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ABSTRACT 

Tremblay, M.J., and B. Sainte-Marie. (eds). 2001. Canadian Lobster Atlantic Wide Studies 
(CLAWS) Symposium: Abstracts and Proceedings Sun~lnary. Cali. Tech. Rep. Fish. Aquat. Sci. 

A symposium on lobster research conducted uiider the umbrella of Canadian Lobster Atlantic 
Wide Studies (CLAWS) was held in Moncton, N.B. fi-om March 28-30, 2000. CLAWS is a 
~nultidisciplinary effort directed at understanding lobster production in the Canadian Atlantic. The 
objectives of the Moncton Symposium were to discuss recent and ongoing lobster research, to 
receive feedback from stalteholders, and to plan new research under CLAWS II. Participants at 
the Symposiuni included representatives from industry, universities and Fisheries and Oceans 
Science. The Symposiu~n was stiuctured around five Science sessions on days 1 and 2: Larval 
drift, Juvenile lobsters, Catchability, Assessrnent Parameters, Fishermen and Science, and a 
general Poster session. On day 3 (Industry Day) overviews of each session were followed by 
general discussion. The final session of the Synlposium discussed the research planned for 
CLAWS II. 



The symposium steering committee included Howard Powles, Michael Chadwick, Gesry 
Ennis, Louise Gendron, Peter Lawton, Bob Miller, John Moores, Patrick Ouellet, Doug Pezzack 
and John Tremblay. Logistical arrangements for the Moncton Syrnposiuin were made by Micliael 
Chadwick, Marc Lanteigne and Louise Robichaud. Robert Rangeley organized the poster session. 
The editors thank Howard Powles, Michael Chadwick and John Moores for reviewing some of the 
contributions. John Moores is thanked for logistical help with translations and printing. Al1 the 
industry representatives are thanked for putting fonvard their views at the Symposium. 



PREFACE 

This report documents the proceedings of a syrnposiuin to present and discuss lobster 
research conducted uslder the umbrella of CLAWS (Canadian Lobster Atlantic Wide Studies), 
and to plan research for CLAWS II. The Symposiun~ took place at the Delta Beausejour in 
Moncton, New Bsunswick from March 28-30, 2000. 

Representatives of the fishirlg iildustry and First Nations from across Atlantic Canada were 
invited to pasticipate and about 100 people attended part or al1 of the symposium. Jolm Davis, 
Assistant Deputy Minister of Science, supposted CLAWS by par-ticipating in the symposiun~. 
Michael Chadwick delivered the opening address on his behalf, noting the isnpor-tance of lobster in 
Atlantic Canada, the collaborative nature of CLAWS, and the challenges for a sustainable fishery. 

The CLAWS projects were developed at a series of workshops in 1995-96 and 4-year funding 
was received through DFO's strategic research fund. The CLAWS program was in response to a 
1995 Fisheries Resource Conservation Council (FRCC) repo1-t on lobster conservation. The 
FRCC reposted "we are taking too much, and leaving too little". Conservation efforts for tlîe 
lobster resource faced a paradox. For decades scientific analyses had indicated that lobster were 
fished at unsustainable levels, with estiinated fishing mostalities high and minimum legal sizes low 
relative to the size at maturity and the size of maximum yield per recruit. Despite this, Atlantic 
lobster landings rose through the 1980s reachisig 100-year highs in some areas. This apparent 
paradox continues to challenge science, since there is cui-sently no clear explanation for the rise in 
landings other than that environmental conditions were particularly favorable for lobster 
production in the 1980s. 

CLAWS participants included biologists, oceanographers, modellers, geologists, 
stakeholders and social scientists. They came from DFO Science labs in Quebec and Atlantic 
Canada, from universities, and froin industry organizations. Specific objectives of CLAWS were 
to develop more accurate and reliable tools for describing lobster stock status; to more clearly 
describe spatial variability of lobster production; to improve understanding of ci-itical processes 
underlying lobster production, in pai-ticular lai-val drift and pre-recsuit dynamics; to forecast and 
assess effects of management measures and to communicate results objectively to fisherrnen and 
managers. 

The Symposium addressed these objectives during five sessions on days 1 and 2 (Larval drift, 
Juvenile lobsters, Catchability, Assessinent Parameters, Fishemîen and Science). A general poster 
session was also held. Day 3 was an Industry Day where Session Chairs provided overviews of 
their session and then opened the floor for discussion and comment. This was followed by 
discussion of future funding for lobster research (CLAWS II). Stakeholder representatives were 
generous with their feedback, both positive and negative. The project work presented at the 
Symposium represents good progress towards the CLAWS objectives, but much remains to be 
leamed about lobster populations and their response to fishing. 

Howard Powles and John Tremblay 





SESSION 1: LARVAL DRIFT 

Patrick Ouellet 

Fisheries and Oceans Canada, Maurice Lamontagne Institute, P.O. Box 1000, Mont-Joli (Québec), G5H 324 

The Larval Drift component of CLAWS was to address the specific issue of using circulation 
models to assess the retention capability andlor lobster larvae exchanges among regions. Two 
distinct projects were carried out on this issue: (1) A study aimed at resolviiig the ambiguities 
around reciuitment processes off SW Nova Scotia; Le., the question of interrelations between 
offshore larval production areas (Georges, Browns Banks) and the prolific fishing ground of 
coastal SW Nova Scotia. (2) The second study was to address the question that lobster near 
Magdalen Islands Som a closed (self sustained) population; relative to the other proposed 
Lobster Production Areas (LPA) in the southem Gulf of St. Lawrence. That is, what is the role of 
currents and what is the degree of laivae retention around the Islands. The research strategy was 
to be the same for either project: lobster larval transport and exchanges were to be simulated 
using a combination of oceanographic drift models and information on larvae sources, 
distribution, movement, duration of stages, etc. 

The first contribution to the session was a coi-relation study revealing the relationship 
between late-stage lobster larvae abundance and fisheries yield at sites on Nova Scotia coast. 
Then, four papers presented the results of the larval drift projects off SW Nova Scotia. The first 
papes dealt with the definition of a lipid-base condition index for lobster larvae. That study 
showed that stage III and IV lobsters were in better condition off Georges Bank, i.e. off the 
hatching grounds. The better condition of late larval stages off the banks suggests a mechanism 
favorable to survival during dispersa1 over the deep waters of the Gulf of Maine. The next t l ~ e e  
papers presented the niodel and laivae tracking experiments off SW Nova Scotia. First, the 
distributions of the various larval stages were investigated to provide necessary information 
about hatch sites and la~vae distribution for the modelling effort. Drift pathways are strongly 
dependent on the larvae vertical distribution and the location of the hatching sites. The results of 
siinulations reveal limited larval drift into the insliore zone in the vicinity of Lobster Bay, 
because of the existence of convergence at the tidal-mixing front over Lurcher Shoals. In 
addition, few, if any, of the modelled larvae were transported from Georges Bank towards SW 
Nova Scotia. 

The last two papers report on the Magdalen Islands larval drift simulation project. A high 
spatial resolution, 3-dimentional, circulation niodel, was produced for the area around the 
Magdalen Islands. Simulations of the dispersa1 of early laivae stages confiimed that wind driven 
circulatioii and larval drift patterns can be responsible for large inter-annual variability in larvae 
and post-laivae abundance, hence on settlen~ent success, around the Magdalen Islands. 





DEVELOPMENT OF A LAWVAL LOBSTEW CONDITION INDEX AND LARVAL 
DISTRTBUTION AND VIABILITY IN THE GEORGES BANK REGION. 

Gareth ~ a r d i n g '  and Angus  raser^ 

'~isher ies  and Oceans Canada, Marine Environmental Sciences Division 
Bedford Institiite of Oceanograpliy, P.O. Box 1006, Dartmouth, N.S. B2Y 4A2 

'33 Battery Dr., Halifax, N.S. B3P 2G9 

The triacylglycerol/stero1 condition index was applied to larval lobster populations in the 
vicinity of Georges Bank in the Gulf of Maine. This index is related to laival size by an increasing 
power function which explains around 40% of the variation. This poor fit can be explained by the 
uneven increase in triacylglycerol levels during development within each moult stage. Increased 
pigmentation is not related to larval condition, as measured by lipid storage, and masks the 
increased yellowish hue of lipids as development proceeds. The larval triacylglycerol/sterol index 
appears to undergo a diurnal cycle in stage III and IV lobsters, with lowest values at midday and 
highest values after dark. This pattern cail not be explained by nocturnal feeding which leaves the 
possibilities that satiated laivae descend below the surface metre during daylight and are therefore 
undei-sepresented in our collections by being more vertically diffuse andlor healthy well-fed larvae 
would be more likely to detect the trawl and escape during daylight. Few stage 1 and II lobster 
larvae were found in the vicinity of Georges Bank with a condition index less than O. 1, whicfn is 
the level laboratory studies indicate approaches the "point-of-no-setuin". 

The condition of al1 developmental stages was found to be bettes in individuals located off 
Georges Bank. This is not ecologically significant in the case of the first two stages because such 
a small propoi-tion of the population was actually located off the bank. It is not resolved liow the 
third and foui-th stages arrive off Georges Bank, since shoal water hatching is the nom,  but their 
lipid reserves are sigiiificantly greater tlian identical developmental stages on t11e bank. Finally, 
the deilsity of stage IVs in the adjacent surface waters over the Gulf of Maine was twice that found 
over Georges Bank. This suggests tllat the lobster has evolved a life cycle in offsl~ore waters in 
which larvae are hatched in shoal waters over the banks but the last two planktoniclpelagic stages 
either seek or are transported to, and by stage IV thrive in, the warmer stratified layes over the 
deeper waters of the Gulf of Maine. 

Harding, G.C. and A.J. Angus. 1999. Application of the triacylglycerol/steml condition index to 
the interpretation of laival lobster I;'or?zartw ainerica~zzis distribution in close proximity to 
Georges Bank, Gulf of Maine. Mar. Ecol. Prog. Ser. 186: 239-254. 





LARVAL LOBSTER DISTRIBUTION, VIABILITY AND DISPERSAL IN THE BROWNS 
- GERMAN BANKS AND COASTAL SOUTHWEST NOVA SCOTIA REGION: (1) 

LARVAL DISTRIBUTION AND ECOLOGY 

Gareth ~ a r d i n ~ l ,  Ken ~r inkwate r~ ,  John ~ o d e r ~ ,  Charles ~ a n n a h ~ ,  Peter vassl,  Patrick 0uellet3, 
and Jennifer shore2 

Fisheries and Oceans Canada 
' ~ a r i n e  Environmental Sciences Division and 'Ocean Sciences Division, 

Bedford Institute of Oceanography, P.O. Box 1006, Dartmouth, N.S. B2Y 4A2 
' Ocean Sciences Division, Institut Maurice-Lamontagne, C.P. 1000, Mont-Joli, P.Q., G5H 324. 

This project is linked with those described in Dri~ikwater et al. and Hannah et al. (this 
symposium). The purpose behind these projects is to resolve the ambiguities around lobster 
recruitment processes off SW Nova Scotia by modelling larval dispersa1 from known inshore and 
offshore spawning areas. Two large-scale lobster larval surveys conducted out of St. Andrews in 
the 1970s (Stasko and Gordon 1983) and our own larval studies near Browns and Georges Banks 
done in the 1980s (Harding et al. 1999) provide some of the basic observational information 
needed to mode1 lai-val drift in the area. Unfortunately, the St. Andrews susveys were undertaken 
with near surface tows before it was appreciated that the earlier larval stages could undergo 
considerable vertical migrations daily. 

Presented here are the results from three years of field work suppoi-ted by CLAWS 1, spread 
between inshore and offshore locations, and one year of larval drift modelling. In this papes we 
present information gained on spawning locations, particularly in inshore areas, and the vertical 
distribution of the larvae, together with observations on the condition of settling stage lobster 
(Stage IV). In August of 1996 the MV Navicula was used to sample inshore waters from Cape 
Fourchu to Cape Sable during two weeks in August with a Vass-Tucker trawl. First stage 
lobsters were abundant as expected but the later developmental stages were almost absent with 
only three stage IV lobster larvae captured off Cape Fourchu. This differs markedly from work in 
the 1970s when the settling stage larvae dominated the catch (Stasko and Gordon 1983). We 
have no explanation for this obsewation since our sampling covered much of the same inshore 
area as the earlier study. Horizontal towing at different depths was done to obtain a picture of 
vertical distribution of stage 1 lai-vae. The sampling site at the mouth of Pubnico Harbour 
coiilcided with active larval releases, judging from the predominance of intramoult stages A & B. 
Stage 1 lobster were mainly distributed in subsurface waters both day and night, which explains 
their absence fi-om the surface tows of previous studies. The three stage IV lobsters caught were 
in good condition, judging from their triacylglycerol/sterol ratio, which makes it even more 
puzzling why there were so few in inshore waters this year. 

In August of 1997 we concentrated our efforts on tracking laival drift from a transect off 
Browns Bank into the NE Channel, NW of Browns Bank and along a transect from German 
Bank into the Gulf of Maine. Stage 1 larvae were widely distributed and often found off the 
banks but in near proximity to them. Stage IV lobsters appeared to be located from the NW tip 
of Browns to the Gulf side of Geiman Bank. The condition of Stage IV lobster near Browns 
Bank was significantly better than speciiiiens collected in open waters of the Gulf of Maine. A 



traiisect was run off Gesman Bank into the middle of the Gulf of Maine to coil-oborate previous 
occurrences of stage IV lobster towards the centre of the Gulf Maine. High abundances were 
confirmed in the centre of the Gulf near the international boundary. 

In August of 1998 we directed our efforts approximately equally between 1) describing the 
vertical distribution of the lobster larvae in both inshore and offshore locations and 2) tracking 
larval drift from the NW tip of Browns Bank and from the approaches to Lobster Bay. Again, 
only first stage larvae were abundant inshore and these were distributed evenly throughout the 
entire water column of 30m depth both day and night. There was no evidence for a noctumal 
migration to the surface as previously described for Browns Bank (Harding et al. 1987). The 
water column was cold, 7 to 9 O C  and isothesmal, and tidal turbulence could have dissupted any 
synchronized migratory activity. At the offshore location off Gesman Bank the population was 
predominantly composed of settling stage (IV) lobster. They were distributed above the 
thermocline (7.5m depth) with most individuals captured in the top metre. When these results 
were plotted on a 24-hour scale, a clear pattern of near dawn and near dusk appearance in the 
surface tows occurred. There were significantly more larvae captured in the surface waters near 
dawn and dusk than during the day and night, which is commonly known as a twilight vertical 
migration. The condition of stage IVs in the frontal zone off Gesman Bank was coinparable to 
those captured elsewhere that year. The laival size, however, was small. Stage IV lobster larvae 
from the Gesman frontal zone were smaller than those from Georges Bank and considerably 
smaller than those from Browns Bank collected in previous studies. This characteristic is highly 
dependent on theimal history of the individual and may serve to identify larval origins and thus 
deserves more attention. 

In conclusion, settling stage lobsters were noticeably absent from waters inshore of the 
Gesman Bank frontal zone in al1 three years. Intespretation of earlier work suggests that in 1977 
and 1978 stage IV had a continuous distribution fi-om the offshore to the inshore in a narrow 
corridor at Cape Sable on the east and west of Cape Fourchu on the west. For modelling 
pusposes, Lobster Bay is a prolific source of hatching larvae, which reside throughout the water 
column in this very turbulent environment. The later development stages are more commonly 
found in the offshore where they frequent the warm surface layer. Stage 1 and II lawae undergo 
an extensive daily vertical migration within the upper mixed layer. Stage IV are distributed very 
close to the sea surface in the absence of bright sunlight and appear to undergo a small-scale 
twilight migration, which explains our previous observations of their absence from the surface 
waters of the Gulf of Maine in bright sunlight. 
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LARVAL LOBSTER DISTRIBUTION, VIABILITY AND DISPERSAL IN THE 
BROWNS-GERMAN BANKS AND COASTAL SOUTHWEST NOVA SCOTIA 

REGION: (2) RESULTS OF LOBSTER LARVAE TRACKING PROGRAM 
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As part of the CLAWS 1 observational and modelling study of lobster laival drift off 
southwestern Nova Scotia, laival suweys were conducted in the suinmers of 1997 and 1998 in the 
vicinity of Browns and Gern~an Banks. Satellite-tracked drifting buoys were released during these 
surveys in regions of high larval abundance or expected lobster spawiîing sites and were followed 
for periods from a day to over a week in an attempt to determine the nlost likely drift paths of the 
larvae. In addition, around the clock lawal sanlpling was can-ied out at each drifter. These drift 
measurements provided direct cun-ent infoimation, but unfortunately were rather liinited in their 
temporal and spatial resolution. Indeed, their primary purpose was to evaluate the usefulness of a 
numerical mode1 for predicting drift tracks of the larvae. 

In 1997,4 GPS drifters with a 1 O-m drogue attached just below the buoy were released near 
the southwestern edge of Browns Bank. Hourly values of their positions were relayed via the 
ARGOS satellite. Strong noi-thwesterly winds a day after their release pushed thsee of the four 
buoys into Northeast Channel. These thsee buoys were retrieved and redeployed immediately to 
the s1osth of Browns Bank. A second redeployment took place 2 days later in approximately the 
same region. These were tracked for ail additional 1 to 2 days, retrieved and then deployed in the 
vicinity of German Bank. 

In 1998, a total of eight drift buoys drogued in the top 10 m were released on and around the 
southwestern edge of Browns Bank and tracked for about a week. One of the buoys was lost on 
the fifth day of tracking. The remaining buoys were retrieved, redeployed inshore of Gem~an 
Bank and tracked for approximately 4 days. 

The drifters revealed several previously observed circulation features, including clockwise 
circulation around the cap of Browns Bank, a tendency towards flow off Browns Bank to the 
north, weak eastward fiow between the Bank and Lurcher Shoals, offshore flow off southwest 
Nova Scotia, clockwise circulation on Gennan Bank and nosthward flow on the outer edge of 
Lurcher Shoal. 

Cuwents and drift tracks derived from the buoys were compared with those generated by the 
numerical mode1 by two separate methods. First, we resnoved the tidal signal from the velocities 
estimated from the drift buoy positions thsough filtering and tlîen averaged the resulta~lt 
velocities over a 24-hour period to obtain daily mean cui-rents. These were assigned to the mean 
positior~ of the buoy for the day in question. Visual con~parison of these velocity vectors with 
those generated by the mode1 using the climatological density fields and mean summer winds 
showed relatively good correspondence. An exception was the southwestward flow off Browns 
Bank into Nostheast Channel during a storm. 



In addition, particles were released in the model at equivalent locations to the release points 
of the drift buoys and at equivalent stages of the tide. The model runs used the clin~atological 
winds and density fields. Drift tracks from the buoys and the mode1 agaiii show similar 
behaviour. This was particularly true for the area between Browns Bank and Lurcher Shoals, a 
region of weak currents. There was also good agseement between model and observations on 
Lurcher Shoals and on Geiman Bank. On the latter the buoy and the model pai-ticle remained on 
the Bank for the entire 4 days of tracking. The largest discrepancy between the observed and the 
predicted flows from the climatological model runs occurred dunng the initial deployment in 
1997 when strong north to northwesterly winds blew the diift buoys into Northeast Channel. 
The climatological model predicted that the buoys would have moved northwestward along the 
edge of Browns Bank. This large difference is not surprising given that the strength of the peak 
winds during this deployment was around 15 ms-'. Rerunning the model using the observed 
mean daily winds during the storm produced a much closer correspondence between the buoy 
tracks and the model predictions for 3 out of the 4 buoys. The other main discrepancy between 
buoy and modelled tracks was to the west of German Bank where the obsewed velocities were 
consistently larger than the model predictions. This was not due to the differences between the 
climatological winds used in the model and the observed winds. 

Data on the concentration of lobster larvae by stage in the vicinity of the buoys while they 
drifted indicated no significant import or export of larvae during the tracking experiments. This 
suggests that the buoys were tracking lobster larval drift. 

In conclusion, the numerical circulation model used in Our study was able to recreate most of 
the major features in the summertime flow fields revealed by the drift buoys. While simulations 
are improved with the inclusion of the observed winds during the buoy deployments, the 
climatological cul-rent fields generated by the model capture most of the obsewed current 
structure. 
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As part of CLAWS 1 (Canadian Lobster Atlantic Wide Study), we undertook a project to 
determine if lai-vae from the offshore hatching grounds around Georges, Browns or German Bank 
were the source of the high recruitment to inshore regions off southwestern Nova Scotia. To 
achieve this objective, a combination of field and modelling studies were pursued. This 
presentation discusses initial inodelling results. 

Three-dimensional summer flow fields were derived from finite-element numerical models 
of the Scotian Shelf and Gulf of Maine (Lynch et al. 1996; Hannah et al. 2000). As part of the 
CLAWS project, the model was modified to include more realistic physics in the very near 
surface layer (upper few meters) because of the potential importance of drift of lobster larvae 
within this layer. The model includes a climatological wind-driven Ekrnan layer in the upper 5-111 
overlying flows driven by tides and the pressure gradients associated with density and wind 
forcing. It reproduced the main observed circulation features (Hannah et al. 2001) and matched 
closely the currents observed from the tracking of drift buoys. 

To deterrnine if Georges, Browns, or German Banks were possible sources of larvae to the 
region off southwest Nova Scotia, particles were released in the model flow field at specified 
depths from each of these banks and advected for durations of up to 60 days. Particles were also 
released in the Lobster Bay area. They were tracked using the model currents averaged over the 
top ineter, averaged over the top 5 m, and at 10 m. The number of particles located in the 
inshore, inidshore or offshore regions off southwest Nova Scotia, on Georges Bank or in the Bay 
of Fundy-coastal Maine region (see Fig. 1 for area definitions) after 30 days as a function of 
release site was calculated. Pai-ticles reaching the model shoreline (<20 m depth) were 
considered trapped in the inshore area and not tracked any farther. The climatological circulation 
field, based upon the summertime means of both the density field and winds and M2 tidal 
forcing, were initially used. 

Particles released on the north flank of Georges Bank within the top meter flowed eastward, 
being entrained into the well-known Georges Bank anticyclonic gyre. After rounding the eastern 
tip of Georges Bank the flow divides near the southeastern edge of the Bank, with some particles 
moving offshore and eastward while the remaining particles flow southwestward along the edge 
of the continental shelf. A similar pattern emerges for the 0-5 m layer but with a greater 
percentage of the pai-ticles flowing southwestward. This contrasts with the pai-ticles at 10 m 
where the majority of pai-ticles are caught within the anticyclonic gyre and few particles move 
offshore. For particles released within the top 1 m or 5 m, most were either traiisported off the 
shelf into the slope water region or advected southwestward towards the Middle Atlantic Bight. 
Three percent of the particles iii the top nieter remained on Georges while approximately 19% 



did so in the top 5 m (Fig. 2). At 10 m, over 80% of the particles remained on the Bank with less 
than 1 % reaching the midshore region off southwest Nova Scotia. 
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Fig. 1. Gulf of Maine showing the release sites and subareas for pa 
iitions of modelled lobster larvae drift after 30 days. 
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Particles released within the top meter and top 5 m on the southwestern edge of Browns Bank 
were transported eastward, most off the Bank, in response to the mean southwesterly winds. In 
contrast, at 10 m, the primary movement was to the north to northwest. Most of the particles 
continued on a northward path, remaining just offshore of the 100 m isobath of Lurcher Shoals. 
After 30 days the leading edge of the particles had reached the mouth of the Bay of Fundy and 
by 60 days many particles were headed southwestward, caught within the Maine Coastal Cun-ent 
system. Again, most of the particles released in the top meter and top 5 m were swept off the 
shelf and out into the slope water after 30 days. Less than 2% of the particles in the top meter 
were located in the midshore region and 11% of those in the top 5 m (Fig. 2). In contrast, almost 
70% of the particles at 10 m were located in the midshore region. Just over 1% of the particles 
made it to the Bay of FundyICoastal Maine region and the remainder were advected to locations 
outside of our main area of interest. 
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Fig. 2. The number of particles expressed as a perceiitage of the total released tliat are 
within a given subarea after 30 days of drift as a function of release site (rows) and depth 
(columns). The subarea names are given at the bottom of the figures and their geographic 
boundaries are shown in Fig. 1. 

