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ABSTRACT
The European Green crab (Carcinus maenas) is an invasive species in Atlantic Canada, and a
known predator of commercially-important shellfish. It also destroys eelgrass beds, which are
essential habitat for many commercial pelagic species during their juvenile life stages and
important for reducing silt accumulation in estuarine ecosystems. Further, these crabs damage
fishing gear and prey on eels in fyke nets, rendering the eel fishery in many Atlantic Canadian
regions non-profitable.
Last year, the Department of Fisheries and Oceans granted fishing licenses to commercial fishers
in hopes that a market would develop and that fishing pressure would reduce crab numbers and
the negative economic and ecological impacts this species is having in Atlantic Canada.
Unfortunately, the relatively small size of green crabs makes them unsuitable for the live crab
market and, due to their low meat yield, it is not cost effective to use meat extraction for valueadded products. However, there is a very lucrative alternative option for this species: a soft-shell
product, similar to “Moleche” in Italy, which is valued at €51.14/kg, and to the soft-shell blue
crab in the US, that retails for approximately the same price, at $60 USD/kg.
Male green crab in PEI moult predictably and relatively synchronously, which is the key to a
successful soft-shell crab industry. We propose an innovative solution for this invasive species
that is based on the existing blue crab soft-shell industry in the US and the Moleche industry in
Italy. Our model, proposes a sustainable land-based system that capitalizes on the existing
infrastructure of seafood processing facilities during the slack period between lobster seasons,
projects gross profit margins greater than 50%.
Within 5 years, PEI could produce 20 tonnes of soft-shell green crab, thereby increasing
processing plant revenues by $602,700CAD annually (net income ~$300,000). For fishers in
coastal communities, the break-even price for green crab is approximately $2.86CAD/kg;
however, if they sell only male crabs they will require a higher price to maintain fishing efforts,
given the present density and catch rates of green crab on PEI using baited traps. The additional
revenue to fishers from a soft-shell industry could be $118,000 annually, if processors purchase
20 tonnes per year. To improve the profits of this industry for fishers, research should focus on
improving the fishing gear and determining the areas where male crabs congregate in the
estuaries before moulting. Despite the high cost of fishing green crabs, this industry is still
projected to be profitable. It will also directly benefit local fishing communities, while indirectly
reducing negative impacts on local ecosystems and alleviating pressure on economicallyimportant estuarine species.
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CHAPTER 1
INTRODUCTION
In 2014, Prince Edward Island’s seafood exports were valued at $260 million (Government of
Canada Archive, 2015), which is an important pillar for the economy of the province. In fact, the
Atlantic Canada Opportunities Agency (ACOA) recently invested significantly in infrastructure
to improve the capabilities for seafood air shipments from the Charlottetown airport (ACOA,
2015). The sale of premium products such as lobster and snow crab have been increasing over
the last few years due to increased market demands in China and the US; however, growth of the
seafood industry is limited by finite natural resources.. Growth in the seafood industry can occur
in one of three ways. The first option is aquaculture, which has seen an increase growth globally
and in some species, such as salmon, has become a larger supplier than the natural fisheries
(FAO, 2014, 2015); however, for crabs and lobsters , this option is much more complicated than
it is for finfish and shrimp. The second option is to increase value-added products, a trend which
has been observed over the last decade (Blank, 2015; Smith, 2014). The last option for growth in
an industry with finite resources is to expand into previously unexploited marine species. The
cultural culinary preferences of North Americans limit the exploitation of new species; however,
the introduction of the Pacific region and EU free trade negotiations, which remove many of the
tariffs on North American products, may permit Canadians to find markets for marine species
that were, traditionally, not considered valuable. The European green crab (Carcinus maenas) is
an invasive species that is sold for human consumption in Europe, and therefore could be
exploited for commercial purposes in Prince Edward Island (PEI).
The green crab was first reported in PEI in 1997 (Pickering and Quijon 2011). Since then, it has
established itself in all estuaries on the eastern and southern shores of the Island (McNiven et al
2013) and it is spreading into the northwestern shores. Its colonization of coastal estuaries is
facilitated by the fact that it has no predators on PEI and ample shellfish to feed on. The only
factor that appears to reduce green crab populations is cold winters, but this observation is only
anecdotal.
Despite its relatively recent introduction to PEI, the European green crab is already having a
negative impact on native shellfish populations and the eel fishery. Green crabs prey on small
shellfish and crustaceans (Cohen et al 1995; Pickering & Quijon 2011; Rossong et al. 2012) and
are thought to be responsible for the decline of the soft-shelled clam industry in New England,
U.S.A. (Lovell et al 2007). The direct and indirect economic impacts of the green crab on
shellfish industries is density-dependent (Mach & Chan 2014), and likely to be substantial in
Atlantic Canada (Miron et al 2005).
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In some areas of PEI, eel fishers have stopped
fishing because their catches are being damaged
by green crabs in their fyke nets; these crabs
also destroy fishing gear, adding to fishers’
losses. In 2015, a local eel fisher in Brudenell
River reported consistently catching 5 or 6 large
containers of green crabs every 2 days when he
set his nets (Figure 1.1).
The green crab also indirectly impacts the
ecosystem by competing with other crustaceans Figure 1.1 ~500lbs of green crabs caught in eel traps set
for two days in Brudenell River, PEI October 2015
for resources and damages sea grass root
systems by digging in sediment, compromising
the stability of the intertidal ecosystem. The subsequent loss of eel grass exacerbates the
accumulation of silt in PEI’s estuaries (Davis et al 1998; Locke and Hanson 2004; Malyshev and
Quijon 2011), and also indirectly affects commercial pelagic species that use this habitat for
nurseries. In Puget Sound, WA, the 2014 revenue losses from green crabs were estimated
between 1 and 23 million USD per year (Mach and Chen, 2014). Although the precise cost
estimate of the green crab invasion on PEI is unknown and difficult to calculate, due to its direct
and indirect impacts, there is no question that partial or complete removal of this invasive species
would benefit the ecosystems and estuarine fisheries.
The Department of Fisheries and Oceans (DFO), and the University of Prince Edward Island
(UPEI), have been investigating methods to control the invasive European green crab for over a
decade. In 2014, DFO granted fishing licenses to commercial eel fishermen who wanted to
exchange their eel licenses for green crab licenses (CBC News, 2014; CTV News 2014). The
intention was to develop a market for this invasive species and reduce or control green crab
populations through fishing pressure. This was the first commercial fishery on an invasive
species in Canada, and it marked the removal of the first barrier to commercialization of this
species.
The second hurdle for marketing this species is its size. The carapace width of an average male
crab on PEI is approximately 50 mm, and females are even smaller (McNiven et al 2013; Poirier
et al 2016). Most crabs are under 80mm, with the upper size limit of 90mm (Berrill, 1982;
Klassen and Locke, 2007), which is approximately 20mm smaller than the average native rock
crab species (Cancer irroratus). The green crabs’ relatively small size makes them unsuitable for
the live crab market, and their low meat yield makes meat extraction for value-added products
not cost effective (Galetti, 2006). A study conducted on the use of this crab as crabmeal for the
aquaculture industry concluded that whole ground crab was too high in indigestible protein and
mineral to replace other sources of protein for food animal diets (McNiven et al 2013).

9

There is a small bait industry in Nova Scotia,
where the green crab is used to attract lobsters,
but fishermen on PEI are reluctant to use this
species for that purpose because they believe it
will increase its distribution, especially in the
northern part of PEI where it is not as
prevalent. They are also concerned that if they
use the green crab as bait they may transmit
parasites to their lobster populations (Ayers,
2015).
Figure 1.2. Harvested soft-shell green crab (moleche) in
Italy 2015 (L. Poirier).

