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Abstract

After the collapse of the groundfishery, low-troplavel fisheries have been rapidly expanded in the
last 20 years on the Scotian Shelf and now reptesdystantial economic value. Concern has been
raised, however, whether management of these emggligheries is sustainable given the lack of
basic knowledge about the species populationsriishand ecosystem roles. In this thesis, |
evaluated the knowledge base, fisheries regulatamrelative abundance of sea urchin
(Strongylocentrotus droebachiensidonah crabGancer borealiy periwinkle (ittorina littorea),

and rockweedAscophyllum nodosunm NAFO Division 4X, to determine the sustainékibf their
fisheries. In the emerging fisheries, only 39% wwbkledge factors necessary to develop sustainable
management were reported compared to 62% in Atlaot Gadus morhup On average, only 29%
of knowledge factors about the population, 37% &leoosystem knowledge, and 63% about the
fishery were reported for the developing fisheries.

All investigated fisheries showed signs of markegpehdency. Monitoring was typically lacking in
guality and precision and management was rarelgaorténary or ecosystem based. In NAFO
Division 4X, all fisheries, except rockweed, shovadedlining landings in recent years. The sea
urchin drag fishery showed signs of being lessasnable than the dive fishery with a 46% decline in
CPUE over the past 10 years in LFA 38. The Novai&sea urchin fishery had declining abundance
due to disease. Many Jonah crab fisheries showdihithg landings and CPUE in recent years, but
analysis was obscured by bycatch issues in théeiobshery and incomplete reporting. The
periwinkle fishery cannot be assessed due to a lewenfack of data. Rockweed harvesting in New
Brunswick may be sustainable while other areas aschnnapolis Basin, St. Mary’s Bay, and
Lobster Bay show signs of overharvesting. In cosioly, sustainability of many of these developing
fisheries cannot be ensured based on the avadabdeand current fisheries and management
practices.
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Chapter 1

Introduction

1.1 Historical background

Throughout history, overfishing may have causedengottinctions in coastal ecosystems than
any other form of human disturbance (Jackson g2@01). Recently, the collapse of the
groundfishery on the Canadian Scotian Shelf redutenajor ecosystem changes (Frank, Petrie,
Choi, & Leggett, 2005; Worm et al., 2005) as wslle@onomic challenges (Roy, 1996). One way
to compensate for the groundfishery decline orStatian Shelf was to expand the fishery to
include a number of low-trophic level marine inedmtate and plant species (Lotze & Milewski,
2004). In this thesis, | investigated whether tha®erging low-trophic level fisheries on the

Scotian Shelf are sustainable.

Scientists noted a mean decline in the trophicl lefsglobal fisheries landings in the second
half of the twentieth century with the highest deelin the northern hemisphere (Pauly,
Christensen, Dalsgaard, Froese, & Torres, 1998)tlantic Canada, while the groundfishery
declined to a fraction of its former state, thadmsal maximum catch of marine invertebrate and
plants in the Bay of Fundy almost doubled (Lotz&8ewski, 2004). Many low-trophic level
species such as northern shriffafdalus boreal)s sea urchinsStrongylocentrotus
droebachiensis rock crab Cancer irroratug, and Jonah cralC@ncer borealiswere introduced
as commercial resources in the last 2 decades fidtiieg of other species such as periwinkle
(Littorina littorea), which had been harvested since the early 19@fsased by over 300% in
the same time period (Lotze & Milewski, 2004). Tgdia Atlantic Canada, the total value of the

shrimp and crab landings, alone, exceeds thateofaitmer groundfishery (Frank et al., 2005).



Low-trophic level invertebrates and plants compéasgucial component of the marine
ecosystem. Some of these species act as preygtuerhrophic level species (Percy, 1996) while
others provide vital habitat in the form of reprotive and foraging grounds for many fish, birds,
and invertebrates (DFO, 1999; Rangeley, 2000).tPkuch as rockweed provide important
filtering function and nutrient storage in the d@agscosystem thereby controlling algal blooms
and water quality on which other marine speciestamdans depend (Worm & Lotze, 1999).
Overall, targeting low-trophic level species canwth it the additional risk of impacting high-
trophic level species in many forms and may leaditiespread ecosystem changes and collapse

of fisheries (Pauly et al., 1998).

Concern has been raised about the deficiency afrétdted to low-trophic level species given
their current level of fishing (DFO, 1999; LotzeMilewski, 2004; Percy, 1996; Rice & Rivard,
2002; Smith & Sainte-Marie, 2004). Fisheries ané®s Canada have advocated a
“precautionary approach” based on scientific figdinvith regards to management of these low-
trophic level fisheries (DFO, 2001). Since 199@, tNew Emerging Fisheries Policy” has
governed the harvesting of these species and eneigi“healthy and abundant fishery resources
supporting sustainable uses” (DFO, 2001). The FR@({ and Agriculture Organization of the
United Nations) (1999) suggests the use of histbdata to assess the sustainability of a fishery
as part of a “precautionary approach”; however,trattention toward collecting baseline data
within Canada has been focused on higher tropka fesh species (Rice & Rivard, 2002).
Significant gaps in knowledge exist with regardshie inter-relationships of these low-trophic
level species and their environment as well ag tiasilience to fishing (Percy, 1996; Ugarte &

Sharp, 2001).

Given that the main threat to coastal species agvierfishing (Jackson et al., 2001), and the

fishing of many of these new low-trophic level spsdas been rapidly expanded (Lotze &
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Milewski, 2004), diligence had best be taken toidwwerfishing these species. Concern has
been raised about simultaneously expanding theektswf multiple ecologically fundamental
low-trophic level species with insufficient poputat data (Lotze & Milewski, 2004). Pauly et al.
(1998) has documented the unsustainable naturglobal trend associated with fishing down
food webs in which catches first increases, but gtagnate or decline. With this in mind, Pauly
et al. (1998) makes the prediction that if thisitteontinues, the future of global marine fisheries

may be bleak.

1.2 Sustainability

Resilience, which is a key aspect of assessingubtainability of a marine fishery, has been
defined in a number of ways. Pimm (1984) definagilimnce by the speed with which a system at
a near equilibrium state could return to its etpuilim after a disturbance. Ecological resilience
refers to a measure of the ability of a systermbsoeb disturbances and endure (Holling, 1973).
The system may return to an alternative stableliequim and still be considered resilient under
this definition (Peterson, Allen, & Holling, 1998jor the purpose of this thesis, | will consider a
species population to be resilient to fishing, arfithery as sustainable, when it can sustain a
certain catch level over time without collapsiniyen current fishing disturbance and current

ecological conditions.

Caddy (2004) notes that since invertebrate specieibit a greater diversity of life-history
characteristics than finfish, a wider range of measients than the typical catch, biomass, and
fishing mortality should be used when assessingtistainability of their fisherieSmith and
Sainte-Marie (2004) note that many scientists iflergproduction and recruitment as key
elements in determining the resilience of inverédbispecies to fishing, especially when coupled

with an analysis of environmental conditioBsddeek et al. (2004) point out that current
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reference point models for invertebrates fail tooiporate the ecological and economical
selectivity by which some invertebrates are haegsh number of scientists have suggested
specific indicators of resilience for the low-trapkevel species involved in this study. For
example: Cousens (1981) suggests vegetative groyilgductive growth, and reproductive
effort as key factors in the resiliency of rockweedharvesting since age-structure modeling is
not often possible. Botsford et al. (2004) indiddutat for sea urchins, the use of lifetime egg
production would be an ideal, albeit difficult toplement, indicator of resilience. Perry et al.
(1999) summarize many of these diverse charadterist a list of scientific information required
to develop precautionary management strategieseforand developing fisheries. In this thesis, |
will use this list as a basis on which to compaeeknowledge base for a set of emerging

fisheries on the Scotian Shelf.

1.3 Management of developing fisheries

Hilborn and Sibert (1988) outline a typical pattésnthe sustainable management of a
developing fishery. They describe how, in a devielgglishery, effort and catch continue to
increase until catch begins to drop. At that paéffiprt must be reduced if the fishery is to be
sustainable. Catch per unit effort (CPUE) wouldekpected to decrease during the initial phases
of the developing fishery and then stabilize asréft reduced to a sustainable level. Hilborn and
Sibert (1988) describe the reasons for this intt@drease in CPUE as threefold: initial fishing of
the stock reduces intraspecific competition prawgdextra production for harvest; a virgin stock
will contain many large and old individuals thatlvgiersist at the point of maximum biological
yield of the fishery; and during the initial devpioent stage, less productive species or substocks
will be overfished as a non-renewable portion effishery. These authors note that in some

circumstances these decreased catch rates ataabst level of fishing will not constitute an



economically feasible fishery. Further, Hilborn éBidert (1988) point out that since the
optimum catch and effort cannot be determined fgivan developing fishery until that optimal
catch and effort have been exceeded, it is crtwiehrefully gather data during the development

stage to make an accurate assessment of optimaustainable catch and effort.

1.4 Research aims

In this research | aimed to document recent fiskiegds and abundance of 4 low-trophic level
species on the southwestern Scotian Shelf witlytiaé of determining the sustainability of these
fisheries given current management practices aolbgical conditions. Further, | compared the
knowledge base of these fisheries to evaluatertty@option of factors related to their
sustainability and resilience that are reporte8itock Status Reports and Research Documents.
This work may provide a model for studying and cannpg the sustainability of and knowledge
about other low-trophic level developing fisherieshis region as well as other regions

experiencing similar fishing trends.



Chapter 2
Methods

2.1 Overall description of methods

This study aimed to investigate what we can tatialhe sustainability of 4 low-trophic level
developing fisheries given current states of kndgée current management regulations, and
possible indicators of relative abundance. Resefardiis project was comprised of 3 sections.
In the first section, | examined the state of krexige regarding 4 developing fisheries and
compared them to a potentially more carefully madagpecies. In the second section, |
examined current management regulations in placthése fisheries. In the third section, |

examined detailed trends in landings, effort, adtive abundance given the available data.

This study focused on NAFO (Northwest Atlantic FEighs Organization) Division 4X, the
southwestern Canadian Scotian Shelf (Fig. 1). Tdwi& Shelf supports a rich diversity of
marine species (Shackell & Frank, 2003) and maihyade fisheries. Division 4X consists of the
southern coast of New Brunswick, including the B&jrundy, and the coast of Nova Scotia
south of Halifax. It extends south to the paradfeB9° north latitude and west to the 65°40" west

longitude (NAFO, n.d.).



