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1. Non-Technical Summary
This report describes a series of investigations of quality, health and mortality in brown crab  
(Cancer pagurus) during the export process. Data collected on current trade practices, as well as water 
quality and animal physiology were related and a number of factors were identified as contributing 
to the mortality or quality loss upon reaching the end-user. A number of recommendations are made 
to upgrade the export system at each stage: pre-sale holding, transport and final reception, however 
the main focus of this report is on the central part of the supply chain, transportation, where a novel 
system has been trialled as an alternative to the current full vivier transport. Guidelines for ‘good 
practice’ are given to allow operatives in the supply chain to select high quality crab and prolong their 
survival.

Industry representatives made it known that they would welcome a more cost-effective, method 
of bulk-transporting live brown crab in European supply chains. Currently, the principal mode of 
distributing these products is a road-based transport system that uses refrigerated articulated 
trucks that are especially-equipped to carry seawater and crabs in vivier tanks that are also supplied 
with aeration. Simply using less water in the current system was not a realistic option as it would 
result in a correspondingly increased ammonia problem. Consultations with industry members 
indicated that most brown crab consignments in Europe are of <48h duration, but some last 72h. 
Hence, any novel system introduced would need to cater for the longest journeys being made.  
Additionally, the novel system would need to be significantly more cost-effective than the current one 
and would need to be at least as successful in terms of the maintenance of the quality of the crabs 
during the journey. 

The most logical means of increasing the cost-effectiveness is to reduce the volume of accompanying 
seawater carried and/or to increase the volume of product carried whilst remaining within the 
permitted weight limit.

Colleagues in N. America and New Zealand with whom we collaborate informed us that misting 
systems are used when transporting shellfish in their countries. Consequently, we opted to trial a 
pressurised mist system.

The principal difference between a spray and a fog/mist is one of size. Modern misting nozzles produce 
micro-droplets of water that evaporate whilst in the air with subsequent loss of energy in the air 
resulting in evaporative cooling. In warm climates misting is used to cool outdoor patio/sundeck areas, 
deep litter sheds and animal pens without subsequent flooding/wetting of the areas. In temperate 
areas, readers may be more familiar with certain supermarkets, who use misting to maintain freshness 
of produce in their fruit and vegetable sections. Our hypothesis was that, at the colder temperatures 
frequently used during distribution of brown crab, evaporation would be less likely, some wetting and 
a high relative humidity would occur to create ideal situations for transporting crabs.

Initial tests using small numbers of crabs revealed a high level of quality maintenance for the first 
48h and acceptable loss levels after 72h under a mist. Subsequent tests using larger numbers of 
crabs confirmed these findings. Blood analyses revealed changes typical of animals held out of water 
when uptake of oxygen and excretion of ammonia and carbon dioxide cease, and ammonia levels 
rise.  Crabs transported in a chilled seawater mist at 4°C (similar temperature to normal refrigerated 
goods transport) were of the same, or better, level of liveliness at the end of a 72h journey as viviered 
crabs are. Blood ammonia and lactic acid levels of misted crabs were higher than viviered ones as 
they respired anaerobically and there was no transfer of waste to the environment. However, after 
24h re-immersion at the end of the journey the readings were back to the same level as crab that had 
been viviered then re-immersed for 24h. The conclusion is that the animals become totally or partially 
anaerobic under a mist.

The relative (%) loss rate during misting was 8-10%, which is comparable to the results with current 
vivier conditions. Using typical vivier lorry load sizes as a base for calculations, potential savings were 
calculated. Current lorries use equal volumes of crab and water, e.g., a typical 20 tonne truck will 
carry 10 tonne of crab and 10 tonne of water. The misting system trialled as an alternative to this 
used approximately 1 tonne of water per 72 hours. Hence, erring on the side of caution, a 20 tonne 
truck would need to carry only 2t of water (instead of the 10t for a vivier system). This provides the 
opportunity to increase the capacity of crab to 18t (from current 10t). This is a water saving of 80% and 
a product carrying capacity increase of 80%. 
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The misting system has many advantages over the current vivier system. The volume of water 
needed to produce a mist continuously is substantially less than that used currently in a typical vivier 
consignment of the same duration and, because of the pervasive nature of a mist that occupies 
the complete volume of the payload space, a much more efficient use of the payload space can 
made. Furthermore, efficient, palletised boxed crabs can be loaded/unloaded speedily without direct 
handling hence reducing the incidence of physical damage. 

This study has provided ‘proof of concept’ of a system that allows a much better ratio between biomass 
and water in the payload to be made, as well as providing a viable alternative to vivier transport in 
terms of delivered product quality crab and cost efficiency. There are many tests still to be made to 
optimise it. We advise considering the possibility of using freshwater instead of seawater, the effects 
of seasonality, the effects on companion shellfish species (crustacean and molluscan) that frequently 
comprise a part-load of a consignment and the feasibility of manipulating mist temperature to better 
harmonise transport and reception, re-tanking temperatures. These suggestions lend themselves to 
study in future projects such as ACRUNET 2. 
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2. Current situation in Europe
2.1 Introduction to the current situation in Europe

The brown or edible crab, Cancer pagurus, Linnaeus 1758, is a commercially important crustacean 
species (Barrento et al., 2011; Stentiford, 2008; Tully et al., 2006; Uglow et al., 1986) that can survive 
out of water if kept cool and humid. Animals caught for commercial purposes and shipped around the 
world are subjected to a number of stressors (procedures that stress them), including being taken out 
of water (emersion), lack of oxygen (hypoxia), rapid temperature changes and handling (Lorenzon et 
al., 2008; Smyth et al., 2014). These events are outside the normal environmental conditions of brown 
crabs.

The brown crab is found mainly in North West Europe where it is a common member of the subtidal 
community (Hall et al., 1991). The main habitat is rocky or stony sea beds down to a depth of 
around 100m with higher abundance where more shelters are available, although the species can 
also be found on softer grounds such as sand and mud. C. pagurus is able to partially bury itself 
in unconsolidated sediments, offering low resistance to tidal currents (Howard and Nunny, 1983).  
As adults, crabs undertake extensive migrations, which may be associated with the reproductive 
cycle (Tully et al., 2006).

The principal European fisheries for brown crab are geographically sited to the north of the principal 
consumer markets for live crab (Figure 2.1) (Uglow et al., 1986). Broadly, the principal catching/
exporting countries are Ireland and the UK and the principal consuming/importing countries are 
France, Spain and Portugal (Table 2.1).

Local on-shore 
storage Local Retailers

Other RetailerSupermarket

Uk and Irish 
Fishing Fleets

Wholesaler

Road Freight

Intermediate 
distributor in France, Spain 

or Portugal

Air Freight

Asian Destination

End Consumer

Figure 2.1 Schematic representation of the live brown crab transport and trade chain
showing the destination of crabs fished by the UK and Irish industry
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Table 2.1 Some statistics on the brown crab fishery of North Western Europe

UK Ireland France Spain Portugal

Mainly importing or 
exporting exporting exporting importing importing importing

Fishery landings 2012 
(tonnes)* 25630 6075 6239 85 1

Fishery landings 2013 
(tonnes)* 25881 5745 6167 85 1

Fishing fleet

≈ 3700 vessels

> 80% are vessels < 10 m in 
length and fish near shore
≈ 30 vessels are 14-35 m in 
length and exploit offshore 
grounds (vivier vessels)

15-20% of the fleet is inactive

≈ 300 potters 
including 12 offshore 
potters (>15 m) 
representing 50% of 
total landings

Bycatch for gillnets 
and trawlers

No dedicated 
vessels, crab is 
bycatch from 
trap fishery for 
other crustacean 
species and 
octopus

No dedicated 
vessels, crab 
is bycatch 
from octopus 
trap fishery

Fishery restrictions

None, other than a potting 
license needed to operate
Minimum landing size (MLS) var-
ies by region with the minimum 
being 115 mm carapace width 
but 140 mm more common

No more than 75kg claws per 
day can be landed

Limitative licensing 
scheme for 
crustacean species

Limitation on pots 
number and type: 
ban of parlour pots 
in some regions, pots 
limitation in some 
regions (1000-1200 
per boat)

Clawing:
- Banned in 
Normandy,
- limited to 5kg of 
claws/man/day in 
Britanny 
- other regions: claws 
should represent no 
more than 1% of total 
landings for potters 
and no more than 
75kg for other metiers 
(EU rules).

