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ABSTRACT

The did activhy and noctu rnal movements of Inc American jobst cr, H(lmanu

'1IIItrinll"u. were !>I udiL"I.I usinGa Ilxcd hytlrophoncarray tracking system at Broad CO\!:.

( 'lII lL~pli. Hl 1I'ly. NewfllulldlamJ. TwentylullStCN taggctl wit" ultr.lMlfl X: transmtnce, were

IIlllnilurcd al v,l rillu"' l i ll~ hCIWl.'Cn September, 19K7 and Ausust. 1990. providing 291

nights Ilf tr:tt:king 11,11,1uf which 246 were complete (i.e. ,10animal was monitored for the

enure pcrlod uf d;lIl lle.s~ J. Pll~i t i llnal infonnauun un active lobste rs was recorded every

twonrinurcs. pruviding both tcmpeualaudsp utial inforr nution on activity and movements.

It W,IS assumed thai tagging didnul have a pronounced or prolonged effect on the activity

Ilrllinvemclllsuf suhjects.

Lobsters were active 011 2!l.5 % of all trucking nights. Time of onset of activity in

Ihe inili,ll shellers averaged 1.5 h arler sunset while timeof onset of movement from them

averaged 2.4 h urlcr sunset. Luhslcrs were active at or within IIJ:final sheller an average of

~2 min white Ill\: average lime or ~:essati{)ll of aClivilYat tbc (ina: sbcltcr was 5.7 h afte r

sunset 11..: duration tlf Ilk: ac:i\'ily period. which corresponded 10 lhe imcrim between

tlllSL1 uf ,lClivily ill the initial shelter and ccssauon of activily at the final shelte r, ranged

fnllll 6 min In 12.MII witha mean IIf 4.0 h. Total on-er-sbencr time ranged from 4 min 10

12 h wilh;1mean uf 2.3 h. The ool-of-shcllct period was characterized by movement or

l'l:ltiulI"ry beha viour. Behaviour was considered lolationary ir the transmitter posiliof'l

remained the same for a minimum of five minutes. Otherwise, the lobster was considered

to he Ill\lvin~ . Avemgl: mcvcmemtlmcs andour-or-sneltcr slationary limes were 1.3 h and

I.::! h. respectively, whilerespective ranges were 4 min 10 6 h. and 0 to 10.2 h.

There W:lS alsu considerable vurlauon within and between individuallobsters with



respect 10 distance moved. Two measures of distance were cnlculurcd: Ih~' maximum

distance (M Dl ~lf alobster Iroui ils inili:llsheller ami 11K' upproxnuarclolal disl:UlC~' (ATD \

moved hy a lobster while uut-uf-shclrcr . Thc averages of mux hnum distance Inuu th~'

initial shelter ami approxinuuc unul distance 1ll1l\'l:lt wen.'2-lm and h.t Ill. I\'sl""\'li\'\'Iy. TIll'

respective r:lllgesofthese two varfubtcswere 2 1117-l IIIami 5 to J61m, On uvcragc. !;U'l,:l'

lobsters (> 1:\ I IIl Ill car apace length) movcd a maximum distance or 27 IIIFnuutIll' inili:ll

sheller compared 10 21 III I'm small Individuals « Ill'= HI rum carapace length). Average

app roximate total dl smncc un.vcd was cssc miully the sume for hUlh si;(e gro ups.

Moveme nts were eithe r simple (llloslly slr.liglnlinc movement with lillie Ill' nil p:llh

crossover) or comp lex ( numerous abrupt direction changes with IIIlIch path CroSMI\·Cr).

Both types were charactcnzcd hy extensive. wide-ranging pattcrns anti restricted. tighl

pnncrns.

Thirty perce nt of the lobste rs rcnunod 10 Ihe same sheller un the .\ 'III1C nighl wbilc

25 % orthe lobsters returned 10:[ pmticulur sheller after periods or ubscucc excecding nne

day, Certain shellers appearedIn he preferred hy either one individual or lIlHllCWUS

individuals, Shelte r lidellty was quite vurinblc be tween individuals, Slime IlIhstcrs I1scII

the same sheller numerous limes while others changed shellers during each nctivity bout.

The average entrance heigh! : width ruuo of shelters occupied (O,WI) oy nuuutorcdluhstcrs

was only slightly lower than that ofunoccupied shelters (0.\)71.

Over seventy percent of the 101 al stationary lime occurred in m'Caswithbouhlur nud

outcrop substrate. The greatestpercentageofmtnl slalimmry lime (41) %J occurredin urcus

with scattered horse mussel ,mdg rcen .-.caurchindisl rihulillllS.

Large lobsters (> 1:\\unu carapace lcngthj movcd more rrcqucnrly f12.:'i,;>;, vx. 2K.K

%) than smaller ones « or = 1:\ 1 mm carapace lenglh) hut the smaller individuals :lVeragcll

iii



longer activity hO lll ~ 15.1 h vs. 2.Xhl. Large males (35.3 %) and small females (38.7 %)

were uctivc uuire Frequently than small males (2 [.4 %) and the largc female (2 1.3 %) .

Tilggcd ovlgcrou-,and moiled individuals displayed activityconsistent with the behaviour

described in literature fur luosler.s in these physiological conditions. Tagged individuals

wcrc1c.ssaclivc, tt li11lcs nfn vipusilion ill1dm nlling.

In gcncral. acnvuy was greatest at times when water temperature exceeded 8" C

Cilncr July I,. Storm events sometimes resulted in the downslope movement of tagged

Individuals. Lobster activity was slightly higher at times nf [lew muon and first quarter

IIImH1compared rurimc s oftuftmoen and lastqaarrcr mOOI1.
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INTRODUCTION

The Amcric~n loh~tcr. H ' J/IUl nfS Um f! r ; c:t l lI/lS (Milne.Edwards), is a decapod

crustaceandi!'olri llutcd lhruughout lhc watersof the continentalshelf of the western North

Allanlic Irom theSlmil of HcJl..:Isle to South CaroliRll(Herrick 1909; Phillips et al. 1980).