On Germai1 Bai&, the predominantly northward flow towards the Bay of Fundy can-ies 
particles in the top meter and top 5 in to the vicinity of Cape St. Marys. At 10 m, most pasticles 
inove noi-thward eventually flowing into and around the outer Bay of Fundy and then 
southwestward off the coast of Maine. Approxiinately 95% of the palTicles released in the top 
meter and 85% in the top 5 m from Gerrnan Bank were in the iiishore region after 30 days (Fig. 
2). These were al1 located in St. Marys Bay wliile none were transported iiito Lobster Bay. A 
sinall percentage in both layers reniained in the niidshore region and some made it to the 
FundyIMaine region. In contrast, 94% of the 10 m releases were transpovted into the 
FundyIMaine region aiid only a sinall percent made it to the inshore (4%) or offshore (<1%) 
regions or reinained in the midshore region (<2%). 



From Lobster Bay, pai-ticles in the top nieter or top 5 ni inove offshore out across Lurclier 
Shoals, then nos-thward to the Bay of F~xidy with many coining ashore arousid Cape St. Marys. 
The pai-ticle positions also reveal that many go ashore withii-i Lobster Bay. A small percentage 
of the pai-ticles are transpoi-ted south and then eastward to the Scotian Sl-ielf. At 10 m, tl-iere are 
also significant numbers that both remain within Lobster Bay and reach Cape St. Marys, but 
many that make it into the Bay of Fundy and then southwestward along the coast of Maine. 
Although a few particles move south of Lobster Bay to a position near the 100 m isobath, nos-ie 
are advected towards the Scotian Shelf. At al1 thsee depths, the majority of the particles from 
Lobster Bay remain in the inshore region after 30 days, over 90% in both the top meter and top 5 
m and approximately 54% at 10 m (Fig. 2). Thirty to 35 percent reinain within the Lobster Bay 
region (extending from Cape Sable to just north of Lobster Bay proper) and around 60% are 
advected to the region between Cape St. Marys and Yarmouth. Fewer than 2% and 4% in the top 
meter and top 5 in, respectively, are located within the midshore and approximately 2% in the 
FundyIMaine regions. At 10 m, 5% of the particles are located in the midshore region after 30 
days and over 40% reach the FundyIMaine region. It should be noted that the case of the Lobster 
Bay releases are considered less realistic thai-i the others because of limited model resolution 
compared to the size of the Bay and particles not being advected once they reach the model 
coastline. 

The mode1 was also used to examine the sensitivity to varying wind direction. Wind stresses 
with magnitudes twice that of the mean and from each of the eight quadrants were used to force 
the circulation model. The resultant currents were then used to transport the particles released at 
each of Our four sites for up to 60 days. As expected, particles in the Ekman layer (top meter and 
top 5 m) show varying responses depending upon wind direction. The response in these upper 
layers is typically to the right. Below the Ekman layer (10 m), there are much smaller differences 
in the responses. There are indications of particle exchange among many of the offshore (> 50 m 
isobath) release sites (e.g. Browns, German and Georges Bank) but only for a limited range of 
wind directions in some cases and hence of low probability. 

The model suggests limited drift into the inshore (< 50 m) zone in the vicinity of Lobster Bay 
off soutl-iwest Nova Scotia. This is in large part because of the existence of convergence at a 
tidal-mixing front on Lurcher Shoal running parallel to the coast and located over approximately 
the 75 m isobath. These results suggest that the most likely source of lobster larvae for the 
inshore area of Lobster Bay is local production or from regions not investigated with the model. 
For the inshore area around St. Mary's Bay, particle modelling suggests larvae can come from 
Lobster Bay, Gexman Bank, or perhaps Browns Bank. In the midshore region, the primary 
sources of the sites investigated are Germail and Browns Banks. Few, if any, of the model 
particles are transported from Georges Bank towards southwest Nova Scotia. 

Our conclusions on lobster larval drift fi-om mode1 simulations must be viewed with caution. 
They are based upon drift at a particular depth or within a given depth level, and hence ignore 
larval behaviour such as daily vertical migration, depth-dependent stages or swimming (Harding 
et al. 2000). In addition, we ileglect upwellix-ig and downwelling of the water column that could 
move larvae vertically and eddy variability such as that seen on northern Georges Bank and 
along the Lurcher Shoals front that could move them horizontally. Full temporal variability in 
the wind forcing, including diumal sea breezes in the coastal area (e.g. Incze et al. 2000), has not 
yet been included. Also, our conclusions are based priinarily upon a drift duration of 28-30 days. 
This is less than the expected larval duration (hatching to half way into stage four when they are 



expected to settle). Still our modelliiîg studies do suggest tlîat few if aiîy l a i ~ a e  are advected into 
Lobster Bay and adjacent inshore areas if hatched on Georges, Browns or Geimaiî Bank. This 
together with the result that upwards of 30-35% of the larvae produced in Lobster Bay worild 
reinaiiî there after 30 days leads us to the prelimiiîary conclusion that local production is the 
likely source of lobster larvae in Lobster Bay. 

Future work under the CLAWS II progranî will focus upon incorporating teinperature- 
dependent stage durations for the lobster larvae, stage-dependent depths, time varying winds for 
al1 years where possible and exploring the possibility of directional swimming by the larvae. Ili 
addition, we will improve the resolutioiî of the circulation mode1 in and around Lobster Bay. 
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The study was cairied out in two steps. The first was to deploy surface drifters and curreiit 
ineters in the area and to use the collected data to validate the wind-driveil part of a full tl-iree- 
dimensioxlal circulation inodel. The measurements of cuwents were realised in July 1998. The 
mode1 used is one initially developed by Backhaus (1983), and niodified by Stronach (1993) and 
by Saucier et al. (1 997, 1999) aiid Saucier et Chassé (in press). The nlodel ruiis aiid the calibration 
were completed in 1999. 

Tlie second step was to use this validated inodel with the obsesved winds in July of 1996 and 
1997 to reproduce tlie drift of einerging lobster lasvae. These niodelled drifts were used to produce 
relative lawae concentrations that we compare to the actual weekly obseivatio~ls. Tlie wind regime 
in July 1996 was quite different froill the one in July 1997. The obseived larvae concentrations 
were also quite different between those years. More intense wiilds in 1996 tl-ian in 1997 induced 
larges drifts, and a lower conceiltration of lasvae was observed in 1996. The mode1 reproduced 
these differei~ces. We will now compare the mode1 results with the obseived larval coi~centrations 
in 1998. 
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LOBSTER (HOMARUS AMERICANUS) LARVAE ABUNDANCE AND POST-LARVAE 
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Lobster populations in coastal areas of the Gulf of St. Lawrence are to some degree most 
likely linked through laival exchanges or benthic juvenile and/or adult displaceii~ent. However, 
fisheries managers recognize nuinerous sinall adjacent fisliing zoiies for lobster exploitatioli 
which may or may not cossespond to independent (i.e., self-sustaining) biological units. 
Receiitly, it was proposed to create larges managerial units called 'Lobster Production Areas - 
LPAs' that would incorporate the existing fishing zones and where lobster populatioil dynaiilics 
sliould be homogenous (FRCC 1995). One proposed LPA is the area around the Magdalen 
Islands in the southein Gulf of St. Lawrence where earlier studies suggested that local lobsters 
foim one self sustaining population (Dubé and Grondin 1985). 

In 1995, a research program on lobster biology, ecology and fisheries was initiated by the 
Department of Fisheries and Oceans (Canada). Among the projects included in the prograil1 was 
an initiative to use a sophisticated 3D-circualtion mode1 of the Magdalen Islands region to 
inteipret larvae distribution and to identify transpostlretention mechanisms. The objectives were 
(1) to look at relationships between local larvae (plaiiktonic stages: zoea-1 to zoea-III) productioil 
and post-lai-vae abundance, and (2) to detelmine the role of lîydrodylamic processes in 
controlling post-lai-vae availability and settleinent success. 

Surveys of laival lobster abundance and horizontal and vertical distributions were conducted 
for three years near the Magdalen Islands. The information was then used with a mode1 of the 
surface circulation to simulate larval drift and to detemine the role of pfiysical factors iil 
controlling the availability of post-lasvae lobsters to bottom settlement. 

Methods 

First, large-scale surveys were carried out in July of each year fronl 1996 to 1998 (Table 1). 
Two lm2 square ( l m  x lm) nets mouilted 011 top of each other (i.e., sampling betweeil O to l m  
and between 1 to Sm simultaneously) were fixed below the rnid section of the bow bridge of a 
SWATH (Small Wateiplane Area Twin Hull) ship: the F. G. CREED. This system allowed 
sampling of the uiidisturbed first two meters of the water ~olu11111 with great efficiency. 



Table 1. Sanipling schedule at the Magdalen Islands for the period froiii 1996 to 1998. 
Y ear Cruise Date Tow t v ~ e  Dav Nidit 
1996 CREED 13 -21 July Neustordsurface (O -- 2 m) 

BW 28 June - 1 1 Sept. Neustodsurface (O - 0.5 m) 
1997 NAVICULA 2 - 23 July Neustordsurface (O - 1 m) 

Deep (5 to 25 m) 
CREED 1 - 12 August Neustodsurface (O - 2 m) 
BW 22 July - 4 Sept. Neustodsurface (O - 0.5 m) 

1998 CREED 11 - 22 July Neustodsurface (O - 2 m) 
BW 6 July - 1 1 Sept. Neuston/surface (O - 0.5 m) 

BW = "Boston Whaler" type (8 m) vessel 

In addition to the July surveys, each year, from the last week of July to the second week of 
Septeinber, sampling was conducted in the southeast sector (Baie de Plaisailce) to investigate the 
distribution and to quantify lobster post-larvae abundance (Table 1, Figure 1). Two rectangular 
nets ( l m  x 0.5m) attached side by side (i.e., for a 2m x 0.5m or lm2 total opening area) were 
mounted on an articulated aluminium arm at the bow of a small Boston Whaler type vessel. 
Daily sanipling was carried out when possible given the meteorological conditions, usually 3 to 4 
times a week, duriiig the entire period. 

The comparison of larval stage abundame between seasons andlor years and computation of 
seasonal larvae production are based on the weekly mean abundance of the various lai-val stages. 
Larval production for each stage was computed by integration of the area under curves of weekly 
mean abundance (Incze et al. 1997). 

Figure 1. Distribution of the sampling lines and the fixed stations for the July surveys of lobster 
larvae distribution for 1996 to 1998. 
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Results 

Lobster laivae and post-laivae production 

Zoea 1 larvae appeared arouiid the Islands at the end of Juiie - early July and niean 
concentrations peaked in the second and third week of July in 1996 and 1997, respectively. 
Zoea-1 production lasted until the end of August - early September in tlie southeast sector but 
weekly mean laivae concentrations were always lower than tliose recorded earlier in the 
nortlieast sector (Table 2). In 1998, tlie sampling season stai-ted later and we may have inissed 
the maximum of lasval release in early July. However, the production of zoea-1 laivae in the 
southeast sector for the second part of the season was the lowest of tlie three years (Table 2). 

Table 2. Estiniated seasoiial production of lobster zoea-1 larvae from iiitegrated plot of weekly 
mean abundance. *In 1998, sampling began on July 13; week #3. ** For southeast sector (Baie de 
Plaisance) only. 

Period Year 
1996 1997 1998'" 

July 42.3x103 km-2 51.9x103 km-2 2 8 . 9 ~  lo3 km-2 
** August-Sept. 3 2 . 4 ~  1 o3 39.8x103 1 4 . 1 ~ 1 0 ~  km-2 

Total 7 4 . 7 ~  1 o3 9 1 . 7 ~ 1 0 ~  kme2 43 .OX 1 o3 km-2 

There was also an important difference in the production of zoea-II lawae among years. In 
July 1996, the production of zoea-II laivae was estirnated at 3.41 x 1 o3 km'2 or 8% of the zoea-1 
production while, for the same period in 1997, zoea-II production was estirnated at 1 4 . 0 ~ 1 0 ~  k n ~ . ~  
or 27% of the zoea-1 production. The same pattern was obsesved for the second sampling period 
when, for the southeast sector, zoea-II larvae represented 6% of the zoea-1 produced in 1996 
compared to ca. 15% in 1997. In 1998, for the southeast sector, zoea-II larvae production in 
August was again very low at -2% of the estiniated zoea-1 lawae production. These differences 
have ail effect on the seasonal production of lobster post-lasvae in the southeast sector (Table 3). 

Table 3. Estimated seasonal production of lobster post-laivae in the southeast sector. 

Period Y ear 
1996 1997 1998 

The inter-amiual difference in abundance of lobster post-laivae was apparently reflected 
iii the abuiidance of lobster early benthic stages in Baie de Plaisance. The density of juveiiile 
lobsters was higher in 1997 relative to 1998 and 1996 (Sainte-Marie et al.- this symposium). 

The physical environment 

Each year, the maximum surface temperature (hence, the minimuin time between moults) 
was reached in the first week of August (Figure 2). From the end of June to early August, the 



seasonal changes in water temperature were similar between 1996 and 1997, with rates of 
increase at O.16OC and 0.12OC day", respectively. In comparison, in 1998 water temperature was 
high already in July (Figure 2). After the early August maximum (highest in 1996), the water 
temperature began to decrease in 1996 and 1998 at -0.03 and -0.05"C day-', respectively, while 
teinperature remained high and more stable until early September in 1997. 

However, the important difference between the 1996 and 1997 seasons were in the wind 
pattern observed and its effect on water circulation and larval drift. For the first half of July in 
1996, the surface circulation conditions were not favourable to zoea-1 retention near the Islands 
(Lefaivre et al.- this symposium). In contrast, retention of zoea-1 larvae was high in eariy July 
1997, a situation that can explain the abundance of stage II and III larvae in 1997 in comparisoil 
to 1996. hl addition, the low abundance of post-larvae and low recruitment to the bottom in 1996 
may be the result of important lobster laivae advection from the region iil August 1996. Larval 
drift simulations for the 1998 season are not available at the moment. 
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Figure 2. Daily mean water teinperature for each sainpling season. 

Discussion 

Assuming no change in the reproductive potential of the adult lobster population during the 
period of study; 1996 to 1998, we have shown tlîat the local circulation conditions can have a 
detei-nlinant role in the retention or dispersion of lobster planktonic stages around the Magdalen 
Islands. Although still in developinent, the strategy of using a circulation mode1 to siinulate 
planktonic lobster distribution around the Magdalen Islands shows the potential importance of 
physical forcing in deteimining recruitment, Le., post-larvae abundailce. However, the physical 



forces can only act on what is present in the water and larval emergence pattern, total production 
(i.e., the population reproductive potential), larvae development and growth (Le., water 
temperature regime) and behaviour (Le., vertical distribution) in combination with the 
hydrodynainics of the region will create the potential for lobster year-classes success or failure. 
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SESSION 2: JUVENILES 

Peter Lawton 

Fisheries and Oceans Canada, Invertebrate Fisheries Divisio11 
Biological Station, 53 1 Brandy Cove Rd., St. Andrews, NB E5B 2L9 

The Juveniles component of CLAWS sought to advance uilderstandiilg of the factors 
responsible for the expression of year-class strength in lobsters. Though not yet realised, 
development of a reci-uitmeiit forecasting capability is a longer-term objective of this research. 

The first paper presented an integrative approach to describing the composition, size and 
spatial pattern of substrates used as sheltering habitats by juvenile lobsters. Seabed topography and 
lobster habitat use was studied using side-scan sonar, video, and direct benthic sampling at study 
sites in two major lobster production areas. Published equations on minimum shelter size-lobster 
size relationships were applied to interpreted habitat maps to derive preliminary estimates of the 
cai-sying capacity of various habitat types, and to explore potential shelter availability bottlenecks. 
A second paper developed this spatial analysis approach further, advocatiilg the adoption of 
landscape ecology approaches in lobster research. Habitat structure was compared across study 
sites at equivaleilt spatial scales. Analyses were presented on the linkage between lobster deilsity 
and the size and fragmentation of habitat patches. 

The tliird paper in the session reviewed several years of intensive field sampliilg of juvenile 
lobster populations in the Magdalen Islands. The work focussed on linkages between postlai-val 
abundance, cohort strength at settlement, and the propagation of cohoi-ts through tiine. Advances in 
Our knowledge on growth ofjuvei~ile lobster were realised througl~ this project. The density of 
settlers, or year-class strength, varied considerably across the years of the study. A subsequent 
paper, repox-ting on laboratory rearing studies, investigated how behaviour, growth and survival of 
receiltly settled lobsters change in relation to density and shelter availability. 

The fifth paper reported on stomach content analysis of juvenile lobsters. There was 110 

evidence of suspension feeding (011 planktonic prey), even by the smallest lobsters sampled. 
Lobsters, ilrespective of size, ate the same broad categories of prey. Abundance of rock crab, 
bivalves and unidentified fl esh, the three most important prey items, cllanged gradually with 
lobster size. However, taking al1 food items into accouilt, there were natural breaks iil diet that 
compared well with a recent classification scheme for ontogentic phases in lobster life history. 

Tlîe final presentation reviewed demersal fish feeding habits in the southenl Gulf of St. 
Lawrence. Extremely low incidences of predation on lobster by Atlantic cod and American 
plaice, obtained in extensive studies conducted prior to the CLAWS prograin, were attributed to 
significant spatial segregation for much of the year between these fish species and lobster. 
Samples collected during the CLAWS project, though of liinited spatial and seasonal coverage, 
had the advantage of covering eight shallow water species at tiines of species overlap wit1.i 
lobster. Shorthom sculpin, cunner, and white hake were al1 determined to consume juvenile 
lobster. 



Results from the Juveniles component of CLAWS have iinportant implications for ftiture 
research and fishery management practices. Further quantification of geographic variation in 
spatial scaling of lobster habitats is necessary; and we should not assume that large areas of 
shallow coastal substrates are homogeneous in their carrying capacity for juvenile lobsters. There 
is now more confidence that we can recognise and track early col~oi-is through tiine for several 
years. Although diver-based sampling is labour-intensive, results are sufficiently encouraging to 
justify ftlrther work to explore linltages to fishery-independent prerecruit sulveys, and to the 
occtmence of prerecruits in the commercial trap fishery. Fine behavioural obsewatioils of the 
type gained in the recent laboratory studies may be impoi-tarit for deterinining seeding densities 
and optimal design for artificial reefs, and to understand how density-dependent proçesses 
operate. Failure to take into account tliese types of patterns could impact the effectiveneçs of 
conseivation measures. 



SPATIAL SCALING IN COASTAL LANDSCAPE STRUCTURE 
AND THE DISTRIBUTION OF JUVENILE LOBSTERS 

Robert Rangeley and Peter Lawtoil 

Fisheries and Oceans Canada, St. Andrews Biological Station, St. Andrews, New Biunswick E5B 2L9 

Juvenile lobsters (Hornarus americarzus) are ecologically distinct fkom larger individuals for 
approximately their first thsee years by adopting a cryptic life style and by being behaviourally 
restricted to sheltering habitats (Lawton & Lavalli 1995). Suitability of these types of habitats, 
for benthic aniinals generally, is thought to depend on the composition, size and spatial pattern of 
substrates over a range of spatial scales. Understanding spatial patterns of benthic substrate use is 
critical for predictions of lobster abundance and for identifying processes that influence 
settlement success and subsequent survival. Ecological processes may influence abundance at 
several spatial scales. At large scales dispersa1 of laivae may create large-scale gradients in 
densities arriving at nursery grounds. Large-scale variation in benthic substrates down to 
smaller-scale patchiness of habitats, other resources or predators inay also create patchiness in 
local densities (Undenvood 1997). In this study we test for spatial-scale variability in juvenile 
lobster density and in the availability of shelter habitats. 

Seabed topography and lobster habitat use was studied using side-scan soi~ar, reinote video 
and dives operated video and quadrat sampling in two major lobster production areas: Val 
Comeau, New Biunswick, in the southei-n Gulf of St. Lawrence, and in Lobster Bay, Nova 
Scotia, in the Gulf of Maine (Figure 1). The foltowing will focus on results from Val Comeau. 
Sidescan sonar survey area totalled 7 km2. Approximately 26 km of remote camera survey tracks 
and over 9000 m2 of dives-held video images for analyses of shelter habitats were completed. 
Oves three thousand 0.25 m2 quadrats (total area = 750 m2) on 100rn transects and 450 quadrats 
(1 12.5 in2) on grids of 6.25 d or 25 m2 were rneasured and searched. Sarnpling was conducted 
in July so the current year's cohort was not represented (Figure 2). Rock size was used as a 
proxy for shelter size, as in previous studies. Minimum shelter size-lobster size scaling 
equations, used here to estimate habitat availability, were empirically derived in laboratory 
studies by Wallle (1 992). 

Figure 1 : Val Coineau and Lobster Bay study sites. 



Carapace length (mm) 

Figure 2. Frequency distribution of lobsters at the Val Comeau site. Samples 
of the post-settlement (-5- 10 mm) size class were not collected. 

Large-scale complexity and fragmentation of substrates was clearly evident from side-scan 
sonar images. These data were ground-truthed using remote video and substrates were then 
broadly classified iilto Gravel, Bedrock and Sand. Over 75% (n = 1 50) of juvenile lobsters (< 50 
rilm CL) were in the Gravel areas with average densities (0.21 0.9 m-2) significantly higher 
than in Bedrock (0.09 h 0.7 rn-2) and Sand (0.06 0.5 m-2) (Figure 3). There were no significant 
differences (ANOVA: F = 0.23, df = 2, 2714, p = 0.79) in densities (n = 37, O = 0.04 + 0.39 m'2 ) 
of larges lobsters (> 50 mm CL) among substrate types. 

G rave l Bedrock Sand 

Figure 3: Juvenile lobster densities were highest in Gravel substrates (F = 8.04, df = 2, 2714, p < 
0.001) consisting of cobble and boulder size rocks. 



Small-scale pattei-ns in shelter size distributions were analysed in one of the large Gravel 
ai-eas (0.37 km2) where lobster densities were highest (O = 0.56 k 0.55 m2). Al1 rocks (n = 

28293) in the 450 quadrats were measured from videotaped images. The area was characterised 
by a high fragmentation (fractal) exponent indicating a large number of available small shelters 
relative to larger ones. High fragmentation of the habitat into pebble and small cobble-sized 
rocks created a high number and high density of shelters suitable for the smallest size classes of 
lobsters. However, grids with a lower level of fragmentation (O exponent = 1.65 i 0.22) 
suppoi-ted higher densities (O = 1.28 i 0.55 m-2 ) of al1 size classes compared with those that 
were more fragmented (O exponent = 1.86 * 0.15; O number of lobsters = 0.25 0.18 m-2). This 
pattern was further supported by a significant positive relationship between area cover of large 
cobbles and boulders and juvenile lobster density (r2 = 0.68, p < 0.001). 

