are 

identified by ehe serial number of the transmitter. 

Once tagged� ehe lobsters were released neY the site of original capture. They were 

trac6ed on a regulY basis using a directional vesselfbased ultrasonic receiver. The boat was 

positioned as close as possible to the source of the signal� and the Loran coordinates 



recorded. In addition to l[ation� the time� depth� and bottom temperature +taken with a 

Vemco digital l[6ing thermometer� hereƪter refejed to as ambient temperature) were 

recorded. 
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The accuracy of Lora� for positioning the lobsters was estimated by compari�g the 

Loran coordinates of lobsters which were 6nown to be stationYy +based on diver 

observation) . None of the Loran coordinates vYied from one day to the next by more tha� 

0.2 microseconds 8r the first Loran coordinate� or by more than than 0.3 microseconds for 

the second Loran coordinate. The resulting region of uncertainty was an ellipse of about 

108 m in the North-South direction and 10 1 m in the East-West direction +roughly ± 50 m 

in any direction). This conservative approach avoided consideration of movements which 

may never have [cujed. 

Every 1 -2  wee6s +less frequently at first)� each sonic tagged lobster was observed 

underwater. It was located by a diver-held underwater receiver +Vemco model VUR-455 � 

see Fig. 6) � The egg mass was observed 8r evidence of hatching� and an egg sample 

removed +Fig. 7). The carapace of females whose eggs had hatched was chec6ed for 

softness +a sign of approaching ecdysis). In addition� general observations were made on 

the habitat� including topography, flora� and the presence of other lobsters . The lobster was 

brought to the surface in most cases only when the transmiȫer required maintenance. These 

periodic observations confirmed that the location of the lobster on the bottom was usually 

within about 20 m of the l[ation determined wieh the boat-based receiver. 

Three extended periods +� 24 hours) of trac6ing were conducted +June 2 1 -2� �  July 

1 3- 1 4� and July 30-3 1 �  1 988) during which the lobsters were trac6ed at least once every 

6 h .  

Lobsters were trac6ed in boeh the hYbour +n=5) and Clam Bay +n=4). If the 

hypothesined movement of ovigerous females into the harbour occured� then the lobsters i� 

the harbour should remain there while those in Clam Bay would be observed migrati�g i�t: 

the harbour. In addition� lobsters were transl[ated from inside the harbour to Clam Bay 



11 

+n=2) and from Clam ĳay to inside the harbour +n=3). Given the hypothesined migration of 

ovigerous females into the harbour� the lobsters transl[ated into the harbour would be 

expected to remain there while those translocated from the harbour to Clam ĳay would 

move bac6 into the harbour. 

Signals were [casionally lost due to battery or transmitter malfunction� or lobster 

movement. The signals from 9 of the 14  ovigerous females trac6ed were lost at least once 

and later rediscovered. The average and sÈndard deviation of the duration of loss was 12.2 

+± 1 3 .8) days. Seven were permanently lost before the predicted end of the battery life. 

Considerable time was spent searching 8r lost signals� using an omnifdirectional 

hydrophone along a gƍd search pattern defined by increments in Loran coordinates .  

Distance and direction travelled during each interval between release and recapture 

or between two consecutive l[ations were determined with the aid of enlarged Loran C 

charts . Distances travelled were converted into a rate +m·day -1), log transformed� and 

called "act©vity" . No statistical analysis was cYried out on the direction of movement 

because the vector analysis of movement (e.g . circular statistics) requires assumptions 

about topographical constraints� particularly for smallfscale movements� and the 

distribution of fishing ef8rt +in the case of Èg returns). 

Egg samples were tÝen from 201 ovigerous females during the lobster fishing 

season and from 17 others capƕred during the charter. Egg samples were also tÝen 

periodically from the 14 sonic tagged ovigerous females. The samples were tÝen using the 

methodology of ̀ er6ins + 1972) . Five to ten eggs were ta6en zom 3 different regions of the 

ventral periphery of the egg mass using forceps and put in a vial. Early in the study� 

samples were preserved in a 5% solution of formaldehyde buffered with sodium borate. 

These eggs were often difficult to stage. As a result� all egg samples ta6en after May 3 1  

were put in seawater and either staged the same day or refrigerated and staged within 2 
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days .  

Five eggs were haphanardly selected zom each sample. The width and lengeh of ehe 

embryonic eye was measured using a dissecting microscope equipped with an [ular scale 

calibrated with a micrometer + 10  Ðm gradations). The mean axis length of eĜh eye was 

calculated. The grand mean 8r the five eggs is the `er6ins Eye Index +`EI) value 8r ehat 

sample. All eggs were preserved in the buffered 8ğaldehyde solution 8llowing staging. 

A number of suspect eye index values were obtained (i�e. an ovigerous female 

recaptured after one month at lYge with an eye index value substantially smaller at 

recapture than at release). As a result� all samples were re-staged. The initial value was 

rejected when it was clearly in error. However� when there was no clear difference between 

the two values� the initial value was retained. 

A number of tests were cžſied out on the egg staging methodology. These Ye 

reported on in detail in Appendix A. 

Egg development was compared between two l[ations +in the harbour and Clam 

Bay) and three periods of capƕre +May 3 1 -June 4� June 6- 1 1 � and June 1 3-20) using twoġ

way ųOV A +So6al and Rohlf 198 1 ). The egg development data of ovigerous females 

zom Musquodoboit� and those sampled during the charter� were not analysed because of 

small sample sines . 

The estimated hatching date 8r each of the ovigerous females sampled during the 

fishing season was predicted using state vYiables described below. The predicted hatching 

date was inteŐreted as the mean date on which hatching was predicted to [cur. The 

empirical model of ̀ erȇins +op. cit.) was used to estimaȤe the daily increment in ehe eye 

index zom the date the sample was tÝen. 

\¾ -8 .3 15 1 +2.60 1 9+T) ɰ
7 `l 



where \= increase in eye index +Ðm·day- 1 ) 

and T = ambient water temperature +°C) 

13 

Daily water temperatures from the Eastern Arm thermograph and Big Head 

thermographs were used 8r ovigerous females from ehe harbour and Clam Bay 

respectively. Hatching was predicted to occur when the eye index reached 560 Ðm +Perki�s 

op. cit. ) .  

A computer model was constructed to simulate egg development between extrusi:� 

and hatching at a variety of úbient temperatures. Details of model development and the 

results Ye presented in Appendix B.  

Three fixed hyąographic stations were maintained from May 15 to the end of 

September +see Fig. 2) . Each station was visited at least 3-4 times per wee6� and the 

8llowing data collected: time� depth� surface and bottom temperatures� and surface and 

bottom salinities (using a Nansen bottle to obtain the bottom salinity sample) .  Salinities 

were analysed by the Marine ChemisȪ Division� BIO� using a Gyldline Autosal model 

8400 salinometer. Secchi depths were measured periodically at the Clam Bay and Eastern 

Arm hyąo stations. Five thermographs +Ryan `eabody model 11 80) were deployed as 

shown În Fig. 2. The location and dates on which the theğographs were deployed a�d 

recovered are listed in Table 1 .  The ehermograph near Old Man R[k could �ot be l[ated at 

the end of the studë. 

During the three extended sampling periods +June 2 1 -23� July 13f 14� and July 30-
3 1 �  1 988)�  salinity and temperature were recorded at each hydro station at high� middle� 

and low tides 8r at least two tidal cycles. 



All intervals were combined 8r the analysis of movement patterns. An interval is 

defined as the periͪd of time between two consecutive positionings +using the surfaceġ

based receiver to obtain Loran coordinates 8r the lobster). During each interval� distance 

and direction moved was measured� and a number of quantitative vYiables +temperature 

and salinity) and non-quantitative variables +location� transl[ation� and egg developme�t) 

and. Intervals were classed as either "active" +those during which the lobster moved) or 

"inactive" (those during which it did not move). 

Data were analysed using a combination of two-way and multi-way contingency 

tables 8r the non-quantitative vYiables� and nonparameyic analysis of variance a�d 

stepwise multiple linear regression 8r ehe quantitative vYiables +Ƕ 1974� Legenąe a�d 

ǩgendre 1 983). Goodness of fit was tested by � 2 or using the log likelihood ratio +G 

test) 8r cases with low probabilities +Ƕ 1974� LegenƄre and Legendre 1 983) . Yates 

cojection 8r continuity was used when testing 2 ˹  2 contingency tables. 

Handling of lobsters prior to an interval was noted. Handling included any 

exposure of the lobster to the experimenters. The log likelihood ratio +G test) was used t: 

test 8r differences În the proportion of active intervals 8llowing handling and nonρ

handling +conyol intervals) .  
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Analysis of the combi�ed moveme�t data +i�tervals) was c̑i̒ed out to determi�e if 

the propoĭion of active intervals differed between individual lobsters� between locatio�s 

+the harbour and Clam Bay)� between translocated and i�digenous +non-yanslocated) 

lobsters� or between ovigerous females with different stages of egg development. Am:�g 

the 8ur non-quantitative variables examined +lobster� location� yanslocation� and egg 

development) it was not possible to set up a 8ur-way contingency table due to the small 

resulting group sines . As a result� variables were treated si�gly or in groups of two or 



three. First� differences in the proportion of active intervals between lobsters were tested 

using the log li6elihood ratio. Secondly� a 2 x 3 x 2 contingency Èble was used to test for 

differences in the proportion of Ĝtive intervals between two locations +the harbour and 

Clam Bay) and three stages of egg development +3�0-4�0� 4 �0-5�0� and 5 �0-6�0� see Table 

2). Only non-translocated lobsters were used. Thirdly� differences in the proport©on of 

active intervals between the two l[ations and whether or not the lobster was translocated 

were tested with a 2 x 2 x 2 contingency table. In each case where t�e goodness-of-fit test 

result 8r a multi-way table was significant� the factors were tested individually to 

determine ehe source of the difference. 
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Salinity was estimated 8r the start and end of each interval by interpolating li�early 

between the observed salinities nearest in time and l[ation. The salinity value 8r the 

Înterval was ta6en as the average of ehe two. Salinities were not assigned to intervals if ehe 

sample was È6en more than one day be8re or after the interval. Secchi values were 

similarly determined 8r each interval. 

Ambient temperature +at the start of the interval) and temperature at the nearest 

thermograph +Eastern Arm or Big Head) were included in the analysis because they reflect 

different temperature regimes. The temperature at the thermograph is more a measure of 

general temperature trends in the study area� and was independent of changes in lobster 

l[ation. 

Differences in temperature and salinity between active and inactive intervals were 

tested using a Ma�n-Whitney U test. 

Next� relationships between the magnitude of activity +m·day -1, trans8rmed a�d 

untransformed) during the active intervals and five quantitative variables +day� depth� 

ambient temperature� temperature at the thermograph� and salinity) were examined with 

stepwise linear regression. 
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Changes in activity from one interval to the next were compYed with the 

cojesponding changes in salinity and temperature and tested 8r goodness of fit. This 

made it possible� 8r example� to examine whether temperature increase was accompanied 

by an increase in activity. All intervals were grouped according to the change in activity. 

These changes could be posit©ve +an increase in activity)� negative +a decrease in activity)� 

or nero +no change in activity). Each of the three variables +ambient temperature� 

temperature at the ehermograph� and salinity ) were tested independently 8r gooƄnessf:fffit 

because of insufficient data 8r consyuction of a multifway contingency table. 

Activity rhythms were examined 8r intervals which [curred entirely during one 

part of the day (i.e. at sunset� sunrise� entirely at night� or entirely during the day)� and the 

proportion of active intervals in each group tested 8r goodness of fit. Times of sunset and 

sunrise were obtained zom the Environmental Atmospheric Service +Mr. J� F� Amireault� 

Climatological Services� Atmospheric Environment Services� Environment Canada� +902) 

426-9226) 8r days on which there were short intervals +primarily t�e t�ree periods of 

extended yacking) . 

Hourly tide heights were obtained 8r Salmon River Bridge +located at the head of 

the Eastern Arm) zom the Tides Section of the Canadian Hyąographic Service (Mr. C. 

OŘReilly� Tidal Officer� Canadian Hydrographic Service� Bedford Institute of 

Oceanography� +902) 426-3846). Intervals occujing entirely during a single flood or ebb 

tide were examined 8r tidal activity rhythms. Activity was plotted against mean tide height 

during intervals +to identify any differences in activity between high and low tides) a�d 

against the change in tide height during intervals +to identify any differences in activiǋ 

between flood and ebb tides). 



An estimate of the catch per yap haul +C˛) of ovigerous females in the hYb:ur 

and in Clam Bay was carried out during the last three wee6s of the fishing season. Three 

volunteer fisheğen 6ept records of the number of yaps hauled and the incidence of 

ovigerous females captured in both locations.  In addition� three at-sea sampling yips were 

cžſied out on board commercial lobster boats during May. Both CŜ and the prop:rti:� 

of ovigerous females in the catch from different fishing grounds were obtained. Finally� 

C˚ and the proportion of ovigerous females in ehe catch were recorded during the 

fishing charter +July 28-August 9� 1 988) .  
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Temperature traces from the 8ur thermographs are shown În Fig. 8. Bottom 

temperatures at the three thermograph l[ations outside the harbour +harbour mouth� Big 

Heaƃ� and Cat R[6s) were similar. Trends in the temperature at these three l[ations 

tended to [cur several days be8re the corresponding tGends inside the harbour. 

Temperature� salinity� and secchi data from the 3 hydro stations are presented in 

Appendix C. 

Of the 2 1 7  carapace tagged ovigerous females� 47 +2 1 .7%) were recaptured duri�g 

the subsequent wee6s of the fishing season +until June 20) or during the charter +July 28-

August 9).  Of these� 42 +90%) were recaptured once� 4 +8 .5%) twice� and 1 +2. 1 % ) 8ur 

times. The recovery rate of tagged ovigerous females in the harbour was 40.5% + 15  of �7 

tagged)� but only 1 8 . 1  % +27 of 149 tagged) in Clam Bay. In the Musquodoboit area� 

1 2.9% of the ovigerous females tagged +4 of 31 tagged) were recaptured. Fuĭher analysis 

of data from the latter site was not cžſied out because the lobsters were frequently released 

away from the capture location. One tagged lobster� released off the mouth of Jeddore 

Harbour� was recaptured one year later +on June 12� 1 989) off the mouth of Musquodoboit 

Harbour. The d[umented movement of carapace tagged lobsters in Clam Bay is shown i� 

Fig.  9.  

The probability of recapture varied directly with the amount of time the lobster was 

6ept out of water when it was tagged. The mean and standard deviation of the exposure 

time 8r recaptured ovigerous females was 33.4 + ± 30.5) min� and 8r ovigerous females 

not subsequently recaptured� 48. 8  + ± 42.2) min. This difference was determi�ed to be 

significant using the normal approximation to the MannìWhitney U test +n� ä .68� p�.0®6½� 

ǵar 1 974) . 
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The mean and standard deviat©on of the time at large was 2 1 �2 days ( ± 1 8 �6� n� l �) 
in Jeddore Harbour� 22.2 days ( ± 1 7 . 1 �  n=32) in Clam Bay� and 1 2�3 'days + ± 2� 1 �  n=4) 

in the Musquodoboit area. There was no observed movement of ovigerous females 

between the different tagging areas during 1988.  The mean and standard deviat©on of the 

distance yavelled in Clam Bay was 1 .2 + ± 2.0) 6m. The only apparent movement pattern 

by carapace tagged lobsters was based on release location. Movement patterns tended to be 

local around 6nown lobster grounds off Jeddore Cape� Blac6 ̀ t. � Cat Roc6s � Sleepy 

Head� and the islands and reefs in Clam Bay +Fig. 9). Lobsters released in the area 

immediately south of the harbour mouth tended to yavel further. One ovigerous female 

released in Clam Bay haƃ moved about halfway into the channel. There was no indication 

of whether she was still ovigerous when recaptured. 

`lots of the movement of 12 of the 14  sonic tagged ovigerous females yacked are 

shown in Figures 10- 13 ). The sine� location� and yac6ing record of the sonic tagged 

ovigerous females are listed in Table 2. Detailed descriptions of the movement of the so�ic 

tagged ovigerous females are given in Appendix D. The signals from two of the females 

+q5513 and q6779) released in the Eastern Arm were lost be8re any movement was 

observed. Transmitter malfunction is suspected 8r q55 13. 

Three of the sonic tagged lobsters released in Jeddore HarboŁ moved from their 

release sites on Dry Ledge +q55 15 and q6784) and R[6y Is. +q55 10) into the harbour 

channel +Fig� 10) .  Once in the harbour channel� q55 15  and q6784 both hatched their eggs 

and then molted. Molting too6 place during September� roughly 5 wee6s after egg hatch� 

Evidence of molting was the recovery of yansmitters with the mount and cable tie still 

intact� and pieces of cast exos6eleton attached to the epoxy mount. 

None of t�e 8ur sonic tagged lobsters released in Clam Bay moved into the 

harbour� although q678 1 and q6785 moved zom one side of the harbour mouth to the 

other +Fig. 1 1 ) . Lobster q678 1 hatched in 10-20 m of water east of Big Head� and then 

crossed the mouth of the harbour to Blac6 `t. q6785 was released off Cat Roc6s� a�d 
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quic6ly travelled west across the harbour mouth to Big Head� where she hatched. Much of 

the movement across ehe harbour entrance by q6785 occujed during the extended trac6i�g 

study of July 1 2- ƞ3� and a maximum rate of tGavel of 1 90 m·hour -1 was observed betwee� 

0300h and 0600h on July 13. Lobsters q55 1 1  and q6783 moved little throughout the 

study� with the exception of a movement of about one 6ilometre by q55 1 1 after she was 

brought to the surface on July 9 and a claw accidentally automined. 

One of the two lobsters translocated from the harbour to Clam Bay +q6777) 

returned to the harbour be8re hatching +Fig. 12). She was about six wee6s from hatchi�g 

+eye index of 373 Ðm) when transl[ated� and was released near the harbour mouth. The 

other +q6782) was only three and a half wee6s from hatching +eye index of 457 Ðm) whe� 

tGansl[ated� and was released furt�er from the mouth of the harbouG than q6777. She 

hatched in Clam Bay and then moved neY the harbour mouth. 