Canada

New
Brunswick

\

\

USA \
|

Maine

Nova
Scotia

Browns
Bank

Georges N_AFO
Bank \ Div. 4X
N\
N
\
N\
\
N\
N\

Figure 1: Northwest Atlantic Fisheries OrganizationDivision 4X. Adapted from DFO
(2005).

For this thesis, 4 species were chosen: Jonah(Caaicer boreali} sea urchin
(Strongylocentrotus droebachiensiperiwinkle Littorina littorea), and rockweedAscophyllum
nodosum These species provide a mixed sample from tpareking low-trophic level fisheries
on the Canadian Scotian Shelf. They possess valifgnakjistory characteristics, have different
functions in the food-web and ecosystem, and dvgsuto different fishing practices (see

Section 2.2).

Sources of information related to regulations aslery knowledge were limited to relevant
and published DFO (Department of Fisheries and @x€anada) Stock Status Reports and
CSAS (Canadian Stock Assessment Secretariat) RbsPacuments. This decision was made in
order to follow a consistent approach in the consparof all fisheries studied. In addition, it was

hypothesized that addressing knowledge represémf@BO Stock Status Reports and CSAS
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Research Documents was useful in itself since anddrvexpect that individuals interested in the
management of these fisheries would read theséspell documents as their primary source of
information regarding the fishery. One would algpext these Stock Status Reports and
Research Documents to be representative of thearglénformation regarding the fishery and

involved species that is considered in the fisleenganagement.

Sources of information related to catch and effeeisurements were extended to include data
to 2005 where possible. Since several fisherieg developed recently, it was aimed at including
the longest time series possible. Data was obtdioed CSAS Research Documents, CAFSAC
(Canadian Atlantic Fisheries Scientific Advisoryr@mittee) Advisory Documents, and DFO

Stock Status Reports, databases, and scientists.

2.2 Description of species

The green sea urchiBtrongylocentrotus droebachiensis distributed throughout the Northern
polar region and in North America as south as Newsely (Mortensen, 1907). It is found at
depths of up to 200 meters on rocky bottoms (M#lédolan, 2000). Green sea urchins are
mainly herbivorous and usually consume algae taat slow moving or sessile animals such as
mussels and barnacles (Himmelman & Steel, 197 h densities of sea urchins are found at
algae grazing fronts (Meidel & Scheibling, 1998y @ea urchins are often the dominant
herbivore on coral reefs (Andrew et al., 2002).yTae preyed on by purple sea stars, lobsters,
rock crabs, herring gulls, and common eiders asal lay other species when no other prey are
available (Himmelman & Steel, 1971). Green seainschre dioescious animals that are usually
found in 1:1 sex ratio (Meidel & Scheibling, 1998hey mature at approximately 23 mm and
spawn in March or April, rebuilding their gonadssiimmer and fall (Miller & Mann, 1973).

They produce planktonic larvae that persist foesaWweeks (Strathmann, 1978) and because of

8



their high fecundity, green sea urchins often nthlkegreatest contribution to the larval pool in
kelp beds (Meidel & Scheibling, 1998). In Nova Sap$ea urchins are fished by divers, and in
New Brunswick, sea urchins are fished by both divard bottom draggers. See Section 2.8.1 for

further details on the sea urchin fisheries.

The Jonah crallQancer borealisin eastern North America is found from the Berasidnd
Nova Scotia to Florida (MacKay, 1943) at depthspto 750m (Squires, 1966). In the Bay of
Fundy, Jonah crabs are usually found at depth® od 300 meters (Robichaud, Lawton, &
Strong, 2000). They are found both on rocky sutedr@leffries, 1966) and silt or clay bottoms
(Musick & McEacheran, 1972). In the Gulf of Maimeale Jonah crabs can reach a carapace
width of up to 180 mm, although females usuallyndbreach a carapace width of over 150 mm
(Robichaud, Frail et al., 2000). Moriyasu et aD@2) found gonadal and morphometric maturity
for male Jonah crabs on the Scotian Shelf to oat69 and 128 mm carapace width respectively.
Female Jonah crabs brood their eggs on swimmendtseor abdomens and produce larvae that
develop through 5 planktonic stages before setimthe bottom (Adams, Reeves, & Miller,
2000). Jonah crabs are fished with offshore lolstgs, modified lobster traps, or conical traps
in the Gulf of Maine, the Scotian Shelf, and insbifre waters. See Section 2.8.2 for further

details on the Jonah crab fisheries.

The common periwinkleL{ttorina littorea) is abundant along the Atlantic coast (La Roque,
1953). In North America, periwinkles are found frauabrador to New Jersey (La Roque, 1953).
While there is evidence that periwinkles existeabad Halifax for at least 700 years (Clark &
Erskine, 1961) they were not considered abundatheiMaritimes until the mid nineteenth
century (Whiteaves, 1901). On the Maritime cobstorina littorea, 1 of 3 periwinkle species in
the area, possesses a dark brown or grey shellitdt8 whorls (Davis, 1971) of typically 2 to

26 millimeters in height (Gardner & Thomas, 198%)s a herbivorous animal that feeds mostly
9



on seaweeds, small algae, and detritus (Davis,)181ives primarily on rocky shores in the
intertidal area almost to the high tide water lgBausfield, 1960) and possesses a soft foot that
is used for moving and gripping rock (Davis, 197t)the Bay of Fundy periwinkles can be
found down to at least 40 meters below sea levelWw@dloch & Hayes, 1927). They are generally
not well adapted to withstanding exposure to aaViB, 1971). There is evidence of some
migration by periwinkles into the subtidal zonetlie winter (Gendron, 1977). They are
dioescious animals that lay eggs in capsules kbat ih the water as part of plankton (Davis,
1971). Free swimming larvae are produced thatesetttl develop on shore (Davis, 1971). In the
Bay of Fundyl.ittorina littorea have a relatively short lifespan of approximatelp 3 years
because of predation and extreme conditions invtheer (Gardner & Thomas, 1987).
Periwinkles are harvested throughout the Maritimestly through hand gathering as part of an

artisan fishery. See Section 2.8.3 for further iteetan the periwinkle harvest.

Rockweed Ascophyllum nodosuns the dominant brown seaweed in the intertidalezalong
the Atlantic Maritimes coast (Ugarte & Sharp, 2004jhough it is found solely along North
Atlantic coasts, its range extends from the Articlé to New Jersey in North America
(Baardseth, 1970). Primarily an intertidal specieskweed attaches to stable rocks or substrate,
has shoots that float because of gas bladderdpamd a mostly continuous cover in the center of
its distribution (Baardseth, 1970). In more expoaeghs Ascophyllum nodosuia replaced by its
main competitorfFucus vesiculosusSSharp, 1986) and there is evidence fstophyllum
nodosurmis particularly sensitive to pollution (Baardset8,70).Ascophyllum nodosuis a
dioescious organism that reproduces primarily \agetly through basal shoots (Baardseth,
1970). Depending on wave exposure, annual vegethiomass varies from 20% to 40%
(Cousens, 1984Ascophyllum nodosugermlings grow slower than the germlings of tme&in

competitor,Fucus vesiculosysind are vulnerable to grazers and waves resuitimgermittent
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recruitment (Baardseth, 1970). In the Maritimeskweeed is harvested by hand sickle and cutter
rake, although mechanical harvesting was commaneipast. See Section 2.8.3 for further

details on the rockweed harvest.

2.3 Knowledge analysis

The state of knowledge of each of the low-tropbieel fisheries investigated was compared to a
potentially more carefully managed species, Attaotid Gadus morhup Atlantic cod has been
the subject of intense research for some time (hilgs & Myers, 1994). Knowledge related to
the sustainability of the fishery was thereforeamtpd to be high and was used as a reference
point to compare the state of our knowledge ofdéneeloping low-trophic level fisheries in this

study.

Based on Perry et al. (1999), | developed a listasfic biological, fisheries, and ecosystem
knowledge that may be required to develop a pramaarty management plan for developing
fisheries (Appendix A). The original table of bigloal and fisheries information by Perry et al.
(1999) was designed to be applied to the developnfemmanagement plan for an individual
species population. Since the intent of this stweyg to provide a quantitative comparison of the
state of knowledge of a set of fisheries, more ifpdaowledge categories were created so that
each factor could be designated as present or aflosengiven fishery. For certain knowledge
factors where known information might have beehezibasic or detailed (for example,

recruitment rates), multiple categories were cttadake this into account.

For each of the 4 species in this study, as weibastlantic cod, | rated the availability of the
knowledge factors as documented in the latest DeCkSStatus Reports and CSAS Research
Documents for areas within the southwestern Sc@laif. Reported knowledge varied between
DFO assessment areas for the sea urchin and Jatafisheries. My analysis therefore
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separated reported knowledge for individual speaitesLobster Fishing Areas (LFAS) as

managed by DFO (Fig. 2).
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Figure 2: DFO Lobster Fishing Areas used for assesgent of sea urchin and Jonah crab
fisheries. Adapted from DFO (2005).

A knowledge factor was rated as present if the mexstnt respective documents
acknowledged or demonstrated adequate understatodirsg that knowledge factor to contribute
to a prediction of the sustainability of that fishand develop a precautionary management plan.
If a knowledge factor was deemed irrelevant toréagefishery it was removed from the
evaluation of that fishery. While there were adedly many instances when a known factor was
not reported in Stock Status Reports or Researduients because it was deemed ‘common
knowledge’, an exhaustive review of literature tetbto each knowledge factor was beyond the

scope of this study.
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After evaluating the presence of the knowledgeokactor each fishery, the total proportions of
known and relevant information for each fishery evealculated. Knowledge factors were then
separated into the following groups: factors relatepopulation abundance and distribution,
factors related to fishery information, and fact@iated to ecosystem information, and these

groups were compared separately.

2.4 Regulations analysis

In the second section of this study, | compiledtde of regulations used in the management of
these fisheries at the time of the last DFO StdekuS Reports and CSAS Research Documents.
When necessary, respective management scientidfS@ivere consulted to determine

regulations unspecified in Research DocumentsankS$tatus Reports.

| expected this information to be of use in evahgthe sustainability of the fisheries and
comparing management trends within the developgigefies. Although an analysis of current
(2005-06) management regulations would have besal,id was beyond the scope of this thesis.
In addition, | expected it to be useful to compastablished regulations with the availability of

relevant knowledge from the same time period asrdened in the first part of this study.