At larger scales (km2) there were spatial differences in habitat availability that explained a 
significant amount of the variation in lobster densities. Juvenile lobsters occursed only on 
substrate patches with cobbles and boulders and the size of occupied patches was greater than 
patches without lobsters (mean diameter 45.7 vs. 22.8 m). Within occupied patches, lobster 
densities increased with increasing area cover of cobbles and boulders (F = 3.62, df = 2,46, p = 

0.035). There were no differences in lobster densities on patches with or without kelp present 
(F = 0.87, df = 47, p = 0.355). 

Potential cassying capacity among substrate types and locations suggested habitat limitation 
may occur at low densities. In the Gravel areas with the greatest area cover of cobbles and 
boulders, there was an exponential decline in shelter availability with increasing body size. 
Maximum cai~ying capacity declined from 280-m-~ for 1Omm size classes to 4 ~ m - ~  for the 
largest size classes. In poorer quality Gravel areas, potential densities declined from around 
1 0-m-2 to 1.6 or 1.0-m.2. In other gravelly areas dominated by bedrock or sand, carsying 
capacities declined to as low as 0 . 6 ~ r n - ~ .  These calculations likely overestimate tme cai-sying 
capacity. We assumed that al1 shelters greater than the minimum size are available but, of course, 
these could be occupied by older cohorts. The analysis of shelter size distributions also suggests 
that there is high availability of habitat for a large settlement cohoit in the Val Comeau study 
area that would face habitat limitation when they gsew to approximately 25-35 mm CL, using 
the laboratory-based scaling model. Under natural conditions, minimum shelter sizes are likely 
larger and habitat limitation would shift to smaller size classes. 

These results suggest tlzat: (1) availability of suitable habitat for juvenile lobsters is patchily 
distributed across a large range of spatial scales; (2) much of the Gravel substrates (38% of the 7 
km2 site area) would support high densities of small, post-settlement lobsters; (3) availability of 
cobble and boulder shelter habitats decline rapidly with increasing lobster body size; and (4) a 
relatively small fraction of Gravel substrates (15% of the total site area) could support high 
densities of juveniles thsough the shelter-restricted stages. 

These results have important implications for future research and management practices. 
Research needs to quantify geogsaphic variation in spatial scaling of lobster habitats; we should 
not assume that large areas of shallow coastal substrates are honlogeneous in their carrying 
capacity for juvenile lobsters. Failure to take into account these types of patterns could impact 
the effectiveness of conservation measures. 
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SPATIAL LINKAGES BETWEEN JUVENILE LOBSTER DISTRIBUTIONS AND 
FISHERY RECRUITS 
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The rocky subtidal zone is characterized by higli diversity of bottom types and organisms. 
Landscape ecology approaches this type of heterogeneity under the basic premise that the 
composition and spatial foim of a landscape mosaic fundamentally affects the way ecological 
systems function. Landscape ecology provides conceptual and analytical approaches used for 
studying spatial pattern and scale. In our cuirent work we are studying the spatial structure of 
coastal habitats for a range of scales from centimetres to kilometres using sidescan sonar, remote 
and diver-deployed video imaging, and physical sampling methods in two geologically different 
regions in eastern Canada. 

We examined spatial patterns of lobster habitats at sites in Northern New Brunswick, 
Southwest Nova Scotia and the outer Bay of Fundy. Study sites were mapped using side-scan 
sonar inosaics which were subsequently ground-truthed using remote and dives operated video 
methods. Detailed habitat and lobster sampling, for a range of spatial scales, were conducted on 
1 x 100m transects and on nested quadrats ranging from 0.25in2 to 25m2 in area. Differential 
GPS was used to geo-reference al1 sampled substrates and benthic orgailisms from video transect 
and quadrat data. In this report we set this research, which was directed at juveilile lobster 
distribution, in the context of the spatial distribution of fishery recruits which have the propensity 
to range over several km's, and which may exhibit distinct seasonal patterns in their occupation 
of nearshore habitats. 

In contrast to the study site at Val Comeau in Noi-thern New Brunswick where coastal 
topography pei-niitted us to map one large area (7 km2), we selected seven smaller areas, together 
totalling 12 km2, at our study site in Lobster Bay, S.W. Nova Scotia. Approxirnately 12 krnof 
remote camera and over 2000 m2 of diver-held video images were completed for analyses of 
lobster habitats and 400 quadrats (0.25 m2) were physically measured and searched in Lobster 
Bay. In additon to ground-truthing of side-scan sonar imagery, our remote camera survey 
approach proved useful iiî docuinenting spatial aspects of habitat occupation by relatively large 
lobsters. 

Val Comeau consists of bedrock reefs, fissured bedrock with scattered fragments of 
relatively ff at cobbles and boulders on sand. Habitat patches at the Val Comeau site were 
extremely complex and fragrnented at large spatial scales. In contrast, Lobster Bay is made up of 
a diverse assemblage of habitats ranging from mud fiats to shoals with large boulders originating 
from eroding mounds of glacial debris. Patch sizes were very large and fragmentation was low. 

In Lobster Bay, lobster densities were high in structurally complex habitats compared with 
structurally siinple sand or mud habitats. In addition, analysis of the spatial distribution of 
lobsters encountered on the selnote video transects revealed that adult lobsters were also 



distributed on soft sediments and on large patches of horse mussels far from patches offering 
shelter. Size frequencies differed between Lobster Bay and Val Comeau. Lobster Bay had a 
greater size range of lobsters (22 - 134 vs. 15 - 89 mm CL) and a greater propoi-tion of near aiid 
post- recruit size lobsters (46% > 5OmmCL) than Val Comeau. 

The geographical infoimation system tools we have aquired and developed expertise in using 
in this project are now beiiig adapted to access general lobster fislieries databases. We are now 
able to georeference lobster fishemen's catch settlement reports, science at-sea catch 
monitoring, alid fisherrnen-sponsored catch monitoring with research data sets froin this and 
other diving projects. Tliis represents a major initial step along the road to eventually being able 
to build a spatially explicit lobster fisliery production model. 



PRELIMINARY ANALYSIS OF SETTLEMENT INTENSITY AND GROWTH OF 
JUVENILE LOBSTER IN THE SHALLOWS OF BAIE DE PLAISANCE, MAGDALEN 

ISLANDS 
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Pêches et Océans Canada, Division des invertébrés et de la biologie expérimentale, Institut Maurice-Lamontagne, 850 
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Introduction 

Science is still lacking the capacity to predict fishery recruitment of lobster (Honzarus 
arnericanus) from the early stages of life. Linkages aniong egg production, zoeal and postlarval 
abundance, and environment have been investigated (e.g., Scarratt 1973; Harding et al. 1983; 
Hudon 1994). There is gsowing evidence that postlarval abundance and recruitment are conelated 
and both pastly uncoupled from egg production (e.g., Miller 1997; Wahle and Incze 1997). 
However, direct investigation of the linkage between postlarval abundance, cohort strength at 
settlement, and subsequent levels of recruitment has been hindered by the difficulties for obtaining 
quantitative and statistically representative samples of settler abundance and for tracking the 
propagation of cohosts thsough tirne. In particular, there is relatively little information on the 
gsowth ofjuveniles from settlement to the late pre-recruit stages. 

The present project was conducted to refine knowledge on gsowth ofjuvenile lobster, to 
determine the period of peak settlement, and to explore the potential for traclung lobster cohorts 
fi-om settlement to recruitment. This research is complementary to the studies of Gendroii et al. 
(2000) and Ouellet et al. (2000). 

Methods 

Lobster abundance in the shallows of the southem portion of Baie de Plaisance in the 
Magdalen Islands, which Hudon (1987) suggested to be a regular settlement area, has been 
monitored since 1995. Lobster settlement habitat at this site consists of a relatively nailow band 
of cobbles, rocks and boulders that extends fi-om the shore to the deeper sand flats. In late 
summer or early autumn of each year, after the main settlement period, divers collected lobsters 
along randomly allocated traiisects set pei-pendicularly to the coast from the low water mark to 
the sand flats. Collection of lobsters was thsough a combination of belt- and suction-sampling. 
In 1997 and 1998, moreover, sampliiig was started in July for the purpose of detennining the 
temporal pattern of settlement. Additionally, in 1998 we conducted an in situ experiment to 
detelmine relative growth per moult (carapace length [CL] increment at moult, expressed as a 
percentage of premoult CL), duration of intemioult, and maximum size for lobster at the end of 
the first year of growth. For this experiment, plankton-sampled postlarvae (instar IV) were 
placed iiidividually in cliambers that were moored in mid-August at our study site, at 2.5 ni of 
depth. At least 2 times weekly the chambers were opened, lobsters were nieasured, any exuviuin 
present was removed and conserved, and natural food items were introduced. 



Results and Discussion 

Based on 1997 and 1998 surveys, most of the settlement at our study site occusred in the first 
3 weeks of August. Instars IV to X were easily resolved in cumulative size distributions for 
lobsters collected from 1995 to 1999. By the end of their first year of growth, lobsters of a given 
year-class were distributed in up to 3 successive instars, the smallest being instar VI and the 
largest being instar IX depending on individual and year. 

Lobsters in the growth experiment completed 3 or 4 moults before the onset of winter, 
reaching an average CL of 9 mm at instar VI1 and of 11 mm at instar VIII. Larges postlaivae 
were more likely than smaller postlarvae to have reached instar VI11 in their first autumii. Mean 
CL gradually diverged for successive instars between lobsters reared in situ and lobsters 
collected by divers, the wild lobsters being approximately 1 -mm larger at instar VIII. This 
suggests that growth in the rearing experiment was suboptimal or that size-selectix~e mortality 
occusred in the field. The pattein of growth infesred from the experinient aiid einpirical data is 
one of regularly declining relative growth per moult with increasing size of lobster, consistent 
with most ciustacean literature but very different froni the erratic pattern derived by Hudon 
(1 987). 

The density of settlers, or year-class strength, varied considerably across the years. 
However, cohort strength was more easily and more consistently deteimined in the second than 
in the first year of benthic life, because divers catch the very small lobsters less effectively than 
the sornewhat larger lobsters. Lobster year-classes were weak in 1995 and 1996, and increased 
from moderate to strong in the order 1998, 1997 and 1999. The difference in deiisity between 
tlle weakest aiid the stroiigest of year-classes was approximately one order of magnitude. 

Cohoi-ts became increasiiigly difficult to resolve as tinie from settlement increased, due most 
probably to heterogeneous growth of individuals within a cohort. Nonetheless, a cohort was 
seemingly tractable for about 4-5 years after settlement, at which time lobsters had reached an 
average size of 50-60 mm CL and were within 2-3 moults (years) of recruiting to the fishery. 
Therefore, if the weak~iess of 1995 and 1996 year-classes is a geographically widespread 
phenomeiion and if individuals from successive cohorts do not intemingle excessively (but see 
Sheeliy et al. 1999), recruitment to the fishery may decline circa 2001-02. 

Conclusions 

This study has allowed a better resolutioii of juvenile lobster growth than was available to 
date for the Magdalen Islands. On a sniall geographical scale, cohorts can be recognised and 
tracked through time for several years. Although dives-based sampling is labour-intensive, the 
results are sufficiently encouraging to justify pursuit of the project for linkages to prerecmit 
surveys (Gendron et al. 2000) and for the goal of assessing natural mortality in the early stages of 
benthic life. 
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Introduction 

Lobsters shift fiom the planctonic to the benthic phase of their life at instar IV, and on the 
bottom they occupy existing shelters or excavate new shelters in soft substrates. Recently-settled 
lobsters are thought to be shelter-restricted (Lawton and Lavalli 1995) and may sustain 
theinselves by suspension-feeding and browsing within their shelter or by ambush predation at 
their slielter's entrance (Barshaw and Bryant-Rich 1988; but see Sainte-Marie aiid Chabot 2000). 
It has been suggested that density-dependent competition for resources (shelter, food) among 
settlers is an important factor in lobster population demography and fishery secsuitment (e.g., 
Fogasty and Idoine 1986, Wahle 1993), but no study has examined in detail the processes that 
condition suivival of settlers. 

This experimental laboratory study investigated how behaviour, growth and suivival of instar 
V lobster change in relation to density and shelter availability. 

Methods 

Laboratory-cultured lobsters that had recently moulted from instar IV to instar V were used 
in two experiments. Circular tanks coiztaining 4 housing units each with 8 numbered shelters 
were used for experiments (Fig. 1). The taiiks were provided with a continuous flow of fresli 
temperature-controlled seawater. The contents of shelters could be examined by raising an 
opaque roof that covered a transparent ceiling. 

The first experiment lasted for 24 days and examined with a 2-way factorial design (4 
replicates of each treatmeilt) the effects of shelter availability (8 [limited] or 32 [unlimited] open 
shelters) and stocking density (5 [low], 15 [medium] or 30 [high] lobsters per 0.5 m2) on degree 
of lobster shelter fidelity and on growth and suivivorship of lobsters. Two lobsters per replicate 
had a bee tag glued to their cephalothorax. The second experiment lasted for 11 days and 
examined with a 2-way factorial design (2 replicates of each treatment) the effects of shelter 
availability (limited versus unlimited) and stocking density (low versus high) on lobster shelter 
fidelity. Al1 lobsters were identified with a numbered bee tag glued to their cephalothorax. 
Excess food was provided . Controls for the first experiment consisted of individually-reared 
lobsters. 

Videotaping of lobsters in the low density treatnient provided a record of their behaviour. 
Further, on a daily basis we collected exuviae and dead lobsters and counted survivors in the first 
experimeiit, and recorded associations of tagged lobsters with shelters in both experiments. At 
the end of the first experiment, carapace lengths were measured for al1 exuviae and dead and live 
lobsters, and we counted the number of missing limbs on surviving lobsters. Mortality was 



expressed as the percentage of dead individuals relative to initial number of lobsters in replicates 
or control. 

Results and Discussion 

Al1 but one of the lobsters sui-viving at the end of the first experiment had moulted from 
instar V to instar VI. There was no density or shelter effect on moult increment, which averaged 
17.3% in treatments compared to 17.6% in control. Size distribution data for lobsters that died in 
the course of the experiment indicated that death occurred after inoulting. The cause of death 
was probably aggressioil, not food deprivation. 
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Fig. 1 .  Top view of experirnental tank with exploded views of housing iinits and shelters. 

At a given density, relative mortality was greater when shelters were unlimited than when 
they were lirnited. Relative inortality was also significantly higher in the low-dei~sity treatment 
than in the medium- and high-density treatments. Hence, the highest relative moi-tality (55%) 
occurred in the treatment combining uillimited shelter with low density, and the lowest relative 



mortality (20%, comparable to control at 15%) occurred in the treatment combining limited 
shelter with high density. The higher relative moi-tality in low-density treatments can be 
explained by the fact that dominance hierarchies are more rapidly established and tend to be 
sharper and temporally more stable in small than in large groups of individuals (e.g., Capelli and 
Hamilton 1984). However, the proportion of injured lobsters increased with increasing density, 
suggesting a potential for high mortality in the longer term. 

The average number of shelters occupied by individual lobsters over the course of 
experiments declined with increasing density when shelters were limited, but was consistently 
greater and independent of density when shelters were unlimited. Lobsters exhibited greater 
fidelity to one shelter when shelters were limited and dominant lobsters tended to monopolise the 
shelters. Consistent with the above, video records of low-density treatments showed that shelter 
switching occurred much more frequently when shelters were unlimited than when they were 
limited. These observations can explain why mostality was higher in treatments with unlimited 
shelters than with limited shelters, the probability of agonistic shelter-based interactions being 
greater in the former group. 

Overall, lobsters in the low-density treatment spent only 3-6% of their time out of shelters, in 
multiple brief bouts of activity, mostly to explore their environment and collect and hoard food 
back into their respective shelters. In a naturalistic environment, Barshaw and Bryant-Rich 
(1988) never observed early stage lobster in the open, but they did not monitor habitat 
continuously. In spite of the brevity and relative scarcity of interactions between unsheltered 
lobsters in Our experiments, the result was a strong hierarchy and significant demographic effects 
for the cohort of lobsters. 

Conclusion 

Our results show that shelter availability and density may profoundly modify behaviour and 
sui-vivorship of recently settled lobsters. The effects are some times counter-intuitive, as seen for 
example in the high relative mostality that occurred in the treatinent combining low density with 
unlimited shelters. Fine behavioural observations of this type may be important for determining 
seeding densities and optimal design for ai-tificial reefs and to understand how density-dependent 
processes operate to modify over time the cohorts of wild juvenile lobsters. 
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Introduction 

After the larval phase and settlement, lobsters (Hornnrus nrnericnrz~rs) spend much of their 
time in bursows or natural shelters (Cobb 1971, Lawton 1987, Barshaw and Bryant-Rich 1988). 
Laboratory and field observations indicate that benthic lobsters grow through successive 
behavioural phases, changing from a strictly shelter-restricted habit to a more overt lifestyle 
involving short forays, lengthy excursions and even seasonal migrations away from the home 
range (Cooper and Uzmann 1977, Cobb and Wahle 1994). A variety of classifications have been 
proposed for these successive ontogenetic phases. The latest scheme, by Lawton and Lavalli 
(1995), recognises 5 phases: shelter-restricted juvenile (SRJ, -4-14 mm cephalothorax length, 
CI,), emergent juvenile (-15-25 mm CL), vagile juvenile (-25 mm CL to size of physiological 
maturity), adolescent, and adult. 

Such changes in behaviour should be reflected in the diet of lobster. In the laboratory, 
lobsters smaller than 15 mm CL leave their burrows less than 5% of the time (Barshaw and 
Bryant-Rich 1988, Paille and Sainte-Marie 2000). They are able to draw plankton into their 
burrow and capture it, and ambus11 prey at the entrance of their bursow. Several authors have 
thus proposed that SRJs are niostly suspension feeders and ambush predators (Barshaw and 
Bryant-Rich 1988, Lavalli and Barshaw 1989, Lavalli 199 1). However, the natural diet of SRJs 
has never been examined (Lawton and Lavalli 1995). 

As they grow bigger and spend more tilne outside buil-ows, and as their claws beconle larger 
and stronger, lobsters should hunt larger and inore mobile prey. Some studies of the diet of 
lobsters did not find any impact of size on diet (Weiss 1970, Ennis 1973, Hudon and Lamarche 
1989). However, other studies pointed to ontogenetic changes in the frequency of different food 
items (Scarratt 1980, Carter and Steele 1982). 

Our objectives were to describe the main prey items of lobster at one site of the Magdaleii 
Islands, and size-dependent variations in diet. In particulas, we wanted to verify whether or not 
SRJs were suspension feeders. 

Methods 

Lobsters were collected by scuba diviiîg or suctioil sampling along a -2 km rocky section of 
the south shore of Baie de Plaisance, Magdalen Islands. Water depth at the site varied from 1 to 
7 in. A total of 476 lobsters (7.31-1 12.4 mm CL) were collected between 24 July and 31 Oct 
1996. Another 38 lobsters (4.32-1 1.3 mm CL) were collected between 4 Aug and 13 Sep 1997 
to increase the number of very sinall lobsters. There was no conxnercial fishery at or near our 
study site during either of the sampling periods; therefore food items cannot be discards or bait. 



Table 1 Contribution of each prey type to stomach contciît volume of lobster, averaged for eacl~ length class. Many rare food items 
were regrouped into major taxa (leftmost coluinn) for statistical analyses. The three most abundant food items are shown 
with a Urey background. 

-- - --_____ - - -- 
Lobster size class (number of stomachs) -- - - -- --. -- - - -- --- -- -- 

Prey type Prey 7 10 15 20 25 30 35 40 45 50 55 60 65 77 

Macroalgae 
Corallirzn O fJiciizalis 

Hydrozoan 
S 

M,ytilus edulis 0.000 0.004 0.014 0.009 0.026 0.040 0.030 0.028 0.019 0.028 0.016 0.020 0.000 0.000 
Modiouls nzodiolus 0.192 0.138 0.141 0.105 0.109 0.122 0.116 0.085 0.081 0.112 0.065 0.021 0.023 0.030 

Gastropods 0.042 0.031 0.036 0.027 0.055 0.054 0.080 0.060 0.064 0.068 0.085 0.064 0.093 0.067 
Gastropoda 0.042 0.031 0.036 0.027 0.055 0.054 0.071 0.058 0.055 0.068 0.080 0.061 0.089 0.056 
Lacuna vincta 0.000 0.000 0.000 0.000 0.000 0.000 0.009 0.001 0.009 0.000 0.005 0.003 0.004 0.011 

Polychaetes 0.084 0.060 0.051 0.056 0.066 0.054 0.081 0.065 0.062 0.044 0.051 0.046 0.050 0.050 
Polychaeta 0.005 0.002 0.000 0.000 0.001 0.000 0.001 0.001 0.000 0.000 0.000 0.000 0.000 0.000 
Nereidae 0.069 0.022 0.012 0.015 0.020 0.030 0.042 0.038 0.043 0.026 0.040 0.032 0.035 0.047 
Polynoidae 0.010 0.036 0.039 0.042 0.045 0.024 0.038 0.026 0.019 0.018 0.011 0.015 0.014 0.003 

Barnacles (Balanzls sp.) 0.000 0.000 0.000 0.000 0.001 0.000 0.001 0.001 0.003 0.001 0.002 
Crustacean meiofaunaorjuveniles 0.043 0.017 0.011 0.004 0.014 0.002 0.000 0.001 0.000 0.000 0.000 

Crustacea 0.023 0.011 0.003 0.000 0.011 0.000 0.000 0.000 0.000 0.000 0.000 
Harpacticoida 0.005 0.000 0.000 0.000 0.000 0.002 0.000 0.000 0.000 0.000 0.000 

Ostracoda 0.015 0.006 0.008 0.004 0.003 0.000 0.000 0.001 0.000 0.000 0.000 

Amphipods 0.031 0.002 0.011 0.012 0.005 0.003 0.004 0.004 0.007 0.003 0.000 

Amphipoda 0.031 0.002 0.008 0.009 0.003 0.000 0.001 0.000 0.000 0.000 0.000 
Caprellidea 0.000 0.000 0.000 0.000 0.000 0.000 0.003 0.000 0.002 0.000 0.000 

Gamrnaridae 0.000 0.000 0.000 0.003 0.001 0.001 0.000 0.004 0.001 0.003 0.000 

Corophiunz sp. 0.000 0.000 0.003 0.000 0.001 0.002 0.000 0.000 0.000 0.000 0.000 



Prey type Prey 
Lobster size class (number of stomachs) - - - -- -- - - -- 

7 10 15 20 25 30 35 40 45 50 55 60 45 - - 
(16) (35) (28) (38) (45) (52) (51) (45) (45) (31) (25'1 

Gammarus sp. O.OOO 0.000 0.000 o . ~ o . o o o ~ ~ o o ~ ~ ~ o ~ ~ - - ~ o o  0.004 0.000 0.000 0.080 