Known tlcpt h~ ill which il is found range from I m belowlow tide10 >700 mi n $Ubmarine

canyons nITtbc Continental Shelf, south of the soerbern Scotian Shelf (Herrick 1909;

Couper und Uzmnun 19&0; Phillips et 011. 1980). This species is important for bot h

commercial am! scientificreasons. IIhas been a valuable larget species for major fisheries

in hUlhCunednandthe Uniled Slatessince llOOUI 1840 IDow 1980) and has therefore been

the subject uf numerous scientific tnvcsugauons. Besides its commercial importance, the

Amcrlcsn lo bster rep resents an "exc ellen t and fertile substrate for ph ysloleglc n l,

bioc hemical, and ncuroblological research" because it is large, long lived. abundant and

ecnlngically cOflSl.'lJucnti:ll (ph illips et ill. 1980).

1.1 I.nf,stcr MoYl:mcn l

TIle broadaspectsof American lobster life history lind behavior art: relatively well

known. Stullies under both natural and laboratory conditions have provided mue h

infnrnllltion alxllli lhis animal, An aspect oft be American lobster's behavior which has

rccciv ..:d much allcntion is i t.~ pancm of move ment. especially over distances measured in

kuomercrs {i.c . migt:ll ionl. Migrdlion can be defined usdi rected simultaneous movement

hy alurgc segment of a poplliatioll over large distances, usually on a seasonal basis (Ennis,

pcrs. comm.j. Some lobsters migrate10 deeper water during the winter months and back

inshore to shallower, warmer water ill the springtime (Uzmannct Oi l. 1977; Fogarty et ul.

IlJS(1: Campbell and Stasko 1986). Var ious pop utalions display different scales of



migrat ion. Ame rican lobs ters which dis play large sc:11cIll i ~ril l itltl Inc judc thllse un the

Scotia n Shelf (Cilmpbcll :mtl Stasko 1985; Pc7.7.•Il:l and Duggun 11)86; C:III1(k1l I ~~\'J ). in

ibc Bay of Fundy (Cam pbe ll 1986; Campbell anti Stas ko 19SC1I. tlrrPrince F..tIwilnl lsl;IIkl

(Wilder 1963). OIndolTlhc TIOI1hc:lslem u .s . coa.", (Mnrris.~y 1971; r:ng;u1y el .11. It)SU;

Krouse 1980). Lo bsters tagged off Grand Manan, {or ex ample . !\htnvcd S!:.Nl11 ;11 sh;ilkl\v•

deep mo vements e xceeding 20 kill, with recaptures in shalluw Willer « :!O Ill) during

summer-fall .1IIt.! in deep water (> 200 m) dur ins win te r-spring (ClIll1phcll IIJR6). SI,nlt:

lobste rs display homing behaviour :ISc...idcnccd by their re turntn csse llli.llIy t he S'lIIl1.'

region aftcrmorc than 10 mcruhs and 200 kill ormovcm cru (Pen ilck :md Duggml II)K6).

Others appc ilt 10 he more nomadic, see ming 10 mov e in ~hlJl'c aml nlTshnre in u uurrc

random fashion w ithout homing to previous ly vis ited locales (Hnrrinum 11)52; S purr

1974).

S imilar migratory behaviour is evident in nther lohste r sfll.'Cies . The mck lohster,

l a,flu ed wordsli, for exa mple, which wa... monito red thmulth tagg ing studies in New

Zealand, reponed ly migr.ttes seaso nally ove r distances excecding 20 kill (Str eet 11)61) ;

Annale 1981; Mc Koy 19&3; Annilla and Bycro fi 11)1)3) .

S ta..kc (19 80) disc ussed the hypothe sis that lo bsters in the Gulf (If Sl. 1...rwrcncc

and arou nd Newfo undland do not undertake long di~ancc movcmcnts . l ie L'uncl lkJctlt hat

lobsters in the sou thern G ulf of St . Lawrence appear 10 he rexu ictcd in their mo vements

with the i1vernge d istance betwee n release and recapture being < 15 km. •md Ihat they IIli1y

ulso undergo scuso nul ...hart -distance movement betwee n shallow Wille r in the Sllllllllc r lUlIl

uccp wate r in the wlntcr. Lobster s ize appears tu he an importam Factorin rho exten t nl"

movem en t slncc la rger, sex ually millurc individ uuls demonstrate the most m ig rHlnry

behavio ur (Krouse 1980), Stasko (1980 ) repor ted tha t Newfound land lob sters llppe,lr til



he restricted II)shallow waters. mostly in large bays. with no demonstrated movement

betweenhay.~, and that they cxhihit short-dixtuncc seasonal movements between shallow

nnd deerer water {Slasko ]9r;Oj. However, some individuals do disperse considerable

distances (Templeman [1)35, 1940). Ennis(1983)also reported thetthe depth distribution

or Ncwtuumllund lobsters changed seasonally, bUI usually the extent of the upslope

downslope movementsis less than 100to 200 Ill.

While some data has been obtained on the lime o f peakdie!activity and the uscof

specific shcncrs (Ennis 19 R3. 1984a; Karnofsky cr al. 19R9a. 19R9b; Haakonscn ct ul

[9lJ3\,a gap exists in our understanding of the fine-scale localized movement of lobster.

Fur example. link is known.ecut the frequencyof movement of individuals. the temporal

und.'illathil extent or rhctr movements. or the functionsof out-of-shelter activity. Need for

the studyof thc.'iC asp.:c l.~ of activitylind the potential value of ultrasonic telemetryin such

sludieswa.silh:ntiliedhyCadtlyiludCurnphell(1986).

Numerous stuuies in beth the laburntory and field have shown that H Ol/1l1fl/ S

tlllla/mlllt.l· is primnrily nocturnally »crivc (i.c. moving cuts tcc of the sheller during

pe riodsof darkness) (Zcitlin-Hutcand SUSlrY 1978; Ennis 1983; Lawton 1987; Kurnofsky

ct nl. IlJS9a;Koike cr :11. [993; Spanier crnl. 1994). Such nocturnal activityappears to be

characteristic HI'other species of lobster. including NephwfJsnarvegicus(Chapman and

Juhnsmnc 1(75). POl lillil"l!.~ (".I'M/IIf .\' (Jernakoff 19R7; Jcrn aknff ct ill. 1987; Cobb 1981).