MLS (European): 
140mm north of 48°N  
and 130mm south of 
48°N

Season July to 
October
MLS 9cm in 
Asturias to 13cm 
in Andalucía or 
Galicia

None

References
(Caveen and Green, 2013; Nauti-
lus, 2009)
CEFAS, UK

Ifremer, CNPMEM, 
FranceAgriMer.

CETMAR, Spain IPMA, Portugal

*Landings statistics from Eurostat: http://ec.europa.eu/eurostat

Live brown crab are trap-caught by fishing vessels that operate out of a multitude of ports, 
large and small, that occur all along the coasts of the UK and Ireland, France, Portugal and the 
Atlantic coast of Spain. The fleets comprise a large number of small (ca 10 m length) catching 
vessels that usually complete inshore trips within a fishing day and a smaller number of larger 
vessels that may stay at sea, fishing offshore, for several fishing days. The smaller vessels tend 
to land their catches at their home port or base but the larger boats may land their catches 
far away from their home ports and, in such cases, they trans-load to road-based, vivier vehicles 
that bring the catches to the home base or to their clients’ facilities (Figure 2.1, Figure 2.2). 
This procedure maximises active fishing time and minimises non-productive steaming time.

http://ec.europa.eu/eurostat
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Brown crab fisheries in Europe are usually mixed-species fisheries (Nautilus, 2009) targeting, 
most commonly, brown crab (Cancer pagurus), lobster (Homarus gammarus), nephrops  
(Nephrops norvegicus), whelk (Buccinium undatum), velvet crab (Necora puber), and shrimp  
(Crangon crangon and Palaemon spp). Although not always the case, in many instances, brown crab is 
the by-catch or secondary target of the more profitable lobster fishery. This observation has relevance 
because, if choices have to be made concerning the use of the limited time available to spend on one 
species or another (e.g. at point of first capture), it is highly probable that the decision reached would 
favour the more valuable lobster (Uglow et al., 1986). For example in 2012, the UK landed 29,000 
tonnes of brown crab with a market value of £38 million, in the same year just 3,100 tonnes of lobster 
were landed but the market value was £30.8 million (Caveen and Green, 2013).

The majority of the bulk consignments of brown crab are made within a 72h journey-time radius and 
a large proportion of such journeys are completed within 36-48h. Many of the current problems 
associated with such consignments relate to the losses of product quality that occur. In turn, the root 
cause of such supply chain problems is an inadequate understanding of the relationship between 
the crabs and the post-harvest environment they experience. Despite this, the main objective of 
the trade is to make cost-effective and consistent deliveries of live, quality animals. Furthermore, 
‘quality’ is defined on the basis of mainly subjective criteria (e.g. physical appearance and general 
liveliness – both of which are jeopardised by inappropriate post-harvest distribution practices). 
Arguably more relevant, objective criteria (e.g. meat yield), are largely unaffected during distribution.  
The current supply chains are complex and long in terms of both distance and duration – live European 
brown crabs now appear in Chinese wholesale markets (Figure 2.1). The result of these developments 
is that meeting the main objective, more than ever before, requires appropriate husbandry at all stages 
of the supply chain. Distribution costs are high and upstream/upchain mistakes can have expensive 
downstream/downchain consequences. 

Uglow et al (1986) noted a number of supply chain-related factors that contributed to the success,  
or lack thereof, of the current (vivier based) distribution chain:

As far as locations are concerned, there are four stages in the postharvest transport chain:

 i) from time of capture until first sale to the exporter

 ii) whilst with the exporter until time of shipment

 iii) during transport

 iv) whilst with the importer

Of those factors which might have some influence on crab quality, the following can be identified:

 i) poor handling, selection and exposure at sea

Figure 2.2 Typical vivier lorry interior (before and after loading with product)

© Katie Smyth © John Fagan
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 ii) prolonged storage without feeding

 iii) quality/condition of the selected crab

 iv) storage conditions onshore and during road transport

 v) length of journey

 vi) changes in water quality and lack of control over water quality

After they are caught, brown crabs’ chelae (claws) are usually ‘nicked’ (whereby the chelae have their 
tendons cut to prevent crabs damaging each other and any human handlers) and the crabs kept in 
any of a number of storage pots or tanks for periods which may extend to 14 days or more before they 
are sold. There then follows a relatively short stage when they are held by the exporter followed by the 
actual shipment to Continental Europe - a journey time possibly of up to 72 hours. From first capture 
until the final destination of the supply chains, the crabs are not fed. Not feeding the crabs reduces 
costs and has the practical advantage of reducing the fouling of water during the risky periods of 
storage and shipment (Uglow et al., 1986). 

The principal European mode of distributing live crustaceans since the 1980s remains using road-
based vivier trucks that carry consignments of animals, immersed in seawater at a 1:1 weight  
ratio (Wyman et al., 1985) (also see section 3 for the results of a survey and questionnaire of current 
industry practices).  Consequently, more than 50% of the potential payload (allowable weight) on any 
such journey comprises the vivier tanks and valueless seawater. Not only is this grossly inefficient 
and costly but the seawater becomes progressively fouled by the ammonia released continuously 
from the contained animals to reach levels that impact negatively on quality maintenance (Table 2.2). 
For example, after a 36h viver journey, ammonia water levels were 26.19  ±  2.96  mg/L  (Lorenzon 
et al., 2008) compared to a normal water ammonia level of 0.003 mg/L (so 0.000003 g in 1 L of 
water – an extremely low amount) (Hunter and Uglow, 1993). When coupled with high turbidity , low 
pH (7.37 ± 0.05) and lower than normal level of dissolved oxygen (74 ± 5% ) (Lorenzon et al., 2008), 
these parameters have additive toxic effects (Schmitt and Uglow, 1997). The main reason for the 
persistence of this mode of distribution, despite others used routinely elsewhere (e.g. N. America and 
New Zealand), is the assumption that emersion-induced product quality losses during distribution 
are even higher. This situation is long overdue for evaluation and change and these studies examine 
the utility and cost-effectiveness of an alternative method of distributing live brown crabs using road-
based delivery systems.  

Supply chain procedures generally carry a burden of cost so there has to be a good reason for applying 
each one. Because of this, the opportunity is taken here to describe some of the more relevant aspects 
of the relationship between the live crab and its post-harvest environment (see section below, section 
2.2).

Table 2.2 Total ammonia excretion rates of some species of commercially caught crustaceans at 
different temperatures following re-immersion and storage after transport (Danford et al., 1999).

Species Temperature (ºC)
Total ammonia

efflux rate
(µmol NH4 per kg per h)

Source

Nephrops norvegicus 12 0.25 Schmitt (1995)

Nephrops norvegicus 6 0.15 Hosie et all. (1991)

Nephrops norvegicus 12 0.15 Hosie et all. (1991)

Cancer pagurus 12 0.02 Hosie (1993)

Callinectes sapidus - 0.15 Cameron (1986)

Carcinus maenas - 0.26-0.54 Haberfield et al. (1975)

Necora puber 12 0.03 Hosie (1993)

Panulirus interruptus 20 0.33 Goméz-Jiménez (1998)

Homarus americanus 3 0.05 Danford and Uglow (1999)

Homarus americanus 12 0.08 Danford and Uglow (1999)
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2.2 Relationship between the live crab and its post-harvest 
environment
Aquatic animals removed from their natural environment show a series of compensatory responses up to 
a point called the critical limit. Beyond this point there are pathological changes leading to overt disease 
or quality loss (Hosie, 1993; Lorenzon et al., 2008; Uglow et al., 1986; Wyman et al., 1985). Compared with 
the intertidal or most terrestrial environments, the seabed environment of the brown crab is a stable one. 
The boundaries of an environment in which an animal is able to live are set by the tolerance of the animal 
to the intensities of prevailing environmental conditions (e.g. temperature, salinity, oxygen saturation 
levels). In the seabed environment, sudden changes of significant magnitude to these variables are rare 
and any changes that do occur, tend to be chronic, gradual, seasonal ones. This contrasts markedly 
with what the crab will experience in the alien, post-harvest environment that is punctuated by a series 
of events – some brief, some lengthy and some completely unlike anything that occurs in the natural, 
seabed environment. Other events that occur (e.g. handling, aerial exposure and acute temperature 
change) do not occur in the natural environment and are stressors that will have an impact on the 
animal’s metabolic rate and survival or, put in commercial terms, will have an effect on its quality  
or commercial worth. 