Two of the three lobsters translocated zom Clam Bay to t�e harbour +q6776 a�d 

q6780) were lost shortly after being translocated� just be8re their predicted time of 

hatching. The third lobster +q6778) moved from Dry Ledge into the harbour channel after 

translocation� where she hatched her eggs +Fig. 13). 

The dates and duration of hatching 8r sonic tagged ovigerous females are 

summarined in Table 3. Hatching was observed between July 1 9  and August 23� 1988 .  

The time required 8r the bul6 of hatching to [cur was 4 days 8r q6778� and 7 days 8r 

bot� q55 15  and q6784. Following hatch� empty egg cases were observed attached to the 

pleopod setae of six females ó the period of attachment was from 2-4 wee6s. 

About 90 dives were made during which sonic tagged lobsters were observed 65 

times. Table 4 lists the frequency of observations of these lobsters in different types of 

shelters in t�e three areas +Eastern Arm, the hYbour channel� and Clam Bay). In the 

Eastern Arm, they were most frequently observed in natural hollows or crevices in rocky 

reefs +Fig. 14) .  They were observed equally in a variety of habitats in the harbour cha��el� 

including clay bujows in the channel slope +Fig. 15)  a�d in shallow depressio�s or 



unsheltered on the bottom of the channel +Fig. Ņ). In Clam Bay� they were observed 

primarily in hollows or crevices under roc6s wit� a sand or gravel substrate +Fig. 4) � 

although a number were observed on bedroc6 substGate +Fig. 1 6) .  

2 1  

The ľrcentage of ovigerous females cƬƭing new +extruded during summer 1988) 

and old +due to hatch during summer 1 988) eggs are listed in Table 5 .  During May/Ju�e 

most ovigerous females caught wers carrying old eggs + 100% in the harbour� 93% in Clam 

Bay). This changed through the study as the mature eggs hatched and as other females 

extruded new eggs. By late July +during the ch̕er) � 60% and 29% of the egg-c̓i̔�g 

females in the harbour and Clam Bay respectively were carrying new eggs. 

The zequency disyibution of egg development during the May/June samples Ye 

presented 8r inside the harbour +Figure 1 7) and outside the harbour +FiguGe 1 8) .  Eye indeĀ 

values ranged between 160 and 5ʧ Ðm in the harbour aĽd between 0 and 560 Ðm outside 

the harbour. The modal egg development was the same in both locations� 420-440 Ðm. Oµ 

interest was the occujence of females wieh new eggs +no eye pigment visible) in Clam 

Bay�  but not in the harbour. 

The mean eye index did not increase significantly over the 3 wee6 ľriod eĀaý�ed 

ay either location. There was no significant difference in mean egg development between 

ovigerous females in the harbour and those in Clam Bay +F=0. 1 72� p= .679)� or betwee� 

sampling periods +F=0.208� p= .8 1 2) +Table 6). 

The zequency disyibution of predicted hatching dates 8r sampled ovigerous 

females are presented 8r the harbour +Fig. 1 9) a�d Clam Bay +Fig. 20). The mean 

predicted hatching date 8r lobsters in the harbour +July 27� standard deviation ± 28.4 

days) occured 1 1  days be8re that in Clam Bay +August 7� standard deviat©on ± 30. 1 

days). Females sampled in Clam Bay during May and June with newly extruded eggs were 



22 

predicted not to have hatched by October 20 +when the thennographs were removed from 

the water). 

The accuracy of the predicted hatching dates were tested using egg samples fr:m 

sonic tagged ovigerous females whose hatching dates were known. The predicted hatchi�g 

dates 8r 20 egg samples were compared with the hatching dates observed in the field. The 

period of time between when the egg sample was tÝen and when hatching was observed 

averaged 26.6 days +standard deviation ± 22.3 days). Over this interval� the mean 

difference between predicted and observed hatching dates was 8 .4 days +standard deviati:� 

± 5 .9  days). The difference between observed and predicted eye index values increased 

with the length of the interval� but not significantly +r 2=0. 1 76� p>.05) .  As a result� it was 

felt the hatching dates were accurately predicted. 

Intervals longer than 4 days were removed from further consideration prior to 

analysis of the trac6ing data since� intuitively� a lobster could be expected to cha�ge 

l[ation regardless of hypothesined causal factors given a long enough interval. Four days 

was selected as the maximum interval length because it was felt that individual cha�ges i� 

salinity and temperature often occurred over periods of up to 8ur days � and a large e�ough 

sample sine of intervals was maintained to permit subsequent analyses. A number of the 

analyses carried out on all intervals +see below) were also carried out on i�tervals of <12 h 

with no difference in the results. This left a total of 299 intervals� representing data 

collected from 1 3  different lobsters 8r varying periods between June 14  and September 

27�  1988 .  

The different types of handling recorded are listed in Table 7 alo�g with ehe 

incide�ce of movement +number of active a�d inactive intervals) 8r each. The amou�t oµ 



activity vYied significantly between intervals where the lobster was handled and co�trol 

intervals +0=43.562, p=.000) . As a result, 1 2 1  intervals during which there was any 

handling were excluded zom further analysis, leaving 1 78 intervals. 

The amount of activity varied among i�dividual sonic tagged lobsters +Table 8). 

This difference was significant +G=67.073, p=.000) even when those with few 

observations +q55 15 ,  q6779, and q6782) were removed. For all subsequent tests , 

however, data were combined 8r all lobsters because there were not enough data to 

maintain individual identity in the analysis and still identify other activity patterns. 

2� 

Egg development ap^Yed to have a direct impact on activityu ovigerous females 

cajying more mature eggs tended to be more active than those with less mature eggs (Table 

9). The differences in activity between the three stages of egg development were sig�ifica�t 

both in the harbour (� 2 = 16.42, p=.000) and in Clam Bay +G= ä0. 15 ,  p= .006) . Females 

with stage 3 and 4 eggs +cojesponding to eggs with eye index values of 300f399 um and 

400f499 Ðm respectively) te�ded to be equally active in both locations, while those with 

stage 5 eggs +cojesponding to eggs with eye index values of 500 Ðm to hatch) were more 

active in the harbour than in Clam Bay.  The differences in activity between the two 

locations were not significant 8r egg stages 3 +G= 1 .88 ,  p=. 1 70) and 4 +G=O. 78, p=.378), 

but were significant 8r egg stage 5 (� 2=4.06, p=.044) . 

Translocated lobsters were generally no more active than Îndigenous +nonġ

tGanslocated) lobsters +Table 10). The differences in activity were not significant În either 

location (� 2=0. 1 1 ,  p=.744 in the harbour; G=0.00, p= .964 in Clam Bay). Tra�sl:cated 

lobsters were equally active in both locatio�s +G=O. 70, p=.402), but indigenous lobsters 

tended to be significantly more active in t�e hYbour than in Clam Bay (� 2=4. 14, 

p= .042) .  
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There were no significant differences in temperature or salinity between active a�d 

inactive intervals. The Mann-Whitney U test statistic was not significant 8r temperature at 

the thermograph (p=. 827) � ambient temperature (p=.097)� or salinity +p=. 143). 

The distance travelled during active intervals was inde^ndent of the quantitative 

variables examined. No descriptors were brought into a linear model by stepwise multiŨle 

regression +alpha-tofenter<=. 150) using either trans8rmed or untrans8rmed activity. 

Activity tended to increase from one interval to the next when úbient tem^rature 

increased during the same ^riod� and to decrease when ambient tem^rature decreased (see 

Table 1 1 ) .  The changes in activity from one interval to the next were significantly related t: 

changes in ambient water temperature (G= 15 .69�  p=.0 15) �  but not to changes in 

temperature at the thermograph +G=8.023� p=.236) or salinity +G=2.706� p=.608). 

No diel or tidal rhythms in activity were observed. Activity during all intervals less 

than 9 h is plotted on a polar plot +Fig. 2 1  ). The number of active and inact©ve intervals in 

different groups +interval occujing at sunset� su�rise� entirely at night� or entirely duri�g 

the day) are listed in Table 12. There was no sigĽificant difference in the proportion :f 

active intervals between groups (G=2.366� p=.55).  Similarly� there was no apparent tre�d 

in activity with tide height or with the change in tide height during intervals +see Figures �� 
and 23). 

The mean carapace lengths in three sample areas +Jeddore Harbour� Clam Bay� a�d 

Musquodoboit) and during two sampling periods +May/June and July/August) are 

presented in Table 13 .  Ovigerous females sampled in the hYbour were smaller tha� th:se 

in Clam Bay. The cYapace lengths were n:rmally distributed and the vYiance within each 
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area/^riod group similar +see Table 1 3) .  The differences in cYapace length between the 

harbour and Clam Bay were significant during both sampling periods +F=9.970� p=.002)� 

but did not differ significantly between sample periods at either l[ation +F= 1 . 1 73 �  

p= .280) .  

During the present study� ovigerous females were more abundant in Clam Bay tha� 

in the harbour during the May sample� with an apparent switch in relative abundance by the 

July/ August sample. The catch per trap haul +CŜ) of ovigerous females +new and :ld 

eggs) rose from 0 in May to 0. 10 in July/August in the harbour� and from 0.0 1  in May to 

0.03 in July/August in Clam Bay +Table 14) .  Over the same ^riod� the proportion of 

ovigerous females in the trap catch vaGied between 0 and 0. 10  in the hYbour� and betwee� 

0 .01  and 0.04 in Clam Bay +Table 15) .  



The distribution of late-stage ovigerous female lobsters and =hanges in their 

distGibution through movement are key elements in understanding sour=es of larval 

re=ruitment in lobster populations. Despite this� few studies have dire=tly addressed these 

issues (see Heji=k 1 895, Templeman and Tibbo 1945, Mojissey 197 1 ,  Campbell 1986) .  

On the eastern Atlanti= =oast of Nova S=otia� the re=ent in=rease in landings from historical 

lows in the late 1970's (Miller et a9 1987) suggests that either lobsters are immigratÎng into 

this region as juveniles (sin=e most re=ruits into the fishery are juveniles) or su==essful 

laGval re=ruitment is o==ujing. Knowledge of the movement patterns of inshore lobsters 

suggests the 8ğer s=enario is unlikely. However� a la=k of knowledge regarding both the 

larval distribut©on and the sour=e of brood sto=k render attempts to des=ribe sour=es of 

larval re=ruitment highly spe=ulative. Fa=tors on the eastern shore whi=h may adversely 

affe=t larval survival in=lude low summer surfa=e tem^ratŁes (Robinson 1 979, Harding �t 

a9 1 983, but see Moore et a9 1 986), a prey spe=trum too large 8r larval lobsters (Harding �t 

a9 1 983), and Ekman transport of surfa=e waters offshore due to prevailing longshore 

(southwest) winds (Robinson 1979). In addition� Dadswell ( 1 979) suggested that the 

=losure of the StGait of Canso in 1 954 =hanged lo=al =ir=ulation patterns and =aused 

re=ruitment me=hanisms to fail along the eastern shore. 

Dadswell ( 1979) hypothesined that a "longitudinal re=ruitment =ell" exists along the 

Atlanti= =oast of mainland Nova S=otia. He suggested that there is a =ontinual stepwise 

movement of lobsters in an upstream dire=tion (against the southwesterly-flowing Scotian 

Cujent) during annual seasonal onshorefoffshore migrations.  Alternately� he suggested a 

rapid upstream movement of ovigerous females. In either =ase� the migration was 8llowed 

by downstream larval drift. Harding �t �9 ( 1983) suggested that larval refuges exist in 

26 
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protected embayments where there is a strong thermocline and where flushing rates Ye 

low. Both hypotheses may be critically examined in light of evidence gathered in this and 

other recent lobster studies on the Atlantic coast of Nova Scotia. 

There is liòle evidence of the lobster movement on the Atlantic coast of Nova Scotia 

pred©cted by Dads well ( 1 979). The main piece of evidence supporting seasonal inshoreġ

offshore lobster migration in the Jeddore area is the progressive change reported by 

fishermen in the l[ation of lobsters caught duƍng the fishery. The CŜ data gathered i� 

this study Ye not relevant in the context of seasonal migration as described by Daƃswell 

( 1 979)� however� since his hypothesis says nothing about migration into embayments. The 

progressive change in apparent l[at©on of lobsters during the fishery may reflect real 

movement of lobsters into shallower water as temperatures increase� or simply changes i� 

relative abundance and activity of lobsters (e.g. Wilder and Mujay 1 958) .  However� a 

recent tagging study in the Jeddore area failed to demonstrate a "continual stepwise 

movement in an upstream direction" of lobsters released during October 1 986 and 

recaptured during May-June 1 987 (Duggan and `ringle 1988) .  Finally� the present study 

provides evidence that late-stage ovigerous females do not undertake rapid upstream 

migration prior to egg hatch. In a study cited by Dadswell ( 1 979)� Mojissey ( 197 1 )  

released 232 tagged late-stage ovigerous females July 29-August 1 �  1 965� off Ca^ Cod� 

Mass .. The 38 lobsters recovered had moved an average of 28.2 km during an average 

time-at-large of 39 days. Since late-stage ovigerous female lobsters in Jeddore were 

carapace tagged starting May 1 8  and sonic tagged starting June 14� it seems unlikely that 

directed movement similar to that observed by Morrissey ( 1 97 1 )  would go undetected. 

Harding et a9 's( ä  983) hypothesined funct©on of protected embayments alo�g the 

Atlantic coast of Nova Scotia as larval refuges applied only to harbours with low flushi�g 

rates. The flushing rate of the Jeddore harbour� once every 55 hours +DiBacco 1 989)� is 

sufficiently rapid that newly hatched larvae are probably cajied out of the hYbour quickly. 

Tidally coordinated vertical migration by stage I lYvae may result in larvae remaini�g i� the 
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haGbouG longeG (e.g. postlaGvae of the ^naeid shGimp Penaeus duorarVm, see CGeutnberg 

1 975 8G otheG examples). HoweveG� DiBacco ( 1989) did not find any stage II� III� oG IV 

larvae in the harbouG� suggesting that peGhaps they have been cYGied out of the harbouG int: 

Clam Bay by the time of their first molt. Since JeddoGe HarbouG is typical in sine of many 

of the bays and haGbouGs along the eastern shoGe of Nova Scotia (see Fig. 1 ) �  larval Gefuges 

pGobably do not play a significant Gole in GecGuitment along this shoGe. 

Duggan and ̀ Gingle ( 1988) suggested that JeddoGe HaGbouG may be an impoGtant 

l[al bGood aGea. The Gole of JeddoGe HarbouG as a bGood aGea can be estimated by 

examining diffeGences in the pGedicted hatching time and larval development between the 

two l[ations� as well as the Gelative abundance and egg pGoduct©on of ovigeGous females in 

the haGbouG. 

DiffeGences between t�e two locations iĽ the time of hatch and subsequent durati:n 

of larval stages ap^ared minimal. DuGing May and June 1988�  the eggs of ovigeGous 

females sampled in the harbouG and in Clam Bay weGe equally develo^d. The mean 

predicted hatching date 8G ovigeGous female lobsteGs sampled in Clam Bay duGing 1988 

was August 7� 1 1  days afteG that 8G ovigeGous females sampled in JeddoGe HaGbouG. The 

mean suGfĜe tempeGatuGe duGiĽg August at the Clam Bay hyąo station was 13 .9°C (n=6 

samples� see Ap^ndix C). At this tempeGatuGe� the duGation of the fiGst 3 larval stages 

would then be about 30 days (Templeman 1 936� MacKennie 1987). Since the surface water 

in Clam Bay Gemains above 10°C thGough SeptembeG� this would provide ample time 8r 

the completion of t�e pelagic stages 8G larvae hatched in Clam Bay as well as th:se hatched 

in the haGbouG and cajied out into Clam Bay. 

The Gelative impoGtance of bGood st[k in the harbouG can also be estimated by 

comparing the abundances of ovigeGous females in the harbouG and in Clam Bay. Fishing 

effoGt in the harbouG is aGound 200 trap hauls ·day- 1 . The aveGage catch Gate of ovigerous 
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females during the fishing season (April-June) is around 0.03 per trap haul (see Table 14)� 

and the overall exploitation rate (8r this section of the eastern shore) is about 0.52 (Miller 

et a9 1 987). Most fishermen only fish on about 40 of the 6 1  days of the season (Pringle� 

pers . comm.) .  As a result� about 240 ovigerous females are caught in the harbour during 

the season� zom a population of some 460 ovigerous females. The catch rate of all lobsters 

(males and non-ovigerous females included) in the harbour is around 0.50 per trap haul 

(see Table 14)� so the estimated total lobster population is around 7�690. 

Of the 20 licenses in Clam Bay� only about 15 fisheğen fish each day� hauling 

about 200 traps each. The average catch rate of ovigerous females here during the fishing 

season (April-June) is around 0.0075 per trap haul (see Table 14). During the season� 

about 900 ovigerous females are caught in Clam Bay�  representing a population of some 

1 �730 ovigerous females.With a catch rate 8r all lobsters (males and non-ovigerous 

females included) of around 0.60 per trap haul (see Table 14)� the estimated total lobster 

population in Clam Bay is 148�460. 

These results suggest that in the Jeddore Harbour/Clam Bay area� only 5% of the 

lobsters � but over 20% of the ovigerous females� are in the harbour. This is supported by 

the relative proportions of ovigerous females observed in the catch (see Table 15) .  The 

estimates of population sine do not take into account differences in trapability between 

ovigerous females and other lobsters or potentially greater trapability in the harbour where 

water temperatures are warmer (McLeese and Wilder 1 958) �  and assume an equal 

exploitation rate in the two locations. However� the higher return rate of carapace tagged 

lobsters released in the harbour (40.5% vs. 18 . 1 %) suggests that the exploitation rate is 

greater there than in Clam Bay. As a result� the estimates of the populat©on sines and 

contribution to the total egg production in the harbour are probably overestimates. 

Ovigerous females in Clam Bay are larger and there8re carry more eggs than th:se 

in the harbour� so the relative egg production of larvae in the harbour is less than the 

relat©ve abundance of ovigerous females. Thus while the harbour appears to have 



30 

proportionally more ovigerous females than Clam Bay� they contribute less than 20% of the 

total egg production of the area. 