There is a very lucrative alternative option for
this species: a soft-shell product, similar to “Moleche” in Italy (Figure 1.2), the soft-shell blue
crab (Callinectes sapidus) in the southern USA (NOAA Chesapeake Bay Office, 2015) (Figure
1.3), and the mud crab (Scylla serrata) in Asia (Lwin, 2015).
In Italy, male crabs of a species (Carcinus aestuarii) closely
related to the species found in PEI are trapped in the spring,
when water temperature is approximately 18 0C, and kept in
floating cages until they moult (Figure 1.4), then harvested as
soft-shell crabs (Silvestri et al 2006; Pellizzato 2010). This
industry produces approximately 70 tonnes of soft-shell crab
per year (Personal communication, L. Poirier). Soft-shell green
crabs in Italy are typically served lightly battered and deep
fried (Figure 1.5).

Figure 1.3 Soft-shell blue crab for sale in
New York City Chinatown in 2015 (D.
Price).

In the US, a similar soft-shell industry was established in the
1970’s, through the National Oceanic and Atmospheric Administration’s SEA grant program,
with the native blue crab and now produces 500 tonnes of soft-shell crab annually (Lowther and
Liddel, 2014). It is based on a similar principle as the artisanal soft-shell green crab industry in
Italy, where fishermen trap the blue crab and retain, in shedding systems, animals that display the
physical characteristics of moulting (Osterling 1995). They sort crabs daily and harvest them
within a few hours of moulting. The harvest must be completed less than 24 hours after
moulting, otherwise the crabs’ carapaces have begun to
harden (Anonymous, 2006).
The blue crab industry in the US differs from the Italian green
crab industry in several ways. First, the blue crab is larger
(range of carapace width: 70 to 230 mm) (Eol, Anonymous,
2015) than the green crab, so crabs that are trapped and that
do not have the characteristics of impending moulting can be
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Figure 1.4 Italian fishermen sorting
soft-shell green crabs.

sold in the live market. In Venice Italy, fishermen return
crabs that are not within 3 weeks of moulting to the
lagoon. The second difference between the North
American and Italian soft-shell crab industries is
availability of their products, which is likely due to
differences in the proximity of markets between the two
countries. The Italian industry is an artisanal fishery and
their product is only available “fresh” in March and
April, when the crabs moult (Varagnolo et al 1968;
Figure 1.5 Deep fried soft-shell green crab in
Pellizzato, 2010; Silvestri et al 2006)1. The US industry Italy.
processes soft-shell crabs and sells their product offseason as a “fresh frozen” delicacy, which helps control seasonal fluctuations in the market price
and facilitates distribution to distant markets. The last significant difference between the North
American and Italian soft-shell crab industries is the manner in which the crabs are held in
captivity.
After the Italian fishermen select their pre-moult green crabs, they hold them in floating
containers in the lagoons (Figure 1.4). In general, they have containers for three stages of crab
moulting: one container houses crabs that are a few days from moult, another holds crabs that are
1 to 2 weeks from moult, and the third holds crabs that are 3 weeks from moulting. All other
crabs are returned to the lagoon. The sorting of crabs is based on the typical characteristics of
moulting, which include a halo on the episternites of the crabs and a dulling discolouration of the
underbelly (Figure 1.6) when it is within a few days of moulting (Varagnolo et al 1968; Poirier et
al 2016). This sorting allows for easier harvest of soft-shell crabs and, because the crabs that are
within a few days of moulting do not feed, separating them also reduces cannibalism on moulted,
soft-shell crabs (Poirier et al
2016). The fishermen are adept
at sorting the different stages of
A few weeks
moulting, which is the key to
from molting Moulted
recently
holding crabs in close
confinement and successfully
Soft
Ready to molt
harvesting 80% of their stock as
soft-shell crabs (Pellizzato,
Figure 1.6 Characteristics for staging moulting in green crabs .
2010).
The American industry also relies on sorting crabs to identify individuals close to moulting and
separating these from other crabs to reduce cannibalism. The classic characteristic of the
moulting blue crab is the development of a red line on the paddle fin (Oesterling, 1995), which is
relatively easy to identify compared to the grey halo that appears on the episternites of the green
1

There is also a small moulting window in the autumn, but this is less predictable than the spring season
(Varagnolo et al 1968)
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crab. The blue crab industry in the US holds crabs in land-based flow-through or re-circulation
tanks. There are anecdotal reports from industry that some soft-shell crab operations are holding
blue crab in individual compartments (personal communication R. Carnegie, VIMS, Virginia
USA), but this has not been confirmed. Regardless, the land-based shedding systems used in the
US have permitted the soft-shell crab industry to expand from an artisanal fishery to larger
commercial operations that can provide a larger supply of product to the market, the limiting
factor for growth is the finite blue crab supply. In some areas, such as Chesapeake Bay in
Massachusetts, the crab supply is declining due to over exploitation and loss of habitat (NOAA
Chesapeake Bay Office, 2015).

SOFT-SHELL INDUSTRY IN PEI
Research at UPEI has demonstrated that the European green crab in PEI behave in a similar
biological manner as the green crab in Italy. Preliminary studies have demonstrated that
approximately 40 to 60% of male green crabs caught in July, when water temperatures are above
16 0C, undergo a moult within 3 weeks when held in floating cages in the estuary (Poirier et al,
submitted), similar to the method used by the artisanal Moleche industry in Italy. Further,
moulting rates can be increased by maintaining the water temperature at 180C in a land-based,
closed system (Poirier et al submitted), which is similar to the methods used to moult blue crabs
in the US (Turano, 2007). These findings suggest it may be possible to capitalize on the biology
of this crab and establish a lucrative soft-shell crab industry in PEI.
To catch green crabs within 3 weeks of moulting, fishermen would have to trap animals soon
after the surface water temperature in estuaries reaches 16 0C. As there is no by-catch industry at
this time of the year, they would have to actively trap animals. The male crabs could be sorted
and held in a facility licensed by the Canadian Food Inspection Agency to hold and process
animals for food consumption. This facility could be owned and operated by the fishermen
themselves, but because the crabs will need daily attention and many green crab fishers also fish
other species at this time of the year, it may be difficult to do both. The holding facility could
also be an existing seafood processing plant, with experienced personnel, as the season for softshell crab straddles the two lobster seasons in PEI (i.e. May to Mid-June and August to October).
This type of facility would already have the proper infrastructure to hold aquatic animals.
Eventually, sorting of green crabs on PEI could be as elaborate as the
sorting that occurs in Italy, where the precise stages of moulting can be
identified within 2 days, but initially the industry could focus on males
less than 60mm, which have not moulted recently, as there is a good
chance these animals will shed their carapace within three weeks if
they are caught when the water temperature is approximately 180C. A
crab that has recently moulted is bright yellow, free of fauna such as
barnacles, and may be still soft, as it takes 24 to 48 hours to harden
(Figure 1.7). If crabs are caught post-moult they should be discarded
12

Figure 1.7. Green crab
shortly after moult
displaying the bright yellow
coloration of the
underbelly.