It is of commercial relevance to realise that the crab’s tolerance to the intensity of any particular stress 
factor is not fixed and, given time, the animal may be able to adapt to a higher or lower intensity 
(e.g. summer temperature-adapted or winter temperature-adapted animals). In the post-harvest 
environment it is possible to manipulate the water temperature so that the animals can be brought to 
a condition that is commercially beneficial (e.g. conditioning stored animals to a sub-ambient water 
temperature in order to lower their metabolic rate, reduce their activity and ammonia production). 
The most successful supply chains provide the animals’ vital needs at all times, even though what 
is being provided may not exactly mimic what was occurring in the natural environment where and 
when the animals were captured. 

Although juveniles are often found intertidally (pers. obs) mature brown crabs live on the seabed and 
are unlikely to experience emersion naturally. Despite this they have a natural tolerance of emersion 
that allows them to remain emersed for a period that can be prolonged (days) if given appropriate 
holding conditions. This, of course, is of enormous commercial benefit. Under normal circumstances, 
the submerged crab will be aerobic - that is utilising oxygen extracted from the seawater by the gills 
and excreting carbon dioxide. Should the oxygen levels in the water become lowered (more hypoxic), 
the animal will asphyxiate and eventually die. If taken out of water, however, seawater ventilation 
of the gills stops, the uptake of oxygen and release of carbon dioxide ceases and the animal will 
automatically switch to anaerobic respiration – that is they switch to a metabolism that does not 
require oxygen – for a period that may last hours or days, depending on prevailing conditions.  This is a 
natural change that has survival value for the crab in its natural environment but also has commercial 
value for the trade, even though anaerobic respiration is less efficient than aerobic respiration. The 
fewer other stresses the emersed animal has to endure, the longer its quality will be maintained.
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3. Questionnaire gauging the current industry 
situation in North West Europe
To assess the current situation of the crab industry and fishery in North Western Europe, a questionnaire 
was developed. Sent to representatives of the trade, the objective was to provide a clear and truthful 
picture of current practices from those at the front line of the industry. The ultimate aim was to use the 
results of the questionnaire to guide the experimental work that was to follow (see section 4).

3.1 Methods used for questionnaire development and 
analysis
A questionnaire was devised (see appendix 1 – blank questionnaire) and translated into English, French, 
Spanish and Portuguese. Members of the ACRUNET consortium were asked to provide contact details 
of fishers and firms in their countries, who were currently dealing with Cancer pagurus. Following 
this, the questionnaires were sent out to industry representatives in the United Kingdom, Ireland, 
France, Spain and Portugal. The questionnaire could be completed quickly via email or alternatively 
by traditional post.

A time limit was set for returns and this was extended twice to allow for a more comprehensive 
return of response. Following return of the questionnaires, data was separated by country and then 
grouped depending on whether the responder was a fisher or dealer. This ensured the preservation 
anonymity and confidentiality of response and in this regard, no individual firms were identifiable. 
Only one questionnaire was returned from France and the responses were grouped in with the UK 
after consideration of which was the most similar country in terms of industry behaviour thus ensuring 
that the company could remain anonymous.

Questionnaire results were analysed in a simple manner using Microsoft Excel 2010 software, with 
the percentage response for each question being noted and used to produce a series of charts.  
This method allowed a fast and effective comparison between countries.

Results are given below in the text. Where appropriate, Figures are included but not all questions in 
the questionnaire have an accompanying results Figure below.

3.2 Results of the questionnaire
Response to the questionnaire varied by country (Table 3.1) with a total of 27 responses, but some 
of these responses were from companies that both fish for crabs and do the onward step in the 
distribution chain, henceforth called “dealers”. Spain in particular produced no responses.

Table 3.1 Summary of questionnaire responses by country

UK France Portugal Spain Ireland

Fishers 4 1 0 0 7

Dealers 5 1 3 0 6

3.2.1 Fishers
Based on the responses to the questionnaire, the UK shows an even distribution of day boats to vessels 
that fish for longer (2:2), which is in contrast to Ireland where day boats predominate (5:2). The typical 
time spent fishing for vessels that stay at sea is 5-6 days.

In the UK, day boats land approximately 100kg of crab, but vivier boats land 15 tonnes. Ireland shows 
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more varied catch weights, with day boats landing up to 3 tonnes and vivier boats landing from 10 to 
12 tonnes.

All but one respondent from each region keep their catch either submerged in sea water or sprayed 
with sea water whilst on the boat, but, none have facilities to chill or condition their catch in any way.

Three out of four of the UK respondents land their catch straight onto a vehicle, with one landing to 
storage facilities on the harbour. 100% of the Irish catch goes straight to a vehicle. 100% of the Irish 
crabs are then shipped to a destination outside of Ireland. This is a contrast to the UK catch, where 
only 1 respondent’s crabs go directly to another country. Two respondents send their crabs to a local 
dealer and one to a regional dealer. 

3.2.2 Dealers
UK and Irish dealers ship to all of the countries in the ACRUNET group, with the main destination 
countries being France and Spain (Figure 3.1). Portuguese dealers import only (from UK and Portugal).

Figure 3.1 Export destinations of dealers

Five Irish, five UK and two Portuguese dealers load their lorries directly from the catching vessel, 
whereas 2 Irish, 1 UK and 1 Portuguese dealers load from other storage facilities. Dealers in all regions 
load from a mixture of both day boats and vivier boats.

Vivier is the stand out method currently used for transporting live crab. Five out of six respondents 
in both the UK and Ireland use vivier for the majority of their transport methods and all control the 
temperature of the water used for vivier, the remaining dealer consigns dry. 3/3 Portuguese dealers 
use only vivier transport.

Target temperatures for vivier transport were variable with no standard industry temperature.  
The main range was between 6°C and 10°C (Figure 3.4) within the UK and Ireland. Portuguese dealers 

Ireland 9% Ireland 13%

France 37%

Spain 25%

Portugal
25%

UK 13%UK 18%

Portugal 9%

Spain 37%

France 27%

Export destinations of UK and French dealers Export destinations of Irish dealers
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use temperatures >10°C.
Figure 3.2 Target temperatures in vivier lorries (°C)

In the UK 4/6 respondents chill the air in their vivier truck, 2/6 directly chill the water. In Ireland 1/6 
chill the water, 1/6 chill the air and 4/6 chill both. In Portugal, all three dealers use air chilling. However, 
the majority of dealers do not monitor the temperature (Figure 3.5), or other water parameters (Figure 
3.6), during the journey. Overall Irish dealers monitor more parameters and more frequently than 
those from the UK, who in turn monitor more parameters than the Portuguese.

Figure 3.3 Temperature recording during vivier transport
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Figure 3.4 Water parameters measured during vivier transport 
(where responses are not uniform in number for the question, this means that a respondent 
did not answer one or more of the parts of that question, or conversely, chose more than one 
response)

4/6 UK, 5/7 Irish and 3/3 Portuguese dealers deliberately allow the temperature of the vivier lorry to 
change during the journey. Three reasons were given by respondents for this, with the overarching 
reason being to allow the temperature to rise so that it would match or get close to those of the 
receiving tanks at the end of the journey (Figure 3.5).
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Figure 3.5 Reasons given for deliberately allowing temperature changes during transport

The ratio of water:crab used for carriage was equal (e.g. 50/50 = 1:1), or less water weight than crab 
weight. There appears to be no standard procedure in the industry. Where water values exceed those 
for crab weight, this is dealers who have their own holding ponds/tanks.

• Irish ratios for water:crab were: 1:2, 1:1. 2:3

• UK ratios were: (transport) 1:2, 1:1, unknown. (holding) 26:7, 90:1

• Portuguese ratios were: (transport) 1:1, just enough water to cover the crabs. (holding) 15:1 

Losses are higher in summer for the UK, Ireland and Portugal (Figure 3.6).

Figure 3.6 Seasonality of highest losses

Respondents considered that the main cause of mortalities during transport was from the temperature 
being too warm (Figure 3.7).
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Figure 3.7 Reasons thought to be the cause of mortality during vivier transport

Fewer fishermen and dealers answered the optional questions, or only partly answered them:
In the UK, 6/6 respondents felt that in the winter, the typical mortality of a load when it moves from 
them to the next stage of the supply chain was 0-10%. In the summer 4/6 considered the mortality to 
still be 0-10%, but 2/6 thought that it was 11-20%. In Ireland, in winter 4/4 thought the typical mortality 
when leaving them was 0-10% and in summer 3/4thought it was 0-10% and 1/4 thought it was 11-20%. 
The situation was slightly different in Portugal. In winter 2/3 thought mortality when leaving them 
was 0-10% and 1/3 thought it was 21-30%. This increased in the summer months where 1 respondent 
thought mortality was still 1-10%, 1 thought it was 11-20% and one respondent’s typical mortality was 
31-40%.

