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During the  years  1944-58 and 1978-80, a  t o t a l  of 28,226 (about 1000 per year)  l o b s t e r s  (Homarus 
americanus) were tagged p r i o r  t o  t h e  f i s h i n g  season (November) and r e l ea sed  i n  a  111-'a2 a r e a  off Po r t  
H a i t l a n d ,  Nova S c o t i a .  Of the  t o t a l  t ags  r e l e a s e d ,  50.1% were recapti ired wit11 most (80,8%-) of the r e tu rns  
recorded i n s i d e  the  r e l e a s e  a r ea  and 14.6% wi th in  18.5 Era of the  r e l e a s e  a r e a  dur ing the  f i s h i n g  season ($6 ino 
o f  r e l e a s e ) .  There were no d i f f e r e n c e s  between s i z e  and sex  of l o b s t e r s  i n  d i s t a n c e s  t r ave l ed .  The mean 
annual  s t r a i g h t - l i n e  d i s t a n c e  between r e l e a s e  and recovery f o r  i o b s t e r s  moving o u t s i d e  che f i s h i n g  a rea  ranged 
from 5.2-23.7 km per year .  Rayleigh t e s t s  demonstrated a  non-uniform (p < 0.05) di .str ibuil ion of re t i i rn  
d i r e c t i o n s  f o r  most yea r s .  The main d i r e c t i o n s  of movement were n o r t t ~ e a s t  and sou theas t  along the  c o a s t l i n e .  
The f en  animals ((3.2%: of t o t a l  r ecap tu re s )  which moved 374 km were recaptured  a a i n l y  iil tile inshore  f i s h e r i e s  
of t he  Bay of Fundy and the  Gulf of Yaine. The g r e a t e s t  d i s t a n c e  (426.6 k m )  moved was recorded f o r  a  110-mm 
carapace  l eng th  male a f t e r  13.8 mo a t  l a rge .  Resu l t s  of thi.s tagging study i n d i c a t e  t h a t  co~xmerciai-sized 
l o b s t e r s  d i d  n o t ,  i n  gene ra l ,  move d i s t a n c e s  >18.i krn r inr ing r h ~  necemher-May intensive f i s h i n g  season in  
c o a s t a l  southwestern  Nova Sco t i a .  The taggicg  s tudy was not designed t o  monitor long d i s t a n c e  novemenc f o r  
per iods  >6 mo a f t e r  r e l e a s e  because the  remaining su rv ivo r s  u sua l ly  shed t h e i r  t ags  dur ing the  mol t ing  period 
t h e  fo l lowing sumaer a f t e r  t he  f i s h i n g  seasoc.  
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Campbell, Alan. 1982, Movements of tagged l o b s t e r s  re leased off P o r t  Maitland, Sova S c o t i a ,  1944-80. Can. 
Tech. Rep. F i sh .  Aquat. S c i . :  1136: iii i 41 p.  

De 1944 2 1968 e t  de 1978 B 1980, un t o t a l  d ' env i ron  28 226 homards (Bomarus axiericanus) ( s o i i  envi ron 
1 000 a r  anniie) o a t  6c& marqu6s avant l e  d ibut  de l a  s a i son  de pCche (novembre) e t  l ib6rEs  dans urie zone de 
I l l  kmg ;ii l a r g e  de Po r t  Mai t land,  en ~ o u a e l l e - k o o s s e ,  50,IW des  s u j e t s  marqugs f i i rent  r e c a p i u r i s ,  I;? 
p l u p a r t  (80 ,8% des  r ecap tu re s )  2 l V i n t 6 r i e u r  de l a  zonne de mise en l i b e r t g  e t  l 4 , 6 %  2 moins de 18,5 km de 
cet:e zone pendant l a  s a i s o n  de psche ($6 mois de l a  mise en l i b e r " i j .  Aucune d i f f g r e n c e  n ' a  Ht6 observ6e 
e n t r e  l a  t a i i l e  e t  i e  sexe ,  e t  l a  d i s t a n c e  parcourue.  La d i s t a n c e  moyenne annue l l e ,  en l i g n e  d r o i t e ,  e n t r e  
I ' e n d r o i t  de mise en l i b e r t 6  a t  c e i u i  de l a  recapcure pour l e s  ilomards cap tu r s s  iiors dc l a  zone de p6clie a 6 ~ 6  
d e  5,2 2 23,7 km par  ann6e. Des t e s t s  de Rayleigh ont d6montr6 que,  1 a  p luparc  des annges,  l e s  d5placcments 
f u r e n t  s u r t o u t  en d i r e c t i o n  du nord-est  du sud-ouest i e  long de l a  c6 t e .  Les quelques s u j e t s  {0,2% d e s  
r e c a p t u r e s  t o t a l e s )  q u i  s e  d6placSrent  $74 kn f u r e n t  recap' iuri?~ s u r t n ~ t  dans l e s  pGcheries c 8 t i S r e s  de l a  baie 
d e  Fundy e t  du g o l f e  du tlaine. La p lus  grande d i s t a n c e  parcourue (425,b km) a  6 t 6  par im m2le de loogunur de 
carapace  de  110 am, aprSs 13,8 mois de l i h e r t 6 .  Les r 6 s u l t a t s  de ces  marquages indiquent  que l e s  komards de 
c a i i l e  commerciale ne s e  deplacent  pas ,  en ggngra l ,  B des d i s t a n c e s  d6passant i 8 , 5  km pendant la sai.son de 
p @ c l e  i n t e n s i v e  qui  s e  p ra t ique  de dgcembre 8 mai dans l e s  eaux ci5tiSres du  sud-ouesr de La ~ o u v e l l e - e c o s s e .  
C e t t e  iitude ne v i s a i t  pas 2 s u i v r e  i e s  diplacements du homard s u r  de grandes d i s t a n c e s ,  pendant des p s r iodes  
dgpzssant  6 mois aprSs l a  mise en l i b e r t 6 ,  c a r  l e s  su rv ivan t s  perdent gGn6ralnment l e ~ r s  marques au moment de 
l a  nue, pendant l i i t 6  q u i  s u i t  l a  s a i son  de psche. 