In the present study� there was little evidence of migrat©on by ovigerous female 

lobsters from Clú Bay into the harbour. With ehe exception of one ovigerous female 

released in Clam Bay and recaptured in the harbour channel� none of the carapace tagged 

lobsters were recaptured outside their release area. Similarly� there was no observed 

exchange of sonic tagged (non-translocated) ovigerous females between Clam Bay and the 

harbour. One of the sonic tagged females (q6777) transl[ated into Clam Bay migrated 

back into the harbour prior to hatching� and the other (q6782) may have been heading in 

that direction when the signal was lost� after hatching in Clam Bay.  None of the three 

lobsters tra�sl[ated into the Harbour were observed migrating back to Clam Bay :  two 

were lost shortly after translocation and be8re hatching� but the other was translocated 

three weeks prior to hatching and presumably had ample time to return to Clú Bay to 

hatch. Taken together� the observed movements of the carapace and sonic tagged l:bsters 

do not support a mass movement of late-stage ovigerous females from Clam Bay i�to 

Jeddore Harbour prior to hatch. 

The return movement of q6777 into the harbour may be homing behaviour� which 

has been demonstGated 8r both transl[ated PanV9irVs argVs (e.g. Heȝd et a9 1 97½) 

and H omarVs americanVs (e.g . Saila and Fl:wers 1968� Lund et a9 1 973 � `ennack and 

Duggan 1986). The lack of apparent homing movement by q6778 (transl[ated into the 

harbour) may represent a delay in homi�g until after egg hatch. Lobster q6778 was five 

weeks closer to hatching when translocated than q6777 (i .e. 3 weeks vs. 8 weeks) .  Similar 

delays in homing have been observed 8r offshore ovigerous females transl[ated to 

inshore locations (Saila and Flowers 1 968� D. `ennack pers . comm.) .  



Observed trends in CŜ suggest that ovigerous females move into the harbour 

from Clam Bay between May and August 1 988. The C`TH in the harbour was 0 in May 

3 1  

and 0. 10  in August. In contrast� the CPTH of ovigerous females in Clam Bay was 0.0 1 in 

May and 0.03 in August. However� few of the tagged lobsters demonstrated the type of 

movement suggested by the trends in the C`TH over the same ^riod. Only 40 traps were 

sampled in t�e hYbour in May (catching only one ovigerous female would have resulted in 

a C`TH of 0.025) �  so this apparent discrepancy probably occurs because the May sample 

in the harbour does not reflect the true [currence of ovigerous females . 

More reliable evidence against the movement of large numbers of ovigerous females 

into the hYbour comes from trends in carapace length in the hYbour and in Clam Bay. 

Ovigerous females were significantly larger in Clam Bay than in Jeddore Harbour 2 .  This 

difference increased from the t©me of the fishing season to the time of the charter (see Table 

1 3) .  If ovigerous females were migrating into the harbour� the mean sines would gradually 

approach each other. 

If lobsters migrate into the harbour in the spring� they must do so be8re mid-May 

(when ovigerous females were first cYapace tagged as part of this study). However� 

seasonal movements do not usually take place this early. Campbell ( 1986) observed the 

seasonal migration of ovigerous females in June-July from deep to shallow waters off 

Grand Manan� two months after the shallower water became warmer. The seasonal 

migration of ovigerous females in the Magdalen Islands into shallow lagoons occurred 

between mid-May and the end of June� after the water in the lagoon had warmed up and 

once a gradient of increasing tem^rature entering the lagoon was established (Munro and 

Thejiault 1983). Finally� published records of year-round temperatures on the Eastern 

Shore indicate that shallow waters (5- 10  m) are warmer than dee^r waters ( 40 m) between 

2 Duggan and `ringle ( 1988) 8und that the berried females sampled in the harbour in 
October 1 986 and June 1987 were larger than those sampled in Clam Bay.  The reason 8r 
the discrepancy between their results and those of this study is unknown. 
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eYly May and late October (Drinkwater and Trites 1987� Walker et a9 1 987� Gregory et �9 

1 988) �  but only rise above 3.4°C around the end of May. At ehis temperature� lobsters Ye 

only moderately active (McLeese and Wilder 1958). 

Finally� there does not appear to be any physiological need 8r ovigerous females t: 

migrate into the harbour in the spring. Modelled egg development in a number of theğal 

regimes (see Appendix B) suggests that development time is similY 8r eggs inside the 

harbour (3 m)� in Clam Bay ( 10  m)� and 8r ovigerous females migrating seasonally 

between 40 m in the winter and 3 m in the summer. This result is supported by the 

similYity in egg development of lobsters sampled in both l[ations. 

The lack of any observed difference in egg development between ovigerous females 

sampled in the Clam Bay and Jeddore Harbour during May and June suggests that there is 

no difference in the extrusion date and development rate between the two l[at©ons. The 

computer model (see Ap^ndix B) supports the similYity in egg development rates at the 

two l[ations. Alternately� ovigerous females in Clam Bay and Jeddore Harbour may mix 

sometime after extruding in the fall and be8re sampling during the spring and eYly 

summer. 

Although no movement between different areas was observed in this study� Duggan 

and ̀ ringle ( 1988) observed a certain amount of movement between Jeddore HYbour a�d 

Clam Bay. Fifteen percent of the 1 987 recaptures of lobsters released in Jedd:re Harb:ur 

were from Clam Bay .  More recent returns indicate ehat some non-ovigerous females 

released in the harbour in June 1987 were recaptured in Clam Bay in 1988�  having m:lted 

or extruded (Duggan and `ringle� unpub. data) . In addition� several ovigerous females 

released in Clam Bay in 1987 were recaptured in the harbour in 1988� having hatched a�d 

molted. This suggests that some lobsters (approx. 15%) either move from the harb:ur 
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directly to other areas some t©me during the yeY� or that they migrate seasonally to deeper 

water (>20 m) outside Clam Bay (between September and mid-May). 

The results of this and other recent studies do not provide clear evidence of any 

single life history of lobsters in the harbour. Some ovigerous females (and probably other 

lobsters as well) may remain in the harbour yeY-round� with others moving to different 

areas either directly� or migrating to deeper water during the winter and then to a new area. 

Overwintering of lobsters in shallow water has been reported in the Bide8rd River� P.E.I. 

(Thomas 1 968) and in Rhode Island (Stewart 1972). Jeddore Harbour would probably be a 

suitable location 8r overwintering u ice covers the harbour 8r 3 months each winter� 

preventing t�e turbulence which is thought to ąive lobsters to dee^r water in other 

l[ations (Cooper et a9 1 975� Ennis 1 983� 1 984) � and the tidal exchange in the harbour 

channel could prevent oxygen depletion under the ice and pr[ure a supply of food. 

Lobsters are frequently associated with kelp beds (Breen and Mann 1 976� WhYt:n 

and Mann 198 1 )  although there is no direct evidence that seaweed enhances lobster 

production +Miller 1 985) .  In Clam Bay�  sonic tagged ovigerous females were usually 

observed in shelters on hard boòom with moderate to dense kelp cover. However� kelp 

ap^ared ubiquitous in areas with hYd bottom� with the exception of the deep (>20 m) 

bedrock ridge on which q6782 was observed from August 2-23. In the harbour� l:bsters 

were usually 8und in shelters provided by reefs (Table 4� see Fig. 14) .  OtheǄise� they 

were 8und amongst kelp. 

In Clam Bay� shelter did not appear to be a factor liýting l[al abundance and 

there8re movement of lobsters. The habitat in which most lobsters were observed +r:cks 

and boulders on a sand or gravel substrate [Fig. 4] � also see Table 4) was widespread and 

ap^ared to offer an abundance of suitable shelter. The kelp could provide cover 8r 

lobsters not actually in bujows (see Figures 4 a�d 1 6). In the harb:ur� the reefs with 
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which most lobsters were ass[iated varied in sine between exposed ridges of bedrock 

running over 100 m (i.e. Dry Ledge) to isolated clumps of rock and kelp less than 5 m 

across. Both food and shelter may have been limited on some of the smaller reefs� which 

zequently sheltered other lobsters and numerous crabs (Cancer spp.). Lobsters in the 

harbour channel were observed equally in a variety of habitats� including shallow saucerġ

shaped depressions on the bottom. The use of this type of shelter may only occur when the 

density of lobsters is high (McLeese and Wilder 1 964� Stewart 1 972)� suggesting that the 

availability of shelters in more characteristic habitats in the harbour channel (burrows in the 

clay slo^ or under rocks at the base of the slo^) is liýted. Most burrows În the clay slo^ 

large enough to accommodate lobsters were [cupied either by lobsters or crabs (Canc,K 

spp.) .  Crabs may compete with lobsters 8r space� although niche segregation is known to 

occur in other habitats (Stewart 1 972� Cooper and Unmann 1 980� Hudon and Lamarche 

1 989). Thus shelter appears to be limited in the harbour channel and may also be limited in 

the reefs of the Eastern Arm . There would probably not be enough suitable habitat 8r 

ovigerous females from Clam Bay if they were all to migrate into the harbour. 

Several unique in situ observations on the reproductive biology of HomarVs 

americanVs were made during this study. Hatching was observed between July 1 9  and 

August 23� 1988 �  although at least two ovigerous females had not yet hatched by 

September� when their signals were lost. This range in hatching dates is probably similY 

8r the population as a whole since one aim when selecting ovigerous females 8r sonic 

tagging was to sample females with a variety of stages of egg development. The main 

period of hatching was observed 8r three lobsters� and required 4-7 days. Following 

hatch� remnants of the egg mass remained attached to the pleopods 8r 2-4 weeks. This 

provides a means of identifying female lobsters which have recently hatched. Two sonic 



tagged females molted in the harbour 4-5 weeks ƪter hatching� although molting was not 

observed directly in either case. 
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Finally� one of the sonic tagged ovigerous females + q6777) was infected with the 

ectoparasitic nemertean PsVedocarcinonemertes homari (Flemming and Gibson 198 1 )  whe� 

sampled on August 26� 1988�  in the harbour channel. Although bejried females were not 

specifically examined 8r the presence of this parasite when sampled� it's [cujence on the 

Eastern Shore would appear to be much less than the 3 1 .6% of ovigerous females sampled 

on the Eastern and South shores reported in Brattey et a9 + 1985) . 

Movement patterns 

Two types of movement were distÎnguished in Clam Bay.  Ovigerous females 

released in shallow nearshore areas and other areas with suitable lobster habitat (see Table 

4� also see Coo^r and Unmann 1 980) demonstrated 'resident' behaviour� travelling short 

distances only or not at all (see Fig. 9� also see movement plots 8r soni= tagged females 

q55 1 1  and q6783� and q6776 and q6778 prior to transl[ation) . Carapace tagged ovigerous 

females released over the sand and cobble plains in deeper water +>20 m) south of the 

entran=e to the harbour ap^ared to travel greater distances (see Fig. 9). Supporting this 

concept was the rapid movement of sonic tagged ovigerous females across these plai�s (see 

movement plots 8r q6780 and q6785). Thus lobsters În the deep water south of the 

entrance to the harbour demonstrated 'transient' behaviour� travelling between areas of 

more suitable habitat. Lund et a9 + 1 973) showed that sonic tagged lobsters released o� a 

featureless sand bottom travelled further during the first night 8llowing release than 

lobsters released underwater and placed in shelters. Meyer et a9 + 1 989) showed relatively 

long movements by lobsters tagged in a midshore area in the central Gulf of Mai�e with 

poor lobster habitat and few resident lobsters yet which supported an ongoing trap fishery. 

Lobsters frequently remained within a small area in locations with suitable habitat. 

For example� q5½ 1 1 was observed on August 2 u�der a large flat rock in a rugged habitat 
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with 5 m high bedr[k ridges . She was observed on August 1 1  about 20 m away under a 

small flat r[k supported by two larger rocks. By August 1 7  and August 22� she had 

moved into a in a deep horizontal fissure in the bedr[k about 15  m away from the previ:us 

shelter. Finally� on August 23� she had returned to her August 2 location. Similar 

behaviour was observed 8r other sonic tagged females� and has been noted in other in siSX 

field studies (e.g . Stewart 1 972� Lund et a9 1 973). 

The observed movement of sonic tagged ovigerous females prior to hatch suggests 

that specific 'hatching sites' may exist both in Jeddore HarboŁ and Clam Bay. Oviger:us 

females observed hatching in the harbour +q55 15 �  q6778� and q6784) moved from the 

shallow periphery of the harbour into the harbour channel 1 -2 weeks prior to hatch. In a 

coincident study on the distribution of lobster lYvae in the harbour� the bulk of stage I 

larvae were 8und in the harbour channel� with only a few in the Eastern Arm (DiBacc: 

1 989). This corresponds with the observed distribution of sonic-tagged ovigerous females 

at time of hatch. In Clam Bay� ovigerous females q678 1 and q6785 were observed 

hatching their eggs in 10-20 m of water east of Big Head. Lobster q6780 moved to this 

l[ation 2-3 weeks be8re hatch but was subsequently translocated into the harbour. 

However� 2 carapace tagged ovigerous females moved away from Big Head prior to hatch� 

and both the sonic tagged ovigerous females translocated into Clam Bay hatched elsewhere. 

The hatching sites in the harbour and in Clam Bay are both in moderately deep water + 10f

20 m). Another possible feature in common may be the presence of cujent� alth:ugh the 

cujent structure in Clam Bay is unknown. 

It was clear in this study that handling lobsters can result in modified behavi:ur. 

The effects due to the presence of cYapace tags are impossible to assess with daÈ available 

zom this study� however they were probably minimal due to the benign nature :µ this Èg. 

The weighted bucket and tripline proved to be an effective and rapid meth:d oµ returni�g 
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tagged lobsters to the bottom. In add©tion to eliminating possible predation on the sinki�g 

lobster or its eggs� this met�od probably also reduced disorientation due to loss of co�tact 

with the substrate 3 .  

The long-term effects of transmitters o� the behaviour of lobsters appeared 

mi�imal� since normal hatching and molting were observed 8r several of the ovigerous 

females yac6ed in Jeddore Harbour and Clam Bay. This concurs wit� the views of Lu�d ,S 

a9 ( 1973)�  Maynard and Conan ( 1984) and Jerna6off et a9 ( 1987). This conclusion was also 

based on similarities in the behaviour of sonic and carapace tagged lobsters +see Stas6o a�d 

`incoc6 1977). First� movement by both sonic and carapace tagged ovigerous females was 

limited to each release area +Jeddore Harbour� Clam Bay� and Musquodoboit) . Secondly� 

both types of tagged lobsters in Clam Bay Ƅisplayed 'resident' behaviour i� areas with 

suitable lobster habitat� and 'transient' behaviour over the featureless sand and gravel 

habitat south of the harbour mouth. 

Lobsters displayed significantly increased activity immediately 8llowing handli�g 

+see Table 7). Similar results have been reported in other studies with sonic tagged lobsters 

+JernÝoff et a9 1 987 [PanV9irVs cygnVs] , Lund et a9 1973 and Maynard and Co�a� 1984 

[Homarus americanVs]� 	  The increase in Ĝtivity was less mar6ed when the lobster was 

exaýned or sampled 8r eggs underwater and replaced in its bujow� raeher than brought 

to the surface. Exaýnation of the data 8r each of the sonic tagged lobsters suggests that 

the change in activity 8llowing handling is limited to the single interval immediately 

8llowing ehe handli�g +also see Lu�d et a9 1973). 

The difference in the proportion of active intervals between different sonic tagged 

lobsters +Table 8) points to one of the drawbac6s of ultrasonic telemeyy. I�dividual 

animals have individual behaviour patterns� but the t©me and ef8rt required to trac6 so�ic 

3 Lobsters and some other decapod crustacea are known to have proprioceptors in their 
wal6ing legs used 8r orientation with res^ct to gravity +Creutnberg 1 975� Ache and 
MacMillan 1980) 



tagged animals is such t�at only a small number of individuals can be 8llowed. Despite 

this� all individuals in a species are physiologically similar� having t�e same sensory 

apparatus and ^rhaps common behavioural responses to environmental cues. We are a 

long way zom understanding lobster behaviour� but the analysis of grou^d movement 

data may provide insights into some of these cues and their effects on movement. 

�8 

There were some significant differences in the proportion of active intervals 

between the two locations� however these differences were not consistent between 

ovigerous females wit� different stages of egg development or between tGansl[ated and 

indigenous lobsters � and tended to be only marginally significant +0.05>p>0.04). The only 

consistent and highly significant differences in activity were between lobsters with diµferent 

stages of egg development. In both Clam Bay and Jeddore Harbour� ovigerous females 

close to hatch were more Ĝtive. This may be partly due to t�e movement of some sonic 

tagged ovigerous females towards hatching areas +see above).  Since there were no 

significant differences in ambient or thermograph tem^ratuGe between active and inactive 

lobsters� the increased act©vity with late stage eggs does not ap^ar to be simply an artifact 

of coincident warmer tem^ratures. 

A number of ovigerous females in Jeddore Harbour ap^ar to have left the Eastern 

Arm 8llowing a period of unusually heavy rainfall at the end of July. A bottom sali�ity of 

29.0 °/oo was recorded at the Eastern Arm hydro station on July 30� 1 988 �  t�e lowest 

bottom salinity at this l[ation since May +sse Appendix C). Lobster q6778 moved into the 

harbour channel during August 2- 1 2� while q6776 and q6780 were both lost in the Eastern 

Arm during July 29fAugust 2. However� ehere was no significant difference in salinity 

between active and inact©ve intervals� and changes in salinity did not ap^ar to affect 

activity zom one interval to the next +Table 1 1 ). Since these ovigerous females were all 0-� 
wee6s zom hatch at this time� the movemsnt of the sonic tagged lobsters out of the Eastern 

Arm may have been due� instead� to the approaching hatch. 
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An important consideration in this type of analysis is the physiological basis for 
� 

temperature and salinity ^rception. Ache and MacMillan + 1980) report that antennaȳ 

chemoreceptors in PanV;rus argus respond to tem^rature changes of 1 ° -2°C� Cooper and 

UnđĒ + 1 980) point out that offshore lobsters maintain themselves within a temperature 

range of 8°- 14°C �  and that seasonal migrations are probably elicited by tem^rature� There 

do not appear to be any published estimates of salinity sensitivity of adult lobsters� In the 

present study� intervals were grouped based on changes in salinity or temperature even 

though in many cases the magnitude of these changes was small. There were only 12 

intervals during which the temperature change was more than ǎ1°C� and 7 intervals during 

which the salinity change was more than ǎ0.2 °W oo� Nevertheless� these may be valid if the 

smaller changes were part of longer-term changes which continued zom one interval to 

anotheró behavioural responses to the longer-term changes would be spread through some 

or ^_ of the individual intervals with the smaller changes. 