Reasons given for why dry transport methods are not currently used for brown crab were:
• Temperature variations
• Distance of the journey too great
• Previous bad experiences with mortality
• The cost of making the change

When asked if a spray type system that could be used as a way of reducing water carriage would be 
considered by the dealers, the majority of respondents from the UK and Portugal would consider this. 
The Irish dealers were less enthusiastic (Figure 3.8), however, even though asked, no explanations 
were given for why the Irish would not consider such a change. 
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Figure 3.8 Consideration of a reduced water system for carriage that improves costs

When asked if it was proven that methods other than full vivier transport could significantly reduce 
mortality and increase crab quality compared to vivier  (there was no implication of cost savings in 
this question), there was almost a unanimous yes (Figure 3.9). Only one dealer from Portugal was 
unsure, citing costs as the deciding factor.

Figure 3.9 Consideration of a reduced water system that improves welfare for the crabs

In general, dealers wished that the weight of water carried could be reduced substantially. The 
minimum worthwhile reduction in water carried that the industry thought would improve their costs 
was:

• UK: 50%, 70%
• Ireland: 10%, 50%, 25%
• Portugal: 30%, 50%, 75%

When all things such as wages, fuel, road tolls, taxes, etc were taken into consideration, the costs per 
kilogram of crab sold as stated by the respondents were (UK £ prices have been converted to € based 
on the exchange rate at the time of questioning (summer/autumn 2013) of €1.21 per £1 to allow a direct 
comparison):

• UK: €0.12, €0.61,  50% of the market price 
• Ireland: €0.50
• Portugal: (no responses to this question).  
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Based on the mean average of responses, seasonal buying and selling prices for crabs in each country 
are given in Figure 3.12. UK £ prices have been converted to € based on the exchange rate at the 
time of questioning (summer/autumn 2013) of 1.21€ per 1£ to allow a direct comparison. Note: These 
figures should be treated with caution due to the low number of respondents to this question (UK-2, 
IE-3, PT-2).

Figure 3.10 Buying and selling prices of crabs by country (2013 prices)
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3.3 Summary of questionnaire
The market for live crab follows the same path as given earlier in Figure 2.1. The UK and Ireland are 
the main fishing fleets, exporting to France, Spain and Portugal. France has a fleet, but also exports 
to Spain and Portugal. The main bulk of live crab in Spain and Portugal come from imports from the 
other countries rather than their local fleets.

With regards to live transport of crabs, the results here indicate that there is no standard practice in 
the industry. There is no standard temperature, crab:water weight ratio or market price.

Issues caused by warm temperatures, low oxygen levels and ammonia build up were considered to 
be the main causes of mortality during transport. The highest mortalities occurred during the summer 
months.

Dealers in general were receptive to the idea of a reduced water system that would make cost savings 
on the current transport method of full vivier and most dealers wanted a minimum 50% reduction in the 
amount of water carried to make their loads more cost-effective. If an alternative system was proven 
to reduce losses from mortality and would improve the quality/welfare of crabs during transportation, 
all dealers stated that they would switch to such an alternative system. No implications of cost were 
given in this question and only one respondent cited it as a factor that may prevent them switching.

In conclusion, a reduced water volume system is needed for carriage, preferably one that addresses 
the problems caused by too warm temperatures, ammonia poisoning and oxygen deprivation in order 
both to reduce costs of haulage as well as improving the welfare and hence the quality of the crabs. 
These parameters are addressed in the main section of this report: Section 4 Innovations tested in 
ACRUNET.
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4. Innovations tested in ACRUNET 
Trialling and proof-of-concept of a large scale misting system

4.1 Introduction to trials
There are a number of transportation options available that offer alternatives to traditional, full vivier 
transport, and the ones considered viable for trialling in this project are given in Table 4.1.  These 
options are:

1)  To pack the crabs “dry” which involves chilling the crabs then packing them into thermally 
insulated boxes with damp material such as wood wool or shredded paper to retain humidity 
inside the box. Some firms also inject pure oxygen into the box before sealing (pers obs), 
or punch “air holes” into the boxes. However there is no hard evidence as to whether this 
confers a significant survival advantage to the product, especially as crabs become anaerobic 
when out of water and so do not utilise oxygen. Also, the holes negate the thermal insulating 
properties of the box.

2) To use a douche system to shower the crabs with seawater. This can occur continuously 
but would be more cost–effective to occur intermittently. Water is reused and will, like vivier, 
end up with a high ammonia concentration due to the crabs’ natural metabolic processes.

3) To use a misting system to create a very fine mist/fog (as opposed to a fine spray) inside 
the transport vehicle to maintain a humid atmosphere and prevent desiccation of the 
crustaceans. Water will only be used once only and the animals will not be exposed 
to a build-up of external ammonia.

The results of the questionnaire (see section 3) as well as a consultation with industry representatives 
at a Working Group meeting, indicated that the douche system would not confer the kind of water 
saving requirements desired. The industry was reluctant to switch to dry transport for carriage within 
Europe (although many dealers ship this way to Asia), which left the development of a misting system 
the most viable candidate for an alternative to vivier.

Misting systems are already widely used in situations where there needs to be dust suppression or 
cooling (e.g. on patios, in deep litter houses, commercial animal houses and in the fresh produce 
aisles of supermarkets) as well as for other animal husbandry needs (e.g. zoos’ reptilian and amphibian 
exhibits and the reptile and amphibian pet trade and hobbyists). 

A misting system consists simply of a reservoir of water supply and a pump that generates high 
pressure water flows that passes water through a hose equipped with specially-designed nozzles which 
produce and release a mist/fog of ultra fine water droplets into the atmosphere, where they evaporate 
at a rate that is directly related to the air temperature. Thus there is a change from a liquid state to a 
gas state and this removes heat from the atmosphere as evaporative cooling. If a fan is incorporated in 
the system then convective cooling is added to the cooling effect. Consequently, at low temperatures, 
misting systems produce a cool atmosphere that is heavily-laden with very fine water droplets  
(very high relative humidity) – a suitable atmosphere for holding or distributing crustaceans.  
The lower the temperature of the air, the more water it can hold (Table 4.1). This is of relevance for 
the commercial crustacean trade as low temperatures reduce crustacean metabolism allowing for a 
slower rate of health and quality deterioration in live specimens.
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Table 4.1 Amount of water required to saturate air at various temperatures

Temperature (°C) Amount of water (g/m3)

6 7.25

9 8.78

12 10.60

14 11.99

16 13.53

18 15.25

20 17.15

Figure 4.1 Options available for the transport of live crustaceans
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communal tanks
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kg of crab. Product is kept in stackable crates with 
drainage holes

Chilled, temperature conditioned animals, packed 
and consigned ‘dry’ in thermally insulated boxes

A chilled, thick mist of minute water droplets retains 
a humid atmosphere. Product is kept in stackable 
crates with small gaps between layers.

Vivier Transport Dry Transport

Douche or cascade Misting
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In the early 1990s a mist system was first trialled by the team at the University of Hull. A consignment 
of crabs was sent from Stornoway in the Scottish Outer Hebrides to Cherbourg in France totalling a 
journey time of about 46 hours. Analyses of the blood of crabs which arrived in Cherbourg revealed 
that very high blood ammonia levels (1629.9 µmol/L L-1) had accumulated in the animals, indicating 
that misting induced anaerobic respiration (or a cessation of ammonia excretion to the air). A high 
“in-transit” mortality of crab was recorded. An analysis of the recovery of animals after the journey 
was not made. Nitrite was detected in a water sample which was taken from the sump of the mist 
system. This nitrite, accompanied by the high levels of ammonia found in the blood, may have caused 
the mortalities (Hosie, 1993). The source of the nitrite was not known and may indicate a fault with the 
water sourced for the trial, or perhaps, previously the vehicle was loaded with a different product (e.g. 
unwashed fruit or vegetables) and not fully cleansed before used for the trial, rather than a fault with 
the misting system itself.