The coastal vaters of southwestern Nova 3cotia 
have traditionally supported a major lobster, 
Homarus americanub .- EL. Miliie-Edwards (Decapoda: 
Nephropidae), fishery (Stasko and Caoipbell 1980). 
To aid in lohsrer stock assessment, tile Port 
Maitland lobster fishing grounds (Fig, 1) were 
chosen for pernmnent study because the locality was 
corisidered zccessible and repr~s~i-ita! jve of the 
Local lobster fishery. For 28 yr (1944-67 and 
1978-80) Department of Fisheries and Oceans 
persorinel ennually tagged comrercial-sized lobsters 
prior to rhe fishing season to estimate population 
sizes, exploitation rates (e.g. Paloheinn 1861), m d  
movecertt - A1 thougf! the main purpose of tagging 
iobsrers was to observe the effect of the fishery on 
the lobster stock, initial analyses on the movement 
data by Wilder and blurrey (1958) and Wilder (1974) 
indicated that there was little dispersal by the 
tagged lobsters during the 6-mo fishing season 
(December 1-May 31). Minimal localized movement of 
lobsters iri coastal waters has al.so been observed in 
many other areas, such as Northi~mberland Strait 
(Wilder 19631, Maine (Cooper eL ai. 1975; Krouse 
l98lj, end Rhode Island (Fogarty et al.. 1980). 

Despi~e the few summary resorts (Wilder and 
Murray 1958; Wilder 1974; Scasko i980), there has 
not been a comprehensive data analysis of the 
movements nC I.obsters tagged in the Port Xaiclai~d 
fishery. The purpose of this report is to determine 
rhe following: the percentage uf tagged iobsters 
recaptured inside and outside the Pore 14aitiand 
study area during and subsequenz to each iishing 
season, the direciioil and dis"ieitce traveled by 
lobsters recapture6 outside the stirrly area, and if 
there are differences in ciistailce traveled by 
differeilt lobsrer size groups and sexes. As tagged 
lobsters were released witieiy ti~roughout the fishing 
grounds, local small.-scale movements were ir~possibie 
to determine. Therefore, only the direction of 
aovenronts aiid disrailcci traveled by Lobsters outside 
tile Port IkLaitlaiid fishing area {Fig. 1 )  were 
analyzed. Population size and exploitatioii rates 
estimated from these tag release-recaptiire data will 
be published elsewhere. 

Lobs'ers were trapped 1-4 wk (usually Novenber) 
prior to the srart of each fishing season, from 
1944-58 and froirr 1978-80. Approxicnately 1000 
comcrcia?.-sized iobsters were measured, sexed, 
tagged (Table i ) ,  and released uniforziy ti~ro~ighoui 
tl?e grounds (ca. 250 lobsters per subarea) each year 
(see Fig. I for sLze of study urea). lire mooel 
mecal carapace tag (Nilder 1947; Stasko 1980) was 
used during 1944-68. Both the sphyrion spaghetti 
tag (Scarrat-i and Elsor: 1965) and the monel zeta1 
carapace tag were applied to each lobster during 
1978 and 1979. Only the sphyriorl spaghetti tag was 
usec during 1980 and the growth study in June 1974. 
To ensure tags were returned with accurate recapcure 
date, Location, and depth inforaation, a reward of 
up to $5 gas offered to fishersen; observers vere 
also srationed at several ports to collect the tags 
arid neasure recaptiired lobsters. Cver the many years 
most fishermen in the 38 Zova Scotia area heeame 
familiar with thc ragging progran and were fully 
ai*.?are of the dzte requi.rcnents associated with 
returniag cags . 

1 - 
All n~easuremei~ts of lobsters in chis paper are 

given in millimeters carapace length (61,). Carapace 
length was measiired tiith Vernier calipers from the 
inner base of the eye socker. Lo rhe dorsal posterior 
margin of cke carapace along "ilia mid-line. Uui-lng 
1944-55, however, only the total l.ength of  lobsters 
was measured. Total length (Ti) neasurements "were 
converted to CL (m) ,  using che following equaiions 
(from Wilder 1953): CL = 0.3746 TI - 5.73 for males, 
and CL = 0.353 Ti, - 2.58 It feinalrs. Carrpace 
lengirh measurements wcre made iri 32nd's of ail inch 
until October I967 and to tbc nearest millimeter 
thereafrer. 

For convenience, the nid-point oi" each subarea 
(Fig. 1) was assigned as the release locetion 
although ca. 250 tagged lobsters were released 
uniformly in each subarea. All. calr~rlations 
concerned wit? di.stanco and directiori trr-.veleri of 
tagged Lobsters were deternf-ned from tihe 1ati.tiide 
axid longitildc of release subares mid-points and rhc  
approximate recapture locations reported by tile 
fishermen, Lobsters recapi-urei? withi:! the boundary 
of the whole scudy area (Fig. 1) were cl.?.ssifled :is 
being inside tlre area irrespective in which aubzi-ea 
the lobsters were rel-eased. Each tagged lobseer 
captured outside the bi>undaries of the whole stlid17 
area was grouped Cnto one nf five classes of 
distalice moved: (18.5 km (1-9 nant ~c;), 18.5-36-9 
kni (10.-I9 naut mi), 37.0-55, i ka (20-29 naui mi), 
?55.5 In (230 naut mi), and 118.5 km fccni ciie srid- 
point of each subarea of release (Fig. 11, For 
figirlres illiistrating lobster strdght-l.ine riovemenrs 
outsf.de tile study area, an approximate mid-point of 
the wihole area (1,at. 43'59', Long. 56"1:P) wa.; iiscd 
as the tag reFease location.. 

4 io~al of 179 lobsters which Zizd unknown 
return locations, amnunzing to 1.25% of rotai 
recaptures, was not nsed 1.- the movement aiial.ysas. 

A two-way analysis of variance was used to 
deternine the effects of size arid sex oil distaocc 
traveled by rccapcurea lobsteers moving oritside the 
Port :.laitland study area. !,obsters were categorized 
on eke basis of release size into classes of 81-94 
mn! and >94 mm CL, and sax. Eeause n:: significaot 
differences (p > 0.05) were noted for size; sex, or 
size-sex interaction for nost years, all sizes aird 
sexes were conbinad For il~e moi7ement ariaiyses and 
the dare wcre ioglOX craiisforned prjor to analysis. 