A further conceptual difficulty in the analysis of behavioural responses to 

environmental changes is the impact of cyclic� tidally driven variations in tem^rature and 

salinity. For example� bottom temperatures and salinities at the Clú Bay hydro station 

varied by 1 °-2°C and 0.4f 1 �0 °/oor and at the Eastern Arm hydro� by 1 °-3°C and 0� 1 -0�5 

�/OO over 2 complete tide cycles +see Ap^ndix C)� Variability ap^ared to be synchronous 

with the tidal cycle at the former site� but not the latter. Thus� if tem^rature and/or salinity 

cues do modify behaviour� the lobster must have some mechanism for excluding variation 

zom sources such as tides� 

Cojelations between environmental parameters and movement may be misleading 

since causality is only infejed� Lobsters are knoν to change activity patterns in respo�se 

to environmental cues +Cooper and Unmann 1980)� but ehere remains the pͼoblem of 

determining whether changes i� behaviour are due to changes in orientation cues or to 

changes in motivation +ȁ.̿ . resting� feeding� avoiding predators� eSc.� +Stas6o and `i�coc6 

1 977)� I� this study� some activity by ovigerous females appears to be explained by 
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approaching hatch and by location� The larger part� however� is probably due to cha�ges in 

motivation parameters� which are diµficult to address in the field� 

Behaviour correlated with diel or tidal rhythms in activity was not observed� Diel 

activity patterns� particularly nocturnal 8raging� have been demonsyated in a number oµ 

studies on lobster behaviour (e.g . Lawton 1 987). This nighttime dispersal is generally less 

than 300 m� aµter which the lobsters tend to return to the same or a nearby bujow +see 

review by Coo^r and Unmann 1 980). Ulyasonic telemetry has been used on PanX9irXs 

cygnus to demonsyate nocturnal feeding 8rays of 50 m +`hillips et a9 1 984) to an average 

of 150 m zom the den to the farthest point from the den +JernÝoff et a9 1987)� and on P. 

argus of up to 300 m +see review by Herm6ind 1980). Lund et a9 + 1973) observed 

n[turnal movement by HomarXs americanus of 200 m to 500 m ó movement� however� 

was inzequent� Maynard and Conan + 1984) failed to observe diel periodicity În lobster 

activity in the Bide8rd River� `�E�I� � but this was probably due to the cold temperature 

+Cooper and Unmann 1 980). Ennis + 1983) observed most activity at night� starting aµter 

sunset� Regarding tidal rhythms in activity � Lund et a9 + 1 973) 8und a greater tendancy for 

sonic tagged lobsters to move during the first 3 hours of each tide� particularily the flood 

tide� 

The apparent lac6 of activity rhythms +particularly diel) in this study is probably a 

result of the accuracy of the yac6ing method� The effective spatial resolution oµ the tracki�g 

system was only about 50 m� thus nocturnal 8raging less than 50 m would go undetected. 

The few remaining movements +those > 50 m) would probably be indistinguishable zo� 

nonfperiodic movements� The results show that movement of >50 m can [cur at any ti�e 

during the day or the tide� The more accurate fixed ajay systems reµerred to in the 

inyoduction may provide a clearer picture oµ activity rhythms in H. americanXs in the field. 
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The results of this and other recent studies suggest that ovigerous females +and 

probably other lobsters as well) in Jeddore Harbour may be in part resident and in part 

transient� with some remaining in the harbour yearfround and others moving to different 

areas +either directly or after winter ýgration to deeper water)� This apparent lac6 of 

uni8rmity in behaviour is a yademar6 of lobster (HomarVs americanVs� populations� and 

may result from environmental variability on several time scales� Migrations� when they 

occur� are typically underta6en by only a portion of the population� This "ýxed strategy" 

is characteristic of populations in which the viability of migrants and nonfmigrants is highly 

variable (e.g .  when the variability in winter survival of both groups is high) +Dingle 1980) . 

In addition� mixed migration strategies may be representative of the relative stability of the 

habitat as a funct©on of generation time +Dingle 1980)� Since the cujent bathymetry of the 

nearshore coastal region of Nova Scotia is only as recent as the last ice age (ea. 10�000 

years ago) lobster populations have had only some 1 �000 generations to evolve syategies 

optimining survival and recruitment� 

Jeddore Harbour does not appear to be important either as a larval refuge or a brood 

area� As a result� successful larval recruitment must occur in Clam Bay and other coastal 

areas of the Atlantic coast of Nova Scotia� Since little is known about either the nearshore 

current structure or larval behaviour� it is impossible to s^culate on larval recruitment 

processes� Harbours li6e Jeddore have abundant habitat 8r juveniles� so larvae hatched 

here may have evolved behaviour to avoid being enyained into coastal waters� These w:uld 

ap^ar to be 6ey areas 8r future research� 

Observations on movement� habitat use� and reproductive biology confirm 

previously reported aspects of lobster ecology and demonstrate the ability of ovigerous 

females to adapt to a variety oµ habitats� In siSV observations indicate that the durati:n :f 

hatching and the subsequent ^riod prior to molting was much less variable� despite a wide 

range in times of hatching onset� 
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The lac6 of any clear preference of ovigerous females in location or habitat suggests 

that identification of movement cues may be difficult or impossible� Indeed� little 

correlation was observed between the physical parameters measured and activity� Instead� 

most movement probably occurs due to changes in motivation of the animal based on food 

and shelter requirements and both inya- and inters^cific interactions� An exciting technical 

aid to future research in this vein is highly accurate fixed arrays of ulyasonic receivers 

which can position a lobster to ±0.20 m every 5 min� +O'Dor� pers� comm�) �  Such detailed 

tGac6ing coupled with an equally detailed 6nowledge of the l[ations of food� shelter� a�d 

other lobsters in the array may eventually provide the other half of the story� 



The results of this and other recent studies in the Jeddore area +Duggan and ̀ ringle 

1 988 �  DiBacco 1 989) do not appear to be consistent with hypotheses on larval recruit�ent 

on the Atlantic coast of Nova Scotia proposed by Dadswell + 1 979) and Harding et �9 

+ 1983) �  The occurence of seasonal inshore-offshore migration by a significant portion oµ 

the lobster population remains questionable� while neither gradual movement of lobsters 

+Duggan and ̀ ringle 1 988) nor rapid movement of ovigerous females +this study) in a 

counter-cujent direction was observed� In addition� the flushing rate of Jeddore Harbour 

+4�4 tides� DiBacco 1 989) suggests that larvae only remain in the harbour 8r about two 

and a half days� Thus the harbour does not appear to be a larval refuge� and since Jeddore 

Harbour is typical in sine of harbours and bays on the eastern shore� larval refuges are 

probably not an impoĭant factor contributing to larval recruitment along this coast� 

The harbour does not appear to be an important brood area� Ovigerous fe�ales in 

the harbour and Clú Bay showed no difference in egg development when sa�pled in May 

and June� 1 988�  The predicted hatching dates differed by only 1 1  days +July 27 in the 

harbour vs� August 7 in Clam Bay)� Both dates appear to leave sufficient time 8r 

subsequent development of the larvae� In addition� although there are proportionately �ore 

ovigerous females in the harbour than in Clam Bay� they conyibute less than 20% oµ the 

egg production 8r the area as a whole� 

There was little evidence of migration of tagged late-stage ovigerous fe�ales i�to 

the harbour from Clam Bay� although homing was observed 8r at least one sonic tagged 

lobster carried out into Clam Bay� This conclusion was supported by the distribution of 

carapace lengths sa�pled in both locations throughout the study� The results of a sa�ple i� 

May suggest that there were no ovigerous females in the harbour at this time� however this 

result may be explained in part by the small sa�ple sine� In addition� egg develop�ent 

modelled in a variety of annual te�perature regi�es suggests that there is no physiological 
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requirement 8r ovigerous females to either l[ate În the harbour yearfround or to migrate 

seasonally into the haGbour. 

The results of this and other recent studies do not identify a single life history 8r 

ovigerous females located in the harbour. Instead� they suggest that some lobsters probably 

migrate out of the harbour in the late fall� returning in the spring or going to other nearshore 

areas� while others may remain in the harbour over winter. 

The lobsters observed in this study were frequently associated with 6elp both În 

Clam Bay and in the harbour. The prefeǂd habitat in Clam Bay was r[6s and boulders 

on a sand or gravel subsyate. In the harbour, ovigerous females were usually 8und around 

reefs. In the haGbour channel� ovigerous females were observed in a variety of habitats 

including bujows in the clay slope of the channel and in shallow depressions on the 

bottom +typically observed when lobsters are 6ept in crowded conditions) .  The availability 

of shelters ap^ared limited in the harbour channel� but may also have been liýted on some 

of the smaller reefs in the Eastern Arm of the harbour. 

Several unique in siSV observations were made during this study. Hatching was 

observed between July 1 9  and August 23� 1 988� although at least two ovigerous females 

had not yet hatched by September� when their signals were lost. The main period of 

hatching was observed 8r three lobsters� and required 4-7 days. Following hatch� 

remnants of the egg mass remained attached to the pleopods 8r 2-4 wee6s. Finally� two 

sonic tagged females molted in the harbour 4-5 wee6s after hatching� although molting was 

not observed directly in either case. 

Latefstage ovigerous females demonstrated two types of behaviour. Ovigerous 

females in areas with suitable lobster habitat demonstrated 'resident' behaviour� movi�g 

rarely� and only short distances. These lobsters were frequently observed in a number oµ 

different shelters within a small area. In contrast, ovigerous females on featureless sa�d or 

gravel bottoms tended to be 'transient'� covering greater distances and at faster speeds. 



There ap^ared to be specific sites where hatching occujedó in the harbour channel for 

females in Jeddore Harbour� and near Big Head for females in Clam Bay .  

45 

The activity of ovigerous females increased with egg development. This increase in 

activity did not appear to be tem^rature-related or seasonal. Movement did not appear to be 

cojelated wit� diel or tidal rhythms. Identification of movement cues may be difficult or 

impossible due to a lac6 of any clear preference of ovigerous females in location or habitat � 

Indeed� little cojelation was observed between the physical parameters measured and 

act©vity. Most movement probably [curs due to changes in motivation of the animal based 

on food and shelter requirements and both inya- and interspecific interactions. 
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Figure 3:  Three areas within the study site in  which ovigerous females 
were tagged 

49 



Figure Ovigerous female lobster with ya�smitter� Habitat is typical of Clam Bay� 

with macroalgae o� r[ks� i�terspersed with sa�d or gravel� 
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Figure 5:  

Tra�sduceru faces 
a�teriorly alo�g 
dorsal midli�e of 
carapace� 

Short piece of 
plastic� cut zom 
a cable tie 

Cable tie 

Method of attachi�g tra�smitter to lobsters � Cable tie exte�ds 
arou�d the cephalothorax a�d co��ects betwee� the walki�g legs. 
The� tra�smitter is glued to the dorsal surf ace of the carapace. 
Actual size� 
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Figure 

½2 

Diver searchi�g for so�ic tagged lobster usi�g u�derwater receiver i� Clam 

Bay� Note the de�se kelp� 



Figure 
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Sonic tagged ovigerous female lobster bei�g sampled for eggs i� the �iddle 

of the harbour chan�el� The substratum shown is typical for the cha��el 

bottom� 
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Figure 9: Movement of carapace-tagged berried females released in Clam Bay, 
May 1 8-June 20, 1 98 8 ,  and recaptured May 25 -August 7, 1 988 .  



a) #5510 b) #5515 

c) #6784 
Figure 10: Movement of sonic tagged ovigerous female lobsters released in 

Jeddore Harbour: a) #55 1 0; b) #55 1 5; c) #6784. #55 1 3  and #6779 
were lost from Dry Ledge (see Fig. �) before movement was recorded 
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a) ����� /" ����2 

Figure �2: �o:eme+t of sonic tagged o:igerous females lo�sters tra+s­
located from Jeddore Har�our to �lam �a> :  a� ����� % �� ���$2. 
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Figure Reef i� Eastern Arm� Jeddore Harbour� with sea a�emo�es (M,SKi(ium 

s,ni9,� o� rocks. Bottom substrate is soft mud. 
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46gure Sonic tagged ovigerous female lobster at the mouth of a burrow i� the clay 

slope of the harbour channel. The a�gle of the slo^ is about 500. 
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Figure Sonic tagged ovigerous female lobster on a bedr[6 ridge i� Clam Bay� �eż 

Roger Is. 
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Location 

Eastern Arm 
(NE of Roc6y Is) 

harbour mouth 

Big Head 

Cat R[6s 

The Old Man 
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Thermograph data collected from Jeddore Harbour/Clam Bay area� 

May-October 1988�  Bottom depth (m) is shown . All thermographs 

were 1 m above the bottom. 

Bottom Date Date 
depth Cm) deployed rec:vered 

8 May 3 Oct:ber 22 

10  May 28 October 16  
9 June 1 8  October 1 6  

10  July 26 October 16  
20 May 19  not 

recovered 
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Sine and trac6ing summary :f s:nic Ègged :viger:us fe�ales� 

Jedd:re Harb:ur and Clam Bay� 1 988 

Trans�ittsr Carapace Tra�kin� 
nu�ber len�th(��) Location start e�d durnti:n(d) Reas:� e�ded 

55 10  102 Eastsrn Arm Juns 1 4  Sept 7 85 trans�itter 
re�:ved 

55 1 1  1 10 Clú Bay June 1 5  Sept 7 84 signal l:st 
(battery died?) 

55 1 3  1 10 Eastsrn Arm Aug 12  Aug 12  0 signal l:st 
(tra�s�itter 
�alµu�cti:n?) 

55 1 5  9 8  Eastsrn Arm Aug 12  Sept 20 39 �:lted 

6776 10 1  Clam Bay, latsr June 25 July 29 34 signal l:st 
transl[atsd t: 
Eastsrn Arm 

6777 1 1 1  Eastern Arm, June 25 Aug 26 62 signal l:st 
later transl[atsd (battery died?) 
t: Clam Bay 

6778 10 1  Clam Bay, latsr June 25 Sept 8 75 trans�itter 
transl[ated t: re�:ved 
Eastsrn Arm 

6779 1 1 2 Eastern Arm June 25 July 6 1 1  signal l:st 

6780 1 15 Clam Bay, later Juns 25 July 27 32 signal l:st 
transl[atsd t: 
Eastern Arm 

678 1 108 Clam Bay June 1 6  Aug 23 68 signal l:st 

6782 1 10 Eastern Ar�, trans- July 29 Sept 9 4 1  signal l:st 
l[ated immediatsly 
t: Clam Bay 

6783 1 20 Clam Bay June 15  Aug 1 1  57 signal l:st 

6784 1 14 Eastern Arm June 14  Sept 1 78 m:lted 

6785 1 15 Cla� Bay July 1 1  Aug 17  37 signal l:st 
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� � Summary of hatching by sonic tagged ovigerous lobsters � Jedd:re 

Harbour and Clam Bay, 1 988.  Predicted hatching dates included for 

ovigerous lobsters lost while hatching (1) .  

date (") date (3) predicted 
Lobster started ended hatchin� date 

55 10  >June 25 <Aug 15  July 14  

55 1 1  >June 23 Sept 1 7  

55 1 3  >Aug 12  Aug 14 

55 15  Aug 15  Aug 22 

6776 July 29 

6777 >Aug 26 Sept 12  

6778 Aug 1 1  Aug 15 

6779 >June 17  July 18  

6780 July 25 

678 1 Aug 4 <Aug 23 

6782 Aug 23 <Sept 9 

6783 Aug 1 1  

6784 July 1 9  July 26 

6785 Aug 17 

1 .  see Methods (p. 12) 8r method of predicting hatching date. 

2 .  > indicates that hatching began after ehe date indicated. 