or used for bait or other hard-shell green crab products as they will not moult again for some
time.
If the operator of the soft-shell facility is unable to identify the opaque colouration of the
carapace and the halo on the episternites of the crabs (Poirier et al submitted), both signs of
imminent moulting, the crabs will have to house crabs individually to avoid cannibalism.
Although the prospect of housing crabs individually may at first appear cost prohibitive, it would
significantly reduce the labor of sorting crabs on a daily basis and facilitate the harvest process:
when there are two carapaces in a housing unit the crab has shed. The key to profitability will be
developing a system that enables quick and easy examination of crabs held at high stocking
densities. Stacking trays of crabs to utilize the vertical space at a processing plant would be
efficient use of the animal holding area. This type of housing is used for salmon egg production.
The water quality parameters necessary to maintain green crabs in a moulting system are not
known, but those for blue crabs are well established and could be used to guide the green crab
industry (Turano, 2007). Anecdotally, green crabs in captivity have been maintained for months
with no water exchange and have not suffered any mortality. Fishers also report crabs surviving
without water for several days. It appears that this species is tolerant to poor environmental
conditions. Personal observation of crabs moulting in our laboratory suggests this process
clusters in time and space, and may be triggered by chemical signaling initiated by the crabs;
however, this has not been scientifically evaluated. If it is accurate, then limiting water exchange
will facilitate the moulting process.
Soft-shell crabs need to be harvested once or twice daily, because they begin the “hardening”
process within 12 to 24 hours (Anonymous, 2006). Immediately after a crab moults it swells with
water, giving its meat a very soft texture and mild flavor. A crab will gain approximately 40% of
its original weight, in water, immediately after moulting (Poirier et al, submitted). A soft-shell
crab can be maintained in soft condition for up to 5 days if it is held in a moist, refrigerated
environment (personal observation), but will succumb to mortality eventually if it is not returned
to salt water. This is problematic for the live market as the moulting process occurs over a period
of three weeks, so all of the product is not available at the same time. Given the vulnerability of
soft-shell crabs, stockpiling more than a few days of product would be difficult unless the
product is frozen. The Italian market for fresh soft-shell crabs is located in the same area as the
fishery, so the shipment of live animals has never been an issue for this industry, but in PEI the
demand for soft-shell crab would be predominantly in the larger Canadian cities, the US, Europe,
and China. To accommodate these distant markets, the industry will need to process crabs as a
“fresh frozen”, similar to what the blue crab industry does to provide product “off season”
Product. The primary customers for the soft-shell crab product from PEI would be wholesale
distributors for restaurants and commercial food services. A small volume of soft-shell crabs
could be marketed fresh, directly to local restaurants to increase the branding of this novelty item
from PEI.
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DEMAND FOR SOFT- SHELL CRAB PRODUCT
PEI’s seafood exports
increased by 28% between
2013 and 2014 (Figure 1.8)
(Government of Canada,
2015). This was likely due, in
part, to the expansion in the
US and Chinese markets and
the weak Canadian dollar.
Both the US and China are
experiencing growth in their
Figure 1.8 Trends in crustacean seafood price and landings for the Maritime
region. (Fisheries and Oceans, 2015 commercial fisheries)
economies. In fact, China is
expected to double its per
capita spending on seafood products between 2007 and 2020 (Agriculture and Agri-Food
Canada, 2014), which is predicted to result in an increase in annual sales of crustacean products
of between 6% and 8% (The Fish Site News, 2014; Shore, 2015). We anticipate the increased
demand will only become more pronounced in Canada and in PEI with the new global trade
initiatives in the Pacific region (TPP) and the European Union (CETA) (Global Affairs TTP,
2015; Global Affairs CETA, 2015). Consumer trends in premium crustacean products suggest
the market could absorb additional product if it was available (Figure 1.8) (Agriculture and Agrifood Canada, 2013).
Currently, in North America, the only domestic soft-shell crab commercially available is the blue
crab, harvested in the USA. The high retail value of this product in both the US and Europe is
partially due to the high demand and limited supply. Over-exploitation of the blue crab in some
areas of the US (NOAA Chesapeake Bay Office, 2015) suggests the American market could
easily accommodate more product.
The soft-shell green crab in PEI is smaller than the blue crab product, which may make it slightly
less desirable to consumers that are used to larger crabs. However, if the product does not fetch a
premium price in the US, the growing Chinese market for quality seafood products suggests that
any surplus product could be sold to Asia for a similar price as in the US. Several PEI processing
plants have established distribution channels in China for lobster and other premium products
(Anonymous, Personal Communication), so the soft-shell crab could easily be added to this
product line.
The European soft-shell green crab in PEI is very similar in size and taste to Moleche in Italy
(personal communication, Luke Poirier, UPEI), so it could also be sold in this market. The PEI
soft-shell crab industry will occur in July and August, three months after the Italian season,
which is in March and April, so a PEI product could extend the availability of fresh soft-shell
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crabs in Europe. We could also, with appropriate marketing, likely sell a “fresh frozen” product
in areas already accustomed to the Italian soft-shell green crab.
The sale of live seafood products internationally is highly regulated, in order to reduce the risk of
introducing non-native species and pathogens. In Canada, the regulations governing introduction
of international products are set by the Canadian Food Inspection Agency (CFIA) and, although
all trade regulations must abide by the World Trade Organization, every country has different
standards based on their native species and pathogen status. Since this is a new fishery for
Canada and the species is on the invasive species list in North America, it would be a “case
study” for many countries to accept this product. However, given we export live lobsters and
crabs of other species around the world, and soft-shell crabs can only survive outside of water in
a refrigerated environment for 5 to 7 days, so it doesn’t pose a risk for re-introduction, the
product should be accepted in the fresh international markets. Perhaps the bigger issue with softshell crab exports is their short shelf-life.
To circumvent this factor, and possible trade barriers, the green crab could be sold live within
Canada to five-star restaurants and to Asian restaurants accustomed to this delicacy, and sold
“fresh frozen” to the US and other international markets that may be reluctant to accept live
green crabs. In 2015, a local PEI seafood distributor sold large (i.e. >70mm), hard-shell green
crabs in the Toronto Chinese seafood market and, although he had a small niche market, he was
legally able to cross provincial borders with this species (Annonymous, personal
communication). If the provincial governments permit the live transport of hard-shell crabs
across their borders, it is very likely that they will permit the sale of the more vulnerable softshell crab.

SUPPLY OF PRODUCT
The supply of green crab in PEI and the Maritime region is difficult to estimate, as this species
has only recently been accepted as a commercial species; however, the provincial and federal
agencies, Department of Agriculture and Fisheries (DAF) and the Department of Fisheries and
Oceans (DFO) on PEI, respectively, have been conducting surveys for over a decade to establish
the crab’s range and invasion. Based on this information, as well as on targeted eradication
efforts, it is possible to estimate the potential supply of crabs available for a fishery.
Failed eradication efforts in Wilmot River and Basin Head, PEI, demonstrated that fishermen
could remove at least 2 tonnes of crabs relatively easily, without impacting the population
(Personal Communication, F. Hanson, PEI Shellfish Association, and C. Mills, DFO). The catch
per day in experimental surveys suggests these areas (Wilmot and Basin Head) are not the most
densely populated systems on PEI (McNiven et al 2013). Extrapolating that there is 3 tonnes of
green crab in the most densely populated areas (i.e. estuaries on the eastern end of the Island)
and 2 tonnes in areas with densities similar to Basin Head and Wilmot River (i.e. estuaries on the
southern coast of PEI), we estimate the harvestable volume of green crab on PEI to be at least 40
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metric tonnes annually2. Although the eel fishermen do not quantify precisely their green crab
by-catch in the autumn, one fisherman in eastern PEI reported trapping approximately 200 kg
every two days for 4 weeks in his fyke nets (Figure 1.1), which is consistent with our predicted
Island-wide estimate.
The soft-shell crab industry would be based on male crabs less than 60mm in carapace width,
because female and larger male crabs do not moult in the summer in a predictable manner.
Given that we are only interested in males, it is likely that only 50% of the 40 tonnes of crabs
will be useable for the soft-shell crab industry.
Because the green crab fishery is unregulated, with no size and no catch limits on the licenses,
there is the possibility that the supply in PEI of green crabs declines due to the fishing pressure.
However, it would take several years to exploit this species to the point where populations are
significantly decreased. This is based on the fact that several eradication attempts in PEI and
elsewhere in North America, using massive harvest efforts, have been undertaken and all have
failed. Furthermore, the green crab fishery for soft-shell crabs is approximately 3 weeks in
duration and although there is no limit on the licenses, there is a limit to how many crabs can be
caught in this period of time. It will be difficult to eradicate this species when it is only actively
fished for three weeks. Even the eel fishermen that have trapped this species as by-catch
accidentally for decades have not been successful at reducing numbers. Finally, the value of this
product is so elevated that it will be profitable for fishermen to catch pre-moult crabs even when
trapping effort is high (i.e. low population densities).
Should we succeed in depleting the stocks of green crab in PEI, there is an abundance of this
species in other provinces in Atlantic Canada and the North Atlantic coast of the U.S., which
would allow for expansion into these areas, or which could be fed into our supply chain.