I S O ~ O ~ S  0.000 0.019 0.008 0.007 0.004 0.008 0.008 0.009 0.006 0.003 0.007 0.006 O.Ciai3 
Isopoda Valvifera 0.000 0.002 0.008 0.002 0.004 0.005 0.006 0.007 0.001 0.000 0.002 0.003 O . O C 6  

Idoteidae 0.000 0.017 0.000 0.002 0.000 0.002 0.000 0.002 0.000 0.001 0.000 0.003 0.000 0.000 

Idotea sp. 0.000 0.000 0.000 0.002 0.000 0.002 0.001 0.000 0.005 0.002 0.005 0.000 0.000 0.000 

Shrirnps 0.000 0.014 0.000 0.000 0.000 0.001 0.000 0.006 0.002 0.000 0.002 0.007 0.000 (3.000 
Caridea 0.000 0.014 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.007 0.000 0.000 
Crangonseptemspinosa 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.006 0.002 0.000 0.002 0.000 0.000 0.000 

Hermit 0.000 0.000 0.000 0.039 0.036 0.054 0.082 0.042 0.022 0.087 0.051 0.038 0.010 0.048 
crabs 

Paguridae 0.000 0.000 0.000 0.039 0.036 0.054 0.069 0.042 0.013 0.069 0.030 0.038 0.010 0.048 
Pa purus acadianus 0.000 0.000 0.000 0.000 0.000 0.000 0.013 0.000 0.010 0.018 0.021 0.000 0.000 0.000 

(excl. Homarus and 
Pagurus) 
Cancer irroratus 0.000 0.045 0.030 0.025 0.097 0.127 0.154 0.246 0.332 0.210 0.313 0.300 0.329 0.239 

Lobster (Homarus america~zus) 0.000 0.007 0.003 0.000 0.007 0.000 0.006 0.007 0.010 0.010 0.000 0.003 0.044 0.033 

Echinoderms 0.000 0.000 0.000 0.037 0.001 0.029 0.005 0.054 0.032 0.019 0.057 0.016 0.029 0.023 
Echinodermata 0.000 0.000 0.000 0.020 0.000 0.027 0.003 0.036 0.019 0.008 0.010 0.000 0.000 0.000 

Ophiuroidea 0.000 0.000 0.000 0.005 0.000 0.000 0.000 0.000 0.000 0.000 0.013 0.000 0.000 0.000 
Strongy~ocentrotus 0.000 0.000 0.000 0.012 0.001 0.001 0.003 0.018 0.013 0.011 0.034 0.016 0.029 0.023 
droebachiensis 

Fis h 0.000 0.000 0.000 0.000 0.000 0.002 0.001 0.000 0.000 0.006 0.007 0.038 0.004 0.080 

Flesh 0.271 0.358 0.415 0.443 0.342 0.322 0.108 0.237 0.193 0.233 0.201 0.182 0.159 0.122 . .. ... ---- - -  -- -- . - p . _ _ -  -- _. . . . . . - - - - - . . . . . . - . --. . - 
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Carapace length (5 mm classes) 
Figure 1 Average contribution of eacli prey type to the stoinach content voluine of lobsters. 
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Three food items were most abuildant in large lobsters. Castropods, for instance, accountcd 
for only 3-4% of stomach volume in lobsters < 25 inin, but this increased to 6-8% in lobsters 
2 35 min. The same trend was observed in frequency of occurreilcc, which was only 30-50% in 
lobsters < 25 mm, but was > 60% in lobsters 2 35 111111. Caniiibalisili was rare, as lobster 
coiitributed i 1% to stomach volume, and was found in 5 5% of stoinachs, for lobsters < 65 mi~î .  
Even in larger lobsters, lobster prey accounted for < 5% of stomach volume, and was seen in less 
thaii 20% of stomachs. Similarly, fis11 was < 1 % of stoniach volume, and was seen in lcss thail 
10% of stomachs, for lobsters < 60 111111. In larger lobsters, the contribution of fish increased to 
1-8% of stomach volume, and the frequeilcy of occuisence increased to 10-20%. 

Five other food items, heril~it crabs, echiilodenns, the alga Covnllirîn officirznlis, hydrozoans 
and isopods, tended to make up a greater proportion of stoniach volunle in lobsters of 
intermediate size (about 20-60 mm), but they never contributed tnore than 9% of stomacli 
volume. Frequency of occurrence, which was always < 35%, also tended to be greater for 
lobsters of intermediate size. Finally, banlacles and slrimps were rare in voluiile (< 1%) and 
frequency of occursence (< IO%), ii-sespective of lobster size. 

Even though al1 length-classes of lobster contailied the same food items, and the proportions 
of each prey type tended to vary gradually with lobster size, soine natural groupiiigs of lobsters 
could be recognised. A cluster analysis on the volume contribution of each prey type to each 
length-class (Ward's method after standardisation of the data) recognised 4 clusters: 7 inin, 
10-20 mm, 25-60 mm and 65-77 mm. The first three components obtained by factor ~inalysis 
(principal component analysis of staiidardised contribution in volume of each prey type, 
followed by varimax rotation) explained 69% of the total variance, and showed essentially the 
same natural groupings of lobster length-classes found in cluster analysis. 

Discussion 

We found no planktonic organism in any stolnach, and thus no evidence that even the 
smallest lobsters (instar V) rely on suspension feeding. Food items eaten by the smallest lobsters 
in this study (7 mm) could be acquired within or at the entrance of the bursow, but it is not 
excluded that these lobsters leave their ~ U I T O W  to acquire soine of their food. 

Lobsters are known to bring food back to their burrow (Wickins et al. 1996, for European 
lobster, Honznvus gnnzi?znrus). The great majority of lobsters 2 20 rilm were found under or in 
close proximity of the bursows of larger lobsters. Interestingly, these small lobsters also had 
more unidentified fIes11 in their stomach than larger lobsters. Considering their small size, it is 
unlikely they could have overcome any prey susceptible of providing flesh boluses clean of any 
hard part. Taken together, these facts suggest small lobsters obtain food particles fi-oln food 
items brought back by the larger lobster(s) living near them (commensalism). This would reduce 
the need to venture outside the burrow. Furtllennore, the presence of larger lobsters would 
decrease predation risk when small lobsters do leave their bursow. 

AIthough the abundance of rock crab, bivalves and unidentified flesh, the three niost 
important prey items, changes gradually with lobster size, taking al1 the food items into account 



showed natural breaks in diet arouild 7-10 nim, 20-25 inm, aild agaiil arouild 60-65 niin. This 
agrees well with the classification of oiltogeiiic phases suggested by Lawtoii aild Lavalli (1995). 

Management implications 

If unidentified flesh boluses so commonly found in the sto~llacl~s of small, cryptic lobsters 
are indeed obtained from adolescent or adult lobsters living nearby, suwival and growth of the 
first few benthic stages of lobster could be dependeiit upoii the deilsity of larger lobsters. 

Artificial shelters are often suggested as a means to increase the can-yiiig capacity of the 
environment for small, ciyptic lobsters. Our data suggest that to iinprove lobster productivity, 
such shelters would have to provide appropriate habitat for benthic fauiia on which juveiiile 
lobsters prey. Moreover, as stated above, such shelters should provide appropriate bun-ows for 
larger lobsters to iinprove growth and suivival of cryptic lobsters. Finally, factors decreasiiig 
density of rock crabs could be deleterious to lobsters of al1 size classes. 
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EVALUATION OF ATLANTIC COD PREDATION ON AMERICAN 1,OBSTER IN THE 
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FISH PREDATORS. 
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Invertebrate Fislleries Division, Gulf Fisheries Centre, P.O. Box 5030, Moncton NB, El C 9B6 

Abstract* 

Deinersal fishes are widely thought to be an important source of natural mortality for juvenile 
American lobster Honzarus anzericanus. There were no significant relationships between 
abundance indices of American lobster and the dominant demersal fish species, Atlantic cod 
Gadus morhua, in the southem Gulf of St. Lawrence. American lobster was found in only one of 
22,625 Atlantic cod stomachs collected between 1955 and 1980 - a period of low American 
lobster abundance. Only six of 12,008 Atlantic cod collected between July 1990 and October 
1996 (a period of high American lobster abundance) had eaten American lobster. Most size- 
classes of the two species were spatially separate from early July to early September and 
November to May. American plaice Hippoglossoides platessoides, the second most abundant 
demersal fish species, did not eat Arnerican lobster (n = 1,800 stomachs). Again, the two species 
were spatially isolated for most of the year. More limited studies (in teims of spatial or seasonal 
coverage) on the diets of eight shallow water fish species (n = 4,674 stoinachs) detected 
consumption of American lobster by shorthorn sculpin Myoxocephnlus scorpius, cunner 
Tautogolabrus aclspersus, and white hake Urophysis tenuis but not by winter flounder 
Pleuronectes amevicanus, yellowtail flounder P. ferruginea, thomy skate Raja radinta, spiny 
dogfish Squalus acanthias, or Greenland cod Gaclus ogac. This study eliminated Atlantic cod, 
Greenland cod, American plaice, yellowtail flounder, winter flounder, and thorny skate as 
important predators of American lobster in the southern Gulf of St. Lawrence; however, the 
question of which of the remaining demersal fish species are important predators of American 
lobster remains largely unresolved. 

"Full paper published in Transactions of the American Fisheries Society 129: 13-29 (2000). 





SESSION 3: CATCI-IABILITY 

Fisheries and Oceails Canada, Iiivertebrate Fislleries Divisioi~ 
Bedford Iilstitute of Oceanography, P.O. Box 1006, Dartmouth, NS B2Y 4A2 

The Catchability coinponent of CLAWS evaluated factors affectiilg the capture of lobsters in 
traps. Understanding catchability is f~~ndainental to improved assessments of lobster stock 
status, because most assessments are based oii coininercial trap data. Iinproved uilderstanding of 
lobster catchability would also beilefit the plailning of fisl-iery-independent surveys of abundance, 
siilce traps are the only sainpling option in soine areas. Lobster catchability is affected by lobster 
behavior, which in turn is affected by the physical eiîvii-onment (e.g. temperature). The physical 
design of traps and fishiilg strategy is also important. Different components of the lobster 
population (distinguished by for example size and sex) have different catchabilities. 

The first paper in the Catchability session described the results of studies comparing the 
lobster catch of traps with different hoop sizes, and the catch of lobsters in tailgle nets. The lîoop 
sizes tested did not have as large an influence on the catch as was thought, but tlîis work needs to 
be repeated in an area where lobsters are larges. The comparison of the trap catch with that 
collected by tangle nets produced some exciting results. Lobsters > 150 inin CL were captured in 
tlie tangle nets but were not seen in the traps. How nuinerous and impoi-tant these large lobsters 
are in egg production needs further study. 

The second paper presented was based on comparisons of tlie trap catch with tl-iat obseived by 
divers in well-defined areas. These studies were focussed in the Baie de Chaleurs and in Lobster 
Bay and were heavily field oriented. Differences in catchability between the two areas rnay be 
related to the different sizes of lobsters in the two areas. îvlales were inuch more catchable than 
feinales in late summer, but in spring this difference was diminished. Larges lobsters seen 011 the 
bottom appear to be under-represented in traps, but because of the relatively snîall sample size, 
this finding is tentative. 

Another contribution to the Catchability session demonstrated the importance of daily 
changes in bottom temperature to lobster catchability through analyses of lobster catch rates 
from voluntary fishing logs. It demonstrated how wind and coast line orientation affect botton1 
temperature, and hilighted the benefits of exploring information generated by fishermen. 

The final paper of the session was based on autumn trap surveys done prior to CLAWS. The 
analysis demonstrates the potential for short-tenn changes in average catch rates due to weather. 
If annual trap surveys are to be useful to detect annual changes in abundance, they need to either 
estimate catchability for each survey , or the surveys need to be repeated several times withiil the 
year. 





SIZE COMPOSITION OF ARIIERIICAN L,OBSTER, IIOMARUS A&lERICANUS, 
CATCHES USIING THtAPS FITTED WX'TIfl DIFFERENT ENTRANCE DIANIETERS 

AND WITXI TRAMNIEI, NETS 

Marc ~antc igne '  and John ~ s c r n b l a ~ '  

Fisheries and Oceaiis Canada 
l I~lvertebrate Fislieries Divisioii; Giilf Fislieries Ceiitsc, P.O. Bos 5030: Moiicton NB, El  C 9136 
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The pui-poses of these studies wei-e to detei-mine (i) the effect of tsap entsancc ring dialneter 
011 the size coinpositioil of lobsters aild (ii) if there is a significant proportion of the Aiuerican 
lobster, Honînl-lis nrîzerzcanzis, populatioi~ that has a low incidence of bein; captured by tsaps. 
The san~plillg procedure for the latter objective was especially aiiîled at large carapace length 
(CL) lobsters (>100inn1 CL) which are usually not fouild in ti-aps in the study ai-ea, and are 
geilerally believed to be absent froin the fishillg grounds duriilg the coilîmercial seasons. 

Lobster catchability was first assessed with traps fitted with differeiît eiltrailce diaineters: 6.4 
cm (2.5"), 12.7 cm (5"), and 16.5 cm (6.5"). Studies were coilducted in the Baie des Chaleurs (off 
Stonehaven, and in the Caraquet regioil), in Septeinber of 1996. Results from these studies 
indicated that traps with the snlall entrailces (6.4 cm) were efficient in keepiilg large lobsters from 
eiltering the traps, but were no inore efficient at capturing small lobsters. Tlîe two larger size 
entrances (12.7 and 16.5 cm) showed no sigilificant differeilces in the size compositioil of the 
lobster caught (see Treiîîblay et al. 1998 for results of the Stonehaven study). This may be 
because of the relative scarcity of large lobsters in the area. Ui~publisl~ed studies frori~ the 1970's 
off eastei-n Nova Scotia indicate larger rings (7") do yield a greater iluillber of large (> 140 111111 

CL) lobsters. This fiildiilg iieeds to be verified. 

The 1996 studies were followed iil 1997 and 1998 by a qualitative study of sex and size- 
specific catchability at four sites in the Caraquet region. Sainpling was conducted during the 
molting period in July aild August and again in late September and November using lobster traps 
and trammel nets. The traps were similai- to the oiles used in 1996 with the exception tl-iat traps 
with small eiltrance dialneter (6.4 cin) were ilot used. The trainmel nets were 91111 iil length witlî 
16.5 cm (6.5") ~nesh size. Male lobsters were found to greatly doinillate the sex ratio 
(inalelfeinale) in the traps (1.8) but especially in the nets (4.7). Size coinpositioi~ was much 
smaller in the traps witll both the 12.7 ci11 and the 16.5 cin eiltrailce diaineters, with an overall 
mean size of 80 mm CL. The nets captured larger lobsters from al1 sites with a ineail size of 112 
mm CL (Lanteigne unpublished data). 

Although important quantities of large sized lobsters were obsei-ved in the study area, it is 
difficult to assess the overall impact of these animals in teims of egg production. Differences iil 
nlolt timing and seasonal migratioil of males and females may explain the low abuiidance of 
feinales. The presence of these large lobsters 011 the fishing grounds may have an impact on egg 
and larval production in the area. Size-specific seasonal variation in vulilerability and 
catchability is evident in this population of lobster as study catches Vary both witli tinle and 
space. 
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Lobster traps are very selective for ccrtain components of the lobstcr population. To obtain a 
less biased picture of the true pop~ilation structure of lobsters, the catchability project withii~ 
CLAWS utilized uildeiwater counts aloilg transect liiles using SCUBA. Eil~pllasis during diving 
\vas oii lobsters witli carapace leiigtlis (CL) > 50 mm CL, siilce smaller lobsters would escape 
through the nies11 of i-ilost lobster traps. The approacli was to locate habitats that were searcl-ial?le 
by divers. Tliis eliininated areas deeper thail about 20 m as well as those witll large iininovable 
boulders, stacked boulders or deilse Itelp. Study areas were 200-400 111 long by 150 in across. 
Each study area was deinarcated by a groundliile from wl-iich trailsects were sct for divers. A 
standard researcl-i trap was used iil al1 areas; traps witlî differeilt eiltrailce ring diailleters aild 
commercial traps were also exainii~ed. Altogether there were five area-season coinbiilations: off 
Stonehaven in the Baie des Chaleurs in Aug. 1996, aild iil Lobster Bay in .Tuile 1997, Sept. 1997, 
Sept. 1998 and June 1999. Catchability (q) for inales aild females of differeilt sizes was estiiîîated 
by dividing the average catch rate iil traps by the density ineasured from SCUBA. This quantity is 
also kiiowil as effective fishing area, and is expressed in teixns of area (in2) per trap. 

Off Stoilehaven, in the Baie des Chaleurs, estiinates of q for lobsters < 66 mm CL were 16-49 
in2 per trap (12.7 min rings), and 453-860 m2 per trap for lobsters 66-86 inin CL (Tremblay et al. 
1998). Coinpared to previous studies off coastal Nova Scotia, the Stoilehaven estimates are 
con~parable fgr the slnaller sizes, but are considerably higher for lobsters 66-86 min CL. The 
small size of lobsters at Stonel~aveil relative to the coastal Nova Scotia sites may explaiil tlie 
difference, as the preseiice of large lobsters inay reduce the catch of small lobsters. Populatioii 
size structure inay be an important variable affecting lobster catchability. Male lobsters 76-86 i7niîl 

CL were more catchable than females of the same size as has been obseilied elsewhere iil late 
suinmer (Miller 1995). 

As in other studies, catchability iil Lobster Bay was lowest for lobsters 50-60 mm CL, rangiilg 
frorn 0-72 m2 per trap. Catcllability geilerally increased witlî size until between 100-120 innl CL 
where it levelled off or declined. Combining al1 the data froin tlie differeiît seasonal studies iii 
Lobster Bay, it was iloted that the largest lobsters seen duriilg diving were ui~der-represented in the 
research traps. During the 90 dive transeets (each 150 in long and 2 nl wide) 7% (i1=25) of the 
355 lobsters greater thail or equal to 81 mm CL (legal size, or LS) were larger than 120 mm CL. 
By coniparison, in 167 hauls of researcli traps, less tlian 1 % (n = 4) of the LS lobsters were larger 
than 120 mm CL. Comn~ercial traps were used in addition to the researcli traps in 1997 and they 
also caught fewer large lobsters. Duriiig diving 7% (il = 15) of the LS lobsters were larger than 
120 inin CL, but in the con~niercial traps the fractioil was only 2% (il = 5). Together tliese data 
coi~oborate other studies indicating underselectio~i of large lobsters by traps. 



Accounting for the presence of large, uilder-selected lobsters on the lobster grouilds would 
tend to lower estiinates of total niortality. As a first approximatioil of this cffect, length-based 
cohort analysis was applied to (i) the iiumbers at size from tlie coinbiiied rcsearcl~ trap data and (ii) 
the iiuiiibers at size from the combiiied dive surveys. The estimate of total inortality based 011 the 
trap data was 63%; that froin dive data was 44%. Accountiiig for large aninials is importalit foi- 
estimates of moi-tality. 

Prior to CLAWS, the few estiinates of catchability for lobsters were for late August- 
September. As tliese were well outside the corniiiercial fishing season, this study uiidei-took tlie 
first estimates of lobster catchability for Juile, shoi-tly after the closure of tlie comniercial seasoii iil 
Lobster Bay. The 1997 work is described in Tremblay 2000. Tlie June q estiinates were differeilt 
than those fion1 late sumn1er. Females > 80 nlln CL were more tl-ian 3 times as catcliable as iil 
September, aiid more catcliable thail males of the saine size. The apparent liiglier catchability of 
females in late spring provides an explanatioii for tlie relative ii~crease in larger feiiiales seeii iii the 
catch during the fisliery. During May the catch rate of large females (greater than 100 Inin CL) 
typically iiicreases. This appears to be due at least partially to a late spriiig increase in the 
catchability of this group of lobsters. 
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Fisheimen frequently list wind as an important detei-i-i-iii-iant of catch rate. Wind from a 
particular direction will result in good catches, while wind blowing fi0111 the opposite direction 
will tend to drive catcl-ies down. The wind directions that produce good and poor catches are site 
dependent, l-iowever. Wind could affect lobster catchability by modifyii-ig botton-i teniperature, 
which in tum can affect lobster aetivity. In this papes, we explore the relationsl-iips among wind, 
temperature and daily catch rate using 3 years of data for up to 7 ports in nostheastern New 
Bsunswick and 3 years of data for 8 poi-ts on the east and south coasts of Cape Breton. Two 
hypotheses are tested. The first is that teinperature affects the catch-per-unit-effort (l-iereafter 
refei-red to as catch per trap haul, i.e. CPTH). The second l-iypothesis is tl-iat the tei-i~perature 
variability in these regions is principally wind driveil. 

Lobster landings and trap haul data were obtained from fisherrnan tl-irougll a voluntary 
logbook prograin. Data were collected in 1994 to 1996 il1 the Baie des Chaleur region. Sites 
stretched from New Mills at the head of the bay to Val Corneau, which is located on the eastenl 
shore oI'New Brunswick facing tlie Gulf of St. Lawrence. On Cape Breton Island, there were 5 
sites on the eastem coast from Aspy Bay to False Bay and 3 on the southem coast from 
Louisbourg to Petit de Grat. From the landings and trap haul data, tlîe catch per trap haul 
(CPTH) in kg was calculated. Hourly to 2 hourly records of temperature were obtained at a 
series of lnoored sites near where the traps were haiiled, or from instruments placed directly in 
the traps. Wind data were obtained froin the Atmospheric Environment Sei-vice for Miscou in 
the Baie des Chaleur and for Sydney and Hart Island in Cape Breton. 

Because the efficiency of the traps varies depending upon the time between hauls, we 
restricted Our analyses to 1-day soak times. Daily average temperatures were estimated from the 
1 to 2 hourly data for the period from 8 a.111. of one day to 8 a.m. of the next day. This 
corresponds closely to the time period between trap hauls. The landings and temperatures were 
first-differenced to remove any linear trends in the time series. We also restricted the analysis to 
the first 4 weeks of lobster season in the case of the Baie des Chaleur and 5 weeks for Cape 
Breton. This reduces the complicating effect that niolting may have on catch and also eliminates 
CPTH data later in the lobster season that generally have a low signal to noise ratio. The longer 
time for Cape Breton is justified on the basis of later molting. We also combined data from al1 
available years for each site for our analyses. 

Results show that at both Baie des Chaleur and Cape Breton, temperature has a statistically 
significant effect upon catcllability of lobsters. These were established using correlation analysis 
and also by using the binomial test based on the scattergrams of the first-differenced temperatures 
and CPTH wllere coordinates of the paired variables located in the upper rigllt (+/+) or the lower 
left (-1-) quadrant indicated a good coi-relation. The two inethods produced sin-iilar results. In the 



Baie des Cllaleur region, 6 of the 7 sites were sigilificantly cosrelated with the temperat~ire 
variability accounting for from 15 to 60% of the variance iii CI'TH, depeildiilg ~ i p o i ~  site (Fig. 1). 
On the eastenl shore of Cape Breton, clianges in CPTH nier-e significantly correlated with 
temperature variability for 4 of the 5 sites (changes in teiliperature accouiitiiig for from 5 to oves 
80% of the CPTH variance). None of tlie sites along the Atlailtic coast produced sigilificailt 
correlations. Differeilces in the streiigth of tlie correlations betweeii sites are in part associated 
with the amplitude of the temperature fluctuations (Fig. 2). Higlier teiliperature variability tends to 
result in higher correlations with changes in Iobster landings. 