For nn evaiuacion of rho directional cnmpunenrs 
of rnovenent , the following tesr sta~istics -,ere 
comexired according Lo .lo;les ( 1  959) and Saila and 
Flowers (1968) with a coapctcr prograin written in 
FORT"CP.Y a I\' for the Fil1300'2 computer: 

Xcan square 
dispersl'.on 
coeff icieot I - -  

I! L t 

Rortiz-south 
directi.ona1 = Jr Gos 6" 

conponent -- 
L L  

(kn/day) 

East-west zr ~i~~ 6 
directional 11 b 

coapoi~ent & -  -+ 

(kmjday) 



Fig. I. Traditional lobster fishing area of Port Xaitland, southwestern Yova Sc0ti.a 
arbitrarily subdivided into four subareas. The total fishing area is abour 110.9 km2 
(32.3 naut mi2) at a depth ranging from 7-37 m (4-20 f n j .  Al though  tagged lobsiers were 
released uniformly throughou: the study area, a mid-point for each of tlxo four subareas is shown 
(indicated by dot and latitude and longitude on nap). 



Mean vec to r  - Zr S i n  %. 6 = a r c  t an  
a n g l e  z r  Cos i )  

Kayleigh t e s t  Z = ~ ~ / n  

where n  = number of i n d i v i d u a l  t ag  r e t u r n s ;  

it = 4(1  Sin  612 i ( Z  ~ o s  6)'; 

r = .  apparent  " s t r a i g h t  l i n e "  d i s t a n c e  
t r a v e l e d  jkm) from r e l e a s e  t o  recapLure Pig.  3. Yearly percentages  of t o t a l  r ecap tu re s  of 
p o i n t ;  tagged l o b s t e r s  which nioved >,:.ii..S km from :;he Po r t  

Mait land f i s h i n g  a r e a  du r ing  the  f i r s t  f i s h i n g  
0 = d i r e c t i o n  of crave1 from an a r b i t r a r y  season a i i e r  each t ag  r e l ea se .  

r e f e rence  po in t ;  

t = t ime jaays)  from re l ease  to  rdcapture .  

A l l  ang le s  (8) a r e  presented  a s  d e v i a t i o n s  of t r u e  
n o r ~ h .  The Kayleigl? t e s t  i s  a  s t a t i s t i c a l  t e s t  f o r  
r a i ~ d o ~ ~ e s s  o r  uniform d i s t r i b u t i o n  of p o i n t s  about a  
c i r c l e  of u n i t  r ad ius  (Ba t scha le t  1965).  The mean 
squa re  d i s p e r s i o n  c o e f f i c i e n t  i s  dependent on 'both 
t h e  r a t e  of t r a v e l  and mean d i s t a n c e  craveled  and is 
a  measure of undirec ted  or random movement based on 
p h y s i c a l  t h e o r i e s  of d i f f u s i o n  and hea t  conduction 
(Skellazii 1951; Jones  5953). The parameters V and V' 
i n d i c a t e  t he  mean r a t e  of d i r e c t e d  (nun-random? 
movevent of a  group of tagged l o b s t e r s  i n  t h e  
nortl i-south arid east-west d i r ec t io i ? ,  r e s p e c t i v e l y .  

Between 712 and 1032 tagged l o b s t e r s  (mean s i z e  
87 .3  mil.,, range 79-140 m n  carapace  Length; Appendices 
1 ,  2 )  were r e l ea sed  annual ly  du r ing  November p r i o r  
t o  each f i s h i n g  season (Table  1). h average  of 
48.3Z t ags  were re turned ailnually du r ing  the  f i r s t  
f i s h i n g  season a f t e r  each t ag  r e l e a s e  and 1.8% 
r e t u r n e d  t h e r e a f t e r  (Table  1). The m a j o r i t y  of t ags  
were r e t u r ~ e d  (96.4X of t o t a l  r ecap tu re s )  w i th in  t he  
i i r s r  f i s h i n g  season with only 3.62 recaptured  
t h e r e a f t e r  (Table  I ) .  The percentage  t a g  r e t u r n s  
du r ing  t h e  f i r s t  f i s h i n g  season f l i i c tua t ed  about a  
mean of 80.8% f o r  t hese  l o b s t e r s  caught i n s i d e  t h e  
a r e a  and 18.1% o u t s i d e  the  a r e a  (F ig .  2 ) .  .h.lrho~igb 
t h e  hi.ghesr percentage  of tagged l o b s t e r s  moving out  
of t he  a r e a  was 35.6% dur ing  1968-69 (F ig .  2 1 ,  the  
highesr:  percentage  of long d i s t a n c e  mo-vement (218-5  
k n )  of i 1 ,6% occurred  du r ing  the  1962-63 f i s h i n g  
season  ( F i g ,  3 ) .  

The r ecap tu re  l o c a t i o n s  provided by fishermen 
should be considered  c lose  approximations.  S ince  
t h e  f i s h i n g  a rea  i s  i m t  a s  exact  as def ined i n  F i g -  
1 ,  t he  tagged l o b s t e r s  recaptured  48.5 km and y e t  
o u t s i d e  the  a r ea  dominated the  percentage  caught 
o u t s i d e  the  a r ea  (F ig .  41, aiid may s t i l l  have bee11 
s u b j e c t  t o  l o c a l  f i s h i n g  pressure  by the  fishermen 
of P o r t  Xai t land and ad jo in ing  a reas .  Thus, of the  
t o t a l  r ecap ru re s  (l! t ,270j,  as i ~ u c h  as  92.4%: o f  t a g s  
r e tu rned  were rec.aptured < l E A  kn of t he  P o r t  
t<ai r land a r e a ,  i r i d i c a ~ i n g  mcst tagged Lobsters  d id  
no t  move f a r .  