The management regulations that | compiled weréaltmving: gear regulations, effort
restrictions, quotas, seasons, permitted fishieggrminimum size restrictions, regulated
reporting, regulated monitoring, the presencesifdry independent surveys, minimum landings
requirements, interspecies consideration regulgtibabitat protection regulations, and whether

there was a regulated area set aside for scierggigarch or reference.
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2.5 Catch per unit effort analysis

Effort and landings data were compiled, where atédl, for each of the 4 species in this study.
Data was collected from CAFSAC advisory docume@&8AS Research Documents, DFO Stock
Status Reports, DFO ZIFF (Zonal Interchange Filerfad) catch-effort databases, as well as
from personal communication with DFO scientistsimed with the various fisheries who
gathered landings and effort data from recent lmgklentries. CPUE (catch per unit effort) was
calculated from the collected landings and effatad CPUE, landings, and effort were then
plotted against time on the same figure to fat¢di@n analysis of each of the fisheries and to
derive estimates of relative abundance. Where gpiatte, linear regression was performed on
the CPUE data with respect to time and the coefiicdf determination, Rand p-value were
determined. The data was assessed for normalithamdskedasticity with a Kolmogorov-
Smirnov and Breusch-Pagan test respectively. Thvouwigthis study, statistical analysis was

performed with an alpha level of 0.01.

Where available, landings and effort data was ctdl#by LFA (Fig. 2). Within LFA 41,
fisheries data was subdivided into lobster assessaneas (Fig. 3). Biomass estimates for
rockweed within NAFO Division 4X were divided intoseparate set of areas (Fig. 4) and then

combined to estimate an exploitation rate.
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Figure 3: DFO lobster assessment areas within LFAl4used for assessment of Jonah crab
fisheries. Adapted from DFO (2005) and Robichaud eil. (2000).
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Results

2.6 Overall description of fishery landings and mar ket trends

All 4 fisheries in this study experienced rapidwtio in both landings and total fishery value
between 1980 and 1995 (Fig. 5). All fisheries, with exception of the rockweed fishery,
showed peak landings and values between 1995 dfallowed by a decline. Of the 4
developing fisheries investigated in NAFO DivisidX, the sea urchin fishery yielded the
maximum peak value at just over $5 million in tleey2000. The Jonah crab fishery yielded the
next highest peak value of nearly $3 million in ylear 2001. Rockweed peaked at just over $1
million in 2001 and periwinkle peaked at over $800, in 1997. Value per kg of periwinkle and
sea urchin reached a peak as of the latest avaitiaith at approximately $1.80 and $2.80 kg
respectively. The value of Jonah crab peaked i 2062.20 kg in 1994, declined, and then
reached a second peak of $1.75 ky2000. From 1998 until the end of the availalitie data

in 2001, periwinkle landings appeared to declindewalue per kg of periwinkle increased to a
maximum of $1.80; however, care should be takenterpreting these values because of
frequent unreported landings and sales (G. Sharg, pomm). Between 1999 and 2001, the end
of available and reliable data, sea urchin landoeggeased by about 37% while the value per kg

of sea urchin continued to increase by about 25%.
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Figure 5: Landings (thick solid line), total fishely value (dotted line), and value of landings
per kg (dashed line) within NAFO Division 4X for 4developing low-trophic level fisheries.
Jonah crab, periwinkle, and sea urchin data from D Maritimes VDC (Virtual Data
Centre) NAFO database 1960-1985; rockweed data fmo Sharp and Pringle (1990) 1962-
85; data for all species for 1986-2004 from DFO Anral Fisheries Statistics (L. Sonsini,

pers. comm).

The market driven nature of the rockweed harvesvident given a review of historical
records (Fig. 6). Demand remained low and harvgstgmained minimal despite the common
use of mechanized harvesting from 1970 onward4Fighase A] (Sharp & Semple, 1991). In
1986 the Norwegian mechanized suction harvesteinasluced increasing the CPUE by a
factor of 4 and increasing mechanized landing<gb 8&f the total yield (Sharp & Semple, 1991).
Demand for rockweed also increased and rockweezkpsing progressed from a 6 to 7 months
per year operation to a year round operation (S&a&pmple, 1991) Consequently the area
harvested was rapidly expanded (CAFSAC, 1992a)dhee of rockweed increased from $40 to

$50 per tonne in a single year, and rockweed lgsdincreased more than fivefold by 1992 [Fig

17



4. Phase B]. At this point, a number of areas skiosigns of overharvesting (Sharp & Semple,
1997). Around 1993 1 of the 2 major processorspedpuying rockweed and the industry
reverted to hand harvesting methods (DFO, 1998bjual landings fell by almost half from
approximately 27,000 t to 14,000 t [Fig 4. PhaseSbprtly thereafter, the New Brunswick
rockweed harvest expanded to southern New Brunsavidka new rockweed buyer was
established in Nova Scotia (DFO, 1998b). Landingsenthan doubled within 6 years to a
maximum of over 28,000 t in 2001 Fig 4. Phase Eijce 2001, landings have exceeded 30,000 t
in both 2003 and 2004, and, in general, the valueakweed per tonne has continued to increase

(G. Sharp, pers. comm).

Figure 6: Tonnes of rockweed harvested per year (kd bold line) and value of rockweed
per tonne harvested (dashed light line) throughouNAFO Division 4X. 1962-85 data from
CAFSAC (1992a) and representing the Scotia-Fundy gton, 1986-2004 data from DFO
Annual Fisheries Statistics and representing NAFO [ision 4X specifically (L. Sonsini,

pers. comm).
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2.7 Knowledge analysis

The percentage of all known factors reported irmé®FO documents that was deemed relevant
to the sustainable development of each fisheryhigigest in rockweed and in the comparison
fishery, NAFO Division 4X/5Y Atlantic cod (Fig. 7)n contrast, the lowest percentage of
reported known factors was found in the offshor€Al41) Jonah crab fishery where less than ¥4
of the evaluated knowledge factors were reportéterrelevant DFO reports. All other
considered invertebrate fisheries had considefably/factors reported as known compared to
Maritimes rockweed and Division 4X/5Y Atlantic cddombined, 39% (SE=5%) of the

knowledge factors for developing fisheries wereoreggal compared to 62% for Atlantic cod.
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Figure 7: Reporting in DFO Stock Status Reports andCSAS Research Documents of
population and life-history characteristics, fishefes characteristics, and ecosystem
characteristics important for developing sustainabd management of invertebrate and low-

trophic level fisheries. Knowledge factors adapteérom Perry et al. (1999).

Discrepancies could be seen in the groups of krageldactors reported for each of the
investigated fisheries (Fig. 8). Less than ¥4 ofitiiermation about population and life-history
characteristics that could be useful in develogirsyistainable fishery was reported as known for

any of the sea urchin or Jonah crab fisheries @igthite bars). More fishery related information

20



was reported as known than any other category @ivladge for all but the periwinkle and Nova
Scotian sea urchin fisheries (Fig. 8, grey barsj.tke Jonah crab fisheries, the most was reported
known about fishery characteristics for LFA 33, l@hhe least was reported as known about
fishery characteristics for the offshore LFA 41. \&hthe majority of the ecosystem information
related to the Nova Scotian sea urchin fisherytaegeriwinkle fishery respectively was

reported as known, there was not any reportinp@ecosystem knowledge factors evaluated in
this study for the Jonah crab fisheries in LFA 8488 and in LFA 41 (Fig. 8, hatched bars). For
the comparison fishery, NAFO Division 4X/5Y Atlaottod, the percentage of reported known
information for both the population characteristicsl fishery characteristics was among the

highest while less than of the relevant information about the ecosystern me@orted as known.

The highest percentage of evaluated informationeth® ecosystem was reported for the Nova
Scotia sea urchin fishery. Rockweed had the maat distribution of knowledge with
approximately of the relevant information reported as knownaoreof the categories
evaluated. Combined, developing fisheries had 29E&{%) of population and life-history
characteristics reported compared to 65% for Aitactd; 63% (SE=7%) of fishery
characteristics reported compared to 83% for Atacad; and 37% (SE=13) of ecosystem

factors compared to 14% for Atlantic cod.
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Figure 8: Reporting in DFO Stock Status Reports andCSAS Research Documents of
population and life-history characteristics (whitebars, n=26), fisheries characteristics (grey
bars, n=12), and ecosystem characteristics (hatchédrs, n=7) important for developing
sustainable management of invertebrate and low-trdpic level fisheries. Knowledge factors

adapted from Perry et al. (1999).
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2.8 Regulations analysis

2.8.1 Sea urchin fisheries

There are 3 main regulatory areas for sea urchirefies within the southwestern Scotian Shelf
(Table 1). Management regulations for the 2 NewnBwick sea urchin fisheries differ greatly
from the management regulations for the Nova Soatéa urchin fisheries. In general, the New
Brunswick fisheries rely on a typical TAC (totalabvable catch) structure and permit bottom
dragging in addition to dive harvesting, while tlleva Scotian fisheries are run under an area

licensed habitat-based management scheme ande@petatly as dive harvests.

The New Brunswick sea urchin fishery is dividedi@ttmain regulatory areas, LFA 38, Grand
Manan, and LFA 36, the remaining area of the NeunBwick side of the Bay of Fundy
including both mainland coast and coastal islaedsh with its own regulations (Fig. 2) (DFO,
2000e). Fishers from both LFAs are also permittebarvest sea urchins in LFA 37, which is a
small LFA between LFA 36 and 38 (Fig. 2). As of ylear 2000, LFA 36 permitted harvesting by
bottom dragging and diving while all LFA 38 licessghere for dragging. Drag fishers are
permitted to switch from dragging to diving liceasbut not vice versa (D. Robichaud, pers.
comm). The maximum drag width was greater in LFAa88.05m. Both fisheries require sorting
and culling to be performed at sea between suaridesunset. Based on an estimated biomass of
12,245t and 29,879 t in LFA 36 and 38 respectivalptal allowable catch of 900 t (6.8%
exploitation rate) and 979 t (3.3% exploitatiorejatias enforced for LFA 36 and 38 respectively.
The harvesting season is shorter in LFA 38 compgrédrA 36 (Table 1). Both LFAs enforced a
50 millimeter diameter size limit, which correspeddo harvesting sexually mature sea urchins
between 10 and 15 years and older. Both LFAs reduagbooks and had dockside monitoring in
place. Although there was a diver based surveyethaut from 1992 to 1994, there have been no

regularly performed fishery independent surveyssta urchins in southwestern New Brunswick.
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The only interspecies consideration requirementtivagvoidance of scallop conservation zones

and no area was protected for research purposes,(2Fo0e).