3 . < indicates that hatching was completed before the date indicated. 

durati:� 
(days) 

<5 1 

7 

4 

< 1 9  

< 1 7  

7 
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Frequency of observed dwelling places of sonic Ègged ovigerous 

lobsters in Jeddore Harbour and Cla� Bay, June-Septe�ber 1988 ~  

A. Eastern Ar� (�ud bottom with scattsred r[6 reefs) 

i) In natural hollows or crevices in the reef 

5! Under 6elp blade, in vicinity of reef 

67  Undsr 6elp blade, on open �ud bott:m 

iv) unsheltered on �ud botto�, wa͓ng 

freque�cy :µ 

8 
2 

2 

2 

B) Harb:ur channel (clay wall sloping at 30-50 �q descending to flat silt/sand b:tt:� with 

occasional boulders, and with naj:w field of r:c6s on gravel at b:tt:� :µ 

slope) 

i) In buj:w in clay wall of slope 

5! In bujow or hollow under boulders, gravel substrate 

67  In bujow or hollow under boulders, sand/silt substrate 

iv) Against s�all r:c6s or under 6elp, sand/silt substrate 

v) In shallow depressi:n on sand/silt substrate, otherwise 
unsheltered 

vi) Unsheltsred, sand/silt substrate 

C. Cla� Bay (roc6s and boulders on sand, gravel, or bedroc6 base) 

i) In hollows or crevices under roc6s, sand or gravel substrate 

5! In hollows or crevices under roc6s, bedroc6 substrate 

67  In holl:ws or crevices in bedr:c6 

iv) Sheltered against roc6, �ixed botto� 

2 

3 

3 

3 

3 

2 

28 

4 

2 

1 
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`erce�tage of ovigerous lobsters with �ew a�d old eggs i� the 

Jeddore Harbour/Clam Bay area duri�g May 15  to Ju�e 20 a�d July 

28 to August 9, 1 988.  Ovigerous lobsters with old eggs i�cludes 

those with rem�a�ts of their egg masses� i�dicating rece�t hatchi�g� 

(�= �umber of ovigerous females) 

% with % with 

� �ew e��s old e��s 

i� Jeddore Harbour 

May 1 5  to Ju�e 20 35 

July 2 8  to August 9 10  

Clam Bay 

May 1 5  to Ju�e 20 137 

July 28 to August 9 7 



Jeddore 

Harbour 

Clam Bay 

Musquodoboit 

7� 

Egg developme�t of ovigerous females i� the Jeddore Harbour/Clam Bay 

area betwee� May 3 1  to Ju�e 20� 1988 +���umber of ovigerous females 

sampled)� Data are mea� eye i�dex value ǎ standard deviatio�� A� ANOV A 

i�dicated �o sig�ificant differe�ce i� mea� egg developme�t betwee� 

ovigerous females i� the harbour a�d those i� Clam Bay +F�0� 1 72� 

p� �679)� or betwee� sampli�g periods +F�0�208� p��8 1 2) �  

May 3 1 ì

Ju�e 4 

1 1 8 � 4 

(n=9) 

1 29 � 6  

(n=4 1) 

0 

(n= l) 

Ju�e 6-

Ju�e 1 1  

1 0 8 � 2  

(n= 13) 

8 4 �  7 

(n=70) 

(n=26) 

Ju�e 1 3ì

Ju�e 20 

1 1 6 � 6  

(n= 13) 

+ 8 8 � 7  

(n=7) 



`rop:rti:n :f active and inĜtive intervals 8ll:wing different ty^s :f 

ex^ri�ental interventi:n :f s:nic tagged :viger:us l:bsters� Jedd:re� 

1 988 .  A G test 8r differences between different types :f interve�ti:n and 

c:ntr:l intervals was significaĽt (G�43.562� p�.000) . 

I�tervals 

Type of interve�tion n Active I�active 

Br:ught t: surface 2 1  0 .67 0 .33 

Handled underwater 1 2  0 .50 0.50 

Observed underwater 1 6  0 1 .00 

H:lding cage 4 1 .00 0 

Transl:cated 4 0 .75 0 .25 

C:ntr:l 178  0 .28  0 .72 

(n: experi�ental interventi:n) 

�4 



Lobster 

55 10  

55 1 1  

55 1 5  

6776 

6777 

6778 

6779 

6780 

678 1 

6782 

6783 

6784 

6785 

7½ 

`roportion of active and inactive intervals 8r sonic tagged lobsters� 

Jeddore, 1 988 .  A G test 8r differences between lobsters was 

significant +0�67.073, p�.000) even when those with few 

observations +q55 15 ,  q6779, and q6782) were removed� 

Intervals 

n Active Inactive 

12  0 1 .00 

17  0 1 .00 

4 0 1 .00 

1 2  0 1 .00 

15  0.07 0 .93  

1 9  0 .32 0 .68 

4 0.50 0.50 

1 1  0 .36 0 .64 

1 9  0. 1 1  0 . 89  

2 0.50 0.50 

23 0.26 0 .74 

30 0 .63 0 .37  

10 0 .80 0 .20 
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`roportion of activs and inactivs intsrvals 8r 3 stagss of egg 

dsvslop�snt in Jsddors Harbour and Cla� Bay, 1988 .  Egg sÈge 3 

corrssponds to sys indsx valus of 300f399, sgg stags 4 c:rresp:�ds 

to sys indsx valus of 400-499, sgg stags 5 corrssponds to eye i�dex 

valus of 500 to hatch. 

Intervals 

e22 n Active I�active 

1 2  0 .08 0 �92 

15  0 . 1 3  0 .87  

s 30 0 �63 0 ��7  

1 8  0 1 .00 

60 0 .23 0 .77 

s 1 8  0 .33  0 .67 



L ocation 

Proportio� of active a�d i�active i�tervals 8r tra�sl[ated a�d 

i�dige�ous +�o�-tra�slocated) so�ic tagged ovigerous l:bsters� 

Jeddore Harbour a�d Clam Bay, 1 988 �  

I�tervals 

located � Active Inactive 

62 0 .35 0 .65 

15  0 .40 0 .60 

96 0 .2 1 0 .79 

5 0 .20 0 . 80 

77 
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Cha�ges i� activity +decrease, �o cha�ge, i�crease) of so�ic tagged 

lobsters zom o�e i�terval to the �ext, with changes +decrease� �: 

cha�ge, i�crease) i� ambie�t temperature, temperature at therm:graph� 

a�d sali�ity over the same i�terval. 

yariable 

Cha��e i� activity 

Decrease No cha��e 

14  36  

1 1 

8 33 

1 2  40 

0 6 

1 6  32 

3 1 6  

0 0 

9 27 

I�crease 

3 

0 

1 7  

8 

1 

12  

3 

0 

7 
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Number of active and inactive ovigerous lobsters during different periods :f 

the day� All intervals used were less ehan 9 hours in length� G test for 

differences between groups not significant (G�2�366� p��55) �  

Intervals 

`eri:d of day n Active Inactive 

entirely during daylight hours 28 0 �32  0 �68 

including sunset 8 0 �25 0 �75 

entirely during dar6 hours 7 0 �57 0�43 

including sunrise 1 2  0 �42 0 �58  
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Carapace le�gth +in mm) of ovigerous fe�ales fro� three locati:�s in the 

Cla� Bay/Jeddore Harbour area a�d two sa�ple periods (May 1½  t: Ju�e 

20 and July 28 to August 9, 1 988) (��toÈl �u�ber of lobsters sa�pled). 

Locatio� 

i� Jeddore 

Harbour 

Clam Bay 

Musquodoboit 

MQl'. 15 to !yn� 2Q 

mean CL st dey  � 

±10 .66 ½8 

±1 6.35 15 1 

±12 .53  3 1  

July 28 to Amrnst 9 

�ea� CL st dev � 

±14 .4 1 20 

±1½ .42 13  



OctoƯr 1 986 

ApriȊJune 1 987 

late June 1 987 

Ap΄ȊJune 1 988  

May 1988 

June 1 988 

JÁly/ AÁgÁst 1 9FF 

Catch per trap haul of ovigerous females and of all lobsters from available sources and data from this 

study (n�number of traps sampled during sample period). Continued on next page. 

Source Jsddore Clam 
d̀ta Harbour 

1 
(n=3�) (n=�2�) 

2 no sample 
(n� 1��3 14) 

1 
(n= 1�) (n�679) 

2 no sample 
(n= l���37) 

3 
(n=40) (n=��) 

4 
(n=9�1) (n���4�) 

5 
(6�� 
 
 �  (6�4	�� 

Jeddore Clam 
Harbour 

(n=3�) (n��2�) 

no sample 
(n=9� 17�) 

(n=106) (n=679) 

no sample 
(n=9��90) 

(n=40) (n=��) 

no sample no sample 

(6�� 
 
) (6�4	7) D 
opqr 



Sources of data 

1 .  Duggan and Pringls ( 1988) and J. D. Pringls (unpublishsd data)� from tagging studë in Jsddors Harbour� 1986 and 1987 

2 .  R. E .  Duggan (unpublishsd data) � from fishsrmans logboo6 

3 .  thres ssa samplss� data from this studë 

4 .  rscords of CŜ of ovigsrous lobstsrs 6spt bë 3 fishsğsn� data from this studë 

fishi�g chartsr� Julë 28 to August 9 1 988� data from this studë 

D N 
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Proportio� of ovigerous females i� total catch in the Clam Bay/Jeddore 

Harbour area duri�g the prese�t study (May-Sept 1 988) and from other 

sources (��total �umber of lobsters caught) � 

sample period 

October 1986 

April/Ju�e 1 987 

late Ju�e 1987 

May 1988 

April/Ju�e 1 988 

July/ August 1988  

Sources of data 

source 
of data 

1 

2 

1 

3 

2 

4 

Jeddore Harbour Clam Bay 

(n�26 1 )  (��8) 

no sample (��4�689) 

(n�58) (��502) 

(��40) (��537) 

no sample (��4�7 1 2) 

(n� 1 63) (��374) 

1 �  Dugga� a�d `ri�gle ( 1988) a�d J� D� `ri�gle (u�published data)� zom taggi�g study 
i� Jeddore Harbour, 1986 a�d 1 987 

2 �  R. E. Dugga� (u�published data) , from fisherma�s logboo6 

3 �  three sea samples� data from this study 

4 � fishi�g charter� July 28 to August 9 1988�  data from this study 



8 4  



DeÈiled tests of egg stagi�g methodology 
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Si�ce its publicatio� i� 1 972� `er6i�s' 8rmalined method of estimati�g the 

developme�t of lobster embryos has bee� used i� �umerous studies o� the reproductive 

ecology of berried female lobsters (e.g . Campbell 1 986� Attard a�d Hudo� 1987) � Despite 

this� there has �ot bee� a�y critical assessme�t of the methodolgy. This would seem to be 

especially relevant give� that the origi�al publicatio� is lac6i�g i� details co�cerni�g optimal 

sample sine� the method of selecti�g eggs� the effect of preservatio�� and repeatability� As a 

result� a �umber of tests were cajied out to determi�e the effect of various aspects of the 

samplĺ�g methodology o� eye i�dex values. 

A sample of 30 eggs was tÝe� from each of seve� berried females� Normal 

probability plots of the eye i�dex values of all 30 eggs were co�structed 8r each sample� 

These plots showed an approximately �ormal distributio� of eye i�dex values wiehi� each 

sample. Based o� this � para�etric tests were used whe� testi�g hypotheses compari�g egg 

developme�t betwee� samples. 

Differe�t samples were used 8r each test 

The thirty eggs from each sample were ra�domly i�cluded i� groups of 5� 10� or 15 

eggs. A two-way ANOV A was used to test 8r differe�ces i� the eye i�dex betwee� the 

three sine groups 8r each of the 7 lobsters � 

The usual method of selecti�g eggs to stage from the sample was to place the e�tire 
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sample in a PetGi dish and haphazardly cho:se 5 individÁal eggs� Generally� it  was n:Ȥed 

that there was a selecti:n 8r eggs oriented with the embry:nic eye facing Áp� :r which 

coÁld readily be moved into ehat position� To test this selection meth:d� the eggs were 

staged Ásing the usÁal method :f selecting eggs� and then replaced into the súple� The� ½ 

eggs were selected Ásing a randomized selection method on a gridded Petri dish� A tw:ġ

way ųOV A was used to test 8r differences in the eye index between the meth:ds :f egg 

selection 8r 9 samples� 

`erkins + 1 972) stated that preservation of the eggs in a 5 % s:lÁti:n of 

8rmaldehyde +bÁffer Áns^cified) prior to stagi�g caÁsed significant swelling in the eggs 

themselves� bÁt had no determinable effect on the size of the eyes� To test this� 5 berried 

females were sampled twice. One of the samples was placed in seawater� and the :ther in a 

5 %  solÁtion of bÁffered 8rmaldehyde� Both samples were staged within 2-3 days� A tw:ġ

way ųOV A was Ásed to test 8r differences in the eye index between the two meth:ds� 

Replicate samples were taken zom 9 berried females sampled on JÁne 1 1 � In each 

case� the same method of sampling the eggs zom the female was strictly adhered t: 8r 

each of the two samples � The paired samples were then staged� and the eye index valÁes 

plotted and the c:jelati:n coefficient determined� 

There was no significant effect dÁe to sample size +F�0�569� p� �567� see Table 

A ä )  or dÁe to the method of selecting eggs z:m the sample +F� ä �983� p�� 163�  see Table 

A2) � 
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The difference in mean eye index between preserved and n:t preserved samples 

was significant +F� 14� 105 �  p��0() 1 �  see Table A3)� In each case� the eye index was smaller 

8r the samples preserved in 8rmaldehyde than 8r th:se kept in seawater� 

Finally� the eye index values :f ehe replicates were highly c:rrelated +see Fig� A l  

and Table A4) � 

The :nly significant negative result :bÈÎned was an effect due t: preservati:n :f the 

sample in 8rmaldehyde pri:r t: staging� This suggests that differences in the eye index 

values between berried females sampled pri:r t: about June 1 +when all egg samples where 

preserved pri:r to staging) and th:se sampled after June 1 �  may be due t: the preservi�g 

technique� It may be that the results :f this test were c:n8unded by the use :f paired +bÁt 

independent) samples� Perkins + 1972) stated ehat preservati:n :f the egg samples in 

8rmaldehyde prior t: staging caused ehe eggs t: swell but had n: effect :n the dimensi:ns 

:f the eye pigment� This result n:w ap^ars questi:nnable� 

A m:re general difficulty with preserved eggs sample is that they are usually m:re 

difficult t: stage than zesh eggs� Frequently t�e c:rneal layer :f the embry:nic eye 

bec:mes cl:udy� or the pigmented layer is bleached :r bec:mes stained and diffuse� Thus� 

when p:ssible it is preferable t: stage zesh eggs� Eggs will remain zesh 8r 3 :r 4 days if 

immediately refrigerated� 

While ehere was n: significa�t difference in the mean eye index between sa�Ũles :f 

5 �  1 0� and 15 eggs� there is :ne aspect :f sample size which sh:uld be c:nsidered� This is 

the effect :f sample size :n ehe width :f the c:nfidence interval ar:und b:th the mean and 

the standard deviati:n :f the eye index 8r that sample� The mean eye index can be th:Áght 

:f as ehe average devel:pment :f the eggs� If a hatching date is predicted z:m the mea�� 

then this is the date ar:und which hatchi�g will [cur� Similarly� the standard deviati:� :f 
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the sample can be thought of as a measure of the distribution of development ar:und the 

mean� Samples with high standard deviation will begin and end hatching well be8re and 

after the peak of hatching� Thus both the mean and standard deviation of the egg sample are 

useful parameters� 

Figures A2 and A3 show the effect of sample size on the width of the 95% 

confidence interval around the mean eye index and the standard deviation respectively� 

Clearly the width of the both intervals is reduced by increasing the sample size� This is a 

useful property when testing inferences concerning both parameters � As a result� it is 

recommended that 10 eggs be staged zom egg samples rather than the 5 suggested by 

`erkins + 1 972)� 



ã Ò 
' 
� ĭ AB 
( 

n�8 

y � - 1 3 �056 + 1 �0575x Rʠ2 � 0�999 

Replicate q 1  

� 9 �  `erkins eye index values of replicate samples zom 
8 ovigerous femlaes� Jeddore� 1 988 �  Correlation coefficient 
highly significant +p<�00 1 )  
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Table �9 : Effect :f sample size :n the mean eye index� tested Ásing tw:-way 

ANOV A. Effect dÁe t: sample size n:t significant +F�0�569� p=0.½67)� 

FigÁres are mean eye index� 

samnle sjze 
sample 5 1 0  15 

1 430 462 448 

2 535 5 1 9  536 

3 485 50 1  485 

4 523 524 5 15 

5 55 1 559 560 

6 533 536 552 

7 455 438 452 

9� 



Table Effect :f method :f selecting eggs fr:m sample :n the mean eye i�deĀ� 

tested using tw:-way ANOV A� Effect due t: selecti:n meth:d n:t 

significant +F� l .98�� p�0. 16�). Figures are mean eye indeĀ. 

selectjon method 

sample no rmal rapdomjzed 

1 477 46� 

2 395 404 

3 408 4 1 2  

4 457 469 

5 4 1 2  4 1 4  

6 1 87 198  

7 434 4�4 

8 361  375 

9 1 74 1 82 
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Table �� : Effect :f preservati:� :f egg sample :� the mea� eye i�dex� tested Ási�g 

tw:fway ANOV A� Effect due t: preservati:n meth:d sig�ifica�t 

+F� 14� 105 �  p�0�001 ) .  Figures are mean eye index� 

preseryatjon medium 

sample seawater fo r mal dehyde 

1 455 4 1 8  

2 509 497 

3 43 1 394 

4 284 258 

5 296 278 

94 



Table �4 : Mean eye index determined fr:m tw: replicates� tested using tw:fway 

ųOV A� Difference between replicates n:t significant +F�3�462� 

p�0�067)� Figures are mean eye index� 

rep l i cate 

sample 1 2 

1 1 62 1 64 

2 440 453 

3 252 248 

4 443 457 

5 2 1 3  2 1 1 

6 441 4½½ 

7 379 383 

8 441 4½½ 

9½ 



�ppendix 

A computer model 8r in siSV egg development 
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INTRODUCTION 

A complete reproductive cycle requires a mi�imum amou�t of heat +freque�tly 

measured as degree days). As a result� the feasibility of a�y hypothesined behaviour of 

ovigerous lobsters ca� be tested usi�g a model which i�puts the tem^ratures to which the 

lobster will be exposed. The similarity betwee� the modelled egg developme�t a�d that 

observed i� �ature the� provides a basis 8r judgi�g the validity of the hypothesis . 