Baie des Chaleurs 
1.0 , I 

Cape Breton 
1 0 ,  

Fig. 1. The correlation coefficient between the daily changes in catch per ti-ap haul (CPTH) and 
tenipesatuse froil~ sites in the Baie des Chaleurs (top panel) and off Cape Breton Island (bottoin 

panel). 
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Fig. 2. The strength of the con-elatioii between daily changes in CPTH and temperature 
as a function of the amplitude of the temperature variability (variance) for sites in the 

Baie des Chaleurs (top panel) and around Cape Breton Island (bottom panel). 

In both regions, the teinperature variability is at a maximum at periods of 5-10 days and 
within each region these fluctuations are well corselated between sites. Coherence between 
temperatures and the wind show a peak at these periods. In al1 regions, tenlperatures respond 
primarily to alongshore winds. Warrner waters are produced by winds blowing alongshore with 
the coast on the right looking downwind, while colder waters are produced when the coast is to 
the left of the wind. This is consistent with the classical Ekman response with wind-induced 
downwelling when the coast is on the right and upwelling when the coast is on the left. For tlie 
sites on the southern shore of the Baie des Chaleur, eastlwest winds produce the largest response 
whereas outside of tlie bay at Val Comeau, temperatures respond inainly to nortldsoutli winds. 
On the eastenl coast of Cape Breton, the noi-thlsouth winds also tend to ii~aximize the 
temperature variability. We conclude that winds do affect catchability of lobsters in a mannes 
generally consistent with the obseivations of fishermen. 



Three models were tested, a nul1 model which fitted an overall mean over the three days of the 
susvey, a model which included strata as factor levels and the third mode1 which included days 
within a stratum. Choice of best mode1 was done using a nested analysis of deviance with a X2 
test. For each survey the mode1 was run for males 70-80 mm CL (male size group 3, or M3), 
males 8 1-93 mm CL (M4) and females of the same sizes (F3 and F4). In al1 runs the effect of 
strata was highly significant. The test for a difference between days was not sigilificant except 
for F3's from survey 2. 

The precision of the surveys (standard errorlstratified mean) was dependent upon size, sex 
and survey, ranging from 4.3% to 10.2%. Confidence intewals were such that changes in catch 
rate of greater than 20 percent would be detectable for those sizelsex groups with means (number 
per trawl) of 3 or greater (e.g. males and females 70-80 mm CL and males 81-93 mm CL). 
Confidence intervals based on bootstrapping confirrned the size of the confidence intervals. 

To test for differences between the two surveys conducted in 1995, a Poison log-linear model 
was again used assuming no difference between days within a survey. For each of the 4 sizelsex 
combinations there were significant differences between suweys, with the second survey 
showing fewer lobster than the first. The difference between the 2 susveys is thought to be 
weather related. Compared to survey #1 temperatures at 20 m were about 1.5 OC lower duriilg 
the second survey. Perhaps more importantly moderate winds fi-om the east on Sept 25-26 
caused a heavy swell to develop that may have inhibited lobsters froin entering the traps. 

Analysis of the effect of stratification indicated gains of 12-3 1% over an unstratified design. 
The size of the gain was dependent upon size, sex, and survey. This indicates that the sample 
number per stratum could not be optimized for al1 sizelsex combinations. 

The analyses of trapping data from Little River indicate: 

1. Stratification can improve the precision of trapping suweys. 

2. Trap surveys with a density of 45 trap hauls per km2 (15 traps per km2 over 3 days) can have 
hig1.i precision but because of within-season variability significant differences in catch rate can 
occur over a period of 1-2 weeks. These differences probably result from catchability changes. 

3. Abundance indices based on trap surveys need to account for possible short-tem changes in 
catchability. This could be accomplished by estimating catchability for a portion of the area of 
each trap survey, or by repeating the trap survey several times witl~in the season of interest. 
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The assessxnent coiiipoiient of CLAWS aiined at iiiiproving tlie assessxnent tools for 
evaluating the health of lobster stocks and the level of fishing inortality, aiid to develop niodels 
to evaluate management measures. Followixig the FRCC report it was clear that iiew methods 
were needed as the existiiig tools were iiiadequate for the new assessment demands. There were 
several major compoiieilts to the progsam: developinent and refinement of growth and mostality 
iiiodels for calculating egg per recmit (E/R) and evaluating new consesvation tools; evaluation of 
the relationship between fisliiiig effort and fishing mostality (F); evaluation and testing of 
iiiethods for estiniating F, aiid reviewing potential reference points for the fishery. 

The first paper on the relationship betweeii fishing effort and F presented results of a 
sinlulation niodel that provided a measure of the impacts of teniporal changes in fishing effoi-t on 
fishing mortality, aiid incorporated spatial dynamics of the resource and the fishing fleet. Results 
of the simulations showed how various scenarios in the fishery would affect F. The model 
suggests that the present spatio-temporal allocation of fishing effort (inshore-offshore) by the 
fishing fleet maximises catclies. The inodel suggested that recent changes in fishing strategies 
from ail interceptioii to a pursuit strategy have resulted in an increase in F. Industry proposals to 
reduce fishing effost would have a marginal effect on fishing moi-tality. The model also showed 
that the timing of fishing effost is impoi-tailt because of within-season changes iii catchability. 
Development of models like this help biologists, managers and fishermen to better understand the 
dynamics of the fishery and impact of fishing or management changes 

The second paper looked at methods available to estiniate F. Accurate estimates of F have 
not been available in lobster assessinelits and are vital to understanding the fishery. The paper 
examined two inethods using catch-effort and tagging data. Results were based on previous field 
observations and computer simulations. The strengths and weaknesses of eacli method were 
presented as well as their underlying assumptions. Tagging experiments yielded the best results 
with tlie estiiiiated values closer to the real values siniulated but tagging studies preseiit special 
problems, require participation of large iiunibers of fishermen, are costly, and represent a major 
investment of time. The catch-effort niethod is easier to manage than tagging experimeiits as 
only the participation of a small gsoup of fisheimen is required in the studied area. However, 
since catch-effort estiinators are affected by variable catchability, further studies on the 
catchability of lobsters are required before the method can be used with any cei-tainty. 

The next two papers looked at methods of estimating E/R and measuring the effects of 
management tools oii egg and yield per recmit. The first paper usirlg tlie Idoine-Rago simulation 
niodel looked at the effect of different management and fishing strategies usiiig the Canadian and 
Americaii iiearshore waters of the Gulf of Maine as an example. The results showed that the 
benefits of both management regimes are better realised at low exploitation rates. This is simply 
the manifestation of allowing the lobsters to express those traits that give them protection from 



Knowing the fishiilg mortality and the fishing effort deployed during the saine interval, we 
derived the daily catchability coefficients that were then used for the simulations. 

Two simulation models were used. First, we used a global model wliich assumes that the 
resource and the fishing effoi-t are distributed homogeneously in the study area. This mode1 was 
~ised to simulate changes in the levels of fishiilg effoi-t and in the temporal allocation of the 
effort. Secondly, we used a spatial model to sirnulate changes in the level of fishing effoi-t but 
also 011 the spatio-temporal allocation of the effoi-t. The idea was to exainine to what extent 
fishers could compensate for a given reduction in fishiilg effort by reallocating spatially their 
effort. The spatial model used here is a simple 2-box model and is an adaptation of a spatial 
model used by Maury (1 998), and Pelletier and Magal (1 996). The spatial inodel is a 
discretization of the global lnodel into two space units - an inshore and an offshore component 
separated by the 20 m isobath. The model is computed on a daily basis and the abundance in a 
given space unit at the beginning of each time period is equal to the abundance at the beginiling 
of the previous period dininished by the fishiilg inortality and movement outside the unit, and 
auginented by the animals coming from the other unit. Specific iîîortality rate in each spatial unit 
is estimated fi-oin the global mostality rate and is based on tlie concept of surface catchability. 
Knowing the surface catchability and the local fishing effort we can calculate the mostality rate 
on each space unit for each time inteival. The migration rate is obtained by the difference 
between the observed catches and the expected catches, given the fishing moi-tality. 

Results and Discussion 

Scenarios of reduction in fisl-iing effort were compared to the observed situation in 1995, 
where 100 fishers using 300 traps each were active 6 days a week (no fishing on Suildays) during 
a 9-ureek fishing season. Simulatiolls of reduction of fishing effort included shol-teniilg the 
season to 8 weeks instead of 9 weeks, first, by closing one week earlieï and secondly by 
postponing the opening of the fishing season by one week. The benefits of not fishing on 
Sundays were evaluated as well as the effects of reducing the number of traps from 300 to 250. 

Simulations of the basic pattern, coi-responding to the situation observed in 1995, generated 
cumulative catches of 644 t, con-esponding to an exploitatio~l rate of 62 %. These simulated 
values are similar to the values actually observed of 658 t and an exploitatioil rate of 64 %. 

Reducing the fishiilg season to 8 weeks, by closing eaïlier reduced the exploitation rate by 2 
$4. By postponing the opening of the fishing season by 1 week, exploitation rate was reduced by 
6 %. The difference between the two different scenarios of temporal allocation of the fishing 
effoi-t is accounted for by the seasonal pattei-n of catchability. In 1995, catchability was high at 
the beginning of the season, decreased slowly until the 5th week of fishing aild then decreased 
more rapidly until the end of the season. In such a context, opening the fisl~ing season later 
means that fishennen lose a week of high catchability, unlike closing earlier, when catcllability is 
greatly reduced. The sinlulation inodel showed that not fishiiîg on Sundays could reduce the 
exploitation rate by 4 %. Finally, a reductioil of the nunlber of traps from 300 to 250 could 
reduce the exploitation rate of 7 %, assuming equal efficieilcy of the reinaiiling traps, conîpared 
to initial traps. 



Siinulation of cl-ianges in the spatio-temporal allocatioil of Gshing clfort were based 011 our 
knowledge of the spatio-tcilîporal dynamics of the flshing fleet. In the Magdale~l Islaiids, WC 

were able to identify 3 types of flshing pattcnîs bascd on two strategics, one ofpursuit and oiîc of 
iilterception (Geildron aild Archambault 1997). At the begiililiilg of tlle fislliilg seasoil about 
85% of the fishei~nen adopt a pursuit strategy that will bïing thcm on thc fishiiig grounds 
offshore. About 5C % of these fisl-iers will gradually move their fishiiig effort to the shore as 
seasoii progresses, joini~lg 15 % of the fishers that have settled insliore from the beginniiig of the 
fishing season adoptiilg an iilshorc interceptioll stïategy. A proportioil of the fishers (35 %) tl-iat 
weilt offshore at the beginiliilg of the seasoil will remaiil there, adoptiilg an offslîore iilterception 
strategy until the end of the fishiilg season. Coinbiniilg these diffcrent fishiil; pattei-ils, we 
constructed the pattern of fishing effort allocatioiî insl-iore aild offshore for the Grande-Entrée 
fleet for the 1995 season and incoïporated i t  into the 2-box spatial inodel. 

Siinulations were inade 011 4 iilodificatioi~s of this basic pattern. For tlîe fisher operatiilg with 
a strategy of pursuit, a reductioiî of the fisliing season by postpoiliilg the start of tl-ie fisl-iiilg 
seasoii by one week will force l ~ i m  to decide whether he will allocate spatially l-iis effort as if the 
season had opened as usual, assuming that the lobster is still offshore, or whether 11e will allocate 
his effort as if he was iil week 2 of a usual fishing seasoiî, thesefore assumiiîg lobster has stai-ted 
to move inshore. We also conducted two additioiial sinîulations to see what would happe11 if the 
fishermen that fish wit1.i an active pursuit strategy would eitl-ier reinain offshore (85 % of the fleet 
offshore) or would fis11 inshore anîoiig the interception fishers (only 35 % would fis11 offshore). 

Results of the simulations show that chailging the pattein of effort allocation in sespoilse to a 
postponing of the opening of the fishiilg seasoil does iîot have any visible effect. Stai-ting to 
move the effort inshore at the beginning of the fishiilg season reduced catches very marginally, 
reduciiig the exploitation rate by 1 % only. 

Modifying the pursuit strategy into an offshore or ai1 inshore interception strategy yielded 
sliglitly lower catches than the preseiit pattein Fishiiig either inshore or offshore yielded on the 
whole the same catches, giving an exploitatioil rate of 54 %, a 2 % reduction froni the basic 
pattein. These two simulated strategies yielded lower catches than the one that is currently used. 
The present allocation of fishing effort inade by this group of fislîers may be the best one to 
optimize the catches. The two scenarios exainined could ilot be used by fisl-iers to coinpeiisate 
for iinposed reductions in fishiilg effort. What is interesting in this specific example is that 
catches were as high stayiilg inshore as by rnoviilg up to 20 miles from port, which inay not be 
very cost-effective. Although there is no difference in the total catches betweei~ these two 
scenarios, there could be a difference in the coinposition of the catch, since a fishery that 
operates insl-iore will target the fastest migrants wliile a fleet operating offshore will mainly fis11 
the ailimals that tend to nîigrate inshore later in the seasoil. Characterization of the slow- and 
fast-migrants lnight be iilteresting to assess whether different patteins of spatio-temporal 
allocation of fishing effort could have a conseivatioi~ value. 

Additional simulatioil has been made to exan~ine the impact of coming back to a strict 
inshore interception strategy as it was some 25 years ago. Sin~ulatioil was made where no effoi-t 
was allocated offshore. 111 this case, catches are significailtly reduced and exploitation rate drops 



froin 62 % to 46 %. This suggest that not al1 the lobsters will reach the inshore area before the 
end of the fishing season. 

Propositions made by the Industry to reduce fishing effort have ail effect 011 fistliilg moi-tality, 
although marginal. Temporal allocation of fishing effort is in~portant to consider because of 
within-season changes in catchability. The preseilt spatio-temporal allocation of the fishi~lg 
effort (inshore-offshore) by the fishing fleet operating off Grande-Entrée seems to maximize 
catches. Changes in this allocatioil will reduce fislling mortality. The pursuit strategy adopted by 
a inajority of fisheimen in recent years contributed to an increase il1 fislîiilg n~ortality, conlpared 
to an inshore interception strategy. 
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Iiitroduction 

It is difficult to calculate ail exploitation rate for lobster (Horîzn~us arîzer-icnr~rrs) due to the 
complexity of estiniating bioïi-iass eitlier prior or followiiig a fisl-iery. Trawliiig oi-i prime lobster 
grouiids consistiiig of rocky bottoiii is iiot possible aiid tlie size of each Lobster Fisliiiig Area 
(LFA) is such tliat fishing bioiiiass estiinatioii for ail eiltire LFA by SCUBA diviiig would be too 
loiig and costly. Biologists have iio otl-ier altei-natives then to use indirect inethods to estiniate 
the exploitation rate. In tl-iis study, exploitation rates were calculated using catch-effoi-t and 
taggilig inethods. Tliese results were based oii previous field observations and coisiputer 
simulations. The strengtl-is and weakiiesses of each metliod are preseiited as well as their 
uiiderlying assumptions. 

Definitions and methods 

Ili order to estiinate the exploitatioii rate, it is iiiiportant to defiiie a study site that covers tlie 
entire population ulider investigation. Altliougli soii-ie inetl-iods allow for natural mortality, the 
inethods coiisidered in tliis study assuine no natural mortality duriiig tlie study period. 

The mark-recapture ii-iethod consist of catcliing and retuming tagged cominercial size 
lobsters that were released prior to the fisliery season. The propoi-tion of tagged lobsters retunied 
is the estimate of exploitation rate. Although simple, this metliod is valid only if the following 
assuniptions are respected: 

i. there is no tag loss or tag-induced inortality, 
. . 
il. al1 recaptured tagged lobsters are recorded, 
iii. tagged lobsters behave independently (no schooling) and are randonily distributed on the 

fishing ground, 

iv. catchability of lobsters is colistant duriiig the whole fishing season (or study period), 

v. tagged aiid uiitagged lobsters have the saine behavior (no trap response). 

A study is currently taking place to verify hypotliesis (i), while liypotliesis (iii) can be met if 
tagged lobster are not released in a single location or if eiiough tiine is giveii for the tagged 
aiiiinals to redistribute. In order for liypotliesis (v) to be respected, a metliod other tlien a baited 
trap should be used to capture lobsters for tagging. Indeed, previous studies on other species 
have iiidicated a possible tagging effect associated to ihe capture process, modifying the behavior 
of the animal. However, taking case of the validity of hypotheses (i), (iii), (iv) and (v) is futile if 
liypothesis (ii) is not respected ai-id that fishei~iien do not repoi-t tagged aniinals caught in their 
traps. 

Catch-effoi-t metliods are based on the geiieral assuinption that the landiiigs are proportional 
to tlie effort (number of baited traps lia~iled). Hence, one unit of effort is assuilied to catch a 



fixed proportion of the population. Thus, a decline ii-i the exploitable biomass will prod~ice a 
decliile in the catch per unit effort (CPUE). The slope of the regi-essioi~ linc of CPUE vs 
cui-iiulative laiidings is equal to the i-iegative value of the catchability coefficient (-q), aiîd 
exploitatioii rate (IL) is estiinated by p=l-exp(-q x total effort for the season). This method 
requises the following assuniptions: 

i. al1 laiidings are known, 
. . 
il. traps do iiot compete with eacli other, 

iii. sampliiig is a Poisson process witl-i regard to eî foi-t, i.e. P-1 -exp(-g x effort) ai-id catcl-iability 
is colistant throughout the fishing season. 

Simulations 

Simulations were made to study the beliavior of the estii-i~ators wlieii uiiderlyii-ig assuinptioils 
were violated. A conlputer geilerated lobster populatioii was exploited, includii-ig a nuiliber of 
tagged lobsters. It was assuined that al1 recaptured tagged lobsters were reported, tliere was no 
tag losses or tag induced niortality, ai-id al1 landings aiid effort were kiiown. Tliree sii-iiulatioiî 
scenarios were considered: 

(a) fix catchability during the whole season, aniiual natural nîortality at arouiid 34%, 

(b) fix catcl-iability during the whole season, annual iiatural n-iortality at aroiriiid 8%, 

(c) gradually decrease by 58% the catchability during the seasoii and lobsters become 
available to the fishery by 3 successive waves with 65% and 87% available duriiig the 1st 
and 2nd week, and 100% during the 3rd week and until the eiîd. 

Real values represent the value siliiulated by the conîputer wliile catch-effoi-t aiid taggiilg 
represent the values computed usiiig the estilnators associated to the niethods. 

Tauxd'exploitation siinulés/Sim~ilated exploitation rates 

Tagging experiinents seem to yield the best results as the estiniated values are closes to tlie 
real values sini~ilated. Unlike the catch-effort estiinator, the tagging estiinator is barely affected 
by a variation in the catchability (case c), variation that occurs iii the fisl-iery but wi t l~  an 
unknown frequency or scope. Natural mortality has little effect oii tlie catch-effort estiniator 



while the tagging estiinator uilderestin~ates seriously the exploitation rate (case a). It should bc 
iloted that fisheimei~ failing to report the rccapt~ire of tagged lobsters is cquivalent to iîlortality of 
tl-ie tagged lobster (siilce in bot11 cases tlie inforination disappears), and affects the estinlation 
directly. For example, if in case (c) oilly 60% of the recaptured tagged lobsters are reported, 
estimation of the exploitation rate with the taggiilg estimator will be 40% lower tlian the value 
çiven in tlîe figure, droppiilg fi-0111 43% to slightly lcss then 26%. Tag induced mortality also 
reduces the exploitation rate estilnation. 

Although taggiilg experiilleilts seeni to produce the best estimates of the exploitation rate, 
previous field obseivatioils have detected some poteiltial probleins. For instance, lobsters 
captui-ed by SCUBA divii~g, tagged and released were recaptured 1.35 times illore ofteiî then 
lobsters iilitially captured by trap. This occun-ed even though taggiilg and release of both groups 
were cairied out duriilg the same week, at the saille location using the same type of tags. Perhaps 
tl-ie trap-tagged lobsters develop a trap-respoilse? If this is the case, tagged lobsters do ilot have 
the sanle behavior as uiltagged lobsters aild tlie exploitation rate estimate obtaiiîed usiilg tagged 
lobsters does not apply to the entire population. Fui-thei-more, trap-tagged lobsters released 
during the first week of the fisl-iery had a higlier return rate then lobsters released the previous 
inont11 of September. Yet, lobsters released in September had to go through 8 weeks of the 
fishery while May released lobsters were oilly available to the fishery duriilg 6 weeks. Eitl~er 
lobsters ii~oved iil aild out of the fishiiig grouild duriilg the off season or there is a higll ilatural 
n-ioi-tality. Taggiilg experiments are costly and represent a major iilvestment of tiine. However, 
if fisheimen actively participate, it could be a reliable approach. 

The catch-effort metliod is by far easier to manage than taggiilg experiments as only the 
participation of a small group of fisheimen is required as long as they represent the global 
behavior of fisheimeil working in tlîe studied area. Unfoi-tunately, since catch-effort estii~~ators 
are highly affected by variable catchability, further studies on the catcl~ability of lobsters are 
required before the inethod cal1 be used with any certainty. 

Another approach that cal1 be used is the change in ratio metl-iod (CIR). The CIR coilsists of 
comparing the proportion of sub-legal lobsters in the catches at the begiiming aiid at the end of 
the fishing season. Since conli~~ercially exploitable lobsters are permaiiently removed fi-om the 
population, the proportion of sub-legal in the catches should increase duriilg the fisl-iing season. 
This increase could be related to tlie exploitation rate. The CIR metl-iod has recently beeil 
applied to tlie lobster fishery and inaily questions are still to be answered. For example, knowing 
the reproductive behavior of sexually mature feiiîale lobsters, slîould we use bot11 males and 
females or only the male lobsters for the estimatioil? Ase sub-legal and cominercial size lobsters 
equally catchable? How inany traps should we sainple in order to estimate accurately the 
exploitatioil rate? Data collectioil could take place duriilg sea sampling, or even by the 
fisheinlen theinselves at a pre-detei-mined date. 

Another problem is the represeiltativeness of a single site to evaluate fishery paraineters for 
an eiitire LFA. The lobster fishery is nlanaged by LFA but unfortunately LFA's do ilot 
cossespond to natural geographic or biological divisions of the lobster stock and are merely a 
manageillent tool. Researcl-i is taking place using index fishermeil, sea sainpling and SCVBA 
divin; to identify biological units. 



Validation of a method coilsists of compariilg its estimation to the one obtaiilcd usiilg fishcry 
iiîdepeildeilt observatioils. This is ilot yet possible for the lobster fishcry. However, participation 
of the southwesten~ Gulf of St. Lawrence fisl~ei-men iii our various projects 11as been good and wc 
believe it is possible to obtain reliable fishery data, but we still need to solve problems associated 
with the various methods. One should keep in iniild tlîat we can not simulate fisheri~lleii behavior 
and their participatioil remains the essential factor influencilî,o the success of our studies. 
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Different fishing strategies for Aiiierican lobster, Horîzarzis ar?zericarzz~s, have evolved iii part 
due to variations in resources, markets aiid the types of management measures siippoi-ted by 
fishers. Two distinct fishing strategies for lobsters exist in the nearshore waters of the Gulf of 
Maine. Ili the Canadian poi-tion (LFA 34), the fishing season is limited to a 6-inonth period (from 
late November to May), and the nuinber of traps per fisher are limited to 400. In the United 
States, with a few ininor exceptions, tliere are iio regulated seasons, aiid limits on traps have only 
recently been adopted. The evolved patterns of fisliing in both of these areas show a temporal 
concentration of effort, and subsequeiit high proportioii of laiidings over a very short poi-tion of 
the year. This is, in part, a response to cornpetition amongst fishers. A simulation model, using 
population dynamics parameters for lobsters, was developed to examine yield and egg 
production of lobsters under different life history patterns andlor management and harvesting 
regimes. The inodel allows multiple time steps during a year to incosporate these differences in 
life history and fishing tactics on a fine temporal scale. By using this model and assumiilg the 
same growth (in both Canadian and US iiearshore Gulf of Maine) we have examined the 
differences in yield and egg production and evaluated differences between the fishing strategies. 