Distance Moved [Km) 
- .  r i g .  4 .  Mean percentage  o f  cagged l o b s t e r s  captured  
outs i t ie  of Po r t  " ia i t iand a rea  grouped according t o  
18.5-km c l a s s e s  dur ing 1344-81. The s t anda rd  e r r o r  
(box) and range j v c r t i c a i  l i n e )  a r e  shown about t he  
mean ( d o t )  . 

Dire to  i n t ense  f i s h i n g  p re s su re  w i th in  t he  
a r e a ,  most (80.2%) of the t ags  were r e tu rned  wi th in  

Inside Ares  A-J t h e  f i r s t  6  mo from the  time of r e l e a s e  (Table  2 ) .  
The mean days a t  l a r g e  f o r  tagged l o b s t e r s  t h a t  

- '  aoved o u t s i d e  the  a r ea  was 171  ( c a .  6 mo) (Table  
5 I- *. . , ; Outside Area  a-ab 3 ,  3). 5 nok * /'*,,.s--,.. ~ ..., ',* --.-.....-,,.. / '""v"' 

{;j..-..<?L 
li, 

Tlie aean s t r a i g h t - l i n e  d i s t a n c e  tagged l o b s t e r s  
:9d5 50 '55 '6C '65 '70 '75 moved o u t s i d e  the  P o r t  :4aitiaad a rea  f o r  a i l  yea r s  

was 15-1 km jfi.28 SE) wi th  l i t t l e  f l u c t u a t i o n  - 
berueen yea r s  ( r ange  5,2-23.7 km) (Fig, 5)" The 
maximu-rl d i s t a n c e  l o b s t e r s  moved each year ranged 

Fi.g. 2 .  Yearly 2erceotages  of c o r a l  iecapLures of from 2 0 . 4  kn~ for the I948 r e l c a s c s  t o  425.6 k n ~  fo r  
tagged l o b s t e r s  i n s i d e  and ou t s ide  t h e  Po r t  Maitland the  1966 r e l e a s e s .  An exception t o  t h i s  o v e r a l l  
l o b s t e r  f i s h i n g  a rea  j c f .  F ig .  1 )  du r ing  the  f i r s t  mean d i s t a n c e  travel-ed was t h a t  of l o b s t e r s  (mean 
- .  ;isi:i.ng season a f r e r  each t a g  r e l ea se .  



- ~ r r g .  5 ,  Mean d i s t a n c e  (!a) aoved f o r  a l l  r e c a p t u r e d  
ragged  l o b s t e r s  moving alit of P o r t  ' fai t land a r e a  
grouped  a c c o r d i n g  t o  y e a r  of r e l e a s e .  The s t a n d a r d  
e r r o r  (box) and r a n g e  ( v e r t i c a l  l i n e )  a r e  shown 
abouc t h e  mear ( d o t ) .  Numbers a t  fop  r e p r e s e n t  
maximum d i s t a n c e  moved. Kumber of t a g  r e t u r n s  
r e p r e s e n t i n g  e a c h  mean a r e  shown i n  T a b l e  3. 

L0.4 km i- 8.3 SF ,  mln = 3.14,  max = 380.83 kn, N=55) 
relLeased d u r i n g  J u n e  1979 f o r  growth s t u d i e s .  The 
e f f e c t  of b e i n g  r e l e a s e d  6 mo p r i o r  t o  t h e  s t a r t  of 
t h e  f i r s t  f i s h i n g  s e a s o n  a l lowed tagged l o b s t e r s  
t o  d i s p e r s e  otlr of  the P o r t  P la i t l and  a r e a  b e f o r e  
b e i n g  c a u g h t ;  60.9% of r e c a p c u r e d  t a g s  ( N = i 4 j  had 
moved o u t  cif t h e  a r e a .  T i e  movement d e t a i l s  of 30 
(0 .2%)  ragged  l o b s t e r s  r e c a p t u r e d  Z74J km (40 naut  
mi)  f r a r  t h e  st t idy a r e a  f o r  e l l  y e a r s  (1944-80) a r e  
i n d i c a t e d  i n  T a b l e  4 and F i g .  5, A few l o b s t e r s  
crosscid t n e  Bay of fiindy co New Brunswi.ck and o t h e r s  
were r e c a p t u r e d  a l o n g  t h e  c o a s t l i n e  of Xaine ,  
U.S.A., w i t h  one LLO-mm CL ma" caught  426.6 kn from 
P o r t  3a i r l . and  i n  Oceanographer Canyon, 13-15 mo a f t e r  
r e l e a s e .  

Examina t ion  of t h e  s t r a i g h t - l i n e  t r a c k s  between 
r e l . e a s r  and r e c a p t u r e  p o i n t s  i i l d i c a i e d  t h r e e  main 
d i r e c t i o n s  o i  movexcent (9i.g. 7 ,  8) : e  s o i ~ c i l e a s r  
movement a l o n g  che c o a s t  (15Do-l8O0),  a  n o r t h e a s t  
movement a l ~ j n g  t h e  c o a s t  (1"-3O0), and a nort l iwest-  
n o r t h  mo-vement i n t o  t h e  Gulf  of Maine and Bay of 
Fundy (30D0-360°) ( F i g .  6). These d a t a  i n d i c a t e  
t h a t  s o v e  i n s h o r e  l o b s t e r s  a r e  c a p a b l e  of e x t e n s i v e  
Eovenents .  D i r e c t i o n  statistics ( a c c o r d i n g  t o  S a i l a  
and F l i w e r s  1968) were coilzputed f o r  a l l  t agged  
L o b s t e r s  c h a t  were r e c a p t u r e d  o u r s i d e  tile T o r i  
M a i t l a n d  a r e a  a s  p e r  each  y e a r  of r e l e a s e  ( T a b l e  5 ) .  
The Kayleigi l  test s t a t i s t i c ,  Z ,  i n d i c a t e d  a 
non-uniform d i s t r i b u t i o n  of t a g  r e t u r n s  (p < 0-05) 
f o r  a l l  y e a r s  e x c e p t  che 1944-46 and 1949 tag 
r e l e a s e  y e a r s ,  R e s u l t s  of t h e  K a y l e i g b  t e s t  s h o u l d  
b e  c r e a t e d  w i t h  c a u c i o n  a s  t h e  d a t a  fo l lowed a  
b imodal  d i s t r i b u t i o n  ( B a c s c h a l e t  1965). I n  g e n e r a l ,  
t h e  r e t u r n s  e x h i b i t e d  a  nort iz--souti  aioveiilent ( l a r g e r  
v a l u e s  of  V t h a n  V q S  ,he e a s t - w e s t  componenn). 
D v e r a l i ,  t h e  meac s q u a r e  d i s n e r s i o n  v a l u e s ,  a 2 ,  
were low b u t  v a r i a b l e ,  and d i i f i c u l r  r o  i n t e r p r e t .  
H i g h e r  .aZ v a l u e s  nay i n d i c a t e  random d i s p e r s a l ;  
however,  Joi?es (195% s u g g e s t e d  t h a t  t h e s e  v a l u e s  
eoul.d be o v e r e s t i m a t e d  when rlzere a r e  s u b s t a n t i a l  
d i r e c t i o r i a l  movements and t h e  t imes  a r  l a r g e  a r e  
s h o r t ,  a s  i n  t h o  c a s e  of t h e  35.428 -~c i lua  f o r  