1'lII lI/li m .l· I/rgll.~ {Kanclruk lindHcrmklnd 1973), and l usus 51'p. (Fielder 1965;Williams

and Dean IlJI\9). Generally, our-or-shelter activity peeks shortly after dusk und continues

;11 lower Ic\'cls For il vnrlnblc portion of ihc remainder of the dark period. Ennis (1983,

191\401 ) reported 'I peak in activityabout 2 to 3 hOLIfS after the onsetof darkness, and a

sllhscI\ucnt1csscning in ilctivitybefore duwn based on a series of year-round diurnal and



nocturnal SC UUt\ surveys uf a lobster po puhuiou in I3IHlilvi sta Bay . Newfoundland. I lc

reported lhat the duration uf om-or-shelter activity W;IShigh ly variable aml he ,~pl·ru l a lf.'d

that the length cfuoc tumal ;K: tivily \lf individuals is rdilled to il\'ailah ilily llffo\ll.1.

The limne d datil available also indicate thut the distance moved on a giv en nit:ht.: :tn

he quite variable. Coope r 1l111J Uzmnnn (1917) funnd rhnt ind ividuals mrcty moved > .lOU

In but they observed o ne American lobs tcr that moved alruost ::WOIl III in one nij;lll.

Mncpinrmhl e t al. (19 9 1) reported maximum nightly movement di st;lllt:C.S by maleand

fema le spiny lobster (.Ia.\·lfH dwcmlsiiJ of 81 and 99 1\\, respectively . Ninety five pcrcc tu o r

the western rock lobster-( PI/II I/firm 1 "y~ IIIIJ) monitored hy Je nwl.:off cr ;11.( 19X1) moved

between 12.5 lIml585 III pecniglll, the median distance bciug J Ill III pcrnigu t .

Environmentalfactors other thanlight intensity which uplvur til ill"rcct thc activily of

Ameri can lobster includ e water rcmpcnuurc (Herr ick 1909 ; McLce sc and Wihlcr 11)5N;

Ennis 19K4a , 19K4h) und tur bulenc e/ turh idity induced hy s tor ms ( En n i~ jlJXJ,

pers .comm.) . Nocturnal activity increases with increasing Willer temperature .uul remains

relatively high until WOl ler temperatures I~g i n to dmp . Lnhste rs snlllcl imes IlIIIVC

downslope in apparent res ponse to a substantial increase in water turbulenceand mrhidhy

lind later rerum to upslope locut onsoncc the storm e ffects ha ve suhsi(lcd [Ennis I')KJ}.

Our-of-shelter ac tivity is presum ably primarily rclalcd III fn rilging un d activitie s

relating to mating and tcrr nortnln y (Phillips ct ut. 1( 80) hut it hasalso teen suggesled lhill

lobste rs move sim ply to fami finrizc them selves wit h the surmund il\ll bcn thie hilhitat

{Kum ofsky ct ul. 19K9a).

Lobsters forage all a variety of prey includ inll crubs, lIlu lluscs, SCi! slars, se a

urchi ns, polychac tcs and flsh(E nnis 1973; Carter ;lOUSteele JI)Kla. I I)Klh; Elncr I 'JHO;

Elner and Campbell 1987). Select ion of prey uppcars In dcpc nd un d ifferent factclfSwhicll



include lobvtcr ~i /.c, pre y ~i/.c and ~\' a i l <lhi [i lY. and the lobster mo lt stage. Although t he

American ksbvrcr ha, beendesc ribeda.. an opportunistic Iec dcr(We iss 1970; Cooperanti

Ilzrn;mnI'JI(() , nurncrn~ c ud tcs haveshownthis species' sclcC1iv ily in roro.lgin~ (Eva ns

:1111.1 Mann 1'J7?; IIirtlc andMann 1978; Leavitt et 011.1979). especially atcril ical stagcs of

II..: m,lIling cycle. ~a\( lIl;d _, hifls in prey preference orabund:ux:c maybert:SpDlL'iiblc for

SC:l"ilmalchan ges inaclivilyra llCnK

MI.K1yand Slc nl'Ck(191J3)n:porteti thOit Americanlobsters Ircqucnnycarriedprey

beck hIa.\hcl ic i ratherlh,mealing it a the xhcof capture.

1.2 It:lhilal undSlchcr Preference

During the first fewyears nl bcnthjc tile,Amene:!n lobsters oftheapproximately 5

III40 IIlllll'1.lr' lpaCCleng th range arestrongly associu tcdwith hahitals which provide cov er

fur small :lIIinmb (C.1;. cohhle andsmall boulder} (W,lhle and Stcrcck 199 1) but th is

"",'uciatilln t1ccrm<ocs <IS they grow, presumably du e to reduced risk ofprcdation (Wahle

and Srceeck 1'JI}2) and an increased ability to mollify the substratum (Wahle 1992a).

Iluwcvcr. largc r kJhstc r (l1II'apacc length > 35mm) arc most frtqucntly fcm d on substrate

wim sun\(' huukl..'l"or other co ver (Wahle:199201). Cobb (1971) foundtha t Americ an

IohSll'f!igCIICm llyocc upied 'ihche:r.; in which hcighl or theopening was lessthan thewid th,

result ing in lower profi le sbencrs. He describedsig niflCanl relationshipsbetween lobster

size and shel le r ~i i'.C. s (X«irlCally the area of the opening. Sranier andZim mer·Fuu st

( lcJXXIreported thaIspi ny Inbslcr( I'. illlerrll{lllu) preferred shelters wilhsmal l entrance s

rckuiv c tojhc inner shcll er diamc lcr.