Model Overview 

Conventional egg production and yield per recruit models are not useful for lobster because 
age detemination is difficult, growth in length is not continuous and the relationship between 
size and annual egg production is complicated. The model used in this study (Idoine and Rago, 
in prep) iiicorporates size-specific annual molt probabilities, assumptions about inteimolt 
duration, molt iiicrements, maturity schedules, fecundities aiid length-weight relationships. 
Calculations incorporate interactions between reproduction and growth (e.g. female lobsters 
suspend molting and growth wheii they are carrying eggs) and size specific management 
ineasures for feinale lobster (e.g. maximum and minimuin size regulations). 

In tliese niodels for lobsters, it is impoi-taiit to distinguish between "nominal" encounter, 
capture, retention and fishing mortality rates. The nominal eiicounter rate is a measure of the 
rate at which individual lobsters encounter and enter traps. In baseline i-uns, nominal encounter 
rates were assumed equal for lobsters of al1 sizes. Capture rates measure the rate at which 
individual lobsters eiiter traps without leaving. Capture rates are less than encounter rates 
because escape vents allow small lobster to leave traps. Capture rates depend, in part, on size 
becaiise large lobsters are unable to leave traps througli escape vents. Retention rates are based 



on management regulations and fishery beliavior. Legal requirements (miilimuni and niaxiiiium 
size, prohibition of landiiig bel-sied lobsters, and v-notch protections) as well as size specific 
andlor other quality considerations affect release of captured lobsters. Only those lobsters 
retained are removed from the model population. Encounter and retention parameters iii the 
inodel can be changed to siinulate management measures. 

In contrast to nominal eiicounter and capture rates, fishing niostality rates measure the rate at 
whicli lobsters are landed and killed. Fishing inostality rates are usually less (and never greater) 
than capture rates because management measures (e.g. inaximum and iniiiimum size liinits, 
restrictions on landing bessied or v-notched feinales) requise that soine lobsters caught in traps be 
released. 

Each model i-un was based on a cohort of male and feinale lobsters. Growth is modeled using 
1 mm size groups. Growth is determilied by the interaction of size specific inolt interval (the 
time between molts) and a range of molt increments. The model siinulates growtli and moi-tality 
and keeps track of the number of susvivors, nuinber of natural deatlis, nurnbers landed, number 
mature, number v-notched, number molting and egg production by size group in each time step 
over the lifetime of the cohort. A monthly time step allows investigation of temporal differeiices 
in growth and implementation of management measures. 

Biological reference points (cg .  Flo%) for lobster were calculated in the EPR and YPR 
models as abundance weighted averages of fishing moi-tality over the lifetilne of the cohort. 

Simulations 

The model was run using the two different management scenarios. The major measures are 
shown below. 

Measure 1 US (Nearsliore GOM) / Canada (LFA 34) 
Minimum Size 
Maximum Size 
Fishing Season 
Bessied Protection 

Mode1 mns were made over a range of encounter rates from O to 2.0, and yield and egg per 
recruit estimates were coinpared for the two management conditions. 

83min (CL) 
127 mm (CL) 

[ V-Notching ~a te ' l~ ro tec t ion  1 SO%lYes 

Discussion and Conclusions 

83 nim (CL) 
None 

None 
Y es 

No/No 

The figures below illustrate the outcomes of harvesting under the two strategies. Where 
there are differences, they are due to what protections are provided to the lobsters, and at wliat 
point in their life history. Ili the US, large aniinals (> 127 mm CL) of both sexes, and v-notched 
females are non-haivestable. In Canada's LFA 34, the seasonal restrictioiis allow more feniales 
to extrude their eggs. The "bottom line" of these differences is that the US system, for a given 

6 months (late Nov-May) 
Y es 

'rate of v-notching is the proportion of berried females encountered that will be notched. 



capture rate, allows a gain of some egg productioil while giving up soiiie in tesi~is of yield. The 
yield cusves demonstrate this well. Uiider the US sceiiario, the female yield per recruit is 
asyrnptotic. Since females are protected via v-notchiiig aiid a niaximuiii size, the usual peak at 
low exploitation is dampened by the unavailability of tliose ailimals. The males iii the US GOM 
are also protected by a maximum size, aiid show a siinilar daiiiping of maximum yield, but not to 
the same degree. Under the Canadian LFA 34 systeni, both sexes yield curves sise to a maximum 
at low exploitation and then decline. The Calladian protection of egg-bearing females does cause 
the peak of females to be less pronounced than iiiales, but more tliaii the US feinales. Total yield 
(yield from both males and females) though dampened by the female contribution, still show a 
peak at low exploitation. 

What is very clear froni this exercise, is that the benefits of both management regimes are 
better realized at low exploitation. This is siinply the manifestation of allowing the lobsters to 
express those traits that give tliein protection from liaivesting. In the US, this means that at low 
harvest rates, both male and females are allowed to reach the maximum size (127 mm CL) that 
eiisures their return to the water. In regard to v-notching, a feinale must become mature to 
become egg-bearing and thereby have a potential to be v-notched and then protected. With the 
minimum size of 83 mm CL, only about 2 -5% of the females are mature, and are about 1 molt 
away from 50% maturity. Additionally, with a year-round fishery, the females that will extrude 
eggs in a year may be hasvested before they do, and thus the potential protection (both from 
being berried and also possibly notched) is not realized. When the hasvesting rate is low, more 
animals will mature and then be potentially notched and survive to the maximum size. Under the 
Canadian LFA 34 plan, the only real protection is being egg-bearing, and, as is the case to the 
south, that protection is greater at low exploitation than at high. 

It appears that the most effective way to provide sustainable lobster resources is to attempt to 
reduce the harvestiilg rates. The gains in yield, and potential decrease in costs associated with 
harvesting, should make this an attractive avenue to pursue. 
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Introduction 

In its report on lobster conservatioii (FRCC 1995), the Fisheries Resource Conseivation 
Council (FRCC) proposed a new approacli to lobster management based on conservatioii 
objectives. One of the objectives is to ensure that the level of egg production is sufficient to 
inaintain the resource base oves the whole range of environmental conditions. In its 
recomniendations, the FRCC stated that the level of egg production per recruit (EIR) should be 
iiicreased to the target level of 5% of that of an unfislied population, and offered a series of 
concrete ineasures that could be taken to reach tliis target. As a high priority for Science, the 
FRCC recominended that precise information regarding conservation measures and targets be 
gathered and better assessments of the actual benefits of such measures be made. Following this 
reconimendation, work was initiated to develop a new foimulation of the yield and egg per 
recsuit (EIR) model which would be better adapted for Canadian lobster stocks and which would 
take into account uncertainty in the input paranieters, providing the basis for risk evaluation. 

Tlie iiew model reflects the key biological features of lobster in Atlantic Canada and provides 
the extra flexibility required to incoi-porate uiicertainty that arises from the natural variability of 
lobster production processes (growth, natural mortality and recsuitment) or from the difficulty in 
assessiiig biological paranleter values. The model therefore provides a series of values of E/R 
from which cuniulative frequency distributions can be computed to make probabilistic 
statenients leading to risk evaluation. We can define risk as the probability that something bad 
will happen, the probability being the expression of the uncertainty. For example, one could 
want to evaluate the risk of iiot meeting a given nianagenient target or one could wish to evaluate 
the risk of goiiig beyond a given biological reference point, or a tlu-eshold that defines a waniing 
zone in which there could be strong chances of stock collapse. In the first case, we would talk of 
a management risk while in the second case, we would talk of a biological risk. 

The objective of the work was to try to apply risk evaluation to the lobster fishery. Lobster 
management is preseiitly governed by FRCC's recommendations. At the Minister's request, a 
management target has been set consisting of doubling, within a few years, the EIR production, 
coiiipared to the 1995 levels. We evaliiated the management risk, i.e. the probability of not 
reachiiig this management target, given the iinplemeiitation of a number of different management 
nieasures. 

Material and Methods 

The new niodel that lias beeii developed is an extension of the Fogarty and Idoine (1988) 
biological population model for lobster yield and egg production. The new model describes a 



single sex component at a time, the female requiring far more details than tlie niale. The 
program calculates the fate of a group of small lobsters of a given initial size distribution, up 
until their population is reduced to almost zero. Every year, the following sequence of eveiits is 
repeated. In the case of females for example, the year starts with the fishing season, after which 
tlie lobster population divides between those that will spawn and those that won't. The foi-iller 
inight molt once before becoming berried while tlie latter can molt once or twice and remaiil in 
the non-bel-ried populatioli until the next fishing season. Meanwhile, the bel-ried population is 
fished and released and possibly tagged (v-notched), then its eggs hatch, it niolts and becomes 
part of the non-bei-ried population. 

The size increment at molt is a functioii of the preiiiolt size. This function is the same for al1 
life stages. The probability of moltiiig however can be a different functioil of size for different 
life stages. For non-spawning lobsters there can be two aiinual molts leading to a double molt for 
a fraction of the population. For berried lobsters there is a post hatching molt. Lobsters can also 
molt prior to extsuding eggs. There are two compoiients to natural moi-tality. The so-called hard 
shell moi-tality does not Vary with size or age and applies throughout the year. In addition, 
lobsters that molt are subject to soft shell mortality, a short period of increased vulnerability. 
The probability of spawning any given year, and the number of eggs produced by a female are a 
fuiiction of the lobster size. Fishing moi-tality is also a function of size. It is independent of 
populatioii abundailce and does iiot change from year to year. It can be adjusted by some control 
measures (overall fishing effort reduction, protection of berried females, protection of large 
individuals, v-notching and subsequent protection for a given period of time). 

The program allows the exploration of different management measures in tlie context of 
uncertain information. Each numerical value can in fact be described with its uncertainty by 
specifying a probability distribution instead of a fixed value. Propagation of the uiicertainty to 
the final estimate of egg and yield per recruit production is done through Monte Carlo 
simulation, which uses repeatedly a random nun~ber genei-ator to pick one value for each 
parameter based on the paraineter's distribution. 

Results and Discussion 

The mode1 was used to examine the effects of different management ineasures on the EIR 
production values for the Magdalen Islands and the Gaspé fisheries. The impact of increase in 
minimum size, reduction in fishing effoi-t, implementation of a maximum size and v-notching on 
EIR production were examined. For each management scenario, 100 Monte Carlo iterations were 
calculated. EIR values were expressed as a ratio of the EIR values calculated before the 
implementation of the new management nieasures. Cumulative frequency distributioi~ of the 100 
simulated values were used to evaluate the rislc of not reaching the giveil illanagement target. 

Results obtained for the Magdalen Islands (south side) show tlîat there is no chance of 
doubling the EIR production by increasing minimum size froin 76 mm to 80 mm. The risk of not 
reaching the management target is 100 %. By increasing to 82 m n ~  the risk is reduced to 86 % 
and fui-ther down to 24 % with an increase to 84 nini. Combiniiig tlie iiicrease in minimuni size 
to 82 mm with a reduction in fishiiig mortality of 10 % or 20 % reduces the risk to 54 % and 12 
% respectively. Measures protecting large fe~nales (such as complete protection of feiiiales larges 



than 127 mm ('jumbos) and 10 % v-iiotcl~i~~g of berried feinales reduces the risk of iiot acliieviiig 
the management target. Combiiied with a niinimuiii size of 80 111m and a reduction of fisliiiig 
inortality of 20 %, the inanagement risk is dowii to zero. 

The model also provides for eacli scenario, an estimation of the number of years on which 
the E/R calculation was based. It offers a relative tiine-fianie for the nianagenient measures to be 
100 % operational, allowing for a comparisoii betweeii differeiit equally-risky or less risky 
scenarios. As an example, iiieasures applied 011 large females reduce the risk of not doubling the 
E/R production, but on the other hand are effective 011 a longer term (over 50 years). 

Over the last years, there has been increasing interest in qiiantifying and incoi-porating 
uncertainties into fisheries management advice. Quantifying uncei-tainty provides a better 
knowledge of the precision and bias of estimates on wliich advice is based. It also provides ail 
objective appreciation of the reliability of the estimates, avoiding subjective judgements 
regardiiig the uncertainties. Expression of uncertainty using probability curves appears useful in 
a decision-niaking process because it illustrates the risk associated with a decision. The questions 
of what level of risk is acceptable, if any, and who should decide on the risk are still open to 
discussion. 
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BIOLOGICAL REFERF,NCE POINTS FOR LOBSTER 
A DISCUSSION PAPER - CLAWS SYMPOSIUM 
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Lobster fisheries in Canada have beeiî inanaged for decades with controls uiîrelated to 
assessments of stock status (effort controls, size liinits, inaildatory discarding of berried feinales), 
in contrast to fislieries wl~ere haivest linlits and other coiltrols are adjusted based on periodic 
assessrnents of stock status. The FRCC's 1995 report on lobster conservation recominended 
inîplementation of a new conservation framework which woiild include a definition of lobster 
conservation with related objectives, and a tool kit of measures which could be used to meet 
conservation objectives and targets. The FRCC report also recommended that an egg production 
per recruit target of 5% of that for an unfished population be established. 

The FRCC recommendation took account of scientific information then available indicating 
tlîat in nîost lobster areas of Atlantic Canada egg per recruit values were well below 5% of an 
unfished population. Lobster assessrnent science was evolving rapidly at this time, and the FRCC 
report was based on the first egg per recruit analyses done for Canadian stocks, based on an 
unrnodified US-developed model. At this tiine, scientists were uncertain of their ability to 
consistently estimate egg per recruit in an unfished population (because of high uncertaiiîty about 
fecundity and growth curves in large lobsters), although techniques to estirnate cui-rent egg per 
recruit values were considered accurate. 

DFO managers and scientists held discussioils in fa11 1997 on potential measures based on 
targets and reference points. They recommended adopting an interim target of doubling egg per 
recruit in each lobster area, pending fui-ther scientific assessment of the applicability of the 5% 
target and ability to assess stock status in relation to this target. This recoiîîmendation was 
adopted by the Minister and announced in December 1997, and was the basis for the four-year 
conseivation strategy for lobsters initiated in early 1998. This strategy was higlîlighted in the 
Auditor General's 1999 report on Atlantic shellfish as the only objectives-based conservation 
strategy in Atlantic shellfish fisheries. 

The CLAWS 1 project identified further work on reference points for lobster as a priority 
theme. 111 November 1998 a workshop was held in Halifax to consider what reference points 
miglît be appropriate for lobster, whether the FRCC's proposed reference point of 5% unfished 
egg per recruit should be used, and to review curi-ent stock assessment techniques for lobster. 
Workshop conclusions are as follows. 

e Three kinds of reference points should be used to guide lobster conservation: 

1. To implenîent the FRCC's general recominendation that lobster stock stlucture 
should be improved (i.e. that the fishery should be managed to ensure that stocks are 
based on several year-classes rather than essentially on recruits as at present), a 
reference point of the type 



no Inove tlznn x% of eggpr~oductiorz must be byfirst spuwner8s 

should be considered. Potential benefits: more year-classes in the popiilation, 
possibly better egg quality from older females, spreading of hatching in time 
(clutches from older females hatch oves longer periods). The most effective ways to 
meet such a goal would be to reduce fishing inoi-tality, or to institute "refuges" 
(closed areas, closed size windows, maximuin size limits). 

2. Percentage of unfished egg per recsuit can be effectively used as a reference point 
for lobster. The workshop thus concursed witli the FRCC recommendation that this 
should be pal-t of the conservation framework. The workshop concluded that egg 
per recruit in unfislied populations can be estimated with reasonable coiifidence and 
that by standardising methods for estimating this value, reliable comparative values 
of the % can be derived. 

3. In the longer terni, use of a reference point related to egg production per m2 
(similar to a spawning biomass reference point) should be explored. This would 
account better for biological reality, aiid might be more acceptable to fishers, but 
would require adding information on abundance (thus potentially higher uncestainty) 
and more complex models to implement. 

While reference points based on % of unfished egg per recniit were desirable, it was not 
possible to state what an appropriate % target would be. The FRCC's recommendation to 
move to a 5% of unfished egg per recsuit was made at a time when analyses suggested that 
most Canadian lobster stocks were around 1%. Subsequent work with models adapted to 
Canadian conditions and better input data suggest that current values may be higher than this 
and above 5% in a few areas, even though there has been no substantive improvement in 
stock status. The USA overfishing definition is 10% of unfished egg per recsuit and this is 
still considered appropriate there. The workshop concluded that as conservation action based 
on the Minister's goal of doubling egg per recsuit proceeded, analyses could be refined and a 
well-documented target level might be proposed. 

Reference points should be applied to unit stocks -- application to small areas within unit 
stocks (LFAs) may be operationally useful but is biologically questionable. Stock 
boundaries for lobster are still not precisely known and more work 011 this is needed, for 
example the lasval drift work in CLAWS. 

At the tiine of the workshop, three egg per recsuit models were in use in Atlantic Canada 
(IdoineIFogarty, Ennis, and GagnonIGendron). Their assessments of the effects of various 
conservation measures on egg per recruit levels were consistent under cursent fishery conditions 
but the need was identified for fusther comparative information on tlieir performance. One 
CLAWS goal had been to develop a model which could be used across Atlantic Canada but this 
was shelved because the model developer moved to another position. Comparability of 
assessments across Atlantic regions reinains an issue for discussion. 



Biological reference points must be supposted by fishesrnen and fisl-iery managers as well as 
being biologically meaningful and applicable. The egg per recruit concept has proved difficult 
for fishesrnen and managers to accept, despite its desirable biological characteristics (it integrates 
fishing inostality, fecundity, and size at first capture into an overall measure of stock status, and 
can be adapted to take account of maximuin size limits, V-notching, closed areas, and other 
management measures). Further work to explain the egg per recruit concept and encourage its 
adoption, or to find different reference points which are more widely acceptable, is required. 

Next steps in the developlnent of conseivation measures based 011 biological objectives and 
reference points might be: 

- discussion between industry, fishery management and science with a view to consensus on 
appropriate conservation targets and reference points for lobster. 
- development of an appropriate egg per recruit target value, if this is accepted by al1 as an 
appropriate kind of biological reference point. 
- exploration of technical aspects of using size stsucture and eggs per m2 as reference points. 

Simple measures of exploitation status in lobster stocks exist, and these very simple reference 
points should be considered in discussions of lobster stock status, pending consensus on more 
complicated measures. Exploitation rates are extremely high in lobster fisheries, and sizes at 
first capture remain low in relation to size at maturity. There are few or essentially no lobsters 
above recruit size in most areas -- a situation which is simply BAD for conservation. Simple 
measures of exploitation status -- fishing mortality, size at capture relative to size at maturity, 
and size structure -- should be emphasized and re-emphasized in advice to industry and fishery 
managers while we continue to improve our knowledge of lobster dynamics and stock status. 







portion of the Gulf of Maine, such as LFA7s 35 - 38 in the Bay of Fundy. The Canadian offshore 
fishery has been reporting catch by specific location for many years. 
From the information provided by LFA 34 lobster fisherrnen during the 1998-99 lobster season, 
it has been possible for the first time to comprehensively map the distribution of lobster fishing 
effort across the inshore and offshore fishing areas (Fig. 1). 

Figure 1. Distribution of lobster fishing effort across LFA 34 (Nov. 1998-May 1999) and 41 (Oct 
1998-0ct 1999). Effort is reported as the total number of trap hauls per 1 0-minute grid oves the 
fishing season. Grids in which less than 10,000 trap hauls were repoi-ted are not displayed in this 
data presentation. 

LFA 35 Catch Size Monitoring Project 

During the 19907s, Science fishery monitoring activities in the Bay of Fundy lobster fisheries 
had to be reduced, and emphasis was placed on retaining sampling activities at several key 
fishing ports for which historical data extended back to the 1970's. In recent consultations with 
lobster fisheimen from LFA 35, concei-ns were raised that Iildustry had insufficient 
contemporary information on which to select conservation nieasures. Subsequent discussions 
identified the basic elements for an Industry catch size monitoring progsam: voluntary 
participation, efficient data recording approach, commitment to timely feedback on results, and 
eventual incorporation of data into the stock assessment process. Specific data to be obtained 
were the number of traps being sampled, soak time, lobster size, sex and reproductive condition 
(occurrence of berried lobsters), total trap hauls and pounds landed on the sampling day, general 
location and depth range. A column for observations on v-notch lobster abundance was included 
because two adjacent lobster fishing areas impleinented a v-notch coilsewation program. 

Key to the incorporation of this scientific catch monitoring into the fishermen's regular 
fishing activity was the development of a size gauge and logbook that would permit rapid 



mcasurement of lobsters. Whereas scieiltists use calipers to record individual lobster size to the 
ilearest mm, a decision was made to adopt interval-based size-class measuremeiit. The size 
interval system selected allowed Science to report back information to Industry in terms of 
lobster molt size groups (Table 1). The gauge used by the fisheimeil and the logbooks were 
printed with the size interval number. 

Table 1. Size categories used by fisheimen to record lobsters caught in commercial traps - 

The trap-sampling program undertaken by Industry has been successful in providing data at 
time periods in the fishing season when sea sampling by Science was not practicable. Industry 
sampling from 1997 to 1999 was conducted in 3 areas in LFA 35. Between 1083 and 1216 trap 
hauls were sampled during the spring fishery fi-om 1997 to 1999, with 3626 to 4060 lobsters 
measured. Fa11 sampling was only done during 1998 and 1999, when 215 to 277 trap hauls were 
sampled, and 829 to 1732 lobsters measured. 
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Figure 2. Comparisoil of Science at-sea fishery sampling, and Industry sampling conducted off 
Advocate Harbour (one of the three areas sampled), 1997-1 999. 



Oves the three years the observations made by fisheimen have been consistent with those 
obtained by Science (Fig. 2). Arnong the signifiant findings froni the Iiidustry sampling are the 
observations of sub-legal sized bei-ried female lobsters (Fig. 3), and the relatively low nuinbers of 
lobsters > 123mm CL. The greatest numbers of berried females were measured witliin the 95- 
108mm CL size range (Fig. 3). 
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Figure 3. Size distribution by sex and reproductive conditioii for lobsters sanipled by Industry iii 
the upper Bay of Fundy (3 sanipling areas combined) during the spring seasons, 1997-1999. 



These two projects placed new deinands on Science in teims of expanded information 
processing responsibilities, and development of new reporting systems. During the 1998199 
lobster fishing season, thsee in-season reports were provided to the LFA 34 Advisory 
Cornmittee. During discussion of the information contained in the reports, significant issues were 
raised on the level of detail that should be reported back to Industry by Science, particularly 
within the active fishing season. In the LFA 35 catch sarnpling project, individual catch reports 
have been provided back to individual fishesmen at the end of each season providing detailed 
data on lobster catch rates, and size composition. 