The Nova Scotian sea urchin fishery is a dive figineanaged based on a restricted zone area
based system (DFO, 2000b). When entering the fisishers must first fish competitively on a
section of the coast, usually a county, with ajddta. After meeting specified guidelines they
can apply for a restricted zone. Restricted zonesarveyed initially and then every few years
and licenses are conditional on maintaining théiaralgae feeding front. Urchin biomass is not
monitored; instead, the number of licenses andtde of the habitat within are used as

indicators of the state of the fishery (DFO, 2000b)
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Table 1: Management regulations for green sea urchg (Strongylocentrotus droebachiengis
within NAFO Div. 4X as reported in most recent DFOStock Status Reports and CSAS

Research Documents

Management Control

LFA 36 Sea Urchin

LFA 38 Sea Urchin

N.S. Sea Urchin

Reference
Gear

Effort

Quota

Seasons

Licensed Areas

Minimum Size,
Reasoning

Reporting

Monitoring

Fishery independent
surveys

(DFO, 2000€)

Dragging or diving
(suction harvesting)
Dragging: maximum
width 3.05 m

Diving: maximum 4
divers and 2 skiffs
within 457 m of
mother boat

Sorting and culling
done at sea, sunrise t
sunset

TAC of 900 t, based
on estimated legal
biomass of 12,245 t
from 1992-94 survey
(6.8%)

Overall fishery quota

October 1 to May 15

None

50 mm diameter (10-
15 years old)

Mandatory logbook

Dockside monitoring

Diver based survey
from 1992-94
No regular surveys

(DFO, 2000e)
Dragging

Dragging: maximum
width 1.83 m
Diving: none

Sorting and culling
done at sea, sunrise t
sunset

TAC of 979 t, based
on estimated legal
biomass of 29,879 t
from 1992-94 survey
(3.3%)
Non-transferable
individual quotas,
dockside monitoring
November 1 to April
15

None

50 mm diameter (10-
15 years old)

Mandatory logbook

Dockside monitoring

Diver based survey
from 1992-94
No regular surveys

(DFO, 2000b; Miller
& Nolan, 2000)
Diving only

4 divers per boat

None - partly self
regulated by restricted
licenses

None

Exploratory: usually 1
county, multiple
licenses per area
Restricted: a few miles
of coast, 1 license per
area

50 mm diameter
(sexually mature at 7-
23 mm)

Mandatory catch
reporting, voluntary
science logs

Catch monitored 20%
of time

None
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Management Control

LFA 36 Sea Urchin

LFA 38 Sea Urchin

N.S. Sea Urchin

Minimum Landings

Interspecies
Consideration

Habitat Protection

Protected Area for
Scientific Research

None

No dragging allowed
near scallop
conservation zones
None

None

None

No dragging allowed
near scallop
conservation zones
None

None

4 t/yr for exploratory
licences

None for permanent
licences

None, partly
encouraged by
restricted licenses
None, partly
encouraged by
restricted licenses
None
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2.8.2 Jonah crab fisheries

Regulations for Jonah crab fisheries in NAFO Dmis# X can be divided into 4 groups: LFA 33,
LFA 34 and 35, LFA 36 and 38, and the offshore L4AA(Table 2). All fisheries were for male

crab only.

In LFA 33, top entry traps and modified lobsteps were permitted with a 375 trap
maximum (DFO, 2000d). The fishers had to fish ioae from 12-50 nm (nautical miles)
offshore and the season extended from June 15verieer 15. A minimum CW (carapace
width) of 130 mm was initially established in 1998- A trial lowering to 121 mm in 1998-99
resulted in only a small increase in landings bsigaificant increase in female discards and a

recommendation to increase the minimum CW (DFOQ200

LFA 34 and 35 Jonah crab fisheries developed uadigiferent Developing Species Advisory
Board (DSAB) than LFA 36 and 38 (DFO, 2000a). GnlyFA 34 and 38 were commercially
viable populations found. Fishing in both LFA 34&5 was limited to the lobster off-season,
whereas fishing in LFA 36 and 38 was permitted yeand. Modified lobster traps and conical
traps were permitted in LFA 34 and 35, whereas onhjcal traps were permitted in LFA 36 and
38. In LFA 34 and 35, each licensed fisher hacial lat least 10,000 kg to maintain his/her
license, while in LFA 36 and 38, each fisher hathtake at least 15 trips and land at least 30% of
the average landings for all fishers in the LFAr &lb of these LFAs, Jonah crab bycatch in the
lobster fisheries was only occasionally reportecdaoluntary basis and there were indications

that this bycatch exceeded the directed landings 24999 (DFO, 2000a).

In 1995, the offshore Jonah crab fishery develgsed bycatch component of the lobster
fishery (DFO, 2000c). Licenses were limited toshing vessels, landings were limited to 720
t/yr so as not to exceed the lobster fishery, aedishery extended year round (DFO, 2000c).
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Although a mandatory logbook existed, all trapsdusere standard offshore lobster traps and

fishers were not required to record whether cratx®Wanded as bycatch or from directed effort

(D. Pezzack, pers. comm).

Table 2: Management regulations for Jonah crab (@ncer boreali$ within NAFO Div. 4X as

reported in most recent DFO Stock Status Reports ahCSAS Research Documents. CW =

carapace width, CFV = Commercial Fishing Vessel, nm nautical miles.

Management LFA 33 Jonah CraLFA 34, 35 Jonah LFA 36, 38 Jonah LFA 41 Jonah Crab
Control Crab Crab
Reference (Adams et al., (DFO, 2000a; (DFO, 2000a; (DFO, 2000c;
2000; DFO, 2000c Robichaud, Lawto Robichaud, Lawto Robichaud, Frail et
et al., 2000) et al., 2000) al., 2000)
Gear Top entry traps or Modified lobster Conical traps only Offshore lobster
modified lobster traps, maximum ofminimum of 2 trap
traps with 48 mm wide circular openings (
maximum 102 mmrectangular 63.5 mm diameter
high entrance entrance
Minimum of 44.5 Conical traps,
mm high escape minimum of 2
gap circular openings ¢
79 mm diameter
Effort 375 trap maximun 375 trap maximumr 200 traps in LFA Limited to 8
36, 300 in LFA 38 offshore lobster
vessels
Quota None None None 720 t/yr (so as not
to exceed lobster
fishery)
Seasons June 15 - 1 week after Open Year round, begins
November 15 closure of spring on October 16
lobster season to :
week before the
opening of the fall
lobster season
Licensed Areas 12-50 nm offshoreNone None None

Minimum Size,
Reasoning

1997-98 130 mm, 130 mm CW, male121 mm CW, male130 mm CW, male
1998-99 121 mm only only only
CW, males only
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Management LFA 33 Jonah CraLFA 34, 35 Jonah LFA 36, 38 Jonah LFA 41 Jonah Crab

Control Crab Crab

Reporting Mandatory Mandatory Mandatory Mandatory
logbook: weight oflogbook: traps logbook: traps logbook: trip
landed crab, hauled, soak days hauled, soak days number, vessel
number of traps seweight landed, weight landed, name, CFV
location, date, depth, date, depth, date, number, vessel

depth, soak time location, trap type location, trap type captain, number of
crew, trap type and
entry design, trap
size, date, location,
depth range,
number of days
gear set, traps
hauled, estimated
weight of crabs and
lobsters retained

Monitoring Dockside Dockside Dockside Mandatory
monitoring, at sea monitoring, at sea monitoring, at sea dockside
sampling sampling sampling monitoring on all

trips, at sea
sampling

Fishery None None None None

independent

surveys

Minimum Landing:Unknown 10,000 kg 15 trips and land eNone

least 30% of
average landings
(weight) for all
fishers in LFA

Interspecies Some bycatch Some lobster Some lobster None
Consideration reported bycatch reported bycatch reported

Habitat Protection None None None None
Protected Area forNone None None None

Scientific Researc

29



2.8.3 Periwinkle and rockweed harvests

In the Maritimes, periwinkles have been primarignrested through hand gathering as part of an
unlicensed artisan fishery with largely unrepofettings and sales (DFO, 1998a) (Table 3). The
area harvested has been largely tide dependdraugh ATVs (All Terrain Vehicles), boats,

lights, and diving equipment have provided furthecess to the resource (DFO, 1998a). There
have been no comprehensive surveys of periwinklésa Maritimes (DFO, 1998a). Proposed
integration of licenses, regulations, and enhamepdrting in recent years has largely failed

because of the established casual and transianeratthe harvest (G. Sharp, pers. comm).

Rockweed has been harvested by a number of meahamethods, by boat with cutter rakes,
and on foot by sickle (Ugarte & Sharp, 2001) (Ta®)leMechanical harvesting reached its peak
in the early 1980s and by 1994 all harvesters baerted to cutter rakes or sickles (Ugarte &
Sharp, 2001). This reversion to hand harvestingth@sesult of a number of industry related
sociological pressures, mainly influenced by tredéased employment offered through hand
harvesting methods (G. Sharp, pers. comm). Both apd exclusive licenses exist and an
exploitation rate of 17% exploitation is aimed (DO, 1998b). Regulations and reporting tend
to be less strict in Nova Scotia and some areastiéirexperiencing pulse harvesting (repeated
overexploitation) (G. Sharp, pers. comm). The seutiNew Brunswick area was sectioned into
64 sectors of which 8 were set aside as closedriaehting (DFO, 1999). A nhumber of
harvestable biomass surveys have been perfornmdugh detailed survey data does not exist
for all harvested areas in the Maritimes (DFO, 103d much of the detailed surveying has

been performed by the rockweed industry and lae@ewed by DFO (G. Sharp, pers. comm).
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Table 3: Management regulations for Periwinkle Littorina littorea) and Rockweed
(Ascophyllum nodosumwithin NAFO Div. 4X as reported in recent DFO Stek Status

Reports and CSAS Research Documents. Referencesnased in second row unless

otherwise indicated.

Management Control

Maritimes Periwinkle

Maritimes Rockweed

Reference

Gear

Effort

Quota

Seasons

Licensed Areas

Minimum Size,
Reasoning

Reporting

Monitoring

Fishery independent
surveys

Minimum Landings

Interspecies
Consideration
Habitat Protection

Protected Area for
Scientific Research

(DFO, 1998a)

(DFO, 1998b, 1999; Sharp & Semple,
1997)

Hand gathered, some diving,Hand harvesting: cutter rake by boat and
experimental diver operated sickle by foot along shoreline

suction harvesting
None

None

None

None

None

Limited reporting

None

None besides limited
selected sites

None
None
None

None

Mechanical harvesting in past
None

17% of local biomass in New
Brunswick, less regulation in Nova
Scotia (G. Sharp, pers. comm)
None

Open areas: open with federal marine
plants license

Exclusive license areas:

1 license per area

Must leave minimum of 13.5 cm

Mandatory reporting

Strict monitoring in New Brunswick,
provincial regulator monitoring in Nova
Scotia (G. Sharp, pers. comm)

Some, majority of surveys harvest
related (G. Sharp, pers. comm)

None
None
None

8 sectors (of 64) closed to harvesting in
southern New Brunswick
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2.9 Abundance analysis

2.9.1 Nova Scotia sea urchin fisheries

The overall catch per license increased dramaidalihe first few years of the opening of the
commercial sea urchin fishery in Nova Scotia (Bijg.While catch per license varied from year
to year within each evaluated area, the overatlhcper license in Nova Scotia remained
relatively constant after the initial variabiliti¢ffort data after 1999 was unavailable and deemed

unreliable as a measure of abundance because afsadie-off from disease experienced in

recent years (R. Miller, pers. comm). As of 20@hdings had decreased toof their peak value

in 1996.