.4- 
1947-48 ( T a b l e  5 1 ,  where mean t ime at l a r g e  was t h e  
s h o r t e s t  (97-2 d) ( T a b l e  3 ) -  The nean v e c t o r  a n g l e ,  

0, i n d i c a t e d  an a v e r a g e  22' ; iorthwest  deviation ( a  
50" angle,? aiid a  40" i ~ o r t h e s s t  d e u i a r i o n  ( a  90" 
r a n g e ?  from t r u e  imrrir. Tagged i o b s r e r s  g e c e r a l l y  
moved n o r t h d a r d  arid soiitizward ( F i g .  7, 8 )  s o  t h a t  
t h e  aean  v e c t o r  a n g l e  r e p r e s e i ~ t s  ;he net  ~ r r z h w a r d  
noveznent a l o n g  t h e  coastLi::e. 'This a p p a r e n t  nor th-  
s o u t h  ii?oirement is p r a b a b l y  a  r e s u l t  of che l o c a l  
h i g h  f i s h i n g  i n t e n s i t y  i; t.ke insl iore s o u r i ~ w e s r e r n  
Kova S c o c i a  a r e a  d u r i n g  rIhp TI~:~em:ler-May perif id  each  
y e a r .  

rr-- *$.e majority of  Lobsii l rs  t aggcd  i n  t h i s  s t u d y  

were of an iliiicatcire s i z e  74 -91  iiin C'L (Aikei! aild 
Waddy 1980)- T?ere  were i i r s u f 5 i c i . - n t d a t a  t o  
ind lca i re  s e x u a l  d i l i e r e n c e s  in mouemerit of l a r g e ,  
s e x u a l l y  mature  L o b s t e r s  395 m a  GL* Many o t h e r  
t a g g i n g  exper iments  conducted  o r  i o b s r e r s  a l o n g  rhe  
Nor th  heri .can A t l a n t i c  c o a s t  have ais.;, shown 
g e n e r a l l y  I a c a l i s e d  l o b s t e r  movemerirs f o r  bo th  sexes 
(Wi lder  1963; S q u i r e s  and Enr?is 190.8; F o g a r t y  e t  a l -  
1980;  Krotise 19Ri?, 1881; S t a s k n  1950). iiowever, 
lo- ..- range  movements have bec;r recorded  f o r  l a r g e ,  

s e x u a l  1.y mat itre fer.r?:es which g e n e r a l l y  tend t c  move 
f  urt.lier r h a i ~  eqi:i v a l e n t - s i z e d  iii;iies, e s p e c i a l L y  on 
o f f s h o r e  a r e a s  of t h e  cont i i !en ta i  s h e l f  ( S a i i a  aad 
F lowers  1968; Cooper and U z ~ a n i ~  1471; Krciiise 1480). 

-4. % i n e  prese i i i  e t ~ q r  i.rid<.cated chi? predo?~i ;~ec :  
l o c a l i z e d  moveaent of i ~ m a t u r e  l o b s c e r s  tagged and 
r e l e a s e d  j u s t  p r i o r  t o  che f i s h L r g  season .  Of t h e  
1 4 , 2 7 0  r a g s  r e t u r n e d ,  92.4% moved <18.5 lc~l arzd only  
4.  LZ were r e c a p t u r e d  218.5 km from t h e  F o r t  ".laitll.ancl 
f i s h i n g  a r e a  d u r i n g  1944-81. The r e s u l t s  of t h i s  
st:idy may be b i a s e d  ciue t o  rhe  ri~ethods employed 
whicil were priinari1-y ~ e s i g n e d  t o  a s r i m a t e  s x p l e i i a -  
t i o i  r a c e s  of l o c a l ,  c o r m e r c i e l - s i z e d  l o b s t e r  
p o p u l s t i o n s .  The l imi"c t i .ons  I n  t h i s  s t u d y  f o r  
de te r :n in iny  l o b s t e r  aovemeats a r e  a s  f o l l o w s :  Xust  
(70-89%) of thi_ tagged  l o b s t e r s  were iii t h e  Inmatiire 
(79-95 mm CL) s i z e  range  wliicll appear  to move l e s s  
t h a n  a a c u r e  l o b s i e r s  ( F o g a r t y  c t  a i ,  ? 980) - 
Seziscinal i n s h o r e - o f f s h o r e  moveriien;s of L o b s t e r s  a s  
i n d i c a t e d  by Cooper and Usmaon (1971) and o t h e r s  
(c.f, rev iew by Krouse 1980) could  not  be showi i n  
t h e  p r e s e n t  s t u d y ,  The none1 meta l  c a r a p a c e  t a g s  
used  a l o n e  an t h e  m a j o r i c y  (837;) of l o b s t e r s  
r e l e a s e d  o f f  P o r t  ? n i t l a n d  d i d  ii;>t s t a y  0x1 nos: 
l o b s t e r s  >4 mo due t o  m l c i n g  darizig June-October 
(ia;ilder 1951) whici: reduced the k , r ? e f i t s  of 
m o n i t o r i n g  l o b s t e r  rnovenzenr over  a  l o n g e r  p e r i o d ,  
Al.mnsL h a l f  of rho l o b s t e r a  i-h,~h-iioried 274 kri were 
tagged s i n c e  1978 w i t ! i  tile spkiyrion t a g  ( T a b l e  4 )  
(which i s  r e t a i n e d  through a  : n o l t j ,  i u r t h e r  
i n d i c r r t i n g  i h e  l i m i t a t  i o n  of n o n < t o r i r ~ g  long- term 