Stewart (1970, 1972) described two l~'pcs of space usc behaviour in Amcrlcun

lobs ters bnsccl un h i.~ observanc es uf sheller ccc upancy > transie nt and re sident. He



define d transient behavio ur <IS t he uccupauunnf diffcrcnr shelters fo r shortIwri lld_~ and

reside n t behavi o ur as the occUpBl itl1lof the same s h elter fo r ;\11 exten de d period, b m is

(1983 ) and Karn o fsky c r al, (liJS9 a) noted hotnIy pus uf behaviour i ll Ncwfcuudlnud am i

M;\ss;;tchllsells lo bsters . While p ast slull ies have ilHlieliled pauirular 11:II"il'CIIICIlIS 1'01

shelte r byadult lobsters. they have provided lillie infnrnunion Ull the lun\: Il...ru t 11M..of

shelte rs hy individuals,

Homing behaviour, cx h i hhed h y holh t r uusicn t ;1\1t1 rcsidcut lu hslers, is

characte rizedhy pe riodic ex cursion s rWIlI" s hellerand lhe slIhscIIUClll rerum III t he ori~il1a l

or 10 it nearby she ller (C h illldm ro llgh 197 4; Ennis l ()lB: Jertla kllff 19 1\7). Il o ll1illg run

occur aft er an ab scncc of a Jew hou rsor sev e ral l!'IYS. 1),IIa o n thishlpi c has lll..'cn lilllilct l

Io date .

Observut ionsof A merican Iobserhon ungon a localized scale under Iichl cl 1l1diliulIS

include those by Ennis ( 1 9 ~ 3, 19 H4a) i li U I Kamof's ky cr i l l. (I'J K9a). Ennix rq mrlc d

indiv iduals who returned tothe s hellers t tl ;l\ fhcy h ad len the same nighl il S well as

individ uals who returned to shelters ,10er le ngthy absences. Karnofs k y el i l l. e on dllclo:d

three ho ming e xperiment s in whic h they rem o ved inu i v idual ln h slefJiIromtleir shellers aud

then rel eased them abou t 40 III away . In u II three homing tr ials, the lob sters retu rned In

theirhome shelte rs within 24 h.

Va rious te chniqu e s have been used to Sludy th e 1i11C-sC;I!c:lCtiv ity and m o vement

paucm s or lobs te rs. The studies b y Ennil'i ( I'JK3, 19 X4(1) employed SCUB A amll lirccl

obscrvunon. Ultrasonic tc lcne try , on lheo therlund . c an prov ide umunuousmonltnrtnp .

In ano the r appro a c h, Kornorsky c r u l, ( I'JH9 ) unuchcd l'i t n ~le Iig lus (HIlle I:ilrilili lces urtWtl

lobster to monito r their mo vements. Whilethese stud ies provid ed vitlua h lcd:Jla, they h"d

shortco m ings, es pe cially wilh respect lUthe dlscmtlnuous natu re uf the lIlonitori ng or the



xmnllnumbcrulunimak observed. Spanierct al. (1994) uscda remotely o perated vehicle

( IUJV) to obsurvethe bebaviourufAmerican lobacr but thisiscostlyand provided limited

rcsuhs. Tel emetry was also used hy Chapman undJohnstone( 1975) and Jcmakoff et al.

( llJH7J in their stud ies un the movements of N. l/on 'eg ;clIs and P. CYKIl US, respect ively.

Clnmne n and Johnstone used ultrasonic te lemetry while l c rnakoff ct Ill. used an

c lcct l'llma~~tjc telemetrysystem. Th is electro magnetic system involveli the detec tionof

pulsex or clccrmmugncriccncrgy hy aerials insta lledon the seabed . Signals wererelayedto

a receiver nnLl munitorcdou an oscilloscope. However, the small reception range of these

s ignals requires ma ny aeria ls tocover a rathe r limited studyar ea and, therefore, more

syscmmntnrcmecc (Phillipscral. 19K4).

Uluusonictrunsrniucrs h:IVC beenusedin the past to invcstigutcmo vement by large

decapod crustaceans hut only on 11 Hmltedbasls (...und and Lockwood 1970, Haakensoncr

aI.IW} ).

The approach taken in thepre sent study wasto use a fixe d hydrop hone trac king

system thai enabled Individual lobste rs to be truckedfor long per iods from a shore bused

fncility. Thix has some advamegcs over the previous systems used. Th e slow rate of

movement by lobsters onthe bonom is well suited tothi...typeof tracking systemwhich is

mostscnxitlvc horizo ntally a longthe sea bed (Hawkins et ;II. 1980) . These conditions are

Ideal lilT the collection urdata onsuch perumctcrs asdistance moved, rate of moveme nt and

d ircd ion of movement. Preliminarytrilckillg indic atedthat laS!lcd lobsters tended10remain

w ithinthe armyOII"Ca for extendedperiods bUI in the event that animalsbecam e more widely

ranging, hydrophon e s coutd be moved relative ly easily to enla rge the a rrayarea. The

hydr ophones could he sited in relation 10 the sea bed lopography 10 minimize signal

b lockage an d indirect signal reception (throug h thesea bed) and thereby maximize the



accuracy of time delay measurement (Hawkins ct (II. (1)74). Anlllhc r s;gniric alll ~1\lv a ll\ "gc

of th is trucking techniq ue is tha t signa l d:1lncom I'll' recorded 1111 sire and then suhjl'l,tcd ro

more detailed analysis at "l;l!er t illle.

Allho ugh unde rwater bi oteleme try requires the usc uf an cxtenx ive elect ronic

system, the components (lmns ll1iuers, receiving systems, da ta Illggcrs,l'lc.) have be come

better designed and more user f'nc ndly. This me thod's cupabllity to provide continuous

data nnd.tbcrcrorc. 1I morecomplete representation Ilf ,U1anilll<ll's activityfar nurwcighs il.~

added logist ics nmlexpense.

1,3 O bjective of Present Sjudy

During this study, ultr a sonic tru cking W:IS used to monitor the lllOVCllICI1tS ell'

individual Am erican lobst er duri ng their nocturna l activity pe riods fo r extende d times. The

gene ra l objec tive was 10 provide u more detullcd description nf the lcmpllral and spatial

com ponents o f' thc beha viour of lndividu ullnbstcrx in the ir nanuul c uvimnmcnt, Specific

ques t ions whic h were addressed included the followi ng:

I. Ho w onc n do indiv iduals disp lay out- uf-shchc r activity '!

2. W hen do individual s lnltlntc moveme nt Irom s heller anti how lung tin they

rc mainout o f sbcltc r?