VALUE OF SOFT-SHELL CRAB
The soft-shell green crab retails in local Italian markets, as a live product, for as high as €
51.14/kg (Comune di Venezia – servizio per la tutela dell’utente e del consumatore, 2014),
which is equivalent to approximately $70 CAD/kg. In the US, the soft-shell blue crab retails for
approximately the same price as the “Moleche” in Europe, at $60 USD/kg (Linton’s Seafood
Soft crabs, 2016).
Using the current retail value and the annual production of 500 tonnes in Virginia and Maryland,
the blue crab industry in the US is estimated to be worth $30 million USD. The Italian Moleche
industry, at € 50/kg and an annual production of 70 tonnes, is worth approximately € 3.5 million
per year.

2

3 tons × 9 estuaries + 2 tonnes * 7estuaries ~ 40 tonnes
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The majority of soft-shell crab in PEI would likely be exported wholesale. If we assume the
wholesale price would be half of the retail price and that our product would retail at a slightly
lower price than the soft-shell blue crab in the US (i.e. $48 USD/kg), then a soft-shell green crab
industry that produces 20 tonnes (see supply of product) in PEI would be worth approximately
$480,0003 USD annually.
Although the wholesale value of this industry is quite high, it is necessary to determine the costs
of the industry to establish the potential profit margin associated with this product. The following
two chapters estimate the costs associated with fishing and processing soft-shell green crab,
respectively.

3

$60USD / Kg * 20% = $48 USD / Kg . For wholesale we assume ½ the retail price $48 * 0.5 = $24 USD/kg . For the
cost estimates in chapter 3 we use $30CAD as the value of soft-shell crab in PEI.
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CHAPTER 2

COST OF FISHING GREEN CRAB
To identify cost inputs for a green crab fishery, we invited 8 PEI commercial fishers of oysters,
silversides, or eels to a focus group meeting at the Atlantic Veterinary College. From this
meeting, we developed a questionnaire to capture economic information and current green crab
catch rates using fyke nets (the traditional method of catching crabs in Europe) and baited traps
(Appendix A). We administered this survey to eel fishermen in PEI, but had only 2 individuals
returned the questionnaire, so we presented the study at a fishermen`s green crab meeting held by
the PEI Fishermen`s Association and asked the audience for ranges of expected values. This
more productive source of information, in addition to the two surveys provided by individuals,
along with input from our initial focus group meeting, was used to estimate costs for our breakeven analyses. Three market prices for green crabs were used in our break-even analysis
($0.50/lb, $1.00/lb, and $3.50/lb), based on the current market value of similar seafood products
(i.e. crab bait, crab for concentrate, and lobster).
A tool was created, using partial budgeting, to estimate the minimum number of crabs per trap to
break even, given different cost and return scenarios. The break-even market prices for fishers at
specific numbers of crabs per trap and with associated costs of targeted crab fishing using baited
traps and fyke nets were also calculated. The existing licenses only permit baited traps for green
crab fishing; however, it may be possible in the future to use fyke nets for fishing as this is the
preferred gear used in the US and Italy by the soft-shell crab industry.
The cost components of the model included fixed and variable costs (Table 2.1). Fixed costs
were comprised of depreciation on gear, using a straight-line method, that would have to be
purchased for the sole purpose of fishing green crab, and opportunity cost, which was set at 3%
of the fixed capital costs. For all scenarios we assumed the green crab fishery was an incremental
revenue source for fishers and, therefore, we assumed they would not purchase a boat to fish
green crabs. It was also assumed that fishers would purchase traps or fyke nets and a minimal
amount of “other fishing gear.” When fishers used baited traps it was assumed they had
approximately $1000 of boat modification costs, as green crab licenses are currently only given
to eel fishers who have boats that are not equipped to deal with these types of traps. Our
estimates for boat modifications and “other gear” were based on our survey results. We also
included the cost of the license fee in the fixed costs; however, in the current scenarios this was
set at $0 because currently there is no fee for a green crab license.
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Table 2.1 Costs and revenue associated with green crab fishing using different types of gear (fyke nets and baited traps). Three price
scenarios were evalauted: scenario 1 $0.50 /lb; scenario 2 $1.00/lb; and scenario 3 $3.50/lb, The life of boats and nets was assumed to
be 10 years for depreciation purposes. The life of other gear was assumed to be 5 years.
Baited traps dedicated fishery
Scenario 1 Scenario 2 Scenario 3

Fyke net dedicated fishery
Scenario 1 Scenario 2 Scenario 3

Gross Returns
Total catch (# of crabs )

50400

Total catch (kg)
Gross returns given assumed price

50400

2016

50400

2016

105000

2016

105000

4200

105000

4200

4200

$

2,218

$

4,435

$ 15,523

$

4,620

$

9,240

$ 32,340

Trap/fyke net cost ($)

$

2,400

$

2,400

$

2,400

$

4,000

$

4,000

$

4,000

Other gear ($)

$

300

$

300

$

300

$

300

$

300

$

300

Boat modifications ($)

$

1,000

$

1,000

$

1,000

$

-

$

-

$

-

Total fixed capital cost

$

3,700

$

3,700

$

3,700

$

4,300

$

4,300

$

4,300

i) Depriciation on fixed capital ($)

$

400

$

400

$

400

$

460

$

460

$

460

ii) Interest on fixed capital ($)

$

111

$

111

$

111

$

129

$

129

$

129

iii) License fee ($)

$

-

$

-

$

-

$

-

$

-

$

-

Total fixed cost per season (i+ii+iii)

$

511

$

511

$

511

$

589

$

589

$

589

i) Bait cost ($)

$

315

$

315

$

315

$

-

$

-

$

-

ii) Labor cost ($)

$

2,520

$

2,520

$

2,520

$

2,520

$

2,520

$

2,520

iii) Other costs ($)

$

2,520

$

2,520

$

2,520

$

2,520

$

2,520

$

2,520

Total variable costs per season (i+ii+iii) $

5,355

$

5,355

$

5,355

$

5,040

$

5,040

$

5,040

5,866

$

5,866

$

5,866

$

5,629

$

5,629

$

5,629

(3,648) $ (1,431) $

9,657

$ (1,009) $

3,611

$ 26,711

Costs
Fixed capital

Variable (or operational) Costs

Total Cost per season

$

Net returns [gross returns -total costs]
(loss)