Next Steps 
These two Industry monitoring projects are still in development, and there are several key 

issues that need to be resolved before they can be expanded into ail integsated fishery monitoring 
system. For the Catch and Effoi-t reporting systems, there has to date been only limited success in 
extending the concept and spatial framework to adjacent fishing areas. 

For LFA's which have more restricted fishing grounds the 10 minute grid system approach 
may be less useful than the designation of specific fishing gsounds, developed in 
consultation with fishermen, for which to record catch data. 
Fishesmen in LFA 34 have raised concerns over the spatial resolution of fishing data that 
may eventually be released for public access. 
Based on the experience in dealing with the expanded information contained in the new 
catch settlement reports, there are issues of program resourcing within DFO for 
information processing in order to provide a timely response. 

Based on "proof of concept" thsough the industry catch size monitoring project in LFA 35, 
similar programs have been introduced in the Gulf of St. Lawrence, off Nova Scotia, and most 
recently, in the US Gulf of Maine inshore fishery. Subsequent projects have been introduced as 
more forma1 industry-wide proposals, as opposed to the LFA 35 project that was developed 
through a "grass-roots" approach. Successful development of long-term industry catch sampling 
prograin still requises: 

O Participation criteria for a long-tesm program 
O Demonstration of utility of new data sources for stock assessment 
O Agreement on repoi-ting levels for public access 
O Continued development of individual reports for participants 
O Resolution of increased data processing demands 

The recent experience with Industry driven commercial catch sampling in the Canadian 
portion of the Gulf of Maine has been very promising, but is now at a crucial stage of development 
where industry needs to see that the infoi-mation is used in, and informs the foimal lobster stock 
assessment process. Achieving a comprehensive spatial and temporal oveiview of commercial 
catch composition will provide fisheries scientists with key information needed for an eventual 
spatial mode1 of the lobster fishery. Keyed with the enhanced feedback of information to 
fishennen, this more participatory environment for lobster stock assessment should bring Science 
and Industry closes together in their perception of lobster stock status. 





SURVEU OF THE TRADITIONAL AND LOCAL KNOWLEDGE OF MAGDALEN 
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The difficulties experieilced by the Calladian fisliiilg industry since the late 1980s prompted 
the industry to request iiicreased iiivolvemeiit in the iiiailagement and assessme~it of the status of 
marine resources. Iii response, a prograin of CO-operation between biologists aiid fishers was 
initiated in 1991 by the Department of Fisheries aiid Oceans (DFO) Science Branch at the 
Maurice-Lamontagne Institute (Québec). The objective was to involve fishers in the stock 
assessment process by proinoting the exchange of knowledge between scientists and fishers and 
einpliasizing the complementarity of tlieir ltnowledge. The program included initiatives to 
infoin? fishers about scientific activities aiid to invite their participation in such activities; in this 
way, tlieir understanding of the basis of stock assessment was improved. It also iiicluded 
initiatives to docullieiit the fishers' own knowledge and inake it available to scieiitists. 

In 1995, we developed a project to increase our knowledge of tlie lobster fishery in the 
Magdalen Islands (Québec). The developmei~t of this project is described in Gendroii et al. 
(2000). The objective was to build a database of information provided by lobster fishers, to malte 
tliis infoimation available to biologists, and to evaluate the possibility of integrating tliis type of 
knowledge into stock status assessments. 

Material and Methods 

The experimental project was a joint undertaking by fisheries biologists aiid anthropologists 
and involved semi-structured interviews of 40 fishers. Infornlation was gathered on the four 
followiiig themes: a) the recent evolution of fishing practices of Magdalen Islands lobster fishers; 
b) their empirical knowledge of lobster biology including the lobsters' spatial distribution, 
behaviour, life cycle, habitat, and interactions with other species; c) fishers' social organisation, 
local marine tenure and interna1 rules govei-niiig the sliaring and access to the fishing grounds, as 
well as their perceptions of DFO's stock assessment (scientists) and fisliery manageillent 
(inanagers and officers); and, d) their perceptions and interpretations of large-scale changes in 
lobster abundance as well as in the eiivironnient, eitl-ier recent or past, including observations 
made by tlieir fatlier and graiidfathers. Ai1 etlinograpliic approach was used to franie fishers' 
knowledge in its cultural and social context. The resulting infox-mation was classified as 220 
variables in a Microsoft Access database. 

Up until now, we have focused our analysis niaiiily on the evolution of the fishing practices. 
The database on fisliing practices (50 variables) was consulted by biologists and infoi-niation was 
extracted and tlien used in the assessment of lobster stock status in 1996. Fisliing effoi-t is 
colitrolled in Québec; and iii the Magdalen Islands, the number of licenses and the number of 



traps (300) per license, along with the length of the fishing season (9 weeks), have not changed 
since 1973. In addition, there is a minimum legal size and it is prohibited to land egg-bearing 
feinales. Despite awareness that various components of fishing effort in the Magdalen Islands had 
changed in recent decades and harvesting efficiency had increased, no attelnpt had been made to 
describe the changes. Fishers were thus questioned on how their hasvesting practices had changed 
since 1973. More precisely, we sought to quantify changes in the fishing equipment (vessels, 
navigation apparatus, sounders, traps), as well as to quantitatively and qualitatively docunîent 
changes in fishing practices (traps and lines) and strategies. The details of the changes made to 
fishing equipment and fishing practices over the past 20 years as reported by the fishers are 
described in Gendron and Archambault (1997). 

Results and Discussion 

We learned that the Magdalen Islands fishers have increased their fishing capacity 
substantially since 1975. Modifications made to vessels since the early 1980s have eihanced their 
power, speed, stability, and capacity for trap transportation. As vesse1 size increased, navigation 
tools (positioning and sounding devices) were also being improved which freed the fishers from 
the need to use visual reference points. Fishers began to move further offshore while decreasing 
the time it takes to locate fishing sites and retrieve traps. Colour sounders have pelmitted the 
discovery of new lobster grounds on small reefs situated between traditionally harvested areas. 
The combined use of the colour sounder and a positioning system provides improved control over 
the deployment of traps on reefs, and strategic placement helps to ensure better catches. 

Over the past two decades, every minute detail of trap design has been examined by fishers. 
Traps used at present are very different and more efficient from those employed in the 1970s. 
Fishers also modified their fishing strategy, shifting from interception to deliberate pursuit of the 
species. They are now able to go after lobster wherever they are; for example, they exploit 
offshore lobster grounds early in the season rather than waiting for lobster to reach traps set near 
the coast, and they follow the lobsters' movements during the season. This pursuit strategy 
probably results in higher catches since, in the past, not al1 lobster would reach the interception 
site before the end of the season (Gendron and Brêthes 2000). The technological changes 
described above have occuired rapidly as a result of the coinpetitive nature of this fishery. The 
degree of cornpetition varies, however, depending on such factors as the way the fishing gounds 
are shared. 

Al1 this information from fishers on the evolution of fishing equipment and practices over the 
past 20 years was taken into consideration during the 1996 assessment of the lobster stock status. 
Two aspects of the stock assessment could be better interpreted or understood within the context 
provided by the new information. First, this new information supported the contention that the 
Magdalen Islands lobster stock has been subjected to increased fishing pressure over the past 10 
or 15 years. Secondly, the infoimation on changes in fishing efficiency provided evidence that 
the observed upward trend in the early-season catch per unit of effort (CPUE) since the late 
1980s reflected not only the available biomass, but also the effectiveness of the pursuit strategy, 
i.e. the greater ability of the fishers to locate and hasvest concentrations of lobsters at the 
beginning of the season. The increase in CPUEs also reflects the improved performance of the 



traps, including their capacity to lîold more iiîdividuals, reduced selectivity in terms of lobster 
size, and, above all, the strategic way they are now positioiled on the fishing grounds. 

In addition to providing solid contextual iilforinatioil for the stock assessinent exercise, the 
infoimation on changes in fishing efficiency highlighted two important processes that need to be 
considered very closely in the future. First, ail increase in fishing efficiency had occurred despite 
tight regulation of fishing effort. Secondly, the recognition that it will ilever be possible to 
prevent fishers from becorniilg more efficient. This highlights the impoi-lailce of implementing a 
procedure that will allow biologists and also managers to coiitinuously document and closely 
monitor innovations related to fishing practices and strategies. Also, it raises the question of the 
effectiveness of attempting to reduce fisl~iilg inortality by reducing fishing effort. A fisher will be 
able to partly compensate for reductions in fishing effort by increasing fishiilg efficiency. Thus, 
management measures designed to achieve conservatioil goals should take the coiltinuous 
improvement of fishing efficiency into account. 

Following the stock assessment exercise, the results on stock status were presented to al1 
Magdalen Islai~ds fishers. The incoi-poration of the information given to us by fishers increased 
the credibility of the scieiltific conclusions concerning the hawesting of lobster populations. It 
caused fisllers to be more concerned about the level of exploitation of the Magdalen Islands 
lobster populations and about their high fishing efficiency: they could better acknowledge the fact 
that the high landings and catch rates were not exclusively a product of an increase in lobster 
biomass. The exercise provided an opportunity for scientists and fishers to adopt the same 
viewpoint about stock status, from which bot11 parties can build the future of lobster conservation. 
This element contributed to the successful implementation of stronger conservation measures, to 
which fishers were very receptive. 
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Catch rates are used in the lobster fishery to calculate exploitatioii rates alid exploitable 
bioinass but have been criticized as being a poor index of stock abundance. Tlie main difficulty 
is that cuwent methods use aggregate catch and effort information where the tme sources of 
variation are unknown. The data presented in tliis talk were collected on four different fisliing 
boats in LFA 26A and 26B. The data were collected on a very fine scale and iilcluded weather 
conditions, number of traps hauled, number of traps per buoy, position of each buoy, depth of 
each buoy, soak time, bottom temperature, catch characteristics and bycatch. Preliminary 
analysis shows differences in the abundance of undersized and canner lobster and differences iil 
the ilumber of lobsters missing or regenerating claws in St. George's Bay. 

This infonnation is part of a larger project being completed at different locations around the 
Maritimes. With this data set DFO will be able to examine factors that may influence catch 
rates, including those controlled by the fisher, sucli as number of traps per trawl, type of trap, 
density of traps, depth and bait, and those that caimot be coiltrolled such as water temperature 
and size, sex and maturity of catch. These will be conipared to conventional estimates of catch 
rate. 
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The Iobster fishery provides a living for l-iundreds of coiiimunities aloiig the Canadiail 
Atlantic coast. The pursuit of tliis economic activity totally depends on the health of the 
resource. 111 this context, one caii easily understand the importance of an adequate assessment. 
An important part of this assessrnent is still doiie today by the analysis of the catch per unit of 
effort (CPUE) data, which is used as an index of abundance. It is assunied that the fisliing 
moi-tality is proportional to the amount of effor-t deployed in the fishery. Iii other words, a two- 
fold increase in the deiisity of lobster on the bottorn would produce a siinilar increase in CPUE. 
Likewise, an increase in effort is expected to induce a proportional increase in moi-tality. 
Unfortunately the reality is not that simple and the question today is not whether the CPUE is a 
reflection of tlie real abundance but what is the relation between CPUE and abundance. To 
answer this question one niust be aware of the elements that may affect not only the catch but 
also the effort. A proper definition of the unit of effort then becomes crucial. 

The objective of this project is to analyse the catch and effort data provided by sea sampling at 
different spatial and time scale and hence to study the relationship between space, the number of 
traps per lines, the time of the season and yields. 

From a preliminary analysis of the data that were collected from widely separated fishing 
zones during 1998-1999, it is clear that in some cases, the area fished, the number of traps per 
line and the time of the year have an influence on the catch and catch rate. 





FISMIEMEN INVOLVEMENT I N  LOBSTER FISNERU MANAGEMENT 
IN EASTPORT, NEWFOUNDLAND 

G. P. ~ n n i s '  and S. ~ o w e ~  

1 
Fislieries and Oceails Canada, Scieilce, Oceans and Eilviroimlent Brancli 

P. O. Box 5667, St. Jolm's NF A l C  5x1 
2 
Department of Biology, Meiuorial University of Newfouildland, St. John's NF A1B 3x9 

The Eastport Peninsula Lobster Protection Comnzittee, involving some 50 fislzesmen from 
seven neighbouring coinnzunities, was formed in 1995. It was a response to heightened concerns 
about overfishing the resource associated witlz landings declines and effort increases following the 
northem cod moratorium. Timing coincided with the FRCC review of lobster conservation in 
Atlantic Canada and some of the key organizers had been involved in consultations that were part 
of tlzat review. 

Initially, thsough peer pressure exerted thsouglz the Cominittee, the focus was to achieve 
compliance with existing regulations and to promote voluntary v-notching of egg-bearing females 
as one means of addressing long-term conservation concerns associated with a low level of egg 
production. 

In order to acquise a meaningful degree of local control over the management of the lobster 
resource in their area, the Committee entered into a Memorandum of Understanding (MOU) with 
the Department of Fisheries and Oceans. Starting in 1997, this established a boundary around the 
Eastport Peninsula that restricted Eastport fishers to within their traditional lobster fishing grounds 
but also eliminated the possibility of outside encroachrnent. This made Bonavista Bay the only 
Lobster Fishing Area (LFA) with a within-area restriction on licence-holder mobility. As anotlzer 
conservation measure, the MOU also established two areas within the Eastport boundary that were 
closed to lobster fishing. These were recently upgraded to complete no-harvest areas and the 
Committee has also been working towards obtaining forma1 MPA status. 

Initiatives by the Committee also led to a multi-agency cooperative arrangement to establish 
comprehensive fishery monitoring with logbooks and at-sea sampling and to conduct research 
focused on evaluating the closed areas as a lobster conservation tool and establishing baseline 
indices of larval and juvenile abundance. 

The local school is involved in the processing and preliminary analysis of fishery data in an 
effort to encourage greater ongoing coinmunity involvement. The intention is to also directly 
involve stakeholders in the interpretation of results utilizing their knowledge of year to year 
clzailges in local coilditioils and TEK. Their representatives would then be better prepared to 
participate in the advisoiylconsultative process leading to resource management decision making. 

The Committee is presently seeking funding to establish a Lobster Conservation Resource 
Centre at the school. This is intended to be a multi-faceted facility available to the entire 
comnzunity providing access to information technology and creating ongoing opportunities for 
educatioil, professional and econonzic development, fisheries research, resource conservation and 
stewardship. 
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Mapping the seabed off the Magdalen Islands (Québec) was il~itiated in 1995 to support 
studies on lobster requiriilg some knowledge of the sea bottom. The objective is to produce 
detailed and high-resolution maps of the bathynetry and reflectivity of the grounds located on 
the northeast side of the Magdalen Islands, that suppoi-t lobster populations and fishing activities. 

Mapping of the seabed is done using the multibeam echosounder Simrad EM-1000 of the 
Canadian Hydrographic service (CHS). The EM-1000 is equipped with a transducer allowing the 
formation of 60 beams spaced out at 2.50°, giving an opening of 150". The sounder works at a 
frequency of 95 kHz and can operate at depths vaiying from 5-800 metres. The swath, a width 
attaiili~ig a maximum of 7.4 times the water depth, allows for total bottom coverage. The system 
EM- 1000 is perfected to supply not only bathyrnetric data, but also information on acoustical 
reflectivity of the seabed, leading to the production of sonar images. The EM-1000 is installed on 
the Frederick G. Creed, a 20.42 metres aluminium ship using the SWATH technology (Small 
Waterplace Area Twin Hull). The Frederick G. Creed can operate in relatively shallow waters, is 
very stable and can move rapidly (up to 18 knots). 

The area surveyed is located on the northeast side of the Magdalen Islands. This area 
represents one of the main lobster fishing grounds of the archipelago. Approximately one third of 
the lobster fishing fleet (100 boats out of 325) operates on these grounds that extend up to 20 
miles offshore. Mapping of the area begaii in 1995 and was continued in 1996, 1998 and 1999. 
Up until now, approximately 600 square kilometres of the area has been mapped. Each year, 
maps of bottom relief, reflectivity and bathymetry were produced. Data processing was done the 
first two years by the Ocean mapping group of the University of New Brunswick and then by the 
CHS of the Laurentian Region. In 2000 the CHS produced the three type of maps for al1 four 
years combined. 

In 1996 and 1999, sediment sampling and undenvater photography were used to validate the 
reflectivity images and clearly characterise soft (mud, sand) and rocky (gravel, pebbles, boulders 
and bedrock) grounds. 

The maps produced have so far been useful in a number of research projects. Three of these 
projects are explained below. 

1. Lobster abundance survey using a Nephrops trawl- soft bottonzs. 
A trawl suivey was initiated in 1995 to obtain indices of lobster abundance - recruits and 

prereciuits - and help forecast recruitment to the fishery one to three years in advance (Gendroii et 
al. 2000). The suwey is done using a Nephrops bottom trawl. Origiiially, a systematic sanipling 
design was used to determine the location of the sampliilg stations. However, because the use of 



the trawl is restricted to soft bottoms, a number of stations had to be relocated, fsonî hard bottoms 
to adjacent soft bottoms. This relocation was doiîe based 011 the reflectivity and the relief maps. 
Maps were therefore very useful to precisely locate and avoid uiîtrawlable bottoms. The maps also 
proved useful in the data analysis, for example to examine the inîportaiîce of the proxiniity of 
rocky areas on lobster abundance. Maps will also be used in the near f~iture to evaluate the 
propoi-tion of total lobster habitat that can be surveyed with the tra~vl, iiîcreasing the precision of 
lobster abundance estimates. 

2. Lobster abundance surveys using Scuba diving -priine rocky Izubituts 

Parallel to the trawl survey, we have also initiated assessmeilts of lobster abundance on their 
prime rocky habitats using SCVBA diving. We were interested in exarniiîing changes iiî lobster 
abundance as a function of the distance from rocky areas (reefs). We relied on the reflectivity 
and relief maps for the planning of a susvey on one specific reef in 1999. The reef was easily 
located and delineated. It was then possible with the high-resolution inaps to properly defiiîe 
100-metre transect lines on the reef and at given distances from the reef (50,200 and 600 
nietres). Exact positions of the sampling sites were then extracted from the maps, reducing 
significantly uncertainty and on-site searching time for the proper substrates. 

3. Spatio-temporal distribution of fishing effort and lobster abundance. 

Using a GIS mapping tool software (MapInfo) we are in the process of mapping fishing 
effort and catch rates from our commercial at-sea sampling programs. This will allow a better 
understanding of the spatio-temporal variability of the fishing activity and lobster abundance, as 
the fishiiîg season progresses. This will help for a better intei-pretation of catch rates, and the 
recognition of fishing strategies. It will provide relevant infoimation for the management of 
fishing effort. 
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Introduction 

A trawl survey was initiated in the Magdalen Islands (Québec) to obtain indices of lobster 
(Homarus ar~zericarzus) abundance - recruits and prerecruits - and help forecast recruitment to 
the fishery one to three years in advance. Preliminary trials made in 1994 with a Nephrops trawl 
showed that this type of gear was less selective than traps with respect to size. Lobsters down to 
55 mm carapace size (two to three inolts away from commercial size) were readily caught by the 
trawl. The use of the Nephrops tawl is however restricted to soft bottoms and therefore is not 
appropriate to catch cryptic or emergent juveniles that are dependant or remain in the vicinity of 
shelter-providing habitats. Vagile juveniles, adolescents and adults that forage and disperse more 
widely are more vulnerable to the trawl. 

We hypothesize that the fraction of the population present on soft bottoms in the fall and 
caught with the trawl gives an indication of the overall abundance of lobster in the area, allowing 
for predictions of the recruitment to the fishery. This hypothesis may be valid only for the 
Magdalen Islands where soft bottoins represent more than 80% of the area. In 1995, a sampling 
design was developed and annual surveys have been carried out since. Data on the abundance 
and distribution of lobster of different size groups are presented for 1995 to 1999. 

Material and Methods 

This annual survey has been conducted on the noi-theast side of the Magdalen Islands 
(Québec), off Grande-Entrée which is the main landing wharf of the archipelago, accounting for 
one third of total landings (= 600 t vs 1800 t). The survey has been carried out in September after 
the n~olting period, between 7 and 35 meters, while lobsters are mainly concentrated inshore. Each 
year, 38-42 fixed-stations were surveyed and two 10-minutes tows 100-200 m apart were done at 
most of the stations. Swept area was calculated based on exact distance of the tow and trawl 
opening (Scaimar). Location of sampling stations was done following a systematic sampling 
design, modified to avoid untrawlable areas, based on the Simrad EM-1000 images of the sea bed 
(Gendron and Sanfaçon, 2000). Each year, up to 8000 lobsters were caught, ranging in size 
between 23 and 170 mm carapace length (CL). 

Lobsters (males and females grouped together) were separated into molt groups based on 
previous growth data. Four groups were defined: 1) the reciuits to the fishery for the coming year, 
i.e. lobsters 2 76 mm (COM), 2) the pre-recsuits one molt from commercial size i.e. 67-75 mm 
(PRl), 3) the pre-recruits approximately two molts from commercial size, i.e. 55-66 mm (PR2), 
and 4) the juvenile lobsters < 55 mm (JUV). The lower liinit of the COM category was increased 



annually by 1 mm from 1997 to 1999 to take into account the increase in minimum legal size to 
78, 79 and 80 mm for the 1998, 1999 and 2000 fishing seasoils. For each tow, lobster density 
(number11000 m2) was estin~ated for each size group. This abundance index is relative and refei-s 
to a trawlable biomass. Mean annual lobster densities and variance were estiinated using 
geostatistics. Variograins were calculated with GS+ software. Means and variailces were 
calculated using EVA2. Point krigiilg with GS+ was used to map lobster conceiltratioils. 

Results and Discussiori 

Size frequency distributions of lobsters (males + females) from 1995 to 1999 railged froin 35 
mm to 160 mm. The majority of lobsters (>90 %) were between 55 and 95 min in size. Large 
lobsters Cjumbos, 2. 127 mm CL) were rare in the trawl. Catches consisted of males aiid females in 
the same proportions except for larger sizes (2. 85 mm) (M:F = 1.8: 1). The proportion of ben-ied 
females was low during the 5 years of the survey (niaxiinum of 2.5 %). During the study period, 
the abundaiice of lobsters of commercial size varied from 4.6 to 7.1 lobsted1000 m2. The higl-iest 
density was observed in 1995. Abundance fluctuated without any trend in the following years. 
There is a high coi-relation - although not significant - between the abundance of commercial size 
lobsters in the trawl survey and landings the following year. The data series is still too short for its 
predictive value to be assessed. 

In the last two years of the sui-vey, there has been a downward trend in the abundance of 
lobster PR1 and PR2 and since 1997 for the JUV category. It will be important to follow this trend 
to see if it is nlaintained as lobsters grow to commercial size. The suivey could prove to be a 
relevant tool for mid-term forecasts of recruitment to the fishery. The J W category (< 55 mm CL) 
corresponds likely to lobsters approxiniately 4 years old. The low abundance of the J W  in 1999 
could reflect the weakness of the 1995 cohort. Indeed, very low lobster benthic settlement was 
observed in 1995 at a monitoring site in the Magdaleii Islands (Sainte-Marie et al., 2000). 