3, H ow i" o ut- of-shc ttc r lime apporti oned be tw een mo ving llml stillilllmry

be haviour?

4, How fur do individua ls move whilcmn-uf-shc!te r'!

5, D o lobster s spend vary ing amounts or thnc in ureas wi th diucrcnt subslrl11l1

and mecrobcnrhosd ist ributio ns'!



6 . What. ilany, are tile differencesbetweenseldom occupiedand oftenoccupied

~he lte rs'!

7. DIl luhster.\ dcm onu nuc shelter homing utter sho rt-term und long-term

X. Arc there differen t trends in activity between lobsters of different sex

andsize?

I) . Arc there dfff crc nr trends in lobster activity under varying environmental

cllnditions'!

Mctlunlsused in past lnvestigutkmsof this typeof activity wereunable to produce

the real-timet1,IWand detailed activitypatterns madepossible byultrasonic trucking. While

this study i.\ largely descriptive , results du suggest numerous d irections of subsequent

research. In a comluuaion or my work , more specific hypothese s concerning homing,

shchcr selection and resource lise, and the possible effects of environmental und biological

Ililr' ll1 l1.: ters on l! ~lSte r ilt1 i vi ty . canbc gcncmtcd and tested.



MATERIALS I\ND ME1110DS

2.1 T mcking Systcm

Field studies on the uct iv hy and movements uf mature l\mCf i~,llI Itlhslcr wv-rc

cond ucted in Broad Co ve, Concept io n Bay, Nc wfouudtand (F igure 11. 1\ n.'!,l'l l

hydro phone ar ruy lmcking sys te m. simi Iar In that described hy lI ;lwkins c t ul. (1974 :

1980 ), Clark und Gree n (191)0), and Bradbury ( 11)1)3 ), W:IS used ttl track individual

lobster. The hydrophone army consisted of fuurouuudtrccrional hydrophones umuntcd in

alu min um frames on the scu floor ill depth s or!!· 12 111. Il yd rt:phnnc s were raised uhov e

the se uhed hy about I III to limi t the amouru or signa l blockage whic h U[kll occurswhen

working with specime ns which liv e on the substrate (Ul'tllllmrt ami S m ith 11)1)2). I.llhslcr s

were tagged with cylind rical ultras onic truns miucrs (VEMe O Ltd.) Il lc ilSllr iTlg -lxrum i ll

length and [5 mill in d inn jetcr wit h freque nc ies ranging Irom 54,(, 10 76. Hkl lz . Rl'l,'e]lliult

of a transmitte r by ar leas t three hydrop hon es was necessary In de te rmine th e lnhsle r' s

position.

Hydrophones were connected hy c a ble to a 4 - chann eltelemetric rece ive r lucated

onshore in Ihe field station nr Broa d Cove. The recei ver filtered our cxunncuus hackgrlllllld

noise and pass ed the cleaned sig na ls to <J four - channel oscilloscope. The oscillnseop c

displayed time intervals (or time delays) between the rece ption uf the signa l by the fi r.~ l

hydro phonc and us reception a t s ubseq ue nt hydrophones. Eneh nurc delay could be

translated into a hyperb o la betwee n the two hydro phones (ming the speed IIf smmd ill

Willer ). The in terse ction point of the two hyperbolae unnslutcd trorn the 1wo tim e delay s

indic ated the pos ition o f thr. lobster. DeI;IYtimes were recorded hy h and 10 the ncarc ...l

millisecond. FISI-ITRAK, compute r softwa re written hy I'mI'. M. Hruce-Lnckhun rllcp l .

10



Fil;lIrc l. t. ocauon uf l'l udy lire" (griddcd region) in Broad Cove, Conception Bay,
New fuundhmd.
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of Engineering, Memorial University of Newfoundland), used the delay time to calculate

the pn...itiunof the nnnsmiucr. FISHTRAKculculutcs the positionof a trensmitter tc within

a theoretical distance nf 0. \ rn. However, delay times were only measured 10 the nearest

millisccund , limiling the accuracyof positioning to about I m. Therefore, position fixes

culcuhucd oy FISIITRAK were rounded off to the nearest meter. The arrangement of the

fourhydrophone....usuallyallowcd the lueation of a tugged lobster with this accuracy within

nrc ....rudy sitedescribed below. This accuracy was decreasedwhen background noise was

higll l!lICto hcavy seasor when a lagged lobster was sheltered among rocks.

Suspect reatlings recorded from the oscilloscope were removed from rhc data

through visual inspection. These readings would infrequently occur because of random

noiseor puor ....ignal tmnsmixsiunor reception.

Al Icast three limes per year rhroughnut thc study, the tracking system' s accuracy

wax grouud-trurhcd. This was accomplished by placing transmitters at known locations

relative10 the array sy~lem. Commontyused fixed positions were thenortheastern corner

or the cusrcrn-most wharf (position 0, SO) and the 'point' (position 290, 65) (Figure I).

I'Il...ulons ef the transmittercalculated from the nmc delays were then compared to the

known posnlons(11' these sires.

The hydrophone urruycovered the study sltc , :I 120 m x 100 ill area ranging in

dcprh Inuu J .4 10 13.41Il(mean low water, MLW) (Figure 2). Between May 1990 and

AlIg ll.~ 1 19<)1 , rhl....,II"C:! wnsmuppcd c n .1cell by cell basis (each cell measured 5 m x 5 m)

ill terms Ill' bottom topography, rmma] cover. wutcr depth, and lobster shelters. Three

IjUmll':ulls (carh ()() mx SO111) were surveyed in 1990 while quadrant ' D' was surveyed in

IWI . Two pcrmancntt rnnscctlln cs were placed on the bottom; ooe (T I) extended from

position I~O. 100 to JOO, 100, and theother (T2) extended from 240, SOto 240, ISO.

13



Figure 2. Dep th contours lind locarionx of large boulders and rock outc rop .
hydrophones and debris of human orig in HI the study :-ile in Bminl Clive .
Ncwfoundfund. The bottom survey \V: IS pcrfonucd in 1I)I)( ) ilUd 1I)l) I.
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These linespartitio ned the study area into (our sectors.each one ll1e,lsuring60 l\l x 50 Ill.