Figure 9: Sea urchin catch (open triangles, solidres), number of licenses (no symbols,
dotted lines), and CPUE (solid circles, dashed lisg for Nova Scotia dive fisheries plotted by
year. 1991 to 1999 data from CSAS Research DocuméMiller & Nolan, 2000), 2000 to

2004 season data from DFO Annual Fisheries Statist (R. Miller, pers. comm).
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2.9.2 New Brunswick sea urchin fisheries

The LFA 36 sea urchin fishery expanded until lagdireached a total of approximately 970 t in
the 1996-97 season (Fig. 10). Since the then,rbgoption of catch attributed to bottom dragging
in LFA 36 has decreased with time. As of the 2084€ason, bottom dragging accounted for

approximately of the total sea urchin landings in LFA 36. Lamgdirspecific to diving and

dragging were unavailable prior to the 1996-97 seaSatch per day dived and dragged has in
general increased slightly throughout the lifetiofiche fishery with the exception of a spike in
CPUE for the dive fishery around the 1995-96 seagba general decrease in dragging landings
is reflected by a decrease in dragging effort &ledgeneral increase in diving landings is
reflected by an increase in diving effort. This niypartly because fishers can switch from
dragging to diving licenses but not vice versa floactrissues with lobster traps in some areas, and

the greater area accessible to divers (D. Robichzard. comm).
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Figure 10: Sea urchin catch (open triangles, solilihes), effort (no symbols, dotted lines),
and CPUE (solid circles, dashed lines) for LFA 36ide and drag fisheries plotted by season
(year indicates last year of season). 1991-92 to9B397 season data from DFO Stock Status
Report (DFO, 2000e), 1997-98 data from DFO Annualiheries Statistics (D. Robichaud,
pers. comm).
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In contrast to LFA 36, LFA 38 saw an increasingpamtion of effort attributed to draggers
until the 1996-97 season, after which all remairdig fishers converted to drag licenses (DFO,
2000e). In LFA 38, CPUE has experienced a relatigsedady decline since the 1995-96 season
(Fig. 11). As of the 2004-05 season, the catcldpgrdragged was almost %2 of what it was at its
peak 10 years before. A linear regression of CPgHtngt time from the 1996-97 season onward
indicated that approximately 89% of the variatioi.FA 38 sea urchin CPUE could be
accounted for by time (R0.89, y=-0.055x+110.45, p=0.0001). The data passeatality and

constant variance tests.

Figure 11: Sea urchin catch (open triangles, solilihe), days dragged (no symbols, dotted
line), and CPUE (solid circles, dashed line) for LA 38 fishery plotted by season (year
indicates last year of season). Landings prior to996-97 season include dive and drag
landings. Linear regression of CPUE against time fsm 1995-96 to 2004-05 shown {R0.89).
1989-90 to 1996-97 season data from DFO Stock Statieeport (DFO, 2000e). 1997-98 data

from DFO Annual Fisheries Statistics (D. Robichaudpers. comm).
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2.9.3 Jonah crab fisheries

An analysis of the NAFO Division 4X Jonah crab &skes, excluding LFA 33 because of
incomplete data (C. Frail, pers. comm), shows éfffart and landings peaked around the 1999-
2000 and 2000-01 seasons while CPUE has in gestemaln a declining trend since the
beginning of the commercial fishery (Fig. 12). Adar regression performed on the CPUE data
with respect to time indicated that 66% of the atioin in CPUE could be explained by time
(R?=0. 66, y=-0.25x+502.35, p=0.008). The data wasnatly distributed and possessed constant

variance.

Figure 12: Jonah crab catch (open triangles, soliline), number of thousand traps set (no
symbols, dotted line), and CPUE (solid circles, dagd line) for NAFO Division 4X (includes
LFA 34, 38, 41) by season (year indicates last yeaf season). All data from 1994-95 season
to 1998-99 season from CSAS Research Documents (Adaet al., 2000; Robichaud, Frail et
al., 2000; Robichaud, Lawton et al., 2000). For 1992000 season to 2004-05 season: LFA 33
and 41 data from DFO Annual Fisheries Statistics (CFrail, pers. comm), LFA 34 and 38

data from DFO Annual Fisheries Statistics (D. Robibaud, pers. comm).
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In LFA 33, CPUE remained relatively constant betvdee 1996-97 and 2000-01 seasons
while landings and effort increased approximatglyalactor of 4 (Fig. 13). Since this peak,
landings declined by approximately 100 t/yr by #093-04 season before increasing again in the
2004-05 season. As effort data for Jonah crab®éeas inconsistently recorded for LFA 33 since

the 2001-02 season, an analysis of CPUE was diffjoeen the short available time series.

The LFA 34 CPUE peaked in the 1998-99 season tbyes 6 kg per trap hauled, landings
peaked the following season at approximately 28@d, effort peaked the season after that at
approximately 60,000 traps hauled (Fig. 13). Sthose peaks, landings and effort have declined
to approximately 58 t and 16,000 traps hauled ismdy. CPUE declined from its peak in the
1998-99 season to a low of 3.3 kg per trap hauléde 2001-02 season and remained relatively

stable thereatfter.

Around Grand Manan, LFA 38, data suggests thatishery is characterized by a sharp
increase in landings and effort in the 1999-20G&sr followed by an increase in effort with
decreasing landings, and finally decreasing etind a continued decrease in landings (Fig. 13).
CPUE follows a downward trend throughout most effishery. A linear regression performed
on the CPUE data with respect to time indicatetl I0& of the variation in CPUE could be
explained for by time (0.70, y=-0.25x+513.41, p=0.001). The CPUE datanoamally

distributed and possessed constant variance.

In the offshore Jonah crab fishery, LFA 41, avddatata indicate that landings remained
relatively steady around 700 t per season fron1886-97 season to the 2000-01 season before
landings began to decrease to a low of 170 t irs¢tason with the latest available data, 2003-04
(Fig. 13). Effort rose to a peak in the 1999-2088sen of 600,000 traps hauled before declining

to just over 100,000 traps hauled as of 2003-0gelreral, the data indicates a decrease in catch
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per unit of recorded effort throughout the LFA 4ihah crab fishery. A linear regression
performed on the CPUE data with respect to timeatdd that 77% of the variation in CPUE
could be explained for by time #8.77, y=-0.28x+553.40, p=0.0004). The data wasnatly
distributed and possessed constant variance. Ajthdifficult to verify, the effort data in LFA

41 may be increasingly inflated, however, becatigbereporting structure for Jonah crabs in
this fishery (D. Pezzack, pers. comm). Logbookiesttlo not indicate whether a landed crab was
the result of directed effort or bycatch and a gngwpercentage of crabs are being caught as
bycatch in the lobster fishery since the valueosfah crabs has decreased recently (D. Pezzack,

pers. comm). The declining CPUE trend may therefiotebe indicative of declining abundance.

Figure 13: Jonah crab catch (open triangles, solitines), number of thousand traps set (no
symbols, dotted lines), and CPUE (solid circles, dhed lines) for Jonah crab fisheries in
LFAs 33, 34, 38, and 41 plotted by season (year indtes last year of season). All data from
1994-95 season to 1998-99 season from CSAS Rese&@obuments (Adams et al., 2000;
Robichaud, Frail et al., 2000; Robichaud, Lawton eal., 2000). For 1999-2000 season to
2004-05 season: LFA 33 and 41 data from DFO Annu&isheries Statistics (C. Frail, pers.
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comm), LFA 34 and 38 data from DFO Annual FisheriesStatistics (D. Robichaud, pers.

comm).

With LFA 41, available data indicate that landingort, and CPUE have followed different
trends in different regions of the offshore Jonabdishery (Fig. 14, see Fig. 3 for map).
Initially, CPUE and landings were highest in Geargank, followed by Crowell Basin, and SE
Browns. Reported landings and effort have in gdrd®elined in all assessment areas since the
2001-02 season possibly because of a decliningwa#ldonah crab in recent years, which may

have resulted in less directed effort (D. Pezzpeks. comm).
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Figure 14: Jonah crab catch (open triangles, solilines), number of thousand traps set (no
symbols, dotted lines), and CPUE (solid circles, daed lines) for Jonah crab fisheries in
LFAs 41 plotted by season (year indicates last yeaf season) and separated by assessment
area. All data from 1994-95 season to 1998-99 sea$mm the CSAS Research Document
(Robichaud, Frail et al., 2000). Data from 1999-2@season to 2004-05 season from DFO

Annual Fisheries Statistics (C. Frail, pers. comm).

Jonah crabs have been assessed as part of DFOdBisbuResearch Trawl Surveys since 1999
(Fig. 15). When trawl survey data from the mainaloarab fisheries within NAFO Division 4X
was combined, the maximum standardized numberopeotcurred in the year 2003 and the

minimum standardized number per tow occurred in20@ar 2004 data was excluded due to
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anomalous species counts and concerns with stapatiod of the data for many of the crab
fisheries from those surveys (J. Tremblay, persirad. There was a substantial drop in
standardized number per tow in LFA 41 from 1992Q60 (Fig. 15), which corresponded with a
drop in CPUE (Fig. 13). Otherwise, the standardizechber of Jonah crabs per tow for the
investigated areas varied considerably and dicginotv any clear trend from 1999 to 2005. The
groundfish trawl surveys were not designed to catebrtebrates or to be separated into LFASs;
therefore, it is not clear the degree to which treflect relative abundance (J. Tremblay, pers.

comm).

Figure 15: Standardized number per tow for Jonah cab for the main Jonah crab fisheries
in NAFO Division 4X. Data from DFO Annual Groundfish Trawl Survey Reports (J. Black,

pers. comm).