- 8  iaovements w i t h  n o x e i  mecal  c a r a p a c e  t a g s .  Lne 
m a j o r i t y  of t agged  l o b s t e r s  were r e c a p r u r e d  mainly 
d u r i n g  t h e  w i n t e r  months (Docembcr-Flay) of each  y e a r  
when w a t e r  rempc?ra"iires a r e  low ( 1 - 4 " C )  arid, conse-  
quer t t ly ,  l o ' o s t e ~ "  a c t i v i r  y is lower and lnbs ic?rs  a r e  
Less caichi1b1.e chan d ~ r r i r ~ g  summer m n t h s  (11--13°C) 
(McLeese and Wilder I958 j . The nor?-uniform d l s t r i -  
bir t ion of f i s h i n g  e f f o r t .  I n  b o r l  spec#:! (most 
C "  ~ r s t ? e r n e n  s e t  t r a p s  <37 km fro:n s h o r e )  and t i = e  
( a n n u a l  fLshil:g season  r e s t r i c t e d  Cececrber-Hay) 
i u r c h e r  c o z i p l i c a t e s  t h e  interpre:;ititzrr of t h e  
r e s u l t s .  The non- i i~ i i io ra  saa:pli?g e f f o r t  bin$; 
t h e  samples by carlsing en a p p a r e n t  d j - r e c t i o n a l  
com2aaent t o  an o r h e r w i s e  p o s s i b l e  rendoaness  of 
l o b s t e r  motreii?enr. Dur ing  1944-68 z h e r e  wan no major 



Flg. 6. Map of release and recaoture polnts wlrh stralghi-lrne distances 
traveled for all tagged lobsters recapcured 274.1 km from the Port Xaltland 
f l s h l n g  area ( 1 9 4 4 - 8 1 ) .  One lobster caught at locatron o f  each aiterlsk 
unless otherwise  show^. 



Dlreclion Moved (Degrees: 

Fig, 7. Mean direction moved by 30C units (of true 
north, expressed as percencages of total recaptures) 
of all zagged lobsters recaptured outside the Port 
Maitland area, 1944-81. The standard error (box) 
and range (verrical line) are shown about the mean 
(dot). 

Flg. 8. Nean drrectron moved by 30° units (of true 
r.orti1, expressed as percentages of total recaptures) 
of ail tagged lobsters recaptured 137.0  i,z from the 
Porc Maltland area, 1944-81. 

fishery for lobsters distant froin the SW Nova Scotia 
shore, reducing the chances of detecting long- 
distance movements. Alrhough eoiaercial lebsr-er 
fishermen have concentrated their fishi.ng effort 
mainly in areas of high productivity where lobster 
densities are highest, :hey continually place 
exploratory ilraps in areas which are usually 
considered nargi-nal because of high operation costs 
and low catclies per unit of effort. Fn recent years 
the Lobster fishery has expanded furiher offsliore to 
areas such as the outer continentel shelf (e.gs 
Georges Bank, Browns Bank, German Bank) (Wilder 
1970; Stasko 1978). Thus, it would seem effort 
distribution would generaliy approximate most of the 
lobster distribution in the area at Least during 
1978-81. 

The non-unif orm distributi.on a: offorr in tine 
(December-?lay) would thus allow study of lobszer 
movement on a short-term basis mainly during the 
cold winter period which woriid 2.imi.t long-distance 
novement. Local movement of Lobsters, however, has 
been no~ed under diKferent experimental conditions. 

Fogarty et al. (i980) and Krouse (1981) found that 
movement increased up to 90 d after release and 
usually leveled off, and that no: all tagged 
lobsters which remained at large for long periods 
moved great distances. The temporal differences of 
these latter two studies; siicii as time of tag 
releases and seasoilality jsumer) of the fishery, 
were unlike that of che fort Yaitland tagging 
study. 

The direction recaptured lobsters traveled Mas 
primarily northeast and southeast along the Nova 
Scotia coastline. Any southwest movement offshore 
probably would not ?lave been detecred during 1946-68 
due to limited fishing pressure. Krouse (1981), 
however, also observed a sttoreward wveaent for 
lobsters moving short distances; he also suggested 
that lobsters iuoving 2 3 7 . 0  km appeared to travel 
along w i ~ h  coastal. currents. in the present study 
there was e northwiird laoverdent along with the 
prevailing curreat, but "ere was also a significant 
sourheast movement by lobsters against currents of 
the area (Bump~~s arid Lauzier 1965). 

Despire  lie lirniia-iions of this study in deter- 
miriing seasonal cha~iges in lobster nmvenent and the 
extent of long-distance novener~t over se~verai years, 
the data do reveal an important point for population 
dynamic studies of lobsters in this general area. 
The data indicate that comnercial-sized lobsters do 
not, in general, move distances >L6.5 km during tlie 
December-May fishing period in coastal souchwestern 
Xosra Scotia. Lack of aajor lobster aovements thus 
makes the estimation of the size of the local 
fishable lobscer poplati-on and exploitation retes 
slight ly Less complex, 
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Table 2. R'umber (K) and percenrage (2) of ail tagged lobsters returned at 6-mo intervals 
after each release year. Tag recapcures w i t h  unknown dares excluded. 

Months at large Total 
Year of & 6 7-1 2 13-18 19-24 - >r -- recaptures 
release ?r Z N X N Z N X ?, % 

aSpecial tagging (Wlider and Xdrray 1958) 
b~lonei a?$ s p h y r i o n  rags. 
'Spiiyrio? tag only, 
krowth study. 