Bothpermanent lines were marked ort cvcry5 m. Bcgtnuingut the ptlintllf intcrsccnouof'

Tl und T 2 (240, 100), it mcvuhlc line , also marked of!' in 5 III increments. was run

perpendicul ar to T l at each of the 5 IIInmrks. Th i .~ WlIS done on ,I sec tor by sector h' I Si .~ ,

A comp osite map W OlSdeveloped using the 4RO cells.

2,2 Descriptionofthe St udy Site

The bouom slopes graduall y seaward (0 the outer cdge Ill' the nrruy except

at pos ition 246 , 75 to 275. 74 where therc is an ahru pl depthchang e (t1rllpo fn from .j,n m

6.5 m (Figure 2),

Bottom topography in the ,~tudy area consisted mainly of bedrock outcrops am i

sa nd inte rspersed with regions of small to large hou illers and cobble (Tnblc I: I:igllrc J ),

Depending upon the predominan t subxtnuc type , each ce ll was Cillq ,oril,cll as: I ) saml; 2 \

sand with boulder und/or ccbblc : 3 ) cobble with bould er and/or outcrop; 4 ) outcrop: and 5)

boulder nod outcrop .

The prcdominunt nnirnalsin the st udy arcn cnns illercd to he prey fur l ()l l.~l e l' we re

horse 1l1 .lssch (M mli ohl,I' IIImJiolll,\') and green sea urchins ( Sf l'lJ lI !4 .1'/ OI·f·I/ I "O I " ,~

droebochiensiss, Occasional scnsuus (AJ/aill,l· ,1'I'I" ) were encountered buttheir Iltnnhe rs

were low co mpared with mussels o r urchins . The numbe r ofhorse musscls nt any nne site

in the study area varied from 010 dense beds (areas whc re individuOl lmussds contacted

udjuecntones) . Sca urchins were also absent in SOIll C celts while co vering ilS much 'l.~ 2 5f~,

ofthc touom in others.

Based on a visual estimate of the densi ty of horse mussels and sea urchinx .uuch

cell was cntcgorlzcd as one of the fultuwing: I) rnuxscl heds with urchins ; 2} mussels only

16



Table I. Perce ntage eO\ICr of various subsume types und horse mussels and sea urchins
within the 120 m x IfIOtn.sludy sitc ,It Broad Cove, Newfoundland, Sec
text fur description of how the survey W;I~ done.

Substrate Dcscriptinn Area
rypc (m2)

Sand 50

xnc Sand with boulder and/or cob ble 82

(' 1l0 Cnhblcwithhouldcr and/or outcrop 55

() Outcrop 36

110 Boulder ami outcr op 257

Proportion of
Sluuys ile (%)

lOA

l7 .1

11.5

7.5

53.5

Milcruhc llllws Dcscriprlon
Type

Mil Mussel hcd with urchins

Arell
( 1112)

J7

Proponion of
sludys iIC(%)

7.8

M

Mll

NMLl

Scnncrcd mussels

Scattered I1lUSScls and urchins

Scattered sea urchins

Neithermusselsnor urchins

262

144

3]

0.8

54.6

30.0

6.8

r""''''III''h..ri; ,I" ·,,n ,i' l in~.,r~ n, i n,<4.n lllm indinmetcr.
( ·., I>hlc _ I(, .. .~ rm~Il "'nl bctw...cn (~:m,1 2~1l '11111 indiameicr.
ll.,nl,lcr· Rnd rm~m"'l1l;> 2~6 mill in dimnCl...r.
On l,''' ~' ' N;,tllf:III" rr<~ rllding r eckbe...l.
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Figure J. Distribution orsubstnuc types withinthe study site ntHmad n IVe.
Newfound land. Sec text for exp lanation orhow survey was conduc ted.
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(scatte red distribution]; J) mussels (scattered dist ribunon) with llTl'hins: 4} urrhius only

(scaucrcd distr ibution) : or 5) neither mussels nor urchins (Table I ; Fi~urc 4 ). Call'gnr ies :!

and 3 had the same es timated dcn sily of mussels .

As cnchcell was mapped.all potential lob ster shcucrs were marked w ith 1llII11Il1.'l"I,',1

painted rocks ,1I1d measured for cntruucc heightand width and shc uc r leng th. II was nlso

noted whether ,Ishelter had been excavated. Excavated shelte rs show ellllhysiclil evi dence

in the form of removed substnuc whi le non-excavated shelte rs either lacked suc h cvntcncx•

or were 011 hard substnuc. Excavated shellers were nor ncrcssarity prepared hy \uhslers

sinceeel pout (Mm:m:,ou!"cf!.\· fllI/er;cwlII.\') ulso excavateslmilur shelters. Regllnlle ss orthe

onglnul e xcav ator , these sbcncrs could he used hy eith er 'Ulima i. Whet her a shelter was

oc cupied hy a lobster utthc time of the survey was also no ted.

2.3 Tagging

Transmitters (VEMCO Ltd.) emitted pulsed sig na l.s1I1 frequencies of 52 · ()I) kl/..:

with pulse rates between SOand 60 pulse s pc r minute . T he length and weight ul' the

trunsmiu c rs were 60 nun and R g, respecti vely . Elich tnmsuuncr was murkcd with an

ident ifier numbe r and a contact phone number in cusc o r capture Il l' Ihe lobs ter in il

Ilsbcrman's trap. Tranuilncrs used in 11)87 and 19HRhad non .rcplnccahlc hallcric" while

those used in J989 and J990 had removable batte ries. Buttery life was npproxhmucly

twen ty-one days. depending on ambien t water tempera ture s .

Lobsters were captured within the study area hy SCUBA divers und thcu re turne d

10 shore for transnuucr uuuchmcnt. T he main crucnon for lobste r sulccrinn WilS unu they

were large enough for transm itter nnachmcnt. Tile xmallcst unimaltagged had Hcarapace

length of 69 nUI1and Inc largest had ,Icarapace length Ill"1(1) mm. A nimals were measured
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Hgurc 4. 1Ji...rribmionsor horse musselslindseaurchins withinthe study site ut Broad
Cove. Newfoundland. Sec text for cxptamulon or huwsurvey wasconducted.
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for campace lenglh .md sexed prior to commencing the lagging procedure. The dorsal side

ufthe ct..... pace wa-.. dried and lightly sanded to providea bette r surface:for epoxy adhesion.