To assess the spatial distribution of Jonah cthlkesaverage number of crabs caught in summer
DFO Groundfish Research Trawl Surveys was mappethéavailable years of 1999 to 2001
(Fig. 16). Distribution appeared to vary considérddetween years and regions within NAFO
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Division 4X. The trawl surveys indicate a lack ohah crab abundance in LFA 35 and 36 (Fig.
16) where fishers failed to find commercially vial@oncentrations (DFO, 2000a). There was a
high average number of Jonah crabs per standartht@nowell Basin (see Fig. 3 for map) in
1999 (Fig. 16), which may have corresponded tdithle CPUE in this area at the time (Fig. 14).
Trawl survey data indicated a decrease in abundarnCeowell Basin (Fig. 16) from 1999 to

2000 and this corresponded with a decline in CPEI& (L4).

There are, however, several limitations to makmese sorts of correlations. In LFA 41, crab
CPUE data was compiled by season, which startduyear on October 6and extended year
round. The second calendar year of each seasshpas in Fig. 13, therefore, corresponded to
the year of the summer trawl survey, but this figltata encompassed a greater temporal scale
than the summer trawl survey. Further, these griismtrawl surveys were not designed with
invertebrates or LFAs in mind and there relationglative abundance is, therefore, not clear (J.

Tremblay, pers. comm).
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Figure 16: Average number of Jonah crab per standat summer tow on the southwestern
Scotian Shelf from 1999 to 2001. Data from and fige adapted from DFO Groundfish
Research Trawl Surveys (GMBIS (Gulf of Maine Biogegraphic Information System)
Electronic Atlas, 2002) .

2.9.4 Periwinkle harvests

Data that may provide evidence toward changesuna@dmnce over time for periwinkl&iftorina
littorea) is limited. There has been no comprehensive as®rd of periwinkle biomass in the

Maritimes (DFO, 1998a). Since the periwinkle hatvesiot licensed, landings often go
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unreported through unofficial cash sales, CPUEegagieatly by harvester, and effort may
respond on a weekly basis to changes in periwimdeket value (DFO, 1998a, G. Sharp, pers.

comm), reliable fishery statistics are not avagabl

In 1998, the Department of Fisheries and Ocear38d)9made an approximate estimation of
Littorina littorea biomass in the Bay of Fundy, where most of the taes periwinkle harvest
occurs, including estimatddttorina littorea biomass within rockweed canopies, of 5,000 t.
Based on the NAFO Division 4X landing statisticewh in Figure 3, the peak reported harvest

of approximately 280 t in 1993 would corresponamcapproximate 6% exploitation rate.

2.9.5 Rockweed harvests

Comprehensive effort data for rockweed is not mipkvailable, and landings (Fig. 5) and area
harvested (Sharp & Semple, 1997) have varied cereddly over time. Further, methods of
harvesting have changed from mostly mechanicaldssing in the early 1980s to entirely hand
harvesting methods by 1994 (Ugarte & Sharp, 200d) these reasons, an analysis of CPUE was

not included in this thesis.

An approximation of rockweed exploitation rate iARD Division 4X was possible. Sharp
and Semple (1991) estimated the harvestable bioofasskweed in southern Nova Scotia,
Annapolis Basin, and Lobster Bay (see Fig. 4 fopnta be 7,600t, 1,872 t, and 57,532 t
respectively. CAFSAC (1992b) estimated the rockwigiedhass in southwestern New Brunswick
to be approximately 140,000 t of which 77,000 water estimated as in harvestable areas (Sharp
& Semple, 1997). These areas comprise the bulkeofackweed harvesting in NAFO Division
4X with the exception of St. Mary’s Bay. Harvestimad recently begun in St. Mary’s Bay and
reached a peak of 2,277 t in 1992 followed by died¢o 12 t in 1996 (DFO, 1998b). This area

has been data deficient and biomass estimateotevailable (Sharp & Semple, 1997).
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Combined, there was approximately 144,000 t of kmbarvestable rockweed in NAFO Division
4Xin 1991-92. Given the peak harvest in 1992 (bi&. 6) of 24,520 (after removing the
landings for St. Mary’s Bay for which biomass id Rknown) the exploitation rate in NAFO
Division 4X was approximately 17% of the harvestadtiock in 1992. Assuming there has been
no change in biomass since then, landings frorM8&ty’s Bay have remained minimal, and
current landings are approximately 30,000 t/yr $Barp, pers. comm), the present exploitation

rate is approximately 20%.

While the target exploitation rate has been s&7&, rates have varied considerably by area
(DFO, 1998b). In some areas, biomass removal ha®aghed 95% while other areas have
remained untouched (Sharp & Semple, 1991). Sonas @e@ntinue to be competitively pulse

harvested while others experience responsiblelssed management (G. Sharp, pers. comm).
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Chapter 3

Discussion

3.1 Overview

In this thesis, | analyzed knowledge, regulati@mg] relative abundance in order to draw
conclusions about the sustainability of develogislgeries on the Scotian Shelf. | concluded that
we may be observing a declining abundance of sgang and possibly Jonah crabs around
Grand Manan. There are indications that the dragisehin fishery around Grand Manan may be
less sustainable than the mostly dive sea urcsirefy in nearby LFA 36, although diving could
be masking a decrease of abundance in this artrouggh carefully managed, disease has
severely impacted the Nova Scotian sea urchin pdpaland fishery. Reporting structure in the
offshore and Gulf of Maine Jonah crab fishery haslenassessment difficult. The periwinkle
fishery is unregulated, monitoring is sparse, amgteys are not available making an analysis of
relative abundance difficult. Harvesting of rockwegppears to be sustainable in some areas
while other areas have shown evidence of overhtinged he effect of this harvest on the
abundance of associated species is largely unknlovall. these fisheries, abundance cannot be

conclusively assessed with the available data.

3.2 Lack of data and knowledge

A general theme throughout the investigated figlserias a problem with the quality, precision,
and availability of fisheries data. A review of eet DFO Stock Status and Habitat Status Reports
reveals that management scientists have raisedcanderns for all the investigated fisheries
including the Nova Scotian (DFO, 2000b) and NewrBiick (DFO, 2000e) sea urchin

fisheries; the inshore Gulf of Maine (DFO, 200(g¢tian Shelf (DFO, 2000d), and offshore
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(DFO, 2000c) Jonah crab fisheries; the New BrunsWwiockweed harvest (DFO, 1999) and the
Maritimes periwinkle fishery (DFO, 1998a). Furthgreater transparency in the source of

available data and consistent reporting would midnalysis.

The discrepancy observed between the reportingafviedge in developing fisheries
compared to Atlantic cod (Fig. 7) was likely undgmaated. It was observed that many
knowledge factors that have been incorporatedAtintic cod management were omitted from
recent Stock Status Reports and Research Documdatgour of recent research. | suspect this
is owing to the volume of reports that have bedsliplhied for this species and the degree of

established ‘common knowledge’ assumed for thieefig.

Given low-trophic level species’ ecological and mawmic value, we need to be putting the
same effort into monitoring them as we are putiimig predatory fish stocks such as Atlantic
cod. Fishery statistics are published annuallysficies such Atlantic cod. Annual or biannual
assessments of developing fisheries had best bepmmated if we are to ensure their
sustainability. Further, these assessments needdrmporate data from other trophically and

ecologically related species and populations toermyond single species assessments.

Regularly performed fishery independent surveyddgreatly increase the ability to assess
relative abundance and manage these fisheriesustainable manner. Fishery related data is
fraught with numerous inherent biases and the paration of fishery independent data can be
vital to optimal management (Chen, Chen, & Stergkf03; Hilborn & Walters, 1992). Only
Jonah crabs have been counted on the Scotian&hedirt of the DFO Groundfish Research
Trawl Surveys since 1999; however, because oftibe ime series available to date, meaningful
conclusions were not evident (Fig. 15 & 16). Iniidd, since these surveys were not designed

with invertebrates in mind, their validity in inditing relative abundance for Jonah crabs is
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uncertain (J. Tremblay, pers. comm). Hilborn artuk8i(1988) note that failing to carefully
monitor abundance from a virgin stock state throtighearly portion of the development of a
fishery results in the loss of vital informationcaib the species population and ecosystem

response to fishing.

A dive survey was performed in areas of New Brunkvior sea urchins from 1992-94 (DFO,
2000e) but regularly performed dive surveys hawebeen performed since. Given indications of
declining CPUE in some of these fisheries (Fig, fidhery independent data would be critical to

drawing conclusions regarding abundance and make@ningful changes to regulations.

There have been no comprehensive surveys of pétaginvithin the Maritimes (DFO, 1998a).
Fishery independent information regarding the st&tlis population and its associated ecology

is non-existent making any assessment of the sadtidity of this fishery difficult.

Rockweed biomass in the Maritimes has been assassaaiber of times but not
comprehensively in all areas (Sharp, 1986; Shage&ple, 1991). Recent biomass estimates of
specific locations have been partly reliant on sysvperformed by rockweed harvesting
companies and later reviewed by DFO; however, ssaimain with regularly assessing
rockweed biomass in certain areas such as St. BBy (Sharp & Semple, 1997). While such
assessment of biomass has proved useful in managanweased frequency and precision

could greatly increase the possibility for sustalaananagement.

3.3 Issues with management and regulations

3.3.1 Market dependency

In all of the investigated fisheries, landings affdrt showed signs of market dependency. The

relation between value and landings appeared sgbiiig the sea urchin industry (Fig. 5), which
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globally is tightly connected with market demanceilges et al., 2006), and also with the value of
the Japanese Yen (Botsford et al., 2004). Sinc8,18a8dings from many of the sea urchin
fisheries in NAFO Division 4X have declined for seas related to both declining CPUE and
increasing disease, while the value per kg of selains has continued to increase. Pressure to
overharvest sea urchins is likely to increase aBinmvalue rises and landings decrease and may
contribute to an acceleration of declining abunéanosulnerable areas. The Jonah crab fisheries
were developed largely because of rising marketagehfior crab following the collapse of the
Alaskan crab stocks in the early 1980s (Robich&uad] et al., 2000). Fishing effort has
decreased substantially in recent years largelgumof decreasing market demand (D. Pezzack,
pers. comm). Rockweed has been heavily influengaddrket demand with landings halving

and doubling in a few years according to demang. @)i. Periwinkle harvesting has been known
to fluctuate on a week by week basis depending arket demand (G. Sharp, pers. comm). The
ecological effects of market driven rapid increasdsarvesting of low-trophic fisheries are
largely unknown because of a lack of monitoring tredrelative novelty of many of these
fisheries. Given the important ecological role fedrby many of these species, however, the

potential effects could be disastrous.