T a b l e  3, Xean days  at l a r g e  between r e l e a s e  and r e c a p t u r e  of tagged 
l o b s t e r s  caught  o u t s i d e  t h e  P o r t  > l a i t l a n d  r e l e a s e  a r e a  (SE = 2 1 s t a n d a r d  
e r r o r )  

Year t.ie an SF. Number 

BSpec la l  cagging  (Wilder and Murray 1958) 
bMonel and s p h y r i o n  t a g s .  
c ~ p h y r i o n  t a g  o n l y ,  
d ~ r o w t h  s t u d y .  



Tab le  4 .  Hovement i n fo rma t ion  on i n d i v i d u a l  tagged l o b s t e r s  recaptured  274.1 km (40 naut mi) 
from t h e  P o r t  Mairland s t u d y  a r e a .  hf = w a l e ,  F = female ,  S i z e  = carapace  l e n g t h  ( n m ) .  

Tag Release  
n m b e r  d a t e  

56615 04/11!55 
56114 05/11/55 
67341 06/11/57 
72023 04/11/58 
72808 05/11/58 
72871 05/11/58 
76926 09/11/59 
76615 10/11/59 
76680 11/11/59 
80 i02  03/11/60 
80682 12/11/60 
88909 07/11/62 

Re lea se  
S i z e  Sex 

Re lea se  
l o c a t i o n  

La t .  Long. 

43"59' 66O16' 
43 59 66 11 
43 59 66 13 
43 59 66 11 
1.3 59 66 19 
43 59 66 19 
43 59 66 19 
43 59 66 16 
43 59 66 16 
43 59 66 11 
43 59 66 16 
43 59 66 i 9  
43 59 66 13 
43 59 66 19 
43 59 66 16 
43 59 66 19 
43 59 66 19 
43 59 66 15 
43 59 66 13 
43 59 66 13 
43 59 66 15 
43 59 66 19 
43 59 66 15 
43 59 66 13 
A3 59 66 15 
1.3 59 66 15 
L3 59 66 19 
43 59 66 11 
43 59 66 15 
43 59 66 15 

Recapture 
Recapture  l o c a t i o n  

d a t e  La t .  Long. 

22/05/56 44"31' 67'38' 
31/03/56 41. 31 66 50 
08/06/58 45 05 $6 25 
13/04/59 A4 08 68 12 
23/04/59 6 4  35 66 55 
08/06/59 A3 54 69 00 
L5/05/6U 4 36 66 43 
06/07/60 L3 06 70 33 
19/05/60 1.5 02 66 28 
17/06/61 L4 32 66 52 
12/11/62 L4 04 68 35 
01/05/63 L4 35 65 53 
01/06/67 L5 35 66 01 
08/01/68 LO 24 68 10 
Unknown 44 41 65 49 
23/06/69 1 4  42 65 45 
01/05/79 A3 14 66 49 
23/05/80 L4 22 67 37 
12/08/80 44 13 68 23 
29/11/79 13  26 65 37 
17/06/81 L1 13 66 17 
16/06/80 42 09 65 27 
Unknown 43 59 68 09 
09/01/80 12 37 65 11 
15/03/81 43 20 66 28 
13/08/80 43 54 69 07 
10/10/80 44 08 68 40 
26/05/82 43 37 68 00 
15/09/81 44 23 67 57 
01/06/82 43 58 68 32 

Dis tance  
Honths moved 

out km 

Direc t ior ,  
moved 

degrees  

6 .5  123.9 
4.8 78.8 
6.9 123.4 
5.2 162.0 
5.4 82.1 
6.9 215.0 
6.4 75.6 
7.7 359.0 
6.2 117.9 
7.3 81.9 

24.0 185.3 
5 .8  75.1 
6.8 178.6 

13.8 426.6 
unknown 85.6 

7.4 91.5 
5.8 132.7 

18.2 117.0 
20.7 175.0 
12.4 77.8 
30.7 307.6 
12.2 215.7 

Unknown 152.0 
7 .0  173.5 

20.8 74.3 
13.9 229.6 
10 .9  188.5 
29.9 151.4 

9.8 142.7 
18.1 142.7 



l a b i e  5. D l r e c t l o n  s t a t i s r i c 5  f o r  tagged L o b s t e r s  r e c a p t u r e d - o u t s i d e  P o r t  
X a i t l a n d  r e l e a s e  a r e a  d u r i n g  ail p e r i o d s ,  1945-68, 1978-80. 8 = mean v e c t o r  
a n g l e  from t r a e  n o r t h ;  a2 = mean s q u a r e  d r s p e r s r o n  c o e f f l c ~ e n c  is a 
measure of  ra~~doxc rnoi~emencs; V and il" non-random d r r e c t e d  inovernent a l o n g  
n o r t h - s o u t h  and e a s t - w e s i  plane, n e s p e c t l v e l y ,  n e g a t i v e  v a l u e s  of V and V '  
i n o i c a t e  n e r  s o u t h e r l y  and w e s t e r l y  movement, r e s p e c t i v e l y ;  R and Z = 

Rayie igh  t e s t  statistics f o r  randcrnness o r  un i form d i s t r i b u t i o n  of p o i n t s  
a h n n t  a r i r r l e ;  N = nuinber of i n d i v r d u a l s ;  "" = s l g n r i r c a n t  aT p 4 0.01 and 
* = s l g n i f l c a n t  at p c 0.05 i n d i c a t e  a nun-anrform d i s t r r b u t r o n .  