Deilsity contours were prepared by krigiilg and show a gradient in the abuiidance of lobsters of 
commercial size (COM), with a decrease in the offshore direction, as depth increases and water 
temperature decreases. At this time of the year, lobsters are absent in waters less than 4°C and in 
reduced ilumbers in waters below 10°C. The largest coiiceiltrations of commercial-size lobsters 
appear to show spatial cohereiice from year to year. Pre-recruit (PR2) aild juvenile (JUV) lobsters 
tend to concentrate at lower depths and closer to rocky habitats. 
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As part of CLAWS 1, a project was undertaken to model the drift of lobster lai-vae in the 
Canadian portion of the Gulf of Maine as a means of determining potential sources of lobster 
larvae for the inshore areas off soutliwestern Nova Scotia. This poster presents the summertime 
circulation flow fields from the model. 

The circulation patterns were obtained from an existing finite-element numerical model that 
is forced by winds and upstream sea level elevations. It is initialized with the mean summer 
density field but the densities are allowed to adjust to be dynamically consistent with the 
calculated flow field. Within CLAWS 1, the model was improved to include more realistic 
physics in the very near surface layer (upper few meters). The main features of the near-surface 
circulation from the model under mean wind conditioils are consistent with observed flows. This 
includes the clockwise gyres on Georges and Browns Banks, an anticlockwise circulation in the 
central Gulf of Maine, a southwestward flow along the coast of Maine and an intensified 
ilosthward flow over Lurcher Shoals. Good agreement was also obtained between the model flow 
fields and the tracks of drift buoys released duriilg CLAWS 1 in the vicinity of Browns Bank. 

To explore poteiltial drift patteins, model particles were released at different depth levels 
from northern Georges Bank, southwestern Browns Bank, Geiman Bank and Lobster Bay and 
advected by the model cui-rents for periods of up to 60 days. In the top few meters of the ocean, 
cullents are strongly forced by the wind whereas the pressure gradients associated with the 
density field, the tides and bottom fiictioii are the main forces driving the residual currents 
deeper in the water coluinn. Under the long-term mean southwesterly winds, near-surface 
curreilts tend to be eastward except near the coast. Below the wiild-induced Ekrnan layer (10 m), 
the cuil-ents on Georges Bank fonn the well-known clockwise gyre. Most pai-ticles released on 
southwestern flank of Browns Bank at 10 n~ flow into aild eventually around the Gulf of Maine, 
as do those on Germail Bank. The pasticles released in Lobster Bay generally remain in the Bay 
or become distributed along the coast from Cape Sable to St. Mary's Bay. The near surface 
currents Vary greatly, dependiilg upon the strength and direction of the winds used to force the 
model. 
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I~itrsduction 
Froin first harvest in 1979, the Atlantic salmon aquaculture iiidustry in southwestern New 

Bruilswick grew to a production of 18,600 t in 1997 froin 80 growout sites (Chang 1998). A 
synoptic, diving-based, field suwey was undei-taken during the period 1989 - 1993 to document 
sensitive lobster fishery areas in the Fundy Isles region of the Bay of Fundy. During these 
studies between 13 and 27 coastal locations were visited annually, either adjacent to existing 
sites, or at sites then proposed for future development (Fig. 1). 

Bay of Fundy 

Fig. 1. Marine Atlantic salmon aquaculture sites in southwestern New Bruiiswick, 1990 and 
1995 (from Chang 1998). 



Methods 

For the synoptic survey (Lawton 1993) lobsters were sainpled by divers searching alon; 
l50m x 2in belt transects set across a range of bottom types and deptl-is from 20 in to the shallow 
subtidal. Between 40 and 88 transects were sampled annually. Additional data on relative lobster 
abundance was obtained from timed collection dives (17 to 38 annually). Oves 5000 lobsters 
were sampled using these hand-collection approaches. 

Two geiieral types of lobster habitat were considered to be sensitive to coastal zone 
developinent iinpact: nursery areas where lobsters settle to the seabed and speild their early 
benthic period on a year-round basis, and spawning areas where adult lobsters inove into 
shallow coastal sites on a seasonal basis to complete reproductive fuiictions. 

Following the synoptic survey, two key sites, Beaver Harbour (a nursery area) and Flagg 
Cove (a spawning area) have been sampled on an annual basis to yield tilne series on lobster 
habitat use (Fig. 2). 

Fig. 2. Beaver Harbour and Flagg Cove Sites. 

Beaver Harbour study site 

To properly determine nursery area function aiid to intercept lobsters after settleinent 
(approx. 5 inin carapace length, CL) air-lift suction sampling approaclies were adopted in 1990, 
followiilg earlier researcll by U.S. scientists (Wahle and Steneck 199 1). Oves the period 1991 to 
1999 between 2 and 12 specific sites in the Beaver Harbour area have been saiiipled aililually. At 
each sampling site a ~niniinuin of twelve 0.25 in2 quadrats were sampled in conlplex cobble- 
boulder habitats between 5 to 15 m water depth, grouped into West Harbor and East Harbour 
locations. 



Settlement has beeil recorded aiînually (Fig. 3) and tliese settlement densities are coil~parable 
to those recorded iii similar cobble-boulder habitats iii mid-coast Maine study sites by U.S. 
researchers. The low settlement recorded in 1996 is coilsistent witl-i the pattern seeil in coastal 
Maine in that year. 
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Fig. 3. Annual settlement density (lobsters < 13mm CL) at Beaver Harbour 

The suction sampling approach effectively samples lobsters from settlement to approx. 50 mm 
CL (Fig. 4). 
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Fig. 4. Lobster size distribution from air-lift suction sampling at Beaver Harbour (1991-1999). 





Flagg Cove Study Site 

Use of sliallow water locations around Grand Manan as seasoiial spawiliilg sites was first 
reported from studies in the early 1980's which used trap-based and dives sainpling approaclies 
to document sex ratios, size structure, and lobster relative distribution (e.g. Campbell 1990). A 
sex ratio highly skewed towards female lobsters (of \vl~ich inost ~vere berried) was discovered 
among primarily adult assemblages of lobsters occupying sandy bottoin areas of coves in the 
vicinity of the port of Nortli Head. 

Subsequently, the approval of a salilion aquaculture site in Flagg Cove (iiilmediately adjacent 
to the poi-t of North Head) in 1989 prompted a new series of studies to monitor this lobster 
habitat use and advise on potential impacts. 

Divers sampled belt transects (300 m x 2) along a series of sites within the cove. Depths 
ranged from 20 m to <5 m water depth. During 1990, suweys were conducted monthly from 
June to October, then on an annual basis in September only of each year up to 1999. 

During the period the aquaculture site was in operation lobster distribution shifted away from 
locations which had historically been documented as liigh density sites. In years subsequent to 
site removal, the historical pattern of lobster habitat use seen historically in 
September has been re-established (Fig. 5) .  
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Fig. 5 .  Changes in Lobster Distribution observed at Flagg Cove. 



Most recently, we have noted the presence of sub-legal lobsters at our sampliilg sites (Fig. 6), 
and have also encountered v-notched female lobsters for the first time. 
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Fig. 6. Lobster size distribution at Flagg Cove. 

Future Directions 

Under the CLAWS II research program, data from the initial synoptic dive susvey conducted 
in the early 1990's will be geo-referenced using the Geographic Information Systein approaches 
adopted in CLAWS 1. A subset of the original survey locations will then be reoccupied to provide 
a decadal-scale comparison of lobster population size frequency and density across a range of 
benthic habitat types. Additional studies are planned at the two key sites to apply newly-developed 
research approaches from CLAWS I to these long-teim study sites. 
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Project Overview 

The Lobster Recruitnîent Index from Standard Traps (LRIST) began in the spring of 1999 
with the objective of providing an index of the nuiîîber of lobsters that will molt into the legal 
sizes in future seasons. Initiated by the Fisheinîen and Scientists Research Society (FSRS) in 
cooperation with the Invertebrate Fisheries Division, the initial phase of the project is planned 
for five years. 

Volunteer fishermen participants track the numbers of lobsters in their catch in standard traps 
(one inch mesh, wire construction, two coinpartments, no escape mechanisms). The fishermen sex 
and count the lobsters in 8 size groups using a specially designed gauge. Size groups (carapace 
length in mm) are: less than 51 (Size 1); 51-60 (Size 2); 61-70 (Size 3); 71-75 (Size 4); 76-80 
(Size 50); 8 1-90 (Size 6); 91-100 (Size 7) and greater than 100 (Size 8). Size groups 4 and 5 are 
in 5 mm increnîents to give a clear indication of the number of lobsters just under the minimum 
legal size (MLS). In addition, fishermen use their legal gauges to count the numbers of lobsters 
above and below the MLS in their LFA. 

Volunteer fishemîen participants also monitor bottom temperatures with a minilog temperature 
gauge in one of their standard traps. 

Results from Spring 1999 

A total of 62 fishermen took part in the initial fishing season. They fished the standard traps fronî 
the norihem tip of Cape Breton to the southern tip of Nova Scotia. Lobster Fishing Areas (LFAs) 
represented were 27, 29, 3 1 A, 3 lB, 32, 33, 34. 

LRIT Standard Trap Locations - Spring 1999 



Each fisherman fished 2-5 standard traps for a total of 193 traps. Oves the spring fishing 
seasons there were a total of 14,078 lobsters counted in 6736 project trap hauls. Tl-iere were large 
differences in the catch rate of the different size groups across the LFA's. In general the 
differences in catch rate reflected the landings in the areas (e.g. higher catch rates in LFA's 27, 33 
and 34 where landings are higher). 
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Future Analyses and Directions 

Additional years are needed to detelmine whether the catch rates of different sized lobsters 
collected by volunteer fishermen will provide a reliable index of incoming recsuits to the lobster 
fishery. In the meantin~e, the data collected will be very useful for assessing area and seasonal 
differences in catch rates, for analyzing the effect of temperature on catch rates, and for 
identifying hotspots for particular groups of lobsters (e.g. bel-sied lobsters; pre-recruit lobsters). 
In the future we plan to increase the number of participants in certain LFAs, and possibly to 
expand to other LFAs. 



The Fishemien Scientists Research Society tlianks al1 62 Fishei-11ieil w11o participated in tlie 
project in spring 1999, and the community technicians for tlieir work onboard vessels and for 
workiilg with the fishermen. Richard Nickersoil, a fishei-man ineinber of tlie FSRS, first brought 
foiward the idea of an FSRS study of shoi-t lobsters. The FSRS gauge was a modified version of 
one designed by lobster biologists in the Invertebrate Fisheries Division (IFD) (St. Andrews) for 
use by LFA 35 fishermen. 
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A.nierjcarr iobçters (FIcii l ir~~a~ c;~ner-icarzzls) are a liiglily exploited species iii tlie Magdalen 
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iiicreased total iaidiings. i i r i  increase of the ~? i l l i ln~~lm legai size has been pi-oposed to allo1;o- ~~ io i - c  
females eo reach sexuai rnaturity before Ihey are capturecl. However, tiie exploitation is still 
focused on small indiviauals. For the lobster population of the Magdalen Islands as for 
populations in other regions, the relative contribution of large females to recruitment is not well 
known. In 1997 and 1998, a research programme was conducted to investigate the relations 
between female lobster size and characteristics of the larvae. 

The objectives were to determine if females of a greater size, relative to females of a smaller 
size, produce larvae that are larger, develop more rapidly and have a higher suivival rate. This 
study has revealed that the large females' embryos and newly hatched lawae have a higher mean 
dry weight, a longer mean carapace length and contain more neutral lipids (TAG) than those 
from small females. Fusthelmore, the embryos from large females have a propoi-tionally lower 
water content and therefore, it can be assumed that they contain a greater quantity of energetic 
elements required for their development. 

Moreover, in the experiments of 1997, the larvae from large females maintained a higher 
growth rate and developed faster than larvae from smaller females. However in 1998, changes in 
rearing conditions seem to have had a negative effect on larval development. The results on 
growth performance have also shown the possibility for larvae from small females under a high 
food ration to reach the size of laivae from large females under a small food ration. However, 
laivae fi-om small females never become larger than larvae froni large females. 

Although these results represeiit only a small proportion of the population, they suggest that 
large feinale lobster could have a significant impact on the success of recmitment to the 
population. 





PUTTING LOBSTERS ON THE MAP: 1,OBSTER HABITAT WSEARCH IN THE 
CLAWS FISHIENES ECOLOGU PROGRAM 

Robert ~ a i i ~ e l e y ' ,  Petei- ~ a w t o n '  aiid (;ordoil ~adei-2 

' ~ s h e r i e ç  a.nd Cceails Canada, Tnvertebrate Fislieries Di~ i s io r~ ,  Biologicaï Station, St. Andrews NB. E5B 2L9 
'lgaiurai Resources Canada. Geoiogicaï Survey of Canada. Betlford Iilsiitiiie of Oceangraphy, P.O. Box 1006. 

Dartmouth, N S .  1321  /iA% 

in this poster we descri'ue cur research a.pprcaches lor studyiiîg the spatial structure of coasial 
habitats for a range of scaiçs !?or?? cerilir~lctres to kilomctres ~ising sidescan sonar? remote anci 
dives-deployed video imaging, and pliysical sampliiig rnethods in two geologically different 
regions in eastein Canada. Differential GPS was used to geo-reference al1 sainpled substrates aiid 
bentliic organisms from video transect and quadrat data. These data were mapped onto sidescan 
sonar mosaics using a Geograpliic Infoimation System (GIS) and are readily accessible in a 
relational database. 

The St. Andrews team has been working with scientists at BIO, Gulf Fisheries Centre in 
Moncton, the New Bsunswick Department of Fisheries and Aquaculture, the Maritime 
Fisheimen's Union and Nova Scotia fishesmen to examine the benthic habitat in two prime 
fishing areas. Val Comeau in the southem Gulf of St. Lawrence and Lobster Bay off Southwest 
Nova Scotia, are well known for their lobster fisliery productivity. The two areas were first 
mapped by the Geological Survey of Canada. They produced high-resolution side-scan sonar 
maps of the seabed - 12 km2 of ~ o b s t e r  Bay and a 7 lun2 area for Val Conîeau. Next, the maps 
were "groundtsuthed" by biologists and geologists based on remote and dives-held video suweys. 

We describe Our sampling methods which in Val Comeau consisted of approximately 26 km 
of remote camera susvey tracks, over 9000 m2 of dives-held video images, and over 3000 
quadrats (total area = 750 m2) on 100 m transects that were measured and searched. In addition 
to transect suweys, high resolution imaging and sampling of quadrats, nested in groups of 25 
(area = 6.35 m2) or 100 quadrats (area = 25 m2), were also completed. In Lobster Bay, 
approximately 12 km of remote camera and over 2000 m2 of diver-held video images were taken 
and 400 quadrats (0.25m2) were physically measured and searched. 

The main focus of this research was on how Arnerican lobster (Hor~zarus amevicanus) 
distribution patterns are affected by the spatial arrangement and scaling of habitat patches within 
major production areas. The goals are to relate size and density of juvenile lobsters to specific 
habitat characteristics, including the size and arrangement of different seabed types and to link 
the distributioiis of juveiiiles, which are often restricted to pasticular habitats, to fishery size 
lobsters which can range over several kilometres, and cross a number of habitat types. An 
additional challenge is to develop these research approaches to the point where information from 
regional-scale seabed mapping can be used to predict where sensitive lobster habitats may be 
located throughout the Maritimes. 





STREAMER TAG &OS$ FROM AMERICAN LOBSTERS 

S1ierryly111 Rowe 

Departnleilt of Biology, Memorial Urliversity of Newfouildland, St. Joh~l's, NF A1B 3x9 

Polyetliyleile Streasiier Tags are used oii Aniericaii lobsters (Horîiar.zrs nnzer-icurl~ls) yet there has 
been no atteinpt to iiivestigate sources of variability of tag loss. Using a secondary mark, 1 
estimated tliat Streasiier Tag loss after about eight nioiiths was 17.8% and after one year was 
18.1 %. After one year, 1 obselved 40.0% tag loss for lobsters that had inolted aiid 1 1.1 % for 
lobsters that liad not siiolted. 1 found no difference in Streamer Tag loss in relation to lobster sex 
or size. The results showed that tag loss can be substantial and tlierefore, the possibility that tag 
loss iiiay introduce serious bias sliould be coiisidered for aiiy estimates of population 
cliaracteristics based on Streainer-Tagged aiiimals. 

'"Full papes accepted for publication in Traiisactions of the Ainericaii Fisheries Society 





FUTURE FUNDING FOR CANADIAW LOBSTER RESEARCH: CLAWS II 

Michael Chadwick 

Fisheries and Oceans Canada, Gulf Fisheries Centre, P.O. Box 5030, Moncton NB, E1C 9B6 

This session examined the next phase of the lobster research funding. The objectives of phase 
two remain the same as in phase one. Namely, continue tlze research initiated in 1996 to improve 
Our understanding of stock status, Our ability to assess new conservation measures, our 
understanding of long-term trends and the scientific framework for management of lobster. One 
important reason for this continued funding is that the lobster resource coiitinues to grow in 
value, today worth about 25% the value of al1 Canadian aquatic resources. Throughout the past 
century there has been a declille in the propoi-tion of research dedicated to lobster as seen in the 
figure below. The CLAWS funding is intended to help rebuild an interest in lobster science that 
is more proportional to the value of lobster to the economy. 

proportion of science publications 

1,' 
proportion of Canadian value 

It can be seen in the following figure that CLAWS funding helps to increase science budgets 
by about 20%. See the grey and black blocks in the graph below. Nevertheless, the new funding 
is less than half of the money required to make significant improvements to our research needs. 
Compare the grey and white blocks in the figure below. We are hoping that industry will be able 
to contribute some funding to this type of research. 

0 Request-98 

O Needed 

MCLAWS II 

A- base 



CLAWS II is divided into four themes as shown in the followisîg graph. Visualizing stock 
status (black bar) includes support for fishery-independent suweys in Northuinberland Strait and 
Magdalen Islands, habitat mapping, work on improving estimates of exploitatioi~ rate, catchability, 
fishing effoi-t and stock assessments. Evaluating consesvation measures (white bar) includes work 
on tlie importance of adult size in the suivival of lobster offspring and also work on growth of 
large lobsters and evaluating the effectiveness of closed areas as a coilservation measure. The 
major thust  of funding will be towards tracking long-teim trends in recruitn~ent (dark grey bar), 
mainly by developing in-site indices of juvenile abundance in Magdalen Islands, Northumberlasld 
Strait, and Gulf of Maine. The last thiust (light grey bar) will be to improve our understanding of 
lobster production areas as defined by the FRCC 1995 report. This work will be focussed ail 

better estimates of larval drift, analysis of environmental factors and a better understandiilg of 
geographic variation in the abundance of stages 1 and IV larvae. 

Evaluating conservation measuref l 
Tracking long-term trends of juvenile 

ldentifying lobster production area m 



DISCUSSION NOTES FROM THE CEAWS SYMPOSIUM 

Howard Powles 

Fisheries and Oceans Canada, Fisheries Research Branch, 200 Kent Street, Ottawa, Ontario K1A OE6 

Oves the two day scientific session and one day industry session a number of issues were 
raised dusing the course of discussions. The following is ail attempt to capture some of the key 
points relating to each of the five session topics plus general cominents. 

General 

Lobsters are important to the Atlantic fishery, generating wealth and employrnent. 
Continued scientific research is required to understand the biology of lobster. With better 
knowledge there can be better advice for the management of lobster stocks. 
Some industry observers argued that no changes to management should be made until 
science can provide answers to al1 questions about lobster populations. Others argued that 
enough is known and that conservation measures must be taken. 
Collaborative efforts involving stakeholders, universities and both federal and provincial 
governments is positive and helps generate the resources required for research. 
Based on the value of the fishery government should put more resources into lobster 
research. 
We need to be proactive in generating information on fish stocks and not operate on a crisis 
basis. 
By involving fishelmen in projects, they can appreciate how science is conducted. This 
reduces the fear of Science. 
There must be effective communication between scientists and fishermen. 

Session 1- Larval Drift 

Models of larval drift will be realistic after the integration of lasval behavior with the 
physical current models. The models also need to be able to assess the effects of catastrophic 
events such as storms. Some fishermen noted that the movement of lost gear suggested 
greater current inovement than the model. 
Where do lobsters recruit from? Areas such as Lobster Bay produce large numbers of Stage 
1 lasvae and has a large adult population but Stage IV lawae are not found. If the recruits 
conie from other areas they need to be identified so they can be properly protected. 

a What is the impact of predation on laivae? 
1s there a critical stage that determines recsuitment? 
As berried females do not trap well, how can we get reliable estimates of egg production? 



Session 2 - Juvenile Lobster 

Fisheimen from the Gulf of Maine area generally disagreed with tlîe conclusion that 
groundfish do not eat lobsters. They stated that they have seeiî groundfish suc11 as cod, cusk 
and wolffish with lobsters in their stomachs. The papes reportilîg no lobsters in the stomachs 
of groundfish was based on a study in the Southern Gulf, where lobsters and grouiîdfish 
generally do not CO-occur. 
There is a need to look at the relationship between the number of pre-reciuits and the 
subsequent number of recruits. The development of a recruitment index would be useful. 
Smaller rock crab are an important food item for lobsters, particularly for larges lobster. The 
quantity of crab required to feed lobster should be determined and taken into account in the 
management of the rock crab fishery. 
The interaction between small and large lobsters should be examined in relation to 
distribution, teri-itoriality, mortality (large lobsters can kill small lobster). 
Fishers noted that they are seeing more berried females, seeing lobsters in areas wlîere they 
were not previously seen and seeing 1-2 inch lobsters. Rationales are needed to explain 
differences between the current situation and the past. 

Session 3 - Catchability 

The catch composition (size and number) must be related to the abundance and size 
composition of the population. This can be done on a small scale with controlled diving and 
trapping studies to measure the effects of different factors (e.g. trap type, bait, season, 
habitat) on catch rate. 
Trap size, ring size and bait.vary among poi-ts, and seasons and have changed oves time. 
These factors will affect catchability and need to be evaluated: 
How can effort be nîeasured to reflect the changes made to gear by fishemien and the 
expansion of fishing grounds. 
Need a selective trap that does not retain small lobsters and excludes large lobsters. 

Session 4 - Assessment Parameters 

Do we really know where we are in relation to stock abundance? In soine areas catches are 
increasing while in others catches are declining. 
Biological reference points nîust be practical and clearly stated. 
Fishermen need to understand the biological information and the logic behind conservation 
measures if they are to support them. 

Session 5 - Fishermen and Science 

"Snow crabs are like dogs; lobsters are like cats." 



e, Lobsters are fished over a wide area. How applicable are the results from a study conducted 
in one area to other areas? Do lobster stocks in areas of low productivity react the same as 
stocks in areas of high productivity? 
The CO-operation of fishel-men in collecting/providing data is required if we are to have 
coverage of a broad area. 
Need to work together to get the resources to conduct research. Have to get resources from a 
variety of sources. Fishermen organisations can sponsor projects. 
Need to involve fisherrnen in projects and utilise the knowledge they have gained through 
years of fishing. 

CLAWS II 

It is a continuation of and builds on CLAWS 1 
Projects are distributed throughout the Atlantic, however, fishermen would like to see more 
areas included in each study. Would like to see both good and poor production areas 
included. 

Studies should continue over a long enough time to cover periods of both good and poor 
environmental conditions. 

Annual migration patterns should be determined. 
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