O�e com^lli�g reaso� 8r modelli�g egg developme�t is to estimate whether t�ere 

is a physiological �eed 8r bejied females i�shore to migrate i�to deeper water duri�g the 

wi�ter. The water over the Scotia� Shelf co�sists of three mai� layers which are 

disti�guished by their temperature a�d sali�ity chYacteristics +Hachey 1 942� McLella�d 

1 954a). The bottom layer is warm and sali�e� with sali�ities greater tha� 33.5°/oo a�d 

temperatures above 5°C yearfrou�d. It is 8rmed from i�termediate a�d deep slope waters 

which lay alo�g the co�ti�e�tal slope and e�ter the shelf basi�s through cha��els a�d 

gullies +McLella�d 1 954a� and Smith et �9 1978). Over eastern portio�s of the shelf +Sable 

Island Ba�6 a�d eastward) the bottom co�figuratio� preve�ts direct commu�icatio� with 

the warm slope waters +Hachey 1942� Dri�6water pers. comm.) .  Here� the cold 

i�termediate layer exte�ds to the bottom +McLella�d 1954a)� a�d bottom tem^ratures Ye 

cold� betwee� 0°C a�d 3°C +McLella�d 1 954b� see figures i� same) . However� west of 

Sable Isla�d Ba�6 t�e shelf edge is ope� to the slope� allowi�g commu�icatio� betwee� the 

shelf basi�s a�d the slope water. Here� bottom tem^ratures Ye substa�tially warmer� 

typically betwee� 5°C a�d 9°C +McLella�d 1954b� see figures i� same). By migrati�g 

zom Jeddore Harbour or Clam Bay roughly 40 6m offshore +to a depth of about 150 m) i� 

November a�d the� bac6 i� late May� berried females could remai� i� water >5°C year­

rou�d. Despite favourable tem^ratures� though� lobsters do �ot appear to be abu�da�t o� 

the i�terior Scotia� Shelf +Pennac6 1 984� Pri�gle u�pub. data). 
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Campbell + 1986) calculated the number of degree days +above 3.4°C) in shallow 

water +0f5 m) and deep water + 1 82 m) around Grand Manan. He then used this data to i�fer 

a temperature requirement 8r seasonal migrat©on by berried females based on Per6ĺns 

+ 1972) estimate of 1 832 degree days +above 3.4°C) required 8r complete egg 

development. Campbell and Stas6o ( 1 986) did li6ewise 8r lobster migrations in the upper 

Bay of Fundy. However� Per6ins + 1972) estimate of the degree days required 8r complete 

egg development does not ta6e into account several fĜtors brought up elsewhere in his 

pa^r� and there is no estimate of the accuracy of this figure. As a result� the model 

developed here uses data from several sources to develop empirical 8rmulas modelling the 

daily development of the embryo at each stage between extrusion and hatching. 

METHODS 

A series of starting +extrusion) dates was generated using a normal pseudofrandom 

numbers generator with a mean extrusion date of August 1 and a standard deviation of 15  

days. Thus� roughly 95% of the 100 extrusion dates generated lay between July 1 a�d 

September 1 �  with the peÝ Yound August 1 .  The same generated exyusion dates were 

used 8r each run of the model. 

Time of exyusion varies between Yeas with different tem^ratŁe regimes +Ai6en 

and Waddy 1986) . In Grand Manan� extrusion has been observed from July 15  to August 

5 +Templeman 1 940b) and from midfAugust to late September +Campbell 1 986). McLeese 

and Wilder + 1964) reported exyusion in the Maritime provinces [cujed between June and 

September. Finally� Herric6 + 1 895) reported extGusion in Maine between July and August� 

pea6ing during the first half of August. In ehe Jeddore area� the occurence of numerous 

bejied females with new eggs during the charter +July 28 to August 9� 1988)  suggests ehat 

extrusion was already well under way by August 1 .  
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Egg developme�t was co�sidered i� two phases� based o� descriptio�s i� Herric6 

+ 1 895)� Templema� + 1940b)� a�d Per6i�s + 1 972). These were 1 )  the i�itial embryo�ic 

developme�t 8llowi�g extrusio� a�d prior to the appeara�ce of eye pigme�t� a�d 2) that 

8llowi�g the appeara�ce of pigme�t� a�d prior to hatchi�g. 

The developme�t rate of the eggs betwee� extrusio� a�d the ap^arance of eye 

pigme�t is tem^rature de^�da�t +Per6i�s 1 972) . A� empirical relatio�ship betwee� 

ambie�t temperature a�d pre-pigme�t developme�t was determi�ed usi�g data from several 

published sources +see Table B ä ) .  

Y = 2. 108-0.0324+T) 

where Y = log 10+days required 8r o�set of pigme�t) 

a�d T= temperature +°C) 

The data 8r 5°C were �ot used i� developi�g equatio� +2) because of a� appYe�t 

discrepa�cy i� the origi�al published results which gave ehis poi�t u�due i�flue�ce. Each of 

the 100 hypothetical egg masses was assig�ed a "pre-pigme�t value" of nero o� the stYting 

date +date of extrusio�). The daily i�creme�t i� this value was determi�ed usi�g equation 

+2) . For example� if the ambie�t tem^rature was 15 .0°C� equatio� +2) gives a predicted 

pre-pigme�t developme�t time of 4 1 .87 days. For that day� t�e "pre-pigme�t value" would 

be i�creme�ted by *7. 
Whe� the "pre-pigme�t value" reached 1 .000� the� the pre-pigme�t stage of 

development was co�sidered fi�ished� a�d developme�t proceeded using equatio� + 1 )  +see 

Methods p. 12). Whe� the pigme�t first appears � it is already crescent-shaped +Hejic6 

1 895 � Templema� 1 940b)� a�d whe� first clear e�ough to be staged� has a� eye index of 



about 70 um +Per6ins 1972). As a result� the starting eye index 8r this second phase of 

embryonic development was 70 um raeher than 0 um. 

Another characteristic of the model was to com^nsate 8r differential rates of 

development +sȁnsu `er6ins 1 972). Per6ins stated that " lobster embryos develop 

differentially under the same thermal conditions� dependĺng on their age or extent of 

development when they Ye subjected to a given thermal environment" . Specifically� he 

provided data to show that during cold periods +less than 3.4°C) when equation + 1 ) 

100 

predicts no increase in the eye index� some development may actually occur� and that the 

rate of ehis development is a function of the development of ehe embryo at ehat time. As a 

result� minimum development rates of 2.52 um·wee6- 1 and 0 um·wee6-1 were set 8r 

embryos wieh eye index values �200 um and �00 um respectively� and based on a linear 

relationship 8r embryos with eye index values between 200 um and 400 um. The values of 

200 um and 400 um were selected based on `er6ins description of the age of the embryos 

in his pa^r. The differential development relationship was described by 

Z= +2-+`El)/200) 
* 2 52 um·week-1 

7 days ·wee6- 1 

where Z= minimum development rate +um·day-1) 

and `EI= eye index +um) 

( � ) 

The computer model was tested against data 8r 1 7  bejied females 6ept under 

seasonal thermal conditions during 3 years in the lobster culture facility in St. Andrews� 

N.B.4 . In each case� the extrusion and hatching dates were 6nown� and a daily 

tem^rature record of the water tem^rature provided. Data were provided 8r 6 female 

4 Data 6indly supplied by S. Waddy� Fisheries Biological Station� DFO� St. Andrews� 

N.B . �  Canada� EOG 2XO� +506) 529-8854. 
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lobsters extruding during summer 1 98 1  and hatching in 1982� 8r 5 female lobsters 

exyuding during summer 1982 and hatching in 1983� and 8r 6 female lobsters extruding 

during summer 1 983 and hatching in 1 984� 

Embryonic development was modelled 8r bejied females i� three different 

tem^rature regimes cojesponding to discrete depehs� and 8r berried females ýgrating to 

ta6e advantage of the maximum tem^ratures at each depth. Tem^ratuȔ data were not 

available from the study site 8r a full 12  month peGiod� and so were obtained from 

published data 8r Poĭ Bic6eĭon +about 90 6m east of Jeddore) from April 1986 to 

September 1 987� from depths of 3 m� 10 m� and 40 m +Wal6er eS �9 1 987� Gregory eS �9 

1 988)�  In several cases� there were gaps in ehe temperature data of several days to several 

monehs duration. The missing tem^ratures were estimated either by lineaG i�teŐolation 

between two endpoints of existing data or by using empirical relationships between the 

tem^ratures at different depehs. The sources of the da©ly temperature data used in the 

model are summarined in Table B2. 

The temperature data 8r 3 m are inteŐreted as representative of tem^ratures in 

Jeddore HaGbour� while those from 10 m are inteŐreted as representative of Clam Bay. 

Tem^rature data 8r 40 m are inteŐreted as representat©ve of tem^ratures in the deep 

water outside of Clam Bay. These data appeaG representative of annual inshore 

tem^ratures along the Eastern Shore of Nova Scotia +Ken Drin6water� pers. comm.). 

The first three runs of the model were 8r development at 3 m� 10  m� and 40 m 

respectively 8r the entiGe ^riod of embryonic development. The 8urth was 8r berried 

females remaining at 3 m from the date of extrusion to October 27� the day on which the 

temperature at 3 m cooled to less than that at 40 m. At that time� migration to 40 m until 

May 4 was simulated� after which the water at 3 m was once again warmer. 
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RESULTS 

Tests of  the model 

Whe� i�itially tested� the hatchi�g dates predicted by the model were substantially 

later tha� t�e observed hatchi�g dates +mea� differe�ce of 33.5 days� s.d.� 1 6.2 days). 

With all k�ow� quantifiable factors affecti�g embryo�ic developme�t i�cluded i� the 

model� the differe�ce betwee� predicted a�d observed hatchi�g dates was co�sidered due to 

u�explai�ed factors. O�e pote�tial source of ejor is that temperatures used were measured 

i� the i�tÝe li�e at the St. A�drews lab� a�d the actual temperature i� the ta�ks may have 

bee� a� average of 0.5°C warmer +S . Waddy� pers . comm.) .  Si�ce most aspects of 

embryo�ic developme�t are temperature de^�de�t� ehe differe�ce 8r each of the three 

years was fitted to the mean tem^rature 8r ehat year +the average of the mean mo�thly 

temperatures betwee� July i� the year of extrusio� a�d July i� the year of hatchi�g� 

i�clusive). The resulti�g curve +see Fig. Bl ) is described by 

F� 143 .59- 1 28.53+log10T) 

where F� estimate of differe�ce betwee� observed and 

predicted hatchi�g dates 

a�d T � temperature +°C) 

( 4 )  

This relatio�ship was assumed to be logarithmic si�ce it represe�ts a cumulative 

estimate of the effects of u�k�ow� factors o� egg developme�t. It was i�coŐorated i�to the 

model as a correctio� factor� and used i� all subseque�t applicatio�s of the model. With the 

cojectio� factor� the mea� mag�itude of the differe�ce betwee� observed a�d predicted 

hatchi�g dates was 0. 1 days + ±15 .6  days). 
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The model is show� in EĀhibit B 1 .  

Modelled embryonic development 

The distributio� of ra�domly ge�erated starti�g +eĀtrusio�) dates is show� i� Fig. 

B2. The model assumes that ovigerous females in the two theğal e�viro�me�ts eĀtrude at 

the same time� a� assumptio� which may �ot be valid +see Ai6e� a�d Waddy 1 986) � 

The mea� mo�thly tem^ratures of the data used are show� in Fig. B3. This figure 

also demo�strates how shallow water (i.e. 3 m) is warmer duri�g the summer a�d autum� 

tha� deeper water (i.e. 40 m) � but colder duri�g the wi�ter a�d spri�g. These are compżed 

with the mean mo�ehly tem^ratures recorded by the thermographs i� Jeddore Harbour a�d 

i� Clam Bay +at Big Head) duri�g this study +Fig. B4). Temperatures recorded i� the 

harbour a�d in Clam Bay were slightly colder than the temperatures at 3 m a�d 10 m 

+res^ctively) used i� the model. 

The modelled hatchi�g dates are show� i� Fig. B5 . The preƄicted mea� hatchi�g 

dates 8r berried females sampled i� Jeddore Harbour and in Clam Bay are i�cluded 8r 

compariso�. The predicted mea� hatchi�g date modelled at 40 m was �ot i�cluded because 

o�ly 20 of ehe 100 berried females i� ehe "sample" were predicted to have hatched their 

eggs by October 26� which differs greatly from the predicted mean hatchi�g dates 8r 

sampled berried females. 

D I S C U S S I O N  

Several co�clusio�s may be draw� from the results prese�ted i� Fig. B 5 .  First� the 

predicted hatchi�g dates of the bejied females sampled in this study could have resulted 

zom eĀposure to the tem^rature regimes at 3 m� 10  m� or by u�dergoi�g a seaso�al 

migratio�. In fact� the o�ly possibility which the model appears to elimi�ate is year-r:u�d 

developme�t at 40 m. Seco�dly� the model does �ot predict a�y sig�ifica�t be�efit to 
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u�dergoi�g seaso�al migratio�� This is probably due to the term 8r differe�tial 

developme�t i� the model� Fi�ally� the sta�dYd deviatio� of predicted hatchi�g dates is 

much greater 8r sampled lobsters than 8r the randomly ge�erated starti�g dates� This 

suggests that extrusio� is �ot as temporally coordi�ated as assumed here� a�d perhaps that 

the effect of differe�tial developme�t suggested by Perȇi�s is �ot as important as the �odel 

assumes� 

The results of the modelli�g also suggest that there is �o reaso� +from ehe 

pers^ct©ve of egg developme�t) to u�derta6e seaso�al migratio�s to the Scotia� Shelf� 

This may explai� i� part why lobsters ap^Y scarce i� this habitat +see above)� 



40 '� 1 -'�2� n=6 berried females tested 

'�3-'�4� n=6 

• 

• 
'�2-'�3� 0=5 

20 -+-����������--���������--. 
6 7 

Temperature +C) 

Figure B 9 �  Difference between observed and predicted hatching dates 
8r bejied females in the St. Andrews culture facility. 
Temperatures are mean annual temperatures +C) 8r berried 
females�  July to July. 

Difference = 143.59 - 1 28.53*log+Temperature) RA2 � 0.902 
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Figure B� �  Randomly generated exyusion dates. Mean extrusion date is 
August 1 �  with about 95% of extrusion dates between 
July 1 and September 1 .  
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ĥ ę İ  Mean monthly temperature + σC) used in modelling egg develoŨme�t 
+from Port Bickerton� 1986/87) and mean mo�thly temperatures 
zom Jeddore ǣarbour and Clam Bay� 1988 .  



108 
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 �0 
Ju�e 

ůŰ� 


 �	 
July 

2 
	 
August 

Day 

m209't27n *etAeen 3m 
(s@mme9� 'nd 4	m (A2nte:� 

24	 27	 
September 


	 me?es 

3 met;s 

�7guBe B�� Distributio� of hatchi�g dates predicted by model using 
temperatures at 3 m� 10 m� a�d migrati�g to 40 m i� October 
the� bac6 to 3 m i� May. Predicted hatchi�g dates 8r 
berried females sampled during study show� 8r compariso�. 

Bars i�dicate sta�dard deviatio� about mea� hatchi�g date� 



Table B 9 :  Time required between exyusion and the onset of eye pigment. Data 

were fit to a logarithmic curve described by = 2.108-0.0324(T) 

+r 2 =0.948) where Y = log10+days required 8r onset of pigment) 

and T = tem^rature +°C)� The development time at 5°C was not 

used in fitting the curve. 

Temperature (°C) Time reQYired Source 

5 40 wee6s Per6ins + 1972) 

10  9 wee6s I I  

1 2 .45 8 . 1 wee6s Templeman + 1940b) 

15  5 wee6s Per6ins + 1 972) 

20 4 wee6s I I  

2 1 .0 3 .9 wee6s Herric6 + 1 895) 

25 3 wee6s Per6ins + 1 972) 

1 09 
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Table B2 :  Sources of daily tem^rature data used in modelling egg development at 3 

different depths +summarined by month)� based on published ehermograph 

records 8r Port Bic6erton� N.S.  

Depth 
Month 3 m  lO m 

July 1 1 

August 1 5 

September 1 5 

OctoƯr 3 3 

November 1 1 

December 1 1 

January 2 5 

FebruYy 2 5 

March 2 4 

April 2 4 

ŷy 2 2 

June 6 2 

July 6 2 

August 6 2 

September 1 5 

OctoƯr 3 3 

November 1 1 

KEY TO SOURCES OF TEMPERATURE DATA 

1 .  Poĭ Bic6erton� 1 986, from published thermograph records. 

2 �  Poĭ Bic6erton� 1 987, from published thermograph records. 

40 m 

1 

1 

1 

1 

1 

1 

2 

2 

4 

4 

2 

2 

2 

2 

1 

1 

1 

3 .  linear decrease between two endpoints in published thermograph records. 

4 .  linear increase between two endpoints in published thermograph records. 

5 .  average of tem^ratures at 3 m and at 40 m. 

6 �  temperature at 10  m + 3.0°C 
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Exh7b7t B 9 �  Simplified GWfBASIC program modelling egg development. Actual 

1 0  

versio� of model used allows choice of temperature from 3m� lOm� 

or 40m� or migration from 3m to 40m on a user-specified date in 

late-autum�� and bac6 to 3m o� a user-s^cified date the 8llowing 

spring. Exyusion dates are tÝe� from a file containi�g t�e 100 

randomly generated exyusio� dates 

OPEN "R" �q 1 �  "TESTTEMP" � 1 3  O^ns file with daily temperature 

records +see Table C2). 

20 FIELD q 1 �4 AS YEAR$�3 AS DA Y$�4 AS TEMP$ 

30 

40 INPUT "ENTER DATE +JULIAN DAY) OF EXTRUSION" ;START 

50 INPUT "ENTER YEAR IN WHICH EXTRUSION OCCURRED" ;YEARX 

60 INPUT "ENTER ǫAN ANNUAL TEMPERATURE FOR THAT 

70 

80 

90 

N= ä ;INIT= ä ;PEl=70 

1 00 GET q 1 �N 

YEAR" ;A VTEMP 

Initialines development prior to onset of eye 

pigment at 0� eye index 8llowing onset of 

eye pigment at 70. 