Fishers consulted as part of the current ACRUNET project had themselves trialled, or often knew of 
someone who had trialled, a system such as misting or douching, often unsuccessfully, and this has 
resulted in a general reluctance to veer from vivier to once more try alternative methods. Reasons why 
such attempts have been unsuccessful are unknown. However, from the results of the questionnaire 
(section 3), it is probable that these early failures are due to water quality issues, high temperature 
conditions inside the lorry or poor initial selection or quality of crab in combination with other factors.

Despite evidence (empirical and anecdotal) of early attempts and failures to use such alternative 
methods, time has progressed and with it knowledge on the physiological needs and limits of Cancer 
pagurus. Many advances have been made, and misting systems are now employed successfully in 
other seafood industries around the globe for example in Canada for the transportation of American 
lobster Homarus americanus (John Garland, pers com1) and New Zealand for the transportation of 
various commercial crustacean species including spiny lobsters (John Seccombe, pers com2). 

A system comprising a combination of mist and douche designs has been shown to work effectively 
for the long-distance road transport of the related species, Cancer magister, the Dungeness crab, 
in the United States, whereby low volumes of water were pumped and cascaded through trays of 
animals which were kept alive for journeys of up to 4 days (Barnett et al., 1973).

In the UK, the use of a mist at 5°C to hold and transport Nephrops norvegicus significantly reduced 
stress and mortality compared to that experienced using the normal ‘dry’ method of storage and 
transportation where animals are maintained in baskets and covered with sacking dampened with sea 
water. Use of this equipment maintained intrinsic quality and provided for a higher quality product 
when transporting Nephrops between the vessel and storage facility. Longer term storage experiments 
(72 hours duration) designed to assess the suitability of the equipment for a road transport system to 
the continent were not conducted; however, the mist equipment maintained animals in a satisfactory 
market condition for 36 hours (Jacklin, 1996).

In the United States a “CrayShower” system is used for on-land storage of the freshwater crayfish 
Pacifastacus leniusculus, whereby a cool environment with 100% humidity is created by a constant 
fine water spray in individual containers which can be stacked and placed in a cooling unit, a cold 
store or a reefer box, at a temperature of 6 to 8°C (Jussila et al., 2013).

Hence adaptation of such technology to the transport of Cancer pagurus was considered likely to 
be possible. It is known that aquatic crustaceans direct water over their gills and extract the oxygen 
from it over the wall of their gills into their blood which the heart pumps through the gills. At the 
same time, the ammonia they produce in the cells of their tissues is excreted into the blood and is 
lost to the outside water across the walls of the gills. If the animals are stressed or become more 
active, their demand for oxygen increases and the production of ammonia increases. They respond 
by increasing the water ventilation rate and their heart rate to increase the oxygen take up and the 
ammonia elimination.  If the animal is taken out of the water, ventilation of the gills with water ceases 
and the animal is no longer able to take up oxygen or eliminate the ammonia it produces. Brown 
crabs are able to switch to less efficient anaerobic metabolism which produces less ammonia which 
is stored in the blood. This, however, is something it can do for a limited time only – but, fortunately 

1 John Garland, Senior Biologist, Food Safety, Research, QA Manager, Clearwater, Canada.
2 John Seccombe, Director, Aquahort Ltd, New Zealand.
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for the trade, can extend into 3 or 4 days if kept cool and humid. The cool humid conditions are 
essential – cool to keep the metabolic rate low and humid because it stops the very high rate of water 
loss across the thin walls of the gills – such evaporation is a major contributor to the loss of product 
‘quality’ in the postharvest environment. 

Modern misting technology is such that extremely fine droplets are produced to create a fog.  
At warm air temperatures, these fine droplets evaporate and effect cooling but at lower temperatures 
we thought that the droplets would last much longer and be pervasive – that they would get everywhere 
in the volume being misted – including the gill chambers of the crabs. If they did this, we thought 
that they would effectively prevent water loss from the gills. We considered that the amount of water 
involved would be insufficient for the animal to take up much, if any oxygen and that if this was so, 
their blood chemistry changes would be similar to those we would expect of an anaerobic animal. 
Consequently, our laboratory studies tested these hypotheses.

4.2 Methods
Live, robust crabs (Cancer pagurus) were supplied by The Independent Shellfishermen’s Co-operative 
(Bridlington) Ltd, and Venture Seafoods Ltd (Bridlington) who both also provided the use of some of 
their facilities for the experiments involving large numbers of crabs. 

All crabs intended for study were inspected, given an identification tag around one of the chelae 
where the limb joins the body, scored using a vigour/quality index (Table 4.2) and weighed (to the 
nearest 0.1g).

To best replicate the conditions seen on most current vivier journeys as shown by the results of 
the questionnaire (see section 3) the Crabs were used “as is” for the purposes of the experiments. 
Therefore, if a crab had been held dry on the deck of a day boat before being landed, it went straight 
into the experiment, similarly, if a crab had been held in a purging tank beforehand, it also went straight 
into the experiment. Batches of crabs that had received different treatments prior to experiments 
were held separately during the trials to preserve data traceability. However, to fully be able to assess 
condition deterioration during the trial fully, only crabs scoring a 5 (strong vigour) on the vigour index 
(Table 4.2) were chosen to begin each experiment.
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Table 4.2 Brown crab condition index.
Each crab was scored on each of the criteria below and the score was determined by the column 
with the most matches (source: Authors)

Acceptable for 
live trade

Acceptable for 
live trade

Unacceptable for 
live trade but ok 
for processing

Unacceptable Unacceptable (dead)

Score 5 Score 4 Score 3 Score 2 Score 1

Rapid limb movements Limited limb 
movements

Minimal limb 
movements No limb movement No limb movement

Actively attempts to 
nip handler Some claw activity Weak claw activity No claw activity No claw activity

Frequent eye 
movements Eyes slightly sunken Eyes sunken into 

sockets Eyes dry and sunken Eyes dry and sunken

Rapid antennae 
movements

Slow antennae 
movement

Weak, infrequent 
antennae movement

No antennae 
movement No antennae movement

Rapid closure of 
mouthparts if opened 

by handler

Able to close 
mouthparts slowly

Able to close 
mouthparts only 

if aided

Mouthparts gaping, 
crab unable to close 

them

Mouthparts gaping, crab 
unable to close them

No drooping or 
limpness if lifted

Slight drooping of 
limbs when lifted

Limbs droop when 
lifted but able to 

control claws

All limbs droop when 
animal lifted

All limbs droop when 
animal lifted

Rapid bubbling at 
mouth when 
re-immersed

Bubbling at mouth-
parts when 

re-immersed

Little bubbling when 
re-immersed

No bubbling when 
re-immersed

No bubbling when 
re-immersed

Free movement around 
the re-immersion tank

Some movement 
when re-immersed

Stationary when 
re-immersed

Stationary when 
re-immersed

Stationary when 
re-immersed

Blood can be 
removed via 
hypodermic 

Blood can be 
removed via 
hypodermic 

Blood can be 
removed via 
hypodermic

Blood can be 
removed via 
hypodermic

Blood cannot be 
removed via 
hypodermic

4.2.1 Methods - Misting trials

Two types of trial were conducted. Small scale misting and large scale misting.

The purpose of the small scale trials was to assess the viability of misting for Cancer pagurus as well as 
comparing how misting affects the crabs’ physiology when compared to traditional vivier conditions. 
For these trials, blood, vigour, water and other relevant readings were collected (see below).

The purpose of the larger scale trials was to assess whether the misting could be upscaled towards 
a commercial size. As the physiology and blood chemistry as a result of misting was already known 
from the findings of the small scale trials, the focus of the larger scale trials was mainly to assess the 
vigour/quality of the crabs and their survival post-misting.
 
4.2.1.1 Methods - Small mister – initial trials

Initial experiments used small numbers of crabs (n = 10 – 20 depending on the trial) and were designed 
to determine the commercial quality change responses of the animals to misting conditions over  
measured time periods of 24 and 48h.

Mist conditions were produced using a small commercial indoor mister (Solas Bermuda) operating 
in untreated freshwater from the local domestic supply, the temperature of which was maintained 
using a titanium plate heat exchange refrigerated cooler (DD DC 300) or by using the set-up in a 
temperature-controlled room (Figure 4.2). Fresh water was used to determine if merely creating a 
humid environment was enough to stop desiccation and quality reduction in the crabs. The trial by 
Hosie (1993) indicated crabs respire anaerobically in a mist, hence, for the ACRUNET project, it was 
anticipated that the misted atmosphere would be insufficient to allow a normal metabolism therefore 
allowing the use of fresh water over sea water. 
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Figure 4.2 Small scale misting trials

The effects of misting temperature were measured in a series of experiments repeated at typical 
UK to Portuguese vivier temperatures as determined by the questionnaire (see section 3). For each 
experiment, a control group of the same number of animals was kept for the same length of time and 
at the same temperature but instead of using mist conditions, a replication of vivier conditions was 
used. For the vivier replication, based on the results of the questionnaire (see section 3), crabs were 
held communally in a 1:1 volume of sea water with no filtration. A compressed air supply was used to 
keep the water oxygenated.