$

i) Gross returns per trap or fyke net / day

$

1.76

$

3.52

$

12.32

$

11.00

$

22.00

$

77.00

ii)Average cost per trap or fyke net / day

$

4.66

$

4.66

$

4.66

$

13.40

$

13.40

$

13.40

iii) Net return per trap or fyke net / day

$

(1.14) $

7.66

$

(2.40) $

8.60

$

63.60

(2.90) $

The variable costs or operational costs included bait costs (i.e., cost of bait × amount of bait used
per trap × number of traps set × number of days fished); the fisher’s own labour costs, which
were informed by the results of our survey and interviews; and other miscellaneous charges per
trip (extra fuel and ropes, etc.). Fishermen were asked to estimate the cost of fishing (i.e. labor
and other variable costs) if they set 60 baited traps or 20 fyke nets as part dedicated fishery. In
other words, fishing for the sole purpose of trapping green crab. These labour estimates were
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then multiplied by the number of days fished. A standard hourly wage of $20 per hour was used
for all scenarios, based on the fishermen survey of the value of their time (i.e. labour costs). The
opportunity cost of the variable expenses estimated in the model was considered negligible and,
therefore, excluded. Total costs were calculated by summing the fixed and variable costs.
Gross returns were calculated by taking the total catch (i.e., number of traps or nets × number of
crabs caught per net or trap) over the season (21 days) and multiplying it by the average weight
of crabs and the estimated market price. Average crab weight (40g) was based on findings from a
recent study conducted in PEI (Poirier et al, submitted). The number of fishing days in the season
was estimated based on the molting periods, in spring, reported in Italy (Varagnolo, et al 1968;
Pellizzato, 2010), as well as personal observations in PEI (Poirier et al submitted).
The price of crabs was varied between $0.50, $1.00, and $3.50 per lb in the analysis in order to
calculate a range of potential returns scenarios. The latter price is, approximately, the amount per
pound that PEI fishers receive for lobsters, so we assumed that was the upper value limit for
green crab. Currently, fishermen in Nova Scotia are reporting receiving approximately $0.50 per
lb for green crab from lobster fishermen for use as bait, so we assumed this to be the lower value
limit. The Asian food market on PEI has recently paid $1.00/lb for green crab, so this
price/value was also included in our model. The range of market prices for green crabs used in
this study provides estimates of likely minimum and maximum scenarios.
The number of traps or nets used and the number of crabs per trap or fyke net per day were
estimated based on our survey results. The daily numbers of crabs per trap/fyke net were also
confirmed, for some areas in PEI, by the 2012 provincial survey (McNiven et al 2013).
Net returns for different scenarios were calculated by subtracting total costs from gross return.
The minimum number of crabs per trap per day to break even (i.e. when gross return equals total
costs) was calculated using the following equation:
( )

The break-even price for fishermen, given a specific number of crabs per trap per day (i.e., 40
crabs per trap per day and 250 crabs per fyke net per day) and a 21 day season, was estimated
using the following equation:
(

)

Note that because the average weight and total weight of crabs are in g and kg, respectively,
these units had to be converted to pounds.
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RESULTS AND DISCUSSION
The tool developed in this study highlights the fact that as green crab population densities
potentially decrease, a higher retail price will be needed to encourage fishers to continue to trap
animals. The tool provided here is useful in determining the approximate market price necessary
to maintain fishing pressure on this invasive species, given different catch rates and costs of
fishing on PEI in Canada.
The break-even model for fishers indicated that total costs associated with green crab fishing
were relatively similar for the different fishing gear with a range from $5,629 to $5,866 CAD per
season, depending on whether the fishers used fyke nets or traps, respectively. Although the
fixed price per unit was higher for fyke nets than for traps (Table 2.1), fyke nets do not require
bait so the variable costs were lower ($5,040 vs $5,355) (Table 2.1). In addition, eel fishers are
familiar with this gear and do not need to modify their equipment. The cost of fishing green crab
is low because this is not a primary fishery for any of the licensed fishermen. Anyone with a
license already has all or most of the gear to fish these crabs. Despite these relatively low costs
of fishing, only some scenarios were profitable.
We determined that at $0.50/lb, the current price for green crab bait identified in our survey, no
fishery with either fyke nets or baited traps would be profitable, with the numbers of crabs
fishers reported in our survey (Table 2.2). The break-even price for the fyke net green crab
fishery, assuming 250 crabs per net per day for 21 days, was estimated at $ 0.61 CAD/lb (Table
2.2). The break-even price, if fishers were to set baited traps as per the gear prescribed on their
green crab fishing licenses, would be $1.32 CAD/lb.
If a fisher was to receive $3.50 CAD/lb for green crab at the dock (the current value of lobster),
both gear scenarios evaluated in this study would be profitable, with net returns ranging from
$9,657to $26,711 CAD for a 21-day fishing period, given the catch rates and other parameters
assumed in the models (Table 2.2).
In order for a green crab fishery to exist in PEI the number of crabs caught would have to be
sufficient for fishers to break even, otherwise individuals will not continue to harvest this
species. The minimum number of crabs per trap per day for individual fishers to break even
would depend directly upon the price received for their product. In this study, the minimum
catch per trap/net per day for a 21 day fishery was estimated to be between 15 and 44 crabs per
baited trap and fyke net, respectively, when the value of the product for the fishers was set at
$3.50 CAD/lb (Table 2.2). At $1.00 CAD /lb, fishers would have to catch 53 and 152 crabs per
trap and fyke net, respectively to break even (Table 2.2). This number of crabs per trap is higher
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than what has been reported in the provincial surveys for most estuaries in PEI (McNiven et al
2013); however, it would be feasible to achieve these catch rates with fyke nets.
Table 2.2 Break-even number of crabs per trap with different market prices for green crab (scenarios 1- $0.5/lb, 2 - $1.00/ lb ,and 3 - $3.50/lb) and different costs
associated with baited traps and fyke net fisheries. Also calculated are the break-even prices for different numbers of crabs per trap. The long term interest rate was
assumed to be 3%.

Economics of Green Crab Fisheries
Baited traps dedicated fishery
Scenario 1 Scenario 2
Scenario 3
i) Days in Season

Fyke net dedicated fishery
Scenario 1
Scenario 2
Scenario 3

21

21

21

21

21

21

ii) Bait cost per lb of bait ($)

0.50

0.50

0.50

0.00

0.00

0.00

iii) Average bait per trap (lb)

0.50

0.50

0.50

0.00

0.00

0.00

iv) Cost per trap/fyke net ($)

40

40

40

400

400

400

v) No. of traps/fyke per day

60

60

60

20

20

20

vi) Average crabs caught per trap/fyke per day (no.)

40

40

40

250

250

250

vii) Labour per day (man hrs)

6

6

6

6

6

6

viii) Labour cost per man hr ($)

20

20

20

20

20

20

ix) Price of crab per lb. ($/lb)

0.50

1.00

3.50

0.50

1.00

3.50

x) Other charges per trip (i.e gas, other…)

120

120

120

120

120

120

xi) Average weight per crab (g)

40

40

40

40

40

40

xii) Cost of other gear used in fishing

300

300

300

300

300

300

1000

1000

1000

0

0

0

0
3

0
3

0
3

0
3

0
3

0
3

(1,431) $

9,657

xiii) Cost of boat modification
xiv) License fee
xv) Interest rate on bank deposits (%)
Net returns [gross returns -total costs]
Break-even number of crabs per trap or fyke net
for given costs (#)
Break-even price per lb given assumed no. of
crabs/trap (or fyke net) and costs

$

(3,648) $
106

$

1.32 $

53
1.32

$

15
$

1.32

(1,009) $
305

$

0.61

3,611

$

152
$

0.61

26,711
44

$

0.61

This model suggests that to have a fishery on the green crab, the price per pound has to be
sufficiently high; otherwise it is not profitable for the fishermen. Since there are currently no
limits on the numbers or size of crabs caught, if the price was high fishers could drive the
numbers down, but at a population density that results in a reduced catch rate of less than 10
crabs per trap or 44 crabs per fyke net per day and a price of $3.50 CAD per lb, they would
likely stop fishing. This might happen relatively quickly if there was a market for the product
and fishers were allowed to capture whatever they could trap. Although there are no size
restrictions on the green crab fishery, the gear used to catch green crabs limits the minimum size
of crabs caught so it is unlikely that population numbers would be driven to “zero”. For this
reason, it is unlikely that this invasive species will be eradicated through commercial fishing
efforts alone; but population numbers may be reduced if the market price is reasonably high. A
soft-shell industry with a wholesale value of $30 USD/kg could afford to buy green crabs at a
price that would motivate fishers to trap crabs.
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One of the limitations of this study was that we estimated the cost to the fishermen based on only
a few individuals’ input, and the costs of fishing may vary more than we have estimated.
However, we believe the cost of fishing green crab would be relatively low, as the crabs prefer
shallow estuarine areas that are easy to access with light fishing gear. Whether or not DFO
permits different types of fishing gear will have significant impact on the profits of fishermen.
This study provides an initial tool with which to assess the conditions for when it is
commercially viable for individual fishers to catch this invasive species based on different costs
that can be adjusted. The tool has been published and is available on line for individuals to use
(St-Hilaire et al, 2016; https://data.upei.ca/islandora/object/researchdata:290)
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Appendix A