a2 v v 
Year (kz1~1d) ( h i d )  (kil./d) Y Z h 

1944 81.92 4.735 0,0C15 0.0103 8.8747 1.8316 43 
19A5 20.47 1,69& 0.0154 0.0058 6.1788 1.4684 26 
1916 45.69 3.072 0,0112 0.0114 -1.4925 1.8808 70 
1947 348.33 35.428 0.0647 -0.0134 82,6051 49.8073"" 137 
1948 303.56 0.366 0.0089 -3.0134 35.7440 16.5926"" 77 
1943 9.43 i.814 0.0458 0.0076 1.2593 0,0127 125 
I950 330.54 0,293 0.0288 -0.0163 63.3915 50.23L0** 80 
195i 340.65 0.731 0.0i52 -0.005L 23.5159 7.7460"" 72 
1352 34.52 1.587 0.0199 0.0137 -1.701b 3.4231" A0 
1953 86.99 1.332 0.0007 0.0134 _&.2318 3.5534% 57 
1954 38.89 2.043 0,0218 0.0176 13.3055 3.9361" 15 
1955 358.92 h.909 0.C619 -0.0012 28.4176 11.0625"" 73 
195Sa 12.55 0.611 0.0L69 0-OL05 14.8040 10.b361"" 21 
1956 15.52 1.064 0.0309 0.0086 15.5690 3.363LX I3 
1957 11.54 2.617 0.0L69 0.0096 30.3522 23.3516** 69 
3.958 328.7h 7.601 0.0277 -0.0168 19.6528 5.1498** 75 
1959 354.28 10.297 0.0192 -0.00~9 20.7615 4.8431** 89 
1960 352-03 3,306 0.5L21 -0.0059 27.7414 11.663L** 66 
1961 86.69 1.778 0.0009 0,0172 17.6912 b.2294" 74 
1962 35.63 5.718 0.0~89 0.0350 40.5555 9.8488"" 167 
1963 329.75 4,848 -0.0L9; 0,0286 93.0506 45.3320"" 191 
1964 33.54 5.535 0.0258 0.0171 20.9102 3,5840" 122 
1965 332.98 0.972 -0.0234 0.0119 92.2736 57.5298%" 148 
1966 336.68 8.086 -0.0213 0,0092 53.6817 23.6207"" 122 
1367 74.60 3.821 u.0020 0.0074 37.0167 7,4876** 183 
I968 312.9C 8.8~4 -0.0544 0.0167 96.4731 51 .4202** 181 
1776: 20.39 3.921 -0.0398 -?.1122'3 18.1222 70.79391" 136 
1979 21.18 5.009 -0.0664 -0.0257 78.9039 51.8819"" 120 
1973: 2 2 2 . 4  10.732 -0.06ib -0.325L 28.4669 2b .2189** 57 
1980- 82.89 6.291 -0,0075 -0.0605 11.1093 5.6099"" 22 

- 

a S p e c i a l  cagging  (Wi lder  and Xurray  1958). 
bPiOnel and sp l iyr ion  tags. 
CSphyr ion  t a g  o n l y .  
%rowth s t u d y  . 



Appendix 1. Graphs showing s i z e  f r equenc ie s  of a l l  tagged inale and female 
Lobsters  r e l ea sed  and recaptured  off P o r t  Ha i t l and  f o r  each r e l e a s e  yea r ,  
1944-80. Frequencies expressed as  percentage  of t o t a l  tag  r e l e a s e s  f o r  each 
yea r .  See Appendix 2 f o r  numbers and mean carapace  l eng ths  of r e l ea sed  and 
r ecap tu red  tagged l o b s t e r s .  
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Appendix 2A.  riiean carapace  l eng th  ( m j  of tagged l o b s t e r s  r e i ea sed  i n  Por t  
Maitland a r e a .  M = males ,  F = females ,  T = t o t a l s ,  SE = i 1 s t anda rd  - 
e r r o r -  

Carapace l eng th  (m) 
Mean SE Max. s i z e  Number 

Year PI F T N F T M F  M F T  

a ~ ~ t  ail l o b s t e r s  measured. 
b ~ p e c i a l  tagging (Wilder and 14crra.y 1958). 
' ~ r o w t h  s tudy.  



h p p e n d ~ x  29. >lean carapace length jm) of recaptured lobsters cagged off 
Port Martlartd. Xeastirements of carapace length rade at release assunlng IIO 

growth had occurred. >I = males, F = females, T = totals, S E  = z i standard 
error. 

Year 

-- 

1941 
1945 
1946 
1947 
1948 
1949 
1950 
1951 
1352 
~ 9 5 3 ~  
195;. 
1955 
1956 
1956~ 
1957 
1958 
1959 
1960 
1951 
1962 
1963 
1961 
1965 
1966 
I967 
1968 
I978 
1979 
1 9 7 9 ~  
1980 

Carapace Length (mi) 

Mean ST - Max. size Suntier 
:4 I! T M T F  M F T  

"Xot  all lobsters measured. 
b~pecial tagging (Wilder and K u r r a y  L95B), 
CGrowth study. 



Appendix 2 C .  Mean carapace  l eng th  (m)  of recaptdred  l o b s t e r s  moving ou t  of 
F o r t  Maitland a rea .  Neasurenents of carapace  lengrh  made a t  r e l e a s e  assum- 
i n g  no growth had occurred .  11 = males ,  F = females ,  T = t o t a l s ,  SE = + I - 
s t anda rd  e r r o r .  

- 
Hean SE Max. s i z e  h m b e r  -- 

Year X F T M F T M F  M F T  

aNot a l l  Lobsters  measured. 
b ~ p e c i a l  tagging (Wilder and Yurray 1958).  
C G r o ~ t h  s tudy .  



Appendrx 3 .  Maps of r s l e a s e  and r ecap tu re  po ln t s  with apparent  
s t r a l g i ~ t - l r n e  d i s t a n c e s  t r a v e l e d  f o r  a l l  tagged l o b s t e r s  recaptured  ou t s rde  
t h e  P o r t  Y a ~ t i a n d  flsh,ng a r e a  f o r  each r e l e a s e  year  ( 1 9 4 4 - 8 0 ) .  Numbers 
bes lde  a s t e r ~ s k s  i n d r c a t e  nuiibers of l o b s i e r s  recaptured  a t  each locat ro i l .  
La t l cude  and longrcude ind rca t ed  o a t s r d e  o; squares  ( b o t t o a  r r g t t j .  Arrows 
~ n d r c a t e  r ecap tu re s  beyond map wrth d ~ s c a n c e  r r ave l ed  ( k n j  bes rce  t he  arrow. 
Data f o r  some years  a r e  s p l l t  I n t o  tdo maps when ;here a r e  too many dara  
points: one map wich  r ecap tu re s  410 naur mr j.cl8.5 kin) and the  o t h e r  map for  
rile sane  yea r  u ; l t ?  r ecap tu re s  d l b  naut m i  (218.5 hi). 
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