3.3.2 Management of new versus developing fisheries

The green sea urchin fisheries in New Brunswickldada Scotia began from a near virgin stock
around 1989. The directed Jonah crab fisheriesigmaut NAFO Division 4X began between
1995 and 1997 after many years of limited bycatctiné lobster fishery and a trial directed
fishery in some areas in the early 1980s (Adanas.e2000). These 2 fisheries are in contrast to
the periwinkle and rockweed harvests, which wetabdished on a smaller scale prior to a rapid
expansion in the mid 1980s. While population armbgstem effects of a rapid fishery expansion

might be similar between a new and a minimallyldithed fishery beyond the initial fishing
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down period, management principles might vary dye#t established fisheries, fishing methods
and market structure may be entrenched and patitspn the fishery may be resistant to change.
Consideration of such sociological factors had besnhcluded when considering changes to

management schemes.

Issues with managing new versus developing fishdréve been evident in the fisheries
investigated. Such difficulties have been partidulavident in failed attempts to regulate the
periwinkle fishery because of the established damugtransient nature of the fishery (G. Sharp,
pers. comm). In the rockweed industry some harvest@ve become accustomed to competitive
pulse harvesting and have been resistant to ch@dgharp, pers. comm). The Nova Scotian sea
urchin restricted zone based management systefaigady been successful because of its status
as a nhew and developing fishery. If fishers hadhleviously established, it might have been
difficult to enforce habitat based management aggeaerally been successfully done. The Jonah
crab fishery, although a relatively new fisherys ha&en linked with the lobster fishery in terms of
involved fishers, gear, and fishing areas. It hasdfore faced some of the same regulatory
problems one would expect of a minimally establisfishery. Reporting structure has been
heavily influenced by the established lobster figlaand DFO (2000a; 2000c) has often found it

inadequate in drawing conclusions about relativendbnce.

3.3.3 The precautionary approach

With the possible exception of the Nova Scotianwgehin fishery and some areas of the
rockweed harvest, the development of low-trophieldisheries on the Scotian Shelf show signs
of being experimental at best and opportunistiwasst. Fishing effort in these fisheries was
expanded with only rudimentary understanding offiade population and ecosystem effects and

could therefore be termed experimental; howeveahit reliable and precise fishery
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independent measurements of abundance we may dstwathl knowledge about the response of
these populations and ecosystems to increaseddishivould suggest that carrying out
precautionary management that ensures “healthyhanddant fishery resources supporting
sustainable uses” as outlined in the “New Emergiisperies Policy” (DFO, 2001) could be

difficult, if not impossible, with current monitong.

Gear regulations may be further impinging on a @uéionary approach to management of
some of these fisheries. Given the plentitude &rddic and anecdotal evidence demonstrating
the disastrous impacts of dragger fishing gear arima habitat and biodiversity (for ex. Messieh,
Rowell, Peer, & Cranford, 1991; Watling & Norse 989, the use of such gear is incongruent
with a precautionary approach and inherently uasuzble. Further, a bottom dragging fishery
that has experienced a steady reduction in CPUlfwf its peak in fewer than 10 years despite
reductions in effort, as may have occurred in then@ Manan sea urchin fishery (Fig. 11), can

hardly be considered precautionary.

3.3.4 Ecosystem based management

Ecosystem based management is an integral compohdeteloping sustainable fisheries

(Pauly et al., 2002). Such an approach would liketprporate into management: trophic
interactions, evaluations of the impact of varigaars on habitat, and marine reserves of suitable
location and size (Pauly et al., 2002). Rarely heweh evaluations been incorporated into the

management of developing fisheries on the Scotieelf.S

Of the fisheries investigated, only in the Novat&rosea urchin fishery have trophic
interactions been explicitly incorporated into mgement. Sea urchins tend to be the dominant
herbivore in their marine ecosystems (Andrew t28102) and serve as prey to many species

(Himmelman & Steel, 1971). Incorporation of trophiteractions into the management of the
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New Brunswick sea urchin fisheries would therefsgem necessary to ensure sustainability.
Likewise, the sustainability of the Jonah crab padicularly of the periwinkle and rockweed

harvests could improve greatly if trophic interans were incorporated into management.

A number of the developing fisheries on the Sco8aelf have failed to take into account gear
impact on habitat. The failure to take into accdanetimpact of bottom dragging gear on habitat
in the New Brunswick sea urchin fisheries is infionhwith ecosystem based management.
Urchin harvesters in LFA 36 are permitted to switobir dragging licenses to diving licenses but
not vice versa and this regulation may be parthypomsible for the decrease in dragging in this
area (D. Robichaud, pers. comm). Traps used iddheh crab fishery are assumed to have
minimal impact on habitat (DFO, 2000d). While hayadhering of periwinkles is unlikely to
severely impact habitat, these harvesters ofteasadbe shoreline by all-terrain vehicles (DFO,

1998a), which may impact the coastal ecosystem.

The impact of gear on rockweed habitat is of pakticimportance since rockweed provides
reproductive and foraging habitat for a multitudidied, fish, and invertebrates (Rangeley, 2000)
as well as maintaining water quality through iteefing function and nutrient storage (Worm &
Lotze, 1999). Rockweed has been harvested by cakter hand sickle, and by mechanized
harvesters (Sharp & Pringle, 1990). CAFSAC (1998bhd the exploitation rate to be highest
for the hand sickle (90% mean exploitation rate) lmvest for the cutter rake (25% mean
exploitation rate), but the cutter rake was foumdeimove the highest percentage (41%) of whole
plants, which would retard the recovery of the we&d habitat (Sharp, 1981). Areas with 95%
exploitation rates have been found to take up tgeEds to recover (Sharp & Pringle, 1990), so a
90% exploitation rate incurred by hand sickles domipact habitat recovery. Mechanized
harvesting of rockweed has been permitted in tisé goad there has been a push from industry in

recent years to revert to back to these methodSlii@rp, pers. comm). While local exploitation
52



rates may be lower with mechanized harvestingetts® with which mechanized harvesting
allows high volume harvesting and therefore greatgact on habitat should be considered.
While much research has gone into evaluating timaahof rockweed harvesting gear

technology, regulations could go further towaregrating such knowledge.

None of the developing fisheries on the Scotianf3taae incorporated designated marine
reserves into management in which no fishing ofking is permitted. In southern New
Brunswick, 8 of a possible 64 sectors have bearved as unharvestable for rockweed (DFO,
1999), but are not true marine reserves. The omeafi marine reserve areas restricted from
fishing could be of great benefit to the sustailigiof the investigated fisheries. First, by
creating areas that are restricted from fishingyweld create a reference point to compare
fished areas to identify changes in populationjtaglrophic level distribution, and ecosystem
functions. Second, by creating areas restrictdi$iing, we would provide a refuge that could
replenish fished areas should overexploitation ncthird, by selecting ecologically sensitive
areas to preserve, we could conserve the integiritylnerable local marine species populations
and ecosystems. Worm et al. (2003) describe trenpat of regulating ecological hotspots in the
ocean to aide in the conservation of large preglapecies. Similar regulations could aide in the

conservation of low-trophic level species.

Although designated marine reserves are not incatpd into the management scheme,
substantial unfishable reproductive refuges arebad to exist for Nova Scotian urchins (Miller
& Nolan, 2000). Rockweed has few natural reserireesany area accessible by a 5m boat can
be harvested by hand (Sharp, 1986). Natural regtivdurefuges for periwinkles are believed to
exist because of the limited depths and locatiomghach periwinkle harvesting occurs (G. Sharp,

pers. comm). Still, these and other fisheries cbeldefit greatly from designated marine reserves
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both incase such assumptions of reproductive refpgave incorrect and to form areas for

comparison of population and ecological charadies®vertime to fished areas.

3.4 Assessing relative abundance

This study has identified signs of declining aburaiain some of the developing fisheries. For

the sea urchin fisheries: in Nova Scotia, landizaugd likely abundance have declined due to
disease; in LFA 36, landings and CPUE have beeatively stable over the past 10 years but

may not be indicative of abundance; and in LFAtB8re has been a decline in landings and
CPUE likely due to overfishing and destructive djiag. For the Jonah crab fisheries: in LFA 38,
CPUE has declined possibly because of a decliabumdance and possibly because of changes
in quality of effort or bycatch issues; for the @ning Jonah crab fisheries, abundance trends are
unclear. The periwinkle and rockweed harvests momgly market driven. Relative abundance of
periwinkles in the Maritimes is unknown. Relativeuadance of rockweed is steady in some

areas, decreasing in other areas, and uncleama kzations.

The sea urchin fishery around Grand Manan (LFA @8)ch is primarily a bottom drag
fishery, has seen its CPUE decrease by almost E@%ifs peak value in 10 years (Fig. 11).
Further, as of the year 2000, there was anecdatimce from fishers around Grand Manan of
serial depletion of the stocks (DFO, 2000e). Cormmgpado nearby LFA 36, the LFA 38 fishing
season was made shorter, the permitted drag wiashswaller, and the exploitation rate was set
lower because of signs of lower recruitment duardgjve survey in 1992-94 (DFO, 2000e).

Despite these regulations, the CPUE has contirudddline in LFA 38.

The sea urchin fisheries on the southwestern Scéltielf have been developing for
approximately 16 years (Fig. 5). Given that theslecies began with a near virgin stock, the
guestion remains to what extent the declining CReé&n in LFA 38 may be part of typical
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fishing down of the stock as described by Hilbond &ibert (1988). CPUE has, however, failed
to plateau thus far with decreased effort as mastioif the fishery is to become biologically
sustainable. Further, we have failed to see sirdialines in CPUE in the nearby LFA 36 urchin
fishery, which is primarily a dive fishery (Fig. 10t should be noted, however, that CPUE may
not be a reliable indicator of population abundafiecalive fisheries because of the non-blind
nature of diving and the fact that divers will odliye if they expect the CPUE to be suitably high
(Miller & Nolan, 2000). Although differences in polation characteristics make a direct
comparison difficult, given the established hakitastruction incurred by bottom dragging (for
ex. Messieh et al., 1991; Watling & Norse, 1998js not unreasonable to assume that gear type
may be partly responsible for the differing CPUgntis of these 2 urchin fisheries. Given the
available population data, CPUE data, and fishieay ¢n use, the LFA 38 sea urchin fishery may
be unsustainable. Although the LFA 36 fishery hatsseen a decline in CPUE and has thus far
appeared sustainable, the possibility of divingkimegsa decline in abundance and the lack of
ecosystem based management leads me to concludedhang term sustainability of this

fishery is unclear.