Before each experiment, a 1 ml blood sample was taken through the arthrodial membrane of the 
5th walking leg.  For sampling animals were blotted dry and blood was withdrawn with a sterile 2 ml 
syringe fitted with a 25G needle. Total protein was analysed immediately using refractometery, then 
the blood was centrifuged for 1 min at 7200 rpm and the pH recorded, before the plasma fraction 
was transferred to labelled microcentrifuge tubes and, if not assayed immediately, frozen (-20° C) for 
analysis at a later date.  Further blood samples, as well as vigour indexes (Table 4.2) were taken from 
crabs that had been misted for 24 or for 48h. 

Blood samples (0.05 to 0.2 ml) were assayed following the methods of 
Smyth (2011) and Hosie (1993) for:

• total ammonia (TA) concentration using a flow injection/gas diffusion system  
 (Hunter and Uglow, 1993)
• lactate level (Trinity Biotech, kit 735-10, Biochrom Libra S12 UV spectrophotometer)
• pH (Oakton Waterproof pH Spear Pocket pH Tester)
• total protein (ATAGO Clinical refractometer SUR-NE 2734) (g/100ml)

Following the conclusion of each misting phase and after making quality assessments using 
the vigour index and taking blood samples, each animal was immersed individually in a 1:1 
volume of clean seawater, ammonia concentration and temperature of which was determined.  
Further water samples (duplicate 1.5 ml each) were taken after 30 and 60 min so that the ammonia 
efflux of each animal could be measured.

Blood chemistry data were converted to µmol/L to allow direct comparisons to be drawn between 
parameters and analysed for statistical significance using the software packages SPSS Statistics 22, 
or MS Excel 2013 via one way analysis of variance (ANOVA) or a T-test for normally distributed data or 
a Mann Whitney U or Kruskal-Wallis test for abnormal distribution. a posteriori testing was carried out 
using Tukey, Scheffe’s or Games-Howell tests as appropriate depending on homogeneity of sample 
size and whether parametric or non parametric statistics were used. Unless specifically mentioned 

a) Misting set up, mist is heavier than air and 
decends to keep crabs moist

b) mist closeup

© Katie Smyth © Katie Smyth
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in the text of the results section below (section 4.3), no significant results were found in the parallel 
control trials. Analysis of ammonia using the FIA apparatus was completed using AD Instruments 
Chart 5 peak analysis software.

4.2.1.2 Methods - Large mister: up-scaling the trials

After the small trials used to assess the appropriateness of misting, the trials were up-scaled using 
a commercial patio mister (VM Innovations, Fresh Fog misting system) rigged to a large reservoir 
of seawater and connected via standard garden hosing and a small pond pump (Oase Pontec 750).  
This mister was capable of filling an entire lorry with mist (Figure 4.3).

In these trials a weight of 30 – 100 kg of crab was used. 100 kg crab equated to approximately 4 
to 6 stacked fish boxes of crab. For these trials, the duration of misting was extended to 72 hours.  
Trials took place inside an air-cooled refrigerated unit approximately 1/3 of the size of a typical vivier 
trailer. Trials with the large mister showed that 1 dolav bin of water was used per 72h (approximately 
1 tonne of water), hence the temperature of the refrigeration was set at 4°C which was well within 
the capabilities of a typical viver truck considering the volume of water to chill was only ≈1 tonne (G. 
Hodgson, pers.  com3). As the smaller misting trials had already successfully replicated vivier conditions, 
to show not only survival rates and physiology of C. pagurus, and furthermore the questionnaire (see 
section 3) had provided mortality percentages as a further guide to vivier transport, it was decided 
not to perform parallel controls for the larger trials. 

Figure 4.3 Large scale misting trials

3 Gary Hodgson, Director, Venture Seafoods Ltd, Bridlington, UK

a) mist filling the inside of a full sized truck b) misting nozzles attached to ceiling

d) Fresh Fog misting system equipmentc) crabs in the mist

© Katie Smyth © Katie Smyth

© Katie Smyth © Katie Smyth
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Following the conclusion of the misting phase and after making quality assessments using the index 
(Table 4.2) and taking blood samples, the crabs were immersed in large commercial seawater holding 
tanks, at the Bridlington Independent Shellfishermen’s cooperative Ltd, for 24h after which they were 
again assessed for vigour/quality and survival. As the purpose of the larger scale trials was to assess 
whether the misting could be up-scaled towards a commercial size, blood samples were not taken 
as physiological changes following reintroduction in water had already been determined in the small 
scale trials and water samples were not taken due to the supply of clean sea water passing through 
the tanks.

4.3 Results
As the trials progressed and techniques were refined, the mortalities experienced fell dramatically 
(Table 4.3). Misting at cooler temperatures and using sea water or brackish water appeared to result 
in the lowest mortality of crabs. Crabs with recent damage appeared to be more susceptible to vigour 
deterioration. Towards the end of the trials, the mortalities experienced of 10% after the re-immersion 
period are comparable (if not slightly better) than those experienced by hauliers using vivier systems 
(see questionnaire results section 3.2) where mortalities between 0-20% were reported for just the 
transport stage, re-immersion excluded. The advantage of this being that a greater load can be carried 
which produces the same/better mortality results than traditional vivier, as much less water would 
need to be carried.

Table 4.3 Summary of mortality in the mist 
(*FW = Fresh water, SW = Sea water, % loss calculated after the re-immersion period.)

Date Conditions Start no 
crabs

Number of deaths Total no 
deaths % loss Notes

24h 48h 72h Re-immerse

13/5/14 11°C FW mist 12 0 3 1 n/a 4 33

Crabs not re-immersed, 
experiment taken until 
all dead/dying – at 95h 
additional 3 dead, at 
110h remaining 5 vigour 
index 2 (dying).

11/8/14 16°C FW mist 45 17 n/a 17 39
Initial death toll too 
high - experiment 
terminated

13/8/14 5°C FW mist 15 2 1 3 20

Experiment terminated 
at 48h due to 
unforeseen 
circumstances

19/8/14

5°C damaged crabs 
FW

5°C undamaged 
crabs FW

10

10

2

1

1

0

6

9

n/a

n/a

9

10

90

100

Equipment failure on 
quayside overnight 
resulted in massive 
mortality by 72h

28/8/14 5°C FW 10 0 0 0 0 0 0

2 are weak at 72h, crabs 
went on to 80h in mist 
before being returned. 
8 survived 80h.

01/9/14 5°C FW 10 2 2 1 0 5 50

07/9/14 5°C FW/SW 50/50 10 0 0 2 0 2 20

23/9/14 6 °C FW 20 0 6 4 0 10 50
all deaths = recent dam-
age. Unknown reason 
for large mortality

17/10/14 4°C crabs not 
nicked SW

100 kg (167 
crabs) 0 0 10 7 17 10 crabs that died were 

recently damaged

05/12/14 4°C crabs not 
nicked SW

30 kg (50 
crabs) 1 1 2 1 4 10 crabs that died were 

recently damaged
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4.3.1 Results - Small mister

Small misting trials produced differing results, likely in part due to the reasons mentioned in Table 
4.3. Because ammonia had been mentioned by members of the industry to be a prime concern of 
theirs and one they considered contributed to the quality and survival of transported crabs, ammonia 
results were analysed per trial, where appropriate, and are presented separately below.

Because all other parameters were measured at the same temperature (± 1°C) their results have been 
pooled for a more thorough analysis. All graphical figures depict mean values ± standard error of the 
mean (SEM).