Eel Fisher Questionnaire

Please help us assess the economic viability of using a commercial fishery to control green crab
on PEI by completing the table below. Please estimate your costs as best as you can if you were
to fish green crab using the different types of gear during the different seasons indicated below.
All information collected in this questionnaire will be kept confidential and anonymous. We will
use the data from this survey to estimate the cost of fishing green crab and determine, given
different market prices whether it will be economical to fish green crabs at different times of the
year. The summarized results of this study will be publically available and distributed to the
fishers. We appreciate any help you can provide us to better understand how we can control the
green crab in PEI.

Type of fishery

i)

Days in Season

ii)

Bait cost per lb of bait ($)

iii)

Average bait per trap (lb)

iv)

Cost per trap or net to purchase ($)

Fall (by-catch fishery
in association with
eel fyke nets )

Fyke net
fishery in the
spring

NA

NA

NA

NA

NA
v)

No. of traps or net set per day

vi)

Estimated average crabs caught per
trap or net per day (no.)

vii)

Labour per day to fish green crab
(man-hours)

viii)

Hourly wage expected ($)

ix)

Additional gas costs per trip

x)

Cost of boat modifications

xi)

Other gear (specify please)

xii)

Other costs (specify please)
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Baited traps in
the spring

CHAPTER 3
COMPETITIVE ANALYSIS
The supply of unexploited green crabs in PEI and the demand for premium seafood globally
including soft-shell crabs is undisputable, but can green crabs fill a market niche and be
profitable? A SWOT analysis suggests the strengths of producing soft-shell green crab in PEI
include: 1) a slack period for processors, when crabs are moulting, which provides the
opportunity for local plants to process green crab; 2) existing knowledge and equipment for
marine and estuarine fisheries and seafood processing; 3) existing international seafood
distribution channels; 4) knowledge of the biology and triggers for moulting green crabs; 5) the
ability to provide additional product to customers and; 6) existing research capacity to address
biological and logistic
issues (Figure 3.1).
The soft-shell green crab
industry provides several
economic opportunities for
PEI (Figure 3.1). It is a new
species that could be
commercially exploited in
an economic environment
where the demand for
seafood is strong and
expected to grow. Further,
the soft-shell crab market is
already established in areas
where PEI distributes other
seafood products.
The issues that may limit
the potential for this new
industry in PEI are the labor
required for monitoring and
harvesting soft-shell crabs,
the necessity for a water
supply at 180 C, the need to
house crabs individually to
reduce cannibalism, and the
short shelf-life of live softshell crab.
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Researchers at UPEI are investigating a moulting system that stacks crabs at high densities and
requires very little water (i.e. 12,800 L per tonne of crab with a water flow of 4.4L/minute4) to
address the housing issue. The low water turnover is based on laboratory experiments that
suggests when crabs are not fed they do not need high water exchange rates (personal
observation).
The short shelf-life of live soft-shell and the distance to our markets is problematic for PEI
processors. It will require that most of the product will have to be frozen to ensure it is not lost
due to distribution and marketing delays. The soft-shell crab industry in the US has a similar
issue with the blue crab, and they have developed a “fresh frozen” product to address this
limiting factor.
Although the green crab has
invaded PEI, and in the minds of
the general public there is an
over-abundance of this species
in estuaries, the actual size of the
population is unknown. For
commercial processors, the
volume may not be sufficient to
establish a profitable industry.
Also, the potential for growth
may be limited, given the crab
population size and an
unregulated fishery. These
factors may be a deterrent for
some processors; however, it
might be possible to harvest
green crab in other provinces,
and once a high density moulting
system is developed it may be
possible to license this
technology to other processors.
The competitive analysis
suggests that competition for
soft-shell green crab is currently
low (Figure 3.2) because it is a
4

3

3

The volume of one tray: 10 cm×1m×1m=0.1m . A stack of 16 trays has a volume of 1.6m or 1600L . This would
produce 128 kg of soft shell crabs (80×0.05kg×0.7×1.4×2×16). To produce 1 tonne of soft-shell crabs you would
need ~8 units or (8*1600L) 12, 800L. Water flow could be as low as 4.4 L/minute (one turnover every 48 hrs).
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new marine species in North America and markets are not established. The primary competition
for green crab in North America is the soft-shell blue crab, which is well branded in the US
marketplace. To compete with this product, the price point for the soft-shell green crab will have
to be lower than the blue-crab; however, the quality of the product will be equal to, or perhaps
superior, for some dishes, as the green crab is smaller in size than the blue crab and, therefore,
better suited for the deep-fried starter plate at restaurants (Figure 3.3).

Figure 3.3. Soft-shell green crabs deep
fried in Venice Italy.

To ensure the green crab product is competitive with the
blue crab soft-shell product, a marketing campaign should
accompany the development of this industry to create and
promote the unique “five star” dishes made with soft-shell
green crab. The advantages of the green crab product over
others is that it is viewed as sustainable and its consumption
promotes healthy ecosystems. The latter can be
incorporated into marketing campaigns using social media
relatively easily.

Barriers to entry into this industry include: 1) the process of moulting crab requires a certain
level of technical knowledge; 2) the supply of crabs is unknown and likely not unlimited and; 3)
there are regulations in place to limit the ability of individuals to fish and process this product.
Once the market is established and technology for moulting crabs is developed the competition
in this industry may increase.
COST STRUCTURE AND ANTICIPATED REVENUE STREAMS

The revenues and costs of producing soft-shell green crabs in North America can only be
estimated, as this industry does not yet exist. However, the estimates are based on information
from other, similar seafood industries in order to develop a projected income statement for a 20tonne soft-shell crab industry in PEI. This volume of product is attainable in 5 years if
production in the first year starts with 1.25 tonnes and the volume is doubled every year.
Because the soft-shell green crab is not branded in the USA, it is estimated that the retail price
will be slightly less than that of the blue crab (i.e. 20%), which is currently at $60 USD/kg
(http://www.lintonseafood.com/maryland_soft_shell_crabs_s/2.htm). The wholesale price of our
frozen soft-shell crabs was set at 50% of this retail price, which was estimated to be $24 USD/kg
or $30 CAD/kg5.

5

$75 CAD/kg *80% = $60 CAD/ kg retail. 50 % of this price is $30 CAD/kg.
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Based on this price and the projected increase in
production to 20 tonnes annually (Table 3.1), this
industry could be worth approximately $600,000
CAD by year 5.