Signs of declining abundance of sea urchin poparatare not unique among global sea urchin
fisheries. Sea urchin fisheries have demonstraeeatedly to be unsustainable (Andrew et al.,
2002; Berkes et al., 2006; Botsford et al., 2004)s, despite the fact that most sea urchin
fisheries world wide are dive fisheries (Andrevakt 2002). When one considers the inherent
habitat destruction caused by bottom dragging (Wa8 Norse, 1998), one could question the
wisdom of applying this technology to the fishefyagspecies that has repeatedly shown to be

prone to overexploitation.

In contrast to the New Brunswick sea urchin fise&rthe Nova Scotian sea urchin fisheries are

managed based on a restricted zone area basedenaragscheme (Table 1). While sea urchins
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are a prime candidate for ecosystem based managehmeiNova Scotia sea urchin fishery is the
only urchin fishery in North America that has usetlogical information to develop
management policy (Andrew et al., 2002). Unfortehatthe largest threat to the Nova Scotian
sea urchin population is disease (Miller & Nola@0@). The effect of disease can be seen in
recent landings statistics (Fig. 9) and as Andreal.2002) note, if populations of Nova Scotian
sea urchins collapse approximately every decadausecof disease, then an ecosystem based
management scheme that fails to take this intolattde missing a key component. Overall, if it
wasn't for recurring mass die-offs from disease,gébhosystem based management of the fishery

could result in a sustainable fishery.

Evaluation of relative abundance in the Jonah tishieries was generally unclear given the
available data. The declining CPUE in LFA 38 mayirzicative of declining abundance or may
be indicative of issues with data collection. Rblaied et al. (2000) note that all the log books
may not have been received for some seasons addtdenay therefore not include all landings.
Reporting of bycatch of Jonah crabs in the lobsbery was voluntary and incomplete,
exceeded the directed catch as of 1999, and wdaaiatied in the landings data (DFO, 2000a).
It is also possible that the quality of fishingagtfhas decreased with the recent decline in crab
value. It is unclear whether the decline of CPUEhm offshore LFA 41 is indicative of declining
abundance because of the increasing percentageated landings being attributed to bycatch
in the lobster industry (D. Pezzack, pers. commjhé remaining LFAs, abundance trends
remain unclear. Without complete and distinguiskabtording of the Jonah crab bycatch in the

lobster industry, the sustainability of these fisb®will remain unclear.

Available data does not permit an estimate of iredabundance of periwinkles.
Comprehensive surveys have not been performeaiMtritimes and landings are often

unrecorded (DFO, 1998a). The depth of harvestadilievmkles is considered minimal and
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extensive refuges for this species are assumexabfem which periwinkles tend to repopulate
harvested areas (G. Sharp, pers. comm). With thiéahle data, however, the sustainability of

the Maritimes periwinkle harvest remains unclear.

Detailed biomass surveys have been performed oe soeas of the rockweed harvest, which
have aided in estimating relative abundance. ShadpgSemple (1997) note that competitive
overharvesting had resulted in declining abundamtiee Nova Scotian Annapolis Basin, St.
Mary’'s Bay, and Lobster Bay (see Fig. 16 for m&uveys indicated that abundance appeared
more steady in southern New Brunswick where areadaanagement is more common (Sharp
& Semple, 1997). Assuming that 17% exploitatioa ieasonable target to maintain abundance,
my estimate of a 17% and 20% exploitation rate AFR Division 4X in 1992 and post 2000
respectively (Section 2.9.5), indicate that ovelaitgtion is occuring in some areas. Since
harvesting is minimal in some areas (Sharp & Seni§87), harvesting in other areas must
continue to far exceed the targeted 17% and coallgtsbumed to be resulting in declining
abundance. Additionally, there is some concern1f& may not be an appropriate target for
some areas in which rockweed is particularly suiiglepfrom holdfast removal (DFO, 1999).
Therefore, while the rockweed harvest in some araast notably southern New Brunswick,
may be sustainable, the harvests of other areas sigas of being unsustainable; however, the
effect of the rockweed harvest on the sustainglifitassociated species is unclear given current
monitoring. If competitive overharvesting continueshe Annapolis Basin, St. Mary’s Bay, and

Lobster Bay, these harvests may not be sustainable.

3.5 Sustainability

In summary, some of the developing fisheries orstheghwestern Scotian Shelf appear to be

sustainable, some show signs of being unsustairatdethe sustainability of many remains
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unclear. The Nova Scotian sea urchin fishery i$ mahaged, but because of recurring disease
may not be sustainable. The LFA 36 sea urchin fish®y be sustainable at current effort levels,
although the possible relative abundance maskiegtsfof diving, possible serial depletion, and
the established unsustainability of global dive wehin fisheries (Andrew et al., 2002; Berkes et
al., 2006) makes its long term sustainability utaiar This fishery was more sustainable than the
Grand Manan, LFA 38, drag sea urchin fishery, wigckhowing signs of declining abundance
and serial depletion. The sustainability of thealoaorab fisheries remains unclear because of
issues with the reporting of bycatch in the lobfigdrery and incomplete reporting. The
sustainability of the periwinkle harvest cannotlssessed with the available data. The southern
New Brunswick rockweed harvest may be sustaindlbieits effect on the sustainability of
associated species is unclear. Some of the rockha®@sts in Annapolis Basin, St. Mary’s Bay,

and Lobster Bay may be unsustainable if overexion continues to occur.

58



Chapter 4

Conclusions

Low-trophic level fisheries have been rapidly exgbashin the last 20 years on the southwestern
Scotian Shelf and now represent substantial ecanvatue (Fig. 5). Despite this, only 39% of
knowledge factors necessary to develop sustaimahieagement were reported for developing
fisheries compared to 62% for the Atlantic cod digh(Fig. 6). Further, only of the possible
population and ecosystem knowledge factors amd the possible fishery knowledge factors

were reported for the developing fisheries (Fig. 7)

Developing fisheries on the Scotian Shelf showsigitight market dependency (Fig 5 & 6)
and have the potential to be boom and bust ingsstioiut monitoring has been largely
inadequate. Monitoring is often lacking in qualipyecision, and availability of data, and
regulations rarely follow ecosystem based manageprérciples. A reliable measurement of
fishing effort was rarely available for these fighe, and reported landings were often
incomplete. Fishery independent data has rarely belkected. None of these fisheries have
marine reserves in which all fishing is banned.yOnlthe Nova Scotian sea urchin fishery is
substantial ecological knowledge integrated inorttanagement plan. Overall, management
regulations are failing to address many of our mg&nowledge factors. Some of the fisheries
may be sustainable, some appear to be unsustaibabliée sustainability of most of the

fisheries cannot be ensured based on the avadakde

Fisheries cannot be managed politically or alloweefiuctuate solely by market demand.
These fisheries were expanded rapidly without titegiration of adequate monitoring tools
because of political and economic pressure frodapséd higher trophic level fisheries. There
are signs that we may already be seeing a decraasedance of some of these species but
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because of inadequate monitoring, decisive managedeeisions cannot be made and ecosystem
effects of this increased fishing are largely unknoGiven our history of fishery

mismanagement (Jackson et al., 2001) and thedftate oceans (Pauly et al., 2003), we cannot
afford to continue to manage our fisheries in smachanner. No new low-trophic level fisheries
should be opened without basic population and estesyknowledge and a manner of

monitoring these parameters over time.

With 40% of the world marine fisheries categorizsddeveloping (FAO Marine Resources
Service, 1997) and the global fishery trophic ledetreasing (Pauly et al., 1998), developing
low-trophic level fisheries on the Scotian She# part of a global trend. Some low-trophic level
fisheries have a long global history of unsustaiitgl{Andrew et al., 2002), while the
sustainability of others has yet to be establisepid and substantial shift in the way we
manage our fisheries is necessary if we are torertba long term health of our marine

ecosystem.
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Appendix A

Factors used in knowledge analysis

Table 4: Knowledge factors related to population abndance and distribution that are
important for developing sustainable management ahvertebrate and low-trophic level
fisheries. Used in analysis of DFO Stock Status Refts and CSAS Research Documents. See
Fig. 7 and 8. Knowledge factors adapted from Perrgt al. (1999).

Population abundance and Population abundance and distribution knowledg®fac
distribution knowledge category
Population structure Single widespread populatiometapopulations
Mobility and range of life-history stages
Extent of exchange among sub-populations
Distribution in space and time Basic knowledge eéfgraphic range
Detailed knowledge of geographic range
Degree of aggregation or schooling behaviour
Seasonal migrations/changes in availability oatmn
Preferred habitats
Population size or biomass Virgin
Current
Sizel/age structure
Potential lifespan
Reproductive characteristics Basic knowledge oingf spawning/reproduction
Detailed knowledge of timing of spawning/reprotilc
Size at maturity/spawning/reproduction
Fecundity at size
Spawning/reproductive area/region
Length (time) of larval/egg phase
Type of larval/egg phase (e.g. planktonic...)
Lifetime egg production
Sex ratio
Mating system, hermaphroditism?
Productivity characteristics Growth rates
Basic knowledge of recruitment patterns
Detailed knowledge of recruitment rates
Natural mortality rates
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Table 5: Knowledge factors related to fishery chareteristics that are important for developing
sustainable management of invertebrate and low-traic level fisheries. Used in analysis of

DFO Stock Status Reports and CSAS Research Documentee Fig. 7 and 8. Knowledge factors
adapted from Perry et al. (1999).

Fishery knowledge category Knowledge factor
Potential fishing techniques Gear types
Gear selectivity
Gear efficiency

Handling characteristics Survival after capture seidase or regrowth after
harvesting

Fishing location and timing Specific fishery ar@adocations
Fishery seasons

Fishery monitoring Measurement of landings

Measurement of fishing effort
Bycatch rate of this species in other fisheries
Bycatch rate of other species in this fishery

History Response of species population to fishiogffisheries
experience elsewhere
Goldrush potential Potential market and value ofipct landed

Table 6: Knowledge factors related to ecosystem ctacteristics that are important for
developing sustainable management of invertebratend low-trophic level fisheries. Used in
analysis of DFO Stock Status Reports and CSAS Reseh Documents. See Fig. 7 and 8.
Knowledge factors adapted from Perry et al. (1999).

Ecosystem knowledge category Ecosystem knowledderfa
Potential for habitat Fishery disruption of the habitat
disturbances

Recovery times after disturbance
Potential role in the ecosystem  Strength of int@vace.g. keystone species or weak
interactor
Predator-prey species interactions
Competition species interactions
Habitat provision or interaction with habitat
Other ecosystem function: e.g. nutrient filtesstorage

Data from knowledge analysis available at:
http://myweb.dal.ca/sn516781/Honours_Thesis_200@OBRSON_data.xls
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