4.3.1.1 Ammonia

In this first trial (Figure 4.4) blood ammonia levels in both test (misted) and control (viviered) crabs after 
48h in the experiment were similar. The viviered crabs had slightly higher values but this difference 
was not statistically significant. After reimmersion in clean sea water for 24h, blood ammonia in misted 
crabs was significantly higher (Kruskal Wallis test: p = 0.033, df = 1, chi-sq = 4.454) than viviered crabs 
(1299 and 811 µmol/L respectively). During re-immersion in water for 24h the ammonia concentration 
of the holding water rose for both groups from a natural ammonia level in clean seawater of 21 µmol/L, 
to 1241 µmol/L and 646.25 μol/L for misted and viviered animals after just 30 minutes respectively. 
The difference in the water ammonia after 30m re-immersion was statistically significant (Kruskal 
Wallis test: p = 0.019, df = 1, chi-sq = 5.500.)  This rapid increase in holding water ammonia after 30 
minutes suggests a purging of ammonia held in the body during “transportation”. The higher mean 
blood ammonia level in misted animals indicates that, potentially the mist, although creating a humid 
atmosphere that prevents desiccation, does not allow for flux of waste products between the animal 
and the environment. During re-immersion, water ammonia levels remained consistently higher in 
animals that had been previously misted, up to 24h, at which point viviered animals were releasing 
more ammonia. However, none of these differences were statistically significant.

Figure 4.4 Means (± SE) of ammonia values for blood at end of 48h test at 8°C 
(FW mist, SW vivier) and then an 30m, 60m, 1h30m, 2h and 24h after subsequent re-immersion in 
clean SW at 12°C (simulating typical reception facility characteristics).
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In a subsequent trial (Figure 4.5), initial blood ammonia levels of crabs to be misted or viviered 
differed slightly, but this was not significant statistically (444 µmol/L and 257 µmol/L respectively). 
Nevertheless, this is unexpected as before commencement of the experiment all animals should have 
been approximately the same. At the end of the misting/vivier section of the trial (48h) significant 
differences were found between the ammonia levels in the blood of misted and viviered crabs (p 
= 0.003), with blood ammonia being higher in the misted animals at 846 µmol/L compared to 287 
µmol/L in the viviered animals. As with the previous trial, this was expected and further points to the 
suggestion that crabs that are under vivier conditions can release their ammonia into the surrounding 
water whereas the misted crabs cannot. There is a clear difference between different holding types. 
Crabs held in the mist during the 48h trial have 2 to 3 times the ammonia concentration in the blood 
than crabs held in vivier tanks. After commencement of the re-immersion period, misted crabs released 
much more ammonia into the holding water, with the levels in the blood dropping as ammonia is 
purged to the carrying water, which showed a sharp rise in ammonia from a mean of 20.83 µmol/L to a 
mean of 1685 µmol/L. This contrasts with crabs held under vivier conditions which continued to show 
an increase in both their blood ammonia and the carrying water during the re-immersion period., 
however, at 24h, in contrast to the previous trial (Figure 4.4), misted animals still had a higher level of 
ammonia in their holding water (Figure 4.5), although this difference was not statistically significant, 
hence the results of both trials suggest that after 24h re-immersion, misted and viviered crabs were 
back to the same physiological level in terms of ammonia production and efflux.

After 48h in the vivier system, the blood and holding water of viviered crabs had similar concentrations 
of ammonia (1146 and 967 µmol/L respectively) showing that a downhill gradient of ammonia from the 
crab to the external water was being maintained.

Figure 4.5 Means (± SE) of ammonia values for blood at end of 48h test at 8°C 
(FW mist, SW vivier) and then an 30m, 1h, 2h and 24h after subsequent re-immersion in clean SW 
at 12°C (simulating typical reception facility characteristics).

4.3.1.2 Pooled results, Ammonia

Pooling of blood ammonia data for misted and viviered brown crab  gives further evidence of a 
notable difference between the impact of misting and vivier transport. After being held in a mist 
for 48h, crabs had blood ammonia levels that were 2 to 3 times those of crabs held traditional vivier 
tanks (Figure 4.6) with mean ammonia blood levels of 1224 µmol/L for misted crabs and 426 µmol/L 
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for viviered crabs. However, after a subsequent 24h re-immersion period in clean sea water of around 
4°C higher than transport temperatures (typical for crabs heading from the UK and Ireland to France, 
Spain and Portugal), crabs that had been in misting condition released ammonia to the water and saw 
a decrease in their blood ammonia from misted levels, whereas viviered crabs continued to show an 
increase in their blood ammonia.

Figure 4.6 Means (± SE) of ammonia values for blood at end of 48h test at 8°C 
(FW mist, SW vivier) and 24h after subsequent re-immersion in clean SW at 12°C (simulating 
typical reception facility characteristics).

4.3.1.3 Pooled results, vigour

Vigour was assessed in two ways; firstly a comparison was made between mean vigour index 
scores during the trial was performed (Figure 4.7), and then a statistical analysis was performed that 
investigated the impact of damage on the vigour and survivability of the crabs.
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methods in terms of mean crab vigour. Interestingly, the results of a Kruskal Wallis test showed that 
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(all were vigour 5), being damaged did cause significant differences to occur after both the simulated 
transport period and after subsequent re-immersion (p = 0.005 and p = 0.001 respectively, n = 68). 
Furthermore, the results of linear regression analysis have shown that vigour condition in crabs after 
misting and after subsequent re-immersion is significantly dependent on the damage condition of 
crabs going into the mist (p = 0.030 and p = 0.005 respectively). 
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Figure 4.7 Changes in vigour of C. pagurus during and after misting and vivier transport
Vigour index score for C. pagurus at end of 48h test at 8°C (FW mist, SW vivier) and 24h 
after subsequent re-immersion in clean SW at 12°C (simulating typical reception facility 
characteristics). 

4.3.1.4 Pooled results, pH and Lactate analyses

pH changes (Figure 4.8) suggest that both misted and viviered crabs become more alkaline internally 
after transport. Crabs in the mist develop a more alkaline pH than crabs under vivier conditions. This is 
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dioxide (which forms carbonic acid in the blood) and lactic acid which both contribute towards a 
reduction in pH towards the acidic end of the pH spectrum. The apparent differences indicated by 
(Figure 4.8) were however, not statistically significant at each treatment stage.

Re-immersion results for lactate after misting (Figure 4.9, below) indicate a reduction in blood lactate 
of misted crabs after a 1 hour re-immersion period which suggests anaerobic respiration during 
the misting and a return to aerobic respiration upon re-immersion in clean sea water. However In 
comparison, pH changes (Figure 4.8) show that both misted and viviered crabs become more alkaline 
internally after transport. 
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Figure 4.8 Changes in blood pH of C. pagurus before and after misting and vivier transport for 72h

Figure 4.9 Changes in blood lactate of C. pagurus after 72h misting and subsequent reimmersion

4.3.1.5 Pooled results, other blood measurements.
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4.3.2 Results - Large mister

The purpose of the larger scale trials was to assess whether the misting could be up-scaled towards 
a commercial size - although full commercial scale was not attempted at this proof-of-concept stage. 
Because the changes to the physiology and blood chemistry as a result of misting were already known 
from the findings of the small scale trials, the main aim of the large scale trials was to assess the 
vigour/quality of the crabs and their post-misting survival.

Two separate trials were carried out at Bridlington Harbour using 100kg and 30kg of crabs respectively 
(Table 4.4 and 4.5). Due to the large numbers of crabs used, only mortalities were noted. In contrast 
to the smaller scale trials, a seawater mist was used and upon re-immersion, the crabs were put into 
a seawater system that replenished its water once per 24 hours. This is more typical of the conditions 
that crabs would be subjected to upon reception in France, Spain or Portugal.

Both trial one (Table 4.4) and trial two (Table 4.5) performed much better in terms of mortality and 
survivability when compared to the smaller scale trials. With a 6% loss rate for crabs after 72h in the 
mist for trial one, and an 8% loss rate for crabs in trial 2. These figures are comparable to what is 
currently experienced during vivier transport (see section 3). After a subsequent 24 re-immersion in 
clean sea water, only an additional 2% and 4% were lost in trials one and two respectively. Therefore 
the total loss rate of crabs when carried in a 4°C mist for 72h followed by a subsequent re-immersion 
for 24h at 6-7°C was 10%

Table 4.4 Survival and mortalities of C. pagurus in large scale trial. Sea water mist, 100kg crab.

Trial 1: 100kg.