'Ox:tag wa-.. attached 10 the lobster witha rapid set epoxy resin such thai the transm itter end

wa-.. oriented towurds the rostrum of the animal(Figure 5). This orientation maximized the

chancc."lursignllldetection when the animal Wi15 ncar the mouth of the shelter since tobs ers

orte ru rbcmsc tvc, with their head toward the shelter opening. After tagging, the lobster

W;ISkept on ...boreunder moist conditions (kelp or moistcloth cover) until the epoxy had

.'iCI (:lprrOXilll;llcly 15 min). II wasthen returned to the capture site, usually a shelter, and

held fur one or two minute s until a good se t of time delays was recorded. The animal was

then released inln lhe shelter from which it was taken.

Twenty lobsters were tracked 011 various times during the periods of September 16

til Novcmbcr zs. 19117; June 7 to November 27, 1988; May 12 to September 27, 1989;

and June 20 to AuguSI 29, 1990. This provided 29 1 nights o f tracking data, 265 of which

were complete Ii.e. an animal wa... monitored for the entire period of darkness). Individual

lohsler track mg periods ranged from 4 to 86 days while the number of actual tracking

nights for individuals ranged from 4 to 63. In 1987 and 1988, only one lobster wa.\

1T:lCkctl OIl any onc time. In 1989,thctt were periods between July and September when

IWI):mimals were uucked simultaneously. and in 1990. three lobsters were tracked 011 the

s:.lIllC lime From June 10 July.

2.4 Activity

Several measures or lobs ter activity werc calc ulated , based on positional data

recorded eve ry two minutes during the animal's activhy period. positio ns co uld only be

cnlcuhucd if a sigm\l was received by three hydrophones. Mc nitonng on a continuous
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Figure5. Position or ultrasonic transmitteron Illbstcl1itagged lit 8rtl:ld Cove,
Newfo undland.
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basis was nOIbegun until one hour prior to sunset since lobsters heCOI11L' most llL'liw alkr

the onset of darkness.

When alobster was in its shelter , either nu sign.1Iwas received Of a weak .lIIllill

signal was received on one or more hydrophones. When il moved IOUlL' shelter IlU1lUh, IIIL'

audio signal usually increased markedly . The lime of signal streng.then ing.was called

'o nset of activity'. Sometimes rhc signal W;lS slnlng enough III be received lIy thre e

hydrophones, resulting in consisrcnttirnc delays. Usually, coustsrcm lime Ilel"ys \WI\'

received shortly unc r the marked increase inthe audio signal. Til e rime from iUl"re;lsc in

audio signal to changing lime delays (indie'lling position challl,W Ofmovement) W.ISL"a llcll

' mltial sheller time' . II WiL~ nlll pos sible 10 dislinguish betwe en when a luhstcr wuslll,tlwlly

in orjust outsidethe sheller.

The lime when time delays started 10 change was c:lllcd 'onse t (If IUlI-of-shel tel

ncuvtry' . The distinction between out-of•.shcltcr stntionury limc undmovcncnttunc was sci

at 5 min without a position change. Although smllewlmlarhitrary, lh;s was 1l<ISCII primarily

on observed rates of movement by tagged lobsters which, on average. were low. II" t ime

delays were changing at least every live minutes, a lobster was cOllsitleretl w he 1II1Iving

and these periods were called ' movement time'. Any out-of-shelter pcrinll exceeding li ve

minutes during which time delays did nnt change W:ISculled 'stalionary lilllc". Each

stationary period, regardless (If d uration, was called a 'slop' . 1\ lobsrcr W.IS c011sidered h i

be out-of-shelter until such lime thatthe signal weakened aml re mained Sllfor 11 prolollged

period (i.c. > 10 min). Usually the signal would dixuppcarfuuuthc oscillnscupe andthen

the eudtc slg nul wou ld sharply drop. T he period hctween when the lasl movement

occ urred and the loss ofor sburp drop in uudin slgnul was culled ' flnal shchcr lime' , T he

time o f final audio sign:ll ioss was culled 'ccssunon (If actlvlty'. The nsci lillseope sigl\;L1s
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wen: gvncrulJy\lrong j U\ ! prior 10 when u lobster entered a shelter so it was possible 10

calculateII ~ e \hcl1er' s pll'ition. In some Instances, the occupancy of a particula r shelter

was verilied the follnwinll day with u handheld hydrophone while SCUBA diving or

\lll}r~d!illg.

On\ clilf activity , un\el uf out-of-sh elter activity [movement), and cessation of

ncuvitywere expressed in relation IIIthe official tine of sunsct.

'Tu wl activity lime' W ,I\ defined il \ the period between onset of activity and

n :.\"'llillllllf urtivuy: i.c. the'iUlllof'initialsheller lime, movement time,stationary time and

lin:t1\hdle J'tillle,

An 'active night" was defined ,IS any monitoring session during which il lobSlcr

moved Ilulsillc Ilf its xhchcr. Occudonully, a lubstcr moved towards its shelter moulh, as

iudir.nc d hy II st fcn~ lhcning of the signal, yet did not show any change in position.

1\'ll1n ilorillg sc.......illn\ wilh only this type of behaviour were nOIconsidered ucuvc nighls,

'Percent active night\ ' refers 10 tile proportionof all monitoringsessions classified as active

nighl\

The IIli1jurilYnr monitoring sessions lasted for the entire period of darknc.ss.

However. ....\JIllC.\es silll1\dill nor include the entire period of darknc.ss and were called

' il1l:111l111il'IC 11111nitllring night~ ' , On some monitoring nights, loss or signa l was

Il1i \il1tcrl'n: led iI \ a Johstcrentering its final shelter for rbnrnight. This be came obvious

whcnihcy were round in .. different shelter the next day. Although these sessions did not

record illl lnh\ ll'ractivity ona given night, they did monitor a full 'bout' of nctivity. That

is, a lobster left ils shelter aml eventually entered another (t.c. weak or no signal).