1 10 YEAR= V AL+YEAR$):DA Y = V AL(DA Y$):TEMP= V AL+TEMP$) 

1 20 IF YEARX> YEAR THEN 150 ELSE 1 30 

1 30 IF START>DAY THEN 150 ELSE 170 Finds appropriate tem^rature 

records in temperature file 

140 

150 N=N+ l :GOTO 100 

1 60 

1 70 IF INIT < 1  THEN 190 ELSE 230 Terminates development prior to onset of eye 

pigment at 1 

1 80 



1 90 Y=2� 1 07Ņ-0�032382*TEMP 

200 Y=äO"Y 

2 1 0  INIT=INIT+(ä/Y):GOTO 150 

220 

230 PEIINC=(-8 �3 15 1 +2�60 19*TEMP)/7 

240 

250 PEIMIN �(2-PEI/200)*0�36 

260 IF PEIMIN <0 THEN PEIMIN =0 

1 1 2 

Equatio� 8r developme�t betwee� exyusio� 

a�d o�set of eye pigme�t +Equatio� 2) 

Equatio� 8r daily i�creme�t i� eye 

i�dex value betwee� o�set of eye pigme�t 

a�d hatch (Equatio� 1 )  

Equatio� 3 

270 IF PEIMIN>0�36 THEN PEIMIN=0�36 

280 IF PEIINC<PEIMIN THEN PEIINC=PEIMIN ELSE Sets mi�imum daily 

290 

300 

3 10 

320 

PEl=PEI+PEIINC 

IF PEk560 THEN 150 ELSE 330 

330 X=LOG(A VTEMP) 

340 DAY =DA Y-( 143�59- 128�53*X) 

350 

i�creme�t i� eye ĺ�dex based o� differe�tial 

developme�t rates (see text) 

Adds daily i�creme�t i� eye i�dex 

Termi�ates developme�t 8llowi�g o�set of 

eye pigme�t at 560 +hatch) 

Correctio� factor (Equatio� 4) 

360 PRINT "LOBSTER EXTRUDING ON DAY" ;START;YEARX;"PREDICTED TO 

370 GOT0 40 

380 END 

HATCH ON DAY" ;DAY;YEAR 



�ppendix C 

Tem^rature� sali�ity� a�d secchi data zom 

Jeddore Harbour� harbour mouth� a�d Clam Bay 

hydro statio�s� May-September 1988 .  

1 1 3 
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Temperature, salinity, and secchi depth measurements at hydBo stations. 

Tem^ratures a�d sali�ities at the three hydrographic statio�s are show� i� Figures 

C ä fC6 +Clam Bay :  Fig. C ä  +tem^rature) a�d Fig. C2 +sali�ity) ; harbour mouth: Fig. C3 

+temperature) a�d Fig. C4 +sali�ity) ; Jeddore Harbour: Fig. C5 +tem^rature) a�d Fig. C6 

+sali�ity)) 

SŁface temperature i� Clú Bay varied betwee� 3.4 °C +Ju�e 2) a�d 1 7.2 °C 

+August 3 1 )� a�d i� the Eastern Arm betwee� 7.0 °C +Ju�e 2) a�d 1 8 .4 °C +August 13 �  

although there was �o surface temperature ta6e� at the e�d of August). The bottom 

tem^rature i� Clam Bay varied betwee� 2.6 °C +Ju�e 2) a�d 15 .8  °C +August 27) �  a�d i� 

the Eastern Arm betwee� 2.2 °C +May 3) a�d 1 6.7 °C +September 3). Records from the 

hydro statio�s show that pea6 surface a�d boòom temperatures are reached at ehe same 

time. 

Sali�ities i� Clam .Bay varied betwee� 29.2 �/oo and 3 1 .2 �/oo at the surface a�d 

betwee� 30.3 �/oo a�d 3 1 .5 �/oo o� the bottom. In the Eastern Arm� sali�ities varied 

betwee� 20. ä 0/oo a�d 30.0 �/oo at the surface a�d betwee� 28.4 �/oo a�d 30.5 �/oo o� 

the bottom +see Figures C2� C4� a�d C6) . 

Temperature a�d salĺ�ity values at t�e harbour mouth te�ded to lie betwee� ehose i� 

Clam Bay a�d those i� the Eastern Arm. The harbour mouth statio� was l[ated o� the east 

side of the cha��el� �ear the slope. As a result� depth varied betwee� 5- 15  m depe�di�g o� 

where the boòom temperature/sali�ity cast was made relative to the slo^ 

The secchi depth i� Clam Bay varied betwee� 5- 1 1  m� a�d was typically 2f® m 

shallower i� the harbour +Figure C7). Secchi depths te�ded to decrease i� both l[ati:�s 

through the summer. 

Tidally induced vaBiability in temperatuBe and salinity. 

Sali�ities a�d temperatures observed duri�g the three exte�ded sampli�g periods 

+Ju�e 2 1 -23� July 13 - 14� a�d July 30f3 1 )  are plotted i� Figures C8� C9, a�d C l O. Severe 



weather preve�ted sampli�g i� Clam Bay o� July 30-3 1 �  a�d reduced the �umber of 

samples elsewhere� Tide heights are based o� hourly estimates 8r Salmo� River Bridge 

+l[ated at the head of the Eastern Arm) provided by the Tides Sectio� of the Canadian 

Hydrographic Service. 

1 15 

Tidally i�duced variability differed betwee� statio�s� The harbour mouth showed 

the stro�gest impact of the tides with the i�flux of cold� sali�e shelf water duri�g flood tide� 

and the efflux of warmer� less sali�e harbour water duri�g ebb tide. 

Temperatures a�d sali�ities at the Clam Bay and Eastern Arm hydro stations 

showed o�ly occasio�al deviatio� with ehe tides. Temperatures a�d sali�ities i� Clam Bay 

+particularily o� the bottom) remai�ed relatively co�sta�t through all exte�ded sampli�g 

periods. At all three hydro statio�s� fluctuatio�s i� tem^rature a�d sali�ity were more 

pro�ou�ced at the surf ace tha� o� the bottom. 



20 

1 5  
1 ċČ # 60 
»¼ 10  1 ̂ 
� 1 

Ƣ 
5 

0 
0 May 

Figure C 9 �  

 ¡¢ 6
© �

ý 
© ¥
 
0 

3I 

3 1  

C 30 

�� } 

30 

ß 
 [ 

 [ 


 

 


 
m Ä Ý 

r y ń 
\ ï< Sur̷emp 

BottTemp 

60 90 1 2ʙ ʝ50 June July August September 
Day (May 1 1�

 � 1� 

Surface and bottom ( 15m) temperatures (C) � Clú Bay 
hydro station 

Sur1ce sal7n7ty 

Bottom sal7n7ty 

1 1 6 

0 
May 

Figure C��  

30 60 90 
June July August 

Day (May 1 1�

 = 1� 

120 Ƃ te b 
150 

ep m er 

Surface and boòom + 15m) salinities� Clam Bay hyąo station 



20 

15  

10  

5 

Ñ 
y ăZ Ü � ñ U � Z U � čĎ� � ¿  � 

� ~ x ¼» 
�� � ơ 

Ú 
Û 

Ñ 

Sur1ce temp 

Bottom temp 

1 1� 

0 

Figure 

��� �
© �

� 
© ¥
 
Ö 

C 

32 

3 1  

30 

29 

30 
June ŷy 

60 90 
July August 

Day (May � ��

 � �� 

1 20 150 
September 

Surface and bottom + äOm) tem^ratures +C)� harbour mouth hydro 
station 

Sur1ce sal7n7ty 

Bottom sal8n7ty 

0 
Maë 

Figure 

30 60 90 1 20 
Ɓ be 

150 
June Julë August eptem r 

Day (May � ��

 � �� 

Surface and bottom + äOm) salinity� harbour mouth hydro stati:� 



20 

15  

10  

5 Surface temp 

Bottom temp 

1 1 8 

e 

Fi3ure 

32 

30 

28 

�� 26 =
© �

� 
© �>0 24 ěĜ 

22 

20 
0 

Figure 

30 
ŷy Ju�e 

60 90 
July August 

��" ���" � ��

 � �� 

1 20 150 
September 

Surface and boòom +8m) temperature +C)� Eastern 3 hydro statio� 

30 
May Ju�e 

60 90 
July August 

��" ���" � ��

 � ��  

Surface sali�ity 

Bottom sali�ity 

1 20 150 
September 

Surface a�d bottom +8m) sali�ity� Eastern 3 hydro statio� 



1 19 

12  

10  

= 8 
;
^ k r 

¦ �
= R R k 
Ă 

6 

4 

Ë 
�[ t s  º Ù  v 

���� 
�" 

à < � �� no V ó  
q Ŏ Þ � é ð Ø u 

¾ #
# �  

Ð <
� 

������� ��� 

0 
May 

30 
June 

60 90 
July August 

��" ���" � ��

 = �� 

1 20 150 
September 

��� �� Secchi depth +m) at Clam Bay and Eastern Aȗ hydro stations 




� �
� 
 � �
� 

� : �  � © � © � ª � ª � ª � ª � ª 
� © 

� © 
� « 

� « 

� ªP � £ 

< 
÷ 
Ā 
ī 
× x Ćć 

� � « 
de � �  ¬ 

� �� � �  

« � ­ � 
� � � � 	  
 fg &'
 

� � � � �  
v } 

v } 
} 

� 
} Ï 

} 
y 

~ 
} ~ 

� �  � z r � �  � 
� v 

v 
v 

v 
v 

} 
} 

} 
} 

} 
® 

} 

.43:91 -» , 

) >  � ¥EE n ) 
� 'D��'� dc � � ��� $ ���'� dc � �t )�> 

� «P � 
¤ 

1 �0 



1 � 1  


� �
� 
� &
� 

s 
0 1

< � 
� � 

< � � � � � � Â � � � �$ \] � 

  
� � � � 

� � � % � � � x � � S N 

Í 

� � % � �  � �� �� 
t 

< 
Ô Â \] � � ¨S 
x ÿ S N � 

���� � ��%� � 

�� � 
s 

t 

s 
s 

� 
s 

2 3 4

	 

t 
s 

s t 

s 
t 

t 

s 

� 
t 

5 6 7

ñ ï � � � � � 
� � 

� � �  � [ � � 
t 

t 

t 
t 

t 
t 

t 

s 

� 
� � 

{ u 
� � �  

s 

t 
t 

t 
s 

t 
s 

| t 
 8 9

s 
t 

t 
t 

t 
t 

.43:91 -¤,  

� � � � �  �����
� 
� � ���� ��� 
� � �� ��� ��� 
� ��	� � 
  




� �
� Ée 
 � �
� 

� 
� 

� 
� 

� 
� � 

� 
w � 

� ¯ 
� ō � ¯ � ¯ � ¯ � ¯ � ¯ 

� ¯ � � ¯ � � ° 
� � ° 

! � w 
� � � � � 

� ¯ 

¯ ̄  ̄  
¯ ̄  

¯ 
° 

� 
� 

� 
  

� � � � �  � �� � �  
² 

� ® � ® 
� ® 

� ® 
� ® 

� ® 
� ® 
� ® 

� ® 
® 

� 
� 
� 

� 
� 

� 

� ° 
� ® 

� 
� 

� 
� 

® 
® 
® 
® 
® 

Ê 

Ơ < � 
� � Ąą 

��%� � 

³ 
³ 

	 
q � 

� � 
� � 

� 
� 

� 

� 

³ 
° ° ® 

° ® 

� 
� 

� 
� 

� 
� ³ 

� �� 
� 

³ � � 
² � � � 

� � x q 
`a � bc 

� _ � jk � 

q � � 
� 

��&� � 

³ 
³ 
° ³ 

° 

� 
� � �  

vwxyz 
� 

� 
� 

� 
� 

� 
� 

� 
� 

� 
� 

� 

³ 
® 
® ® 

® 
³ 

³ 

� 
� � 

� 
� 

� 
� 

� 
� 

� 
� 

� � È 

.43:91 -Üº,  

! � ! � �  
� �D&��� � � ��� $ ����� ��� ��$  
��� �� ���� � �  

1 �� 

' 
� 
� 

' ©S Ī 
� 

' 
� 
� 



�pp��d�x � 

Detailed descriptio�s of ehe moveme�t of so�ic tagged ovigerous females . 
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The lobsters i� this portio� of the study are ide�tified by the serial �umber of the 

transýtter. Plots of the moveme�t of eĜh a�imal are i�cluded i� the mai� bidy of the teĀt 

+Figures 10- 1 3) .  

Lobster 55 1 0  was caught by a fisherman i� the Eastern Arm of the hYbour o� Ju�e 

1 2� a�d put i�to a holdi�g cage at a fisherma�'s wharf �ear Roc6y Isla�ds . After 2 days i� 

the holdi�g cage� a tra�smitter was attached� an egg sample tÝe�� a�d the lobster released 

�ear Rocky Isla�ds . The lobster was located o� 1 3  subseque�t occasio�s prior to Ju�e 25 � 

Duri�g this time she remai�ed o� the same reef� i� about 4 m of water. After Ju�e 25 � the 

signal was lost. 

The lobster was rel[ated almost two mo�ths later� o� August 15 �  �eY the tow� of 

East Jeddore. She had travelled roughly 3.5 6m up the hYbour cha��el� a�d was i� a rocky 

area o� a gravel/silt bottom �eY the edge of the cha��el. The glue holdi�g the transýtter i� 

place had detached� a�d the ya�smitter had slip^d underneath the cephalothoraĀ� held o� 

by the cable tie. All her eggs had hatched. There were a few rem�a�ts� i�dicati�g that 

hatchi�g had probably occujed less tha� 4 wee6s previously +see Results� p. 20). The 

lobster remai�ed i� this area u�til at least September 15 .  At this time� the sig�al zom ehe 

transmitter became weÝ� so the ya�smitter was removed from the lobster a�d the lobster 

released. At the time of release� her carapace was still hard. 

Lobster 55 1 1  was captured off Cat Roc6s o� Ju�e 1 6. She had bee� o� board the 

fishi�g boat 8r 8ur hours a�d te� mi�utes whe� we received her� but had bee� 6ept cool 

a�d moist duri�g that time. An egg sample was taken a�d the ya�smitter attached 

immediately� a�d the lobster released at the l[atio� of capture. She remai�ed i� the same 

l[ation 8r the neĀt three wee6s� sometimes in the same burrow on co�secutive days� and 

sometimes i� a differe�t bujow less than 50 m away. This area was characterined by large 

boulders a�d ridges overgrow� wieh de�se 6elp. On July 4 a� aòempt was made to recover 
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her so that ehe tGa�smitter could be replaced. She was deep i� a bujow u�der a 2 m wide 

roc6 and could �ot be recovered by ha�d� so baited traps were placed i� zo�t of the mouth 

of the bujow. Trappi�g was yied u�successfully o� 5 co�secutive days. 

The lobster was fi�ally recovered by ha�d o� July 9 .  U�8rtu�ately� o�e of the 

claws was pulled off i� the pr[ess. The lobster was temporarily placed i� a holdi�g cage� 

however she escaped zom this a�d was 1 km away whe� located �ext� two days later. She 

had moved to a� area of exyemely rugged bottom topography� with a series of 3-5 m high 

ridges gradually ąoppi�g to 20 m. The lobster was located i� a shallow roc6 burrow i� 

de�se 6elp at the base of o�e of the ridges. She remai�ed there u�til August 3 1 �  a�d was 

observed i� three differe�t burrows� each withi� about 20 m of each other. Several 

additio�al egg samples were ta6e� duri�g this period. The sig�al was �ot heard after 

August 3 1 �  i�dicati�g that either the lobster had moved or the tra�smiòer battery had died. 

Whe� she was lost o� August 3 1 �  55 1 1  still had �ot hatched her eggs .  

Lobster 55 1 3  was i�itially captured o� July 28 i� a lobster trap o� Dry Ledge� i� the 

Eastern Arm of Jeddore Harbour. At that time� a� egg sample was ta6e� a�d the lobster 

placed i� the holdi�g cage �ear R[6y Islands. She was 6ept i� the holdi�g cage 8r two 

wee6s duri�g which she was fed several times. O� August 12 �  another egg sample was 

take� and the yansmitter attached� and the lobster released o� Dry Ledge. She could �ot be 

l[ated the 8llowi�g day or o� any subseque�t occasio�s. Ta�smitter malfu�ction is 

sus^cted si�ce the yansýòer was a� old o�e that had bee� used earlier o� a�other lobster 

a�d removed. 

Lobster 55 1 5  was caught i� the Eastern Arm o� Ju�e 1 6� She was 6ept i� a holding 

cage at the fisherma�'s wharf overnight� the� tagged with a carapace tag and released the 

8llowi�g day. She was subseque�tly recaptured duri�g the charter� o� August 1 �  �ear 

Roc6y Isla�ds. Her eggs had �ot hatched� a�d were estimated to be about two wee6s away 
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from hatchi�g at that time +eye i�dex value of 5 1 3�7 um). 

She was 6ept i� the holdi�g cage u�til August 12� at which time a tra�smitter was 

applied a�d the lobsteG released �ear ǟy Ledge. She was l[ated the 8llowi�g day in a 

bujow o� the steep clay wall of the harbour cha��el east of Brow� Isla�ds� about 1 �5 km 

from the release site. There was evide�ce that the eggs had staĭed hatchi�g whe� she was 

exami�ed u�derwater two days later� o� August 15 �  She was at the base of the chan�el 

slope i� a bujow u�der a small roc6. O�e wee6 later� o� August 22� she was refexami�ed: 

heG eggs had all hatched� and the rem�a�ts of about half of the egg cases Gemai�ed. The 

rem�ants were go�e September 7, whe� she was �ext exami�ed. At this time she was i� a 

burrow i� the clay slope of the cha��el. The burrow was located above the therm[li�e i� 

the cha��el� and there was a large rece�tly-molted female i� a �earby bujow. 55 15  was 

�ext recoveGed on SeptembeG 13 ,  at which time a scar was see� i� the i�tegume�t u�der the 

posterioG margi� of heG carapĜe which appeared to have bee� caused by a sphyrio� tag 

+prioG to heG involveme�t with the cuǂ�t study). 

She was last observed o� SeptembeG 20� at which time her carapace was �oted as 

bei�g soft arou�d the edges. O�e wee6 later� o� September 27, the tra�smitter was 

recovered from the bottom i� mid-chan�el� atÈched to the carapace. Appare�tly� she had 

molted. 

Lobster 6776 was captured i� shallow water east of the tip of Jeddore Cape o� Ju�e 

1 8 �  She was 6ept i� a holdi�g cage �ear Big Head with several other lobsters u�til Ju�e 2½ � 

She was released �ear the same locatio�� withi� 0�5 6m of the site of capture� ĺ� a shallow 

+ 4 m) cove with de�se 6elp o� the bottom. She remai�ed i� the same cove u�til she was 

tra�slocated o� July 20. It required several dives to remove her from this habitat because of 

the de�se 6elp� �umerous suitable bujows to hide i�� a�d stro�g wave surge. She was 

released at Dry Ledge i�side the harbour after bei�g o� the surface 8r about ehree h:urs. 