Table 3.1. Estimted production and value of softshelll crab based on a whole sale price of $30
CAD/kg
Wholesale
Year
Quantity (in tons) value (CAD)
1
1.25
$
37,500
2
2.5
$
75,000
3
5
$ 150,000
4
10
$ 300,000
5
20
$ 600,000

The following cost projections for soft-shell
crabs assume that a prototype housing unit that
stacks 16 trays of individually-housed crabs
vertically produces approximately 64 kg/m2
twice during the 3-week harvest period. To
produce 20,000kg of soft-shell crabs, the
processor will have to maintain approximately
20,500 kg male crabs during a 3-week harvest window. This estimate was calculated from
preliminary data that indicates when crabs moult they absorb approximately 40% of their
original weight in water, but that only 70% of the crabs in captivity moult (Poirier et al
submitted). This volume of crabs (i.e. 20,500 kg) is equivalent to 410,000 50-gram crabs. A 1
m2 tray will hold 80 of these crabs, so a 16 tray system will hold 1,280 crabs, or 64kg. If this
system is replenished once during the 3-week cycle, then the production for the season would be
128 kg per 16 tray unit. Therefore to produce 20 tonne of soft-shell product, a processor will
need approximately 160 of these units. The footprint for these units is 1 m2 with a 1 m2
clearance area to open the trays.

The area for this moulting system may be available along the walls of lobster holding facilities,
which would avoid the capital cost associated with a facility that is only used for three weeks in
the year. A lobster-holding facility, with its existing header tank, would not need to purchase a
water supply unit for the moulting system. One water exchange per two days is likely all that will
be required to maintain green crabs, given the water quality requirements of other crabs
(http://nsgd.gso.uri.edu/ncu/ncuh07002.pdf), but this should be monitored. For 20 tonne of softshell product, the water requirement would amount to 256,000L per 2 days6. The ambient water
from the estuary, feeding into the processing plant, may have to be heated slightly in July (i.e.
20C) to attain the optimal moulting temperature of 180C.

COSTS
We estimate the cost of processing soft-shell green crab to be approximately 59% of the revenue
generated by this product (Table 3.2). The expenses associated with producing soft-shell crabs
include the capital equipment necessary for housing the crabs, cost of the crabs, marketing, labor
associated with sorting and harvesting crabs, electricity to heat and run water, and packaging and
6

3

One 16 tray unit has a volume of (0.1m×1m×1m) 1.6m . 20 tonnes of crabs would require approximately 160
3
units or 256 m or 256,000L. For a 48 hour turnover of water we would need a flow rate of ~ 88.9 L / minute.

33

shipping costs. These costs are
explained in Appendix B, and are
based on estimates from similar
products. A seafood processor
also reviewed the costs to ensure
they were within the range
expected for other crustacean
products.

Table 3.2. Projected Annual Income statements (with breakdown of
expenses) for 20 tons of crab
Soft-shell crab
unit
Gross revenue

20,090

cost per unit

total

$

$

602,700

20.00 $

1,000

30.00

Expenses
Fixed costs
administration

50 $

equipment (depreciated over 5
years)

307,500
5 $
61,500
Assuming soft-shell crabs would
marketing
$
2,000
be produced in an existing
Total fixed costs
$
64,500
seafood processing facility
between lobster seasons, the only Variable costs
Raw crab material (kg)
20,500 $
5.80 $
118,900
capital costs required for this
labor (hours)
1,722 $
15.00 $
25,830
industry would be the moulting
water (ton*days)
431 $
1.00 $
431
units. The cost of these units, in
electricity (ton*day)
431 $
10.00 $
4,305
processing space (m^2)
328 $
10.00 $
3,280
our model, is approximately cost
1kg bag/jars for caviar
20,090 $
0.10 $
2,009
of Heath trays used for incubating
bag label
20,090 $
0.20 $
4,018
salmonid eggs. We estimate 1
5 kg box
4,018 $
1.00 $
4,018
box Label
4,018 $
0.20 $
804
tonne of green crab could be
freezing
(per
ton)
20,090
$
0.25
$
5,023
housed in 8 16-tray units and
transport (per ton)
20,090 $
0.50 $
10,045
these could be built for $1,800 per
storage of product (ton*day)
201 $
5.00 $
1,005
16 tray unit (or $15,000 per tonne
cleaning cost (ton*day)
21 $
100.00 $
2,050
of crab). This capital investment
Total variable cost
$
181,716
was depreciated over 5 years;
Total expenses
$
246,216
however, the life of the moulting
units would be much longer than
EBIT
$
356,484
this. We also included $2,000 of
Income tax expense
$
55,255
marketing and $1,000 for
Net Income
$
301,229
additional administration fees
Gross Profit margin
59%
annually (Table 3.2). Given the
high demand of soft-shell crab and the fact that seafood processors already have well-established
wholesale clients, it is assumed that this product would not require very much marketing. It
would also receive a significant amount of free advertising due to its novelty as an
“environmentally friendly” fishery on an invasive species.

The largest expenditure for this industry, assuming no other capital investment requirements
besides the moulting units, is the cost of the crabs. The price of crabs (raw material) used for our
income projections (Table 3.2) was obtained from our fishing model, which suggested the breakeven price at the estimated catch rate of green crabs in PEI for the baited trap fishery was $1.30
CAD/ lb or $2.86/kg (St-Hilaire et al 2016). Because only male crabs will be sold to processors
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for the soft-shell crab industry, which is expected to be 50% of the total catch 7; fishermen
would, therefore, have to receive $5.80/kg for their male crabs to break-even if they had to
discard their female crabs (worst-case scenario). Eventually this break-even price may be less if
the fishermen find a market for the female crabs (i.e. as bait or to make crab concentrate) or if
they are able to reduce their fishing costs. However, for the purpose of our projections we used
the worst-case scenario or $5.80/kg.
If processors are willing to buy crabs at this price (i.e. $5.80/kg), it would amount to $118,900
CAD for 20,500 kg of male crabs. There are 22 licenses for green crab on PEI; assuming 20
fishermen actively fish for green crab and each individual catches 2,050 kg of green crabs in a
three-week period, they could each increase their seasonal revenue by $5,9458. The additional
benefits of reducing the green crab populations, such as their impacts on native commercial
species in PEI, to fishers are not taken into account here, but they could be substantial (Mach and
Chen, 2014).
Another significant cost for processors besides the raw crabs, would be the labor associated with
this industry. We estimated this cost to be 4 person-hours per day per tonne for a 21 day season
at a rate of $15.00/hour. For 20,500 tonnes of crabs this would amount to $25,830. The
transport cost for this amount of crab is difficult to estimate as it would depend on the distance it
was shipped and the volume shipped at one time, but we estimate this to be approximately
$0.50/tonne for the purpose of our projections. We also considered the cost of running the plant
(i.e. electricity and water), packaging crabs into 1 kg bags and 5 kg boxes, and freezing product
(Table 3.2).
The total variable and fixed costs for
20 tonnes of soft-shell crabs, based on
our estimates, were calculated at
$181,716 and $64,500, respectively.
Given these anticipated costs and the
wholesale value of $30CAD/kg, 20
tonnes of soft-shell green crab would
provide PEI processors with annual
earnings, before interest and taxes
(EBIT), of $356,484 CAD annually
(Table 3.2). The gross profit would
be approximately 59%.