Therefore. results were presented onthe basis of fully monitoredactivity bouts. General

,,-.,ults I"n1l11fullylI1unituredactive nightswere also prescntcd hut whenaddressingspecific
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temporal und xputlul acuvhy. "II results were Inuu fllily monitored '1l'ti\' il)' hOll1Sunless

omc rwisc uutc d

Two measures o f distance l1l{WClI by luhstcr were recorde d, Theyarc the maxumuu

d istance nf a lobster from its in it ial shelter and the a pp mxiu llLte totaldlstuncc IIlIl\"ell hy a

lobste r during au llClivity hcut. These two measures will be refe rred III us ' maximu m

distan ce ' (M D) and 'upproxunutctutal disrauc 'c • \ATD), respectively. Maximum d ist:lnl'l' is

the slra ightline di stance between a l ohsl c r ' ~ initial she lte r .LIIt! its posuionalflx funll est from

the in itial shelle r . Approx imate total distance was calc ulacd hy SUlIllllilliontil"all d isl i llln'~

between consecutive poxitlunalI lxcs recorded eve ry twominutes dur in!!.an uctivuy bout.

Any ti me rb.nu lobster m ade a directional cha nge which exceeded 9UO,lhe event wax c:llk' d

an 'abrupt turn" .

Individ ua ls of vertebrates and the higher in vcucbnuc s commonly restric t their

ilclivit ies to a d e finite urea, culle d the ' ho me rang e' (O dum . 197 1). 'I'hc movements III"

freque ntly active tagged lobsters were cons ide red in relation robomc ranges.

2.5 B io logical Vari ab le s

Lobster s weredivided lnrutwo grn ups based on cnrupnce length . A smaller lobster

was o ne with a eill' lpace length of 69 10 Rl tum while larger luhsle rs e xceede d iiI mill.

This d isc rimin a ting s ize provided :1relatively even divlsi o JL uf lhe ruonuurcd ni~hls Il f

tagge d animals. TOe 8 1 111m lengt h represents tbc miuhnmn common..iHI si/-c I"lll"loh.'le r ill

Newfoundland and co incidentally approx imates th e size ul which ICII\;11c lo hsters in

Newfoundland waters becomesexuallyl1111IUre(Enn is IlJ!iO).

Trucki ng WilS divided inro three t ime perio d s: before July I, Jlll y I III AU~L1S 1 15,

nnd un c r Aug u s t 15. T hese periods were based on fi nding __ hy Enn is (11)1 ) ) un SC:lsnl\;l1



chungcs in ser um prote in couccntrution for Amer ican lobster in Bonavistu Bay,

Ncwfuundlaml . Serum protein concentrations can he directly linked to the molting stages

(If I l lh~ t c r.; . The trucking time periods 'before July]', ';uly I to August 15'. and 'a fter

A ugll~t 15' roughly cnrrcspondro the moltingstages "inter-molt", 'pre-moll' , and 'post

Ilml t/rt,.'Covery' ,re.~pecl i vcJy.

2.6 1:nvironmenlaICumlitillns

Water rcmpcnuurc wus monitored on a daily hasis during tracking in 1989 to 1990.

During the fiuhl .season in IIJll9, u Ryan thermograph situatedon the scu ffoorimmediatcly

nffsllllre uf the drupoff (243, 76) at u depth of 6.5 IIIprovided temperature data.

Temperatures were 1It1l1litoTL'tI in 1990 hy means of a thermistor probe at Hydrophone No.

3 (Figure I). No wac rrcmpc raturcx were recorded in 1987 while in 1988. readings were

rccnnjcd at le;lst everysecond day with a standard mercury thermometer located at a depth

of5 m.

Sea stahl \\ ' lIS recorded at sunset of cuch monitoring night using the following

criteria: I '" nu W,IVC uction, 2 '" < 0.25 Ill, 3 = 0.25 - 0.50 m.4 = >0.50 m.

Moonphuscdntawere olualncd from the Observer's Handbook (Bishop cd. 1987

IIJlJO)resulting in the rol!tlwing criteria: NM = new moon ± 3 days, FQ = first quartcrd 3

days, FM = full lllOllll± 3 days. LQ = last quarter± 3 days.

'!..7 Analysiso r f),lla

2.7.1 Mapping

All positiol1,,1d;lta were plotted using MINICAD, ucoruputer aided design program

which l:,U1 mimic .1CIS (gcographlcul information system) at a most basic level. Data
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collected during th e su rvey of the stully urea WCfI~ mappcdouto various l;l)'l' fS us ing thl'

above software (c .g , vario us rypcx (If xubstnnc. stand ardized water deplh, loc.utous uf

physic al obstructions . patches of pre y, etc.I. T his lIl a~1c it pnssihk III Vil' II' the lohsll'l

tracks in rcranon to vurlousfcnmrcs orthe study urea. Por .:.,amp k , I;ll'l'rilll;.nlobs rcr truck

over the macrobenthos dutaimlielllcd wluubcuthoswas present a t Stllll ,~itc s . [ntcrdlan ginl!

layers in th is manner helped \(I prov ide iufonuut iun pcrt a iniug to the Illlctu nl ,,1mll\'l' IIIC I\(S

o f truc ked lohstcrs .

2.7 .2 Stutixtical nnntysls

Descriptive stutlsncs were uxcd hi srumuanzc the data. In ruhlitkmru sunnlan l

de viutlon , th e coe ffic ient o f varlmkm was culc ul.ucd to present the umouut nf vartubiluy

associated Wilh uctivit y variahlc~.

Co rrcl.utcn ,1O,llys is was used to invcs l igOl(c the n:l;ltin n sh ill hetw cen mnxituntu

distance from initial shelter and npproxuuarctotal distance. and between lobsc r cumpncc

leng th and the squ are mol of shelter moutharea. The Ma nn -Wh it ney Unpa il\:ll II Tc~ t lVa~

used to unulyzc characteristics of shelters used a nd unuse d hy lag g ed I llhs t c r.~ .
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