A� egg sample take� at this time suggested that the eggs would hatch i� about o�e m:�th 
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+eye i�dex value of 447.3 um) . She did �ot remai� o� Dry Ledge� moving eastwYd to a 

cove i�side the hYbour with a flat muddy bottom 10  m deep. Here� she sheltered i� a small 

reef. Her eggs were sampled o� July 26 a�d agai� o� July 29. There was evide�ce of her 

eggs havi�g started to hatch o� July 29. That was the last time she was l[ated. 

Lobster 6777 was caught i�side the harbour �ear Dry Ledge o� Ju�e 13 .  She was 

released the 8llowi�g day with a carapace tag after bei�g 6ept i� the fisherma�'s holding 

cage overnight. She was recaptured agai� o� Ju�e 1 8, a�d returned o�ce agai� to the 

holdi�g cage. A� egg sample take� at that time suggested that her eggs would o�ly hatch at 

the e�d of August +eye i�dex value of 275 .4 um) . She was released o� Dry Ledge with a 

tra�smitter o� Ju�e 25. She was �ext located �ear Roc6y Isla�ds o� July 4, remai�i�g there 

u�til July 18 .  Duri�g that time� she remai�ed sheltered i� a shallow +3-4 m) reef exte�ding 

out from o�e of the isla�ds . 

She was tra�slocated o� July 1 8 , to a locatio� �ear the e�ya�ce to the harbour. The 

first release locatio� proved to be u�suitable +sa�d bottom with �o shelter)� so she was 

returned to the surface a�d ta6e� to another locatio� �earby� where the bottom provided 

more shelter +roc6s with a sa�d substrate) .  She remai�ed �ear the release locatio� u�til the 

e�d of July� at which time she appeared to begi� movi�g towards the harbour mouth. After 

August 4, she was lost. 

She was located �ext o� August 26 well i�side the harbour� i� a shallow depression 

i� the sa�d/silt boòom� �ear several clumps of mussels. She was still berried. A� egg 

sample ta6e� at ehat time suggested that her eggs were still about three wee6s from hatching 

+eye i�dex value of 466.8 um). Three �emertea�s (Ps-V,doc�Kcinon,m,KS,s h�om�Ki� and 

some egg cases were 8u�d i� the egg sample. After this � she was �ot see� agai�. A� 

ejatic sig�al was heard i� the cha��el �ear Brow� Isla�ds o� August 3 1 ,  a�d ehe 

tra�smitter battery appears to have ru� dow�. 
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LobsteG 6778 provided co�siderable data� with 39 obseGvatio�s coveri�g 76 days. 

She was i�itiallë caught o� Ju�e 1 8� 6ept i� a holdi�g cage off Big Head 8G o�e wee6� a�d 

the� Geleased west of Big Head. She Gemai�ed �eaG the release locatio� u�til July 1 9� when 

she was recoveGed zom a shallow cave u�deG a Goc6 with a gaGvel subsyate. She was 

ya�sl[ated to the haGbouG a�d Geleased o� Dry Ledge. 

From Dry Ledge� 6778 moved �oGth to the shoGe of the Eastern AGm. Here� she 

Gemai�ed i� Goc6 Geefs o� the mud bottom� usually sheltered u�deG a piece of 6elp. 

FGeque�ely otheG lobsteGs weGe 8u�d i� the same Geef. She Gemai�ed i� this aGea 8G about 

two wee6s� duGing which heG eggs weGe sampled seveGal times . O� August 2� empty egg 

cases were �oted i� the egg mass� i�dicati�g that some hatchi�g had started +eye i�dex 

value of 541 .0 Ðm) . 

O� August 4, she was located o� a flat mud bottom appare�tly headi�g acGoss the 

Eastern 3 towards the haGbouG cha��el. Six daës lateG� she was l[ated i� the harbouG 

cha��el south of BGow� Island. O�lë about 40% of the eggs Gemai�ed� those o� t�e 

peGipheGy of t�e egg mass havi�g hatched. By August 15  all of heG eggs had hatched� a�d 

by August 22� o�ly half of the Gem�a�ts of the egg mass remained. DuGi�g this peGiod she 

was usually 8u�d statio�ary i� shallow depGessio�s i� the sa�d/silt cha��el bottom� oG 

completelë u�protected. 

She Gemai�ed i� this paGt of the cha��el u�til August 22� afteG which she headed 

towards the mouth of the haGbouG. By SeptembeG 8� the sig�al zom the tra�smitter was 

baGely audible. She was Gecovered zom the bottom at the base of the cha��el slope� �estled 

agai�st a laGge Goc6. O�lë about 10% of the rem�a�ts Gemai�ed� a�d her caGapace was quite 

bGittle� a�d soft aGou�d the edges. The ya�smitteG was Gemoved� and the lobsteG Geleased� 

LobsteG 6779 was Geleased in the Eastern Arm duGing the fishi�g seaso� with a 

caGapace tag� a�d GecaptuGed twice duGi�g the 8llowi�g two wee6s. AfteG the seco�d 

GecaptuGe� o� Ju�e 1 7� whe� it had become abu�dantly cleaG that she wa�ted a staji�g Gole 
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i� this study� she was placed i� the fisherma�'s holdi�g cage 8r o�e wee6. At this time� an 

egg sample suggested that she was about 4 wee6s away from hatchi�g her eggs +eye index 

value of 449.2 Ðm) . She was released o� Ju�e 25 o� Dry Ledge. After two wee6s with 

little act©vity� the sig�al was lost� a�d was �ever relocated. 

Lobster 6780 was origi�ally caught approximately 1 .5 6m west of Big Roger 

Isla�d� o� Ju�e 1 8. She was placed i� a holdi�g cage at the capture locatio� 8r one wee6� 

the� fiòed with a ya�smitter and released. At the t©me of capture� she was estimated to be 

withi� 6 wee6s of hatchi�g +eye i�dex value of 466.8  Ðm). 

She remai�ed �ear the release locatio� 8r 2 wee6s. The�� from �oo� o� July 12  to 

2200h o� July 13 �  she travelled about 2 6m west across the approaches to the harbour. 

This area is roughly 20 m deep with a� ope� sa�d bottom. She moved to a� area about 0.5 

6m east of Big Head with a typical hard bottom: boulders and roc6s o� a substrate of mixed 

sto�es � gravel� a�d cobble� a�d de�se 6elp. She was recovered o� July 25 from u�der a 

1 .5 m diameter boulder i� a cave ope� from two sides� a�d tra�slocated i�to the harbour. 

The glue holdi�g the ya�smitter i� place had detached� and t�e ya�smitter had slipľd 

sideways dow� the carapace� held o� by the cable tie. 

Upo� recovery� the yansmitter was reattached +the tail of the cable tie was 

accide�tally left o�� protrudi�g dorsally u�derneath the lobster). A� egg sample showed 

that hatchi�g was eit�er immine�t or had already started +eye i�dex value of 566.4 um). 

She was released o� Dry Ledge. A� attempt to recover her o� July 27 to cut the tail off the 

cable tie failed. She was still o� Dry Ledge� inaccessible u�der a large boulder. Three days 

later� she remai�ed i� the same locatio�. However� o� August 2� the sig�al could not be 

located� a�d she was �ot 8u�d subseque�tly. 

Lobster 678 1  was caught o� Ju�e 1 6  near Big Head. A yansmitter was attached 

immediately� and she was returned to the water withi� 30 mi�utes. A� egg sample indicated 
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that hatchi�g was 5 wee6s away +eye i�dex value of 478.5 um). 

On July 4 a� attempt was made to recover her. She was i� a cave u�der a large 

boulder� and was able to reyeat deep e�ough i�to ehe cave that she could �ot be grabbed. 

The bottom had large boulders a�d smaller roc6s wieh de�se 6elp. A baited yap borrowed 

from a fisherman was placed in fro�t of the mouth of the cave. The 8llowi�g day� the trap 

was recovered with the lobster i� it. The origi�al ya�smitter was approachi�g the e�d of its 

battery life� and was replaced wieh a�other tGa�smitter. A� egg sample showed that she still 

had 4 wee6s to go be8re hatchi�g +eye i�dex value of 485 . ä um). After the �ew ya�sýòer 

had bee� attached� she was replaced by a diver i� the same cave from which she had bee� 

trapped. 

Duri�g the �ext mo�th� she remai�ed i� roughly the same locatio�� i� 10- 1 5  m of 

water. She was observed u�der a 3 m diameter boulder o� July 29� a�d u�der the same 

r[6 o� August 2. She was fi�ally recovered o� August 4� agai� usi�g a lobster trap. At 

this time� the ya�smitter was worn o� the upper leadi�g edge from co�tact with the roof of 

the cave. Her eggs had just started to hatch� +eye i�dex value of 566.4 um)� a�d some 

rem�a�ts were visible i� the egg mass.  

She was next l[ated o� August 1 1 � a�d had moved to deeper water + 1 9f20 m). O� 

August 1 6� a� attempt to recover her failed because she was o�ce agai� u�der a large 

boulder on a rocky bottom. On August 1 7  a trap was placed in fro�t of the same boulder. 

The 8llowi�g day� the trap was recovered� but without 678 1 .A large male lobster was 

observed i� the cave that had co�tai�ed 678 1 the previous day. A� ovigerous female from 

Georges Ba�6 +released south of Jeddore Roc6 o� Ju�e 25 � 1 988) was 8u�d i� the trap 

(D. Pennac6� u�pub. data) . 

678 1 was l[ated o� August 23 about 2 6m �ortheast of her previous locatio�� �ear 

the e�tra�ce to the harbour. The bottom was 6 m deep� with r[6s a�d boulders o� a gravel 

subsyate� a�d thic6 Lamin�Ki� spp. and A/�Ki�. escV9enS�. She was brought to the surface 

a�d some epoxy applied to the upľr leadi�g edge of the tra�smitter where it was worn. 
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O�ly 5% of the rem�a�ts of the egg mass remai�ed. She was replaced i� the same burr:w 

z:m which she had bee� ta6e�. She was �ot located on any subseque�t [casio�s. 

Lobster 6782 was origi�ally caught i� t�e Eastern Arm o� Ju�e 1 7� held i� the 

fisherma�'s holding cage overnight� a�d released the 8llowi�g day with a carapace tag. 

The eye i�dex of an egg sample at this time was 355 .9� indicati�g that she was over 2 

mo�ths zom hatching. 

She was recaptured on July 28. Both claws were banded� a�d o�e claw had a 1 cm2 

perforation in the propodus. She was put i� the holdi�g cage overnight� a�d the 8llowi�g 

day fitted with a transmitter a�d transl[ated outside the harbour. She was released i� 2 1  m 

of water about 1 km �ortheast of Jeddore Roc6. A� egg sample was ta6e� at this time 

i�dicati�g that she still had 3-4 wee6s to go before hatchi�g +eye i�dex value of 457.0 Vm) . 

She remai�ed �ear the release locatio� i� 20f27 m of water 8r o�e mo�th. Several 

egg samples were ta6e� u�deǄater during this time. The lobster was located o� a bedrock 

ridge near the edge of a gravel/=obble plai�. Macroalgae were sparse at ehis depth� 

co�sisti�g primarily of Ag�rVm cribosum, Lamin�ri� 9ongicrVris, a�d L. (igiS�S�. A� egg 

sample ta6en on August 1 1  i�dicated that the eggs would hatch about o�e wee6 later +eye 

index value of 529.3 Ðm)� and another sample on August 23 co�firmed that there were 

ma�y rem�a�ts in the egg mass +eye Îndex value of 534.8 Vm). 

She had moved about 1 10 m to the west by August 3 1  whe� she was �ext l[ated. 

After t�at� she was lost. O� September 9 she was rel[ated 2 km to t�e �orthwest� just off 

the mouth of the harbour. All her eggs had hatched� a�d the rem�a�ts of about 20% of the 

egg mass remai�ed. The claw with the perforatio� was still attached and ap^ared 

fu�ctio�al. She was not located agai� after this. 

Lobster 6783 was caught on Ju�e 15  off Blac6 `oi�t. She had bee� o� board the 

fishi�g boat 8r about 5 hours when we received her� but had bee� 6ept cool a�d moist 
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during t�at time. An egg sample indicated that the eggs still haƃ about two months to go 

be8re hatching +eye index value of 392.6 Ðm). She was released off Black Point and 

remained in roughly the same location 8r the ent©re time she was yacked +until the signal 

was lost on August 1 7) .  

She was recovered from a cave under a 2 m diameter rock on June 30 and another 

egg sample taken +eye index value of 4 10.2 Ðm). The bottom consisted of large boulders 

and r[ks on a substrate of gravel and stones� with dense kelp. She was recovered again on 

July 4 and the yansmitter replaced with a new one. When she was observed next on July 

26� the glue holding t�e yansmitter in place had detached but the yansmitter was held in 

place by the cable tie. The yansmitter was reaòached and an egg sample taken +eye index 

value of 492.2 Ðm� about 3 wee6s from hatch) . In each case when the lobster was brought 

to the surface� she was returned either to the same bujow or to a nearby one. 

On August 1 1  she was again brought to the surface to reattach the transmitter. By 

this time she was within one wee6 of hatching her eggs +t�e eye index was 541 .0 Ðm). She 

was not located on any subsequent occasions. 

Lobster 6784 was caught in the Eastern Arm on June 12 and placed in the 

fisherman's holding cage. Two days later a tGansmitter was applied and the lobster released 

on Dry Ledge. An egg sample indicated that hatching would occur in about three wee6s 

+eye index value of 492.2 Ðm). 

During the week 8llowing her release� she tGavelled several hundred metres 

eastwards to a reef leading off a point on the shore. She remained there 8r several days . 

Then� during the extended observation period of June 2 1 f23 she wandered around the 

upper Eastern Arm, moving roughly 1 km between 1500h on June 2 1  and 0920h on June 

22. Aµter this� the signal was lost. 

She was next located on July 5 neY Rocky Island walking over an open mud 

bottom� apparently going from one rock reef to another. She was recovered and the original 
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transmitter replaced with a new one� An egg sample indicated that hatchi�g would [cur i� 

about one wee6 +eye index value of 5�9� 1 Ðm)� 

On July 9 she was l[ated in the same location� but by July 1 2  had crossed ehe 

Eastern Arm and was in the channel east of Brown Island� During the extended observatio� 

period of July 1 3- 14 she travelled up and down the channel� ending up at 0920h o� July 1®  

about 100 m south of BrowĽ Island� After ehis� she continued moving down the cha�nel 

towards the mouth of ehe harbour� 

When she was observed on July 19 �  she was at the bend in the channel� past the 

towns of East and West Jeddore� She was stationary on a highly sculpted bottom of coarse 

sand in the middle of the channel� where tidal currents are high� This is an area where the 

fish plants in Jeddore dump their offall� and there were numerous piles of fish carcasses o� 

the bottom� Alehough t�ere was no evidence of empty egg cases in the egg mass� about 

20% of the eggs in the egg sample hatched in the vial be8re the sample was staged +eye 

index value of 566�4 Ðm)� 

She was next observed one wee6 later� having travelled about half the dista�ce bac6 

to Brown Island� She was recovered zom 14  m in the middle of the channel under a large 

+3 m diameter) flat r[6 on a sand/silt bottom� Her eggs had all hatched� and there remai�ed 

a large mass of the remnants of the eggs � Three days later� on July 29� she was located 

under the same roc6� but most of the remnants were now gone� After this� the signal was 

lost 8r two wee6s� 

6784 was relocated two wee6s later� on August 15 �  west of Brown Island o� the 

edge of the channel which bra�ches i�to the Western Arm. She was to remai� i� this Yea 

8r the rest of the time she was trac6ed� She was u�der a 6elp zo�d in the vici�iǋ :f a r:ck 

reef on a mud/silt substrate� All of the remnants of the egg mass were now go�e� 

One wee6 later� on August 22� she was observed under a large boulder with a large 

male lobster� The 8llowing day she was u�der the same boulder� but the large male was 

gone� Her carapace was still hard around the edges � 
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O� September 1 she was located u�der a huge boulder +5 m i� diameter� 5 m high)� 

agai� with a large male� She was �ot observed directly� Six days later� o� Septe�ber 7� the 

transmitter was recovered from u�der the same roc6 with several fragme�ts of the cżapace 

attached� held o� by the epoxy� It ap^ars that she moulted� No other shell fragme�ts were 

see�� 

Lobster 6785 was caught off Cat Roc6s o� July 5 i� o�e of the traps bei�g used to 

recapture lobster 55 1 1 . A� egg sample Î�dicated that hatchi�g would [cur i� about six 

wee6s +eye i�dex of 459�0 um) � She was 6ept i� the trap 8r 6 days� the� fitted with a 

tra�smitter and released o� July 1 1 �  Duri�g ehe two days 8llowi�g her release she travelled 

about 2 6m� first south a�d the� southwest towards the tip of Jeddore Cape� Her pr:gress 

across t�e approaches to the harbour co�ti�ued duri�g the exte�ded observatio� peri:d of 

July 1�f 14� duri�g which she was travelli�g at the rate of 190 m·hour- 1 duri�g at least o�e 

� hour period +betwee� 0�05h a�d 055®h o� July 14� 1 988) .  She fi�ally stopped o� July 

15 �  east of Big Head� i� about 20 m of water� 

Duri�g the 8llowi�g mo�th she remai�ed �ear Big Head� movi�g i� to slightly 

shallower water� She was observed o� July 29� a�d a� egg sample tÝe� +eye i�dex value 

of 498 .0 um� i�dicati�g t�at hatchi�g would occur i� about ehree wee6s) �  She was o� a 

hard bottom� u�der a roc6 overha�g� i� moderate 6elp cover� Two wee6s later� o� August 

1 1 � she was observed agai� a�d a�other egg sample take�� She was deep i� a cave u�der a 

roc6� a�d u�8rtu�ately boeh claws were pulled off i� ehe attempt to extricate her� The egg 

sample i�dicated ehat hatchi�g would [cur i� o�e wee6 +eye i�dex value of 53��2 u�)� On 

August 1 7  she was observed i� the same bujow� There was evide�ce of a few re��a�ts i� 

her egg mass� and some larvae were 8u�d i� the egg sample +eye i�dex value of 5 13� 7 

um)� She was �ot l[ated agai� after this � 
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