Table 3.3 Payback period for soft-shell green crab
Year (ton of
production)
Expenditures
Revenue
Cashflow
Payback
0
$337,500
$0
-$337,500 $
(337,500)
1 (1.25 ton)
$14,357
$37,669
$23,311
$
(314,189)
2 (2.5 tons)
$25,715
$75,338
$49,623
$
(264,566)
3 (5 tons)
$48,429
$150,675
$102,246
$
(162,320)
4 (10 tons)
$93,858
$301,350
$207,492 $
45,172
5 (20 tons)
$184,716
$602,700
$417,984 $
463,156
6 (20 tons)
$184,716
$602,700
$417,984 $
881,140
gross profit margin
59%
Payback Period
between 3 and 4 years
NPV
$438,717.84
Notes:
Start up expenses year 0
R&D
$ 30,000
capital investment
$ 307,500
Expected rate of return

Based on our projected expenses and
7

10%

The male to female green crab ratio in July depends on where the traps are set, so it may be possible to increase
the proportions of male crabs in the traps by targeting certain areas for fishing. For the purpose of this analysis I
used a 1:1 ratio or 50% proportions, to be conservative.
8
$5.80/kg × 1/2× 2050kg = $5,945
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revenue, we anticipate the payback on this project’s investment to be between 3 and 4 years
(Table 3.3). The net present value, that is the difference between the investment value and the
product’s potential revenue, taking into account the production costs, was positive, suggesting
investment in the proposed green crab industry is likely to give a better than a 10 % rate of
return.
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Appendix B. Expenses associated with holding and harvesting soft-shell crab.
Production Costs

Explanations

Fixed costs
Administration
equipment (depreciated
over 5 years)

Costs that are not dependent on the quantity of product produced
Cost of additional processing plant management at an average $20/hour
Soft shell-crab industry will require housing units which were estimated at $15k per ton of raw material. We depreciated all costs over 5
years.

marketing
Total fixed costs

Marketing for concentrate was estimated at $10k/ year for the concentrate industry. We believe our soft-shell crab product will require less
marketing so we estimated this at $2K/year. Costs are low because we already have a marketing system and distribution chain in place.
Sum of fixed costs

Variable costs
Raw crab material (kg)

For the soft-shell crab industry fishermen would have to actively fish for crabs because there is no by-catch industry at this time of the year so
the cost of this raw material be significantly higher (estimated at $5.80/kg). We estimated these prices based on our break even analysis (StHilaire et al 2016)

labor

This is the cost of labor for making the product. For soft-shell crabs we estimated this to be 4 person*hours per ton per day and we estimated
crabs to be in the housing units for 21 days. For the concentrate product we estimated 4 people for an 8 hour day would be required to run
the processing line and the line would process 1 ton of raw material per day. The average hourly wage for these employees was $15/hour.

water
electricity (ton/day)
Processing space

We estimated this cost to be $1.00 per ton* day to cover the cost of using water in the housing unit.
We estimated the cost per ton* day for soft shell crab to be $10 to cover the cost of running lights and the pump to circulate water.
Although the soft-shell crab industry would straddle the two lobster season the volume of space required to house 20 tons of crabs would
2

2

cleaning cost
Total variable cost

mean displacement of some equipment. We estimate 20 tons of crabs we would need 320 m at $10/m .
Price of bags per kg
Price of labels per bag
Price of cardboard box for shipping five 1 kg bags
Price of box label
Price of freezing product
Price of transporting product
Price of storing frozen the products. This was set at $5/ton /day. We anticipate selling the product rapidly so we are estimating only having
to store the final product for less than 10 day.
We estimated the cost of cleaning the equipment to be $100 per ton of raw material (this cost is in addition to the cost of labor )
Sum of all variable costs

Total costs

Sum of variable and fixed costs

1kg bag/jars for caviar
bag label
5 kg box
box Label
freezing
transport
storage of product

Revenue (estimated based
50% of the retail price)
Tax rate

We assumed since soft shell crab gain 40% of their weight after they moult (Poirier et al submitted) , the volume of soft-shell crab would be
140% of the pre-moult weight. We adjusted this weight by a factor of 70% because this is the percentage of crabs that will moult when
housed in captivity (Poirier et al submitted). Our revenue price is based on 50 % of 80% of theretail price of soft shell blue crab in 2016.
Provinical tax was set at 4.5% and federal tax was set at 11%
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CHAPTER 4
CONCLUSIONS
PEI has been struggling to control the invasive European green crab for several years, as this
species is negatively impacting coastal ecosystems and fisheries. Seafood processors are
experiencing an increase in the global demand in premium seafood products and are trying to
meet this market, but Canada’s natural resources are finite. One opportunity for fishers and
processors to expand their revenues is to create a market for the nuisance green crab. Because of
its small size it is not ideal for the live crab market, but may be suitable for the soft-shell market.
Over the last two years, researchers at UPEI have determined that this species has a very
synchronized and predicable moulting pattern, similar to its closely-related cousin in Italy, the
Carcinus aestuarii, which is sold there as a soft-shell crab in March and April. The European
green crab moults in Canada when the water temperatures in the estuaries approaches 180C,
similar to the water temperature in March in the Venice Lagoon, Italy, when their Mediterranean
green crab moults. PEI could capitalize on this biological phenomenon to create a premium
product that retails at approximately $60 USD/kg (Linton’s Seafood Soft Crabs, 2016). Further,
the distribution channels are already in place for most seafood processors to sell this product to
countries that have existing soft-shell crab markets.
The largest export market for PEI is the USA, and American consumers are very familiar with
the soft-shell crab product. “Soft” blue crabs produced in on-land aquaculture systems in the
USA are considered a delicacy. Maryland and Virginia produce roughly 500 tonnes annually
and, given the price of the product and the limited resource (NOAA, 2015), we believe the
market could absorb a greater supply. The Asian market is also very familiar with soft-shell
crabs (Wickens and Lee, 2002). China is increasing its consumption of seafood and the
introduction of a new Pacific free trade deal may further stimulate Canadian exports to this area
of the world and provide another market for PEI soft-shell crabs. Developing this product would
require fishers to catch male green crabs just prior to their moult in late June or early July and
hold them until the moult. Crabs need to be housed in a manner that permits easy daily
assessment and prevents cannibalism. We propose to develop a vertical tray stacking system that
permits for individual housing at high densities. We estimate that our proposed system could
produce 128kg of crabs per m2 over a three-week period. Once crabs moult they must be
removed from salt water within 24 hours, otherwise they will begin the hardening process and
lose their value (Turano, 2007). Crabs can be maintained in “soft” condition in a moist,
refrigerated environment for 5 to 7 days, but then must be cooked or frozen for longer term
storage.
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We estimate the gross profit margin on this product to be approximately 59%, but the volume
will be limited. The cost of fishing green crab on PEI in July, when no by-catch industry exists,
will depend on the type of gear used. The licenses for this new species currently stipulate the use
of baited crab traps, which are more expensive than using fyke nets, that are used in other parts
of the world to capture soft-shell crabs. Despite this, researchers at UPEI have caught crabs with
baited traps and achieved 70% moulting rates in land-based temperature-controlled tanks (Poirier
et al submitted). The break-even price for fishers using baited traps and a targeted fishery is
$1.30 CAD/lb or $2.86CAD/kg (St-Hilaire et al 2016). Since only the male crabs can be used for
the July soft-shell industry, processing plants would likely want to purchase these crabs only; so,
unless female crabs were sold to another industry, such as bait or crab concentrate, the
processors would have to pay more than $1.30CAD/lb for fishers to continue fishing.
The total costs associated with producing 20 tonnes of soft-shell green crab would be
approximately $246,216CAD, and the gross revenue from this product would be close to
$602,700CAD. If a processor were to start by producing 1.25 tonnes, and double their production
over time, they could be producing 20 tonnes of soft shell crabs within 5 years and could pay
back their investment, including $30,000 CAD of initial research and development, in 3 to 4
years. With this high of a profit margin, there is some buffer for fluctuations in the currency
rate. This factor should be considered as this seafood product will predominantly be sold as an
export product.
The recent new commercial fishing licenses for this invasive species have opened a potential
new fishery in PEI. This opportunity does not happen very often in our highly regulated
fisheries. The fact that this species is a good candidate for the soft-shell crab industry, which
retails for a higher value higher than lobster, that there is currently very little competition, and
that barriers to entry for competitors are quite significant, suggests this industry presents a good
opportunity for seafood processors to grow their product line without having to invest significant
amounts of capital. Given that the price of green crab may eventually increase, as crab numbers
decline from heavy fishing pressures, the first-to-market with this idea will profit the most. The
soft-shell green crab product is an innovative opportunity for seafood processors and fishermen
to convert a nuisance into a profit.
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