Vigour 
5

Vigour 
4

Vigour 
3

Vigour 
2 Vigour 1 Dead Alive Total

Day 0 100 kg to start – only mortalities recorded 0 167

Day 1 1 166

Day 2 1 166

Day 3 10 156

Re-immersion 7 149

Misting Mean crab weight 600g. 
10*0.6kg = 6kg dead from 100kg = 6% loss rate

Re-immersion Mean crab weight 600g.
 7*0.6kg = 6kg dead from 100kg = 4.2% loss rate during re-immersion

Total Mean crab weight 600g.
 (10+7)*0.6kg = 6kg dead from 100kg = 10.2% total loss rate for trial
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Table 4.5 Survival and mortalities of C. pagurus in large scale trial. Sea water mist, 30kg crab.

Trial 2: 30kg

Vigour 
5

Vigour 
4

Vigour 
3

Vigour 
2 Vigour 1 Dead Alive Total

Day 0 30 kg to start – only mortalities recorded 0 43

Day 1 1 42

Day 2 1 41

Day 3 2 39

Re-immersion 1 38

Misting Mean crab weight 600g. 
4*0.6kg = 2.4kg dead from 30kg = 8% loss rate

Re-immersion Mean crab weight 600g.
 1*0.6kg = 600g dead from 30kg = 2% loss rate during re-immersion

Total Mean crab weight 600g.
 (4+1)*0.6kg = 3kg dead from 100kg = 10% total loss rate for trial

The large mister used approximately 1 tonne of seawater per 24h and naturally ran intermittently due 
to occasionally shutting down to prevent overheating. This volume of water was sufficient to saturate 
the atmosphere of a typically-sized lorry trailer.

4.4 Summary and Discussion of trials
The aim of these trials was to provide a quantitative comparison between the current transportation 
procedures for Cancer pagurus – vivier transport – and a novel alternative – misting. Further, if proven 
to be a successful alternative, begin to estimate the potential ways this could affect carriage in terms 
of water savings and increased product transport capacity.

Ammonia: 

Ammonia levels in the blood of misted crabs after the end of transport were more than double of 
those under traditional vivier conditions.  This is due to inability of the animals under mist to excrete 
from their internal environment to the external environment. Although the mist created a humid 
atmosphere that prevented desiccation, the results obtained for blood ammonia levels suggest that 
ammonia produced by the natural metabolism of the crabs is unable to pass into the surrounding 
mist/air.

After a subsequent 24h re-immersion in clean seawater ammonia effluxes of misted and viviered crabs 
had returned to similar values - as evidenced by the blood ammonia concentrations which showed no 
statistically significant differences after 24h reimmersion. These results also suggest that, after 24h, 
there is complete recovery from misted conditions in terms of ammonia production and efflux. This 
finding has benefit for the trade as it denotes the recovery time required before onward shipping or 
packing etc.

Crabs that had been held under misting conditions and then re-immersed released ammonia to the 
water and showed a decrease in their blood ammonia levels from those at the end of the misting 
period, whereas viviered crabs continued to show an increase in their blood ammonia following 
reimmersion. As crabs were held individually for the re-immersion stage of the trials, this increase 
in blood ammonia of viviered animals is not a result of ammonia excreted from other crabs and is 
more likely a product of the reimmersion conditions (1:1 biomass:water, with aeration but no filtration). 
However, the high blood ammonia concentration at the start of the recovery stage and subsequent 
release into the low ammonia, clean water is the cause of this.
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The natural resting concentration of blood ammonia in unstressed brown crabs is low at between 
200-300 µmol/L (Table 4.6). In the present study, this internal concentration rose considerably during 
“transport” with the highest mean levels occurring after misting -being  over 1200 µmol/L and after 
vivier holding - over 800 µmol/L.

In the early 1990s a mist system was trialled by the team at the University of Hull for a 46h journey 
(Hosie, 1993). In her trial she found similar elevated blood ammonia levels to those found in the present 
study  -  1629.9 µmol/L after misting which resulted in the inception of anaerobic respiration.
Ammonia is a toxic substance that is known to adversely impact on the quality of live crustaceans in 
their supply chains (Bernasconi, 2006; Hosie, 1993) but, in the present study, the elevated ammonia 
values that occurred were thought not to be detrimental in the long term. Indeed, after only 24h of 
re-immersion there was a recovery of blood ammonia levels in misted crabs back down to levels 
comparable to those of crabs that had been viviered and re-immersed. 

Table 4.6 Resting blood ammonia levels in Cancer pagurus

Ammonia level (µmol/L) Temperature of water (°C) Reference

129.55 ± 12.55 12 Hosie, 1993

193.4 ± 24.45 10 Danford, 2001

261.75 ± 20.73 12 Smyth & Uglow, unpublished data

363.60 ± 101.69 8 Present study

Note: The ‘resting’ ammonia level will depend on the treatment the crabs have experienced in the previous hour

After 48h in the vivier system, the crab blood and the carrying water have broadly similar concentrations 
of ammonia (1146and 967µmol/L respectively) and when re-immersed in low ammonia, ‘clean’ water 
at 4° C higher than the vivier water temperature (typical for crabs heading from the UK and Ireland 
to France, Spain and Portugal), there was a rapid commencement of ammonia excretion from the 
crabs to the water. The water showed an increase from 20.83 µmol/L to 1273.36 µmol/L . The blood 
ammonia concentration had also increased from 286.7 µmol/L in the viviered crabs at the end of 48h 
to 1146 µmol/L in the 24h following re-immersion. Contrastingly, the crabs that had been held under 
mist showed a decrease in blood ammonia levels following reimmersion. The continued rise in blood 
ammonia probably reflects the reconversion to ammonia of other nitrogenous wastes (e.g. urea and 
lactate) accumulated in the body whist the animals were under mist and probably reflects the higher 
metabolic rate of the viviered crabs which remained aerobic during the vivier holding period. These 
findings and their biological and commercial implications require further study - including determining 
the effects of water and misting temperature.  

Vigour:

Both vivier holding and misting produce similar results in terms of the vigour of crabs at the end of the 
trials and after the re-immersion period, with crabs losing a mean of 1 vigour point from the condition 
they had at the start of the experiment. Crabs started the in the strongest condition (score 5) and 
ended both the transport and recovery sections of the trials at an average score of 4 (acceptable for 
live trade).

However, it was found that the vigour condition of crabs after 72h in the mist and after a subsequent 
re-immersion period) was significantly dependent on the damage condition of crabs when put into 
the mist (p = 0.030 and p = 0.005 respectively). Hence crabs with recent damage that are put into 
the mist system are more likely to reach a state that is unacceptable for the live trade. This is a well-
known occurrence when traditional vivier systems are used, where damaged or dead crabs are known 
to contribute to a faster fouling of the water and a deterioration of the surrounding crabs. Such 
deterioration of surrounding crabs and water fouling would not occur as a by-product of mist transport 
as there is no flux between the crab and the environment in misted conditions. Hence mortalities due 
to proximity to other dead crabs should be minimal.
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Towards the end of our trials, the post re-immersion mortality rates of ca 10% were comparable (if not 
slightly better) than those of hauliers using vivier systems (see questionnaire results section 3.2 where 
mortality rates between 0-20% are reported for just the transportation phase). 

In similar tests by Lorenzon et al. (2008), in 96h transport trials, traditional vivier transport caused a 
high mortality rate compared with dry/damp transport (commonly used for air freight of crabs). Indeed, 
in the animals transported in water no mortality was recorded in the first 12  h after re-immersion 
following transport, but 30% of animals died at 24h, conversely no on-going mortality occurred in the 
air-freight group during the entire experimental period. Hence the present findings supporting those 
of Lorenzon et al. (2008), that ‘reduced water’ haulage methods, when done correctly, can confer 
significant benefits in terms of product quality. Furthermore, the advantages of misting result in the 
possibility of using vehicle payload space more efficiently and carrying more products and less water.

Blood pH and Lactate: 

The pH of the blood became more alkaline during both misting and vivier simulations which was 
biologically unexpected. Normally, anaerobic respiration causes a build up of carbonic acid and lactic 
acid, which result in the blood becoming more acidic. Here however, the alkaline nature of the blood 
is attributed to the unnaturally high blood ammonia that developed during both vivier and misting 
simulation and was unable to be excreted at these times. When in water, ammonia forms ammonium 
hydroxide which is alkaline [NH3 (aq) + H2O (l) ⇌ (NH4

+) (aq) + OH- (aq)] and in this case was sufficiently 
concentrated enough to counter the acidic effects of the build-up of lactate and CO2 from anaerobic 
respiration. 

Blood lactate decrease occurred during the re-immersion period indicating a restoration of aerobic 
metabolism in the misted animals but blood pH (Figure 4.8) became slightly more alkaline initially.  
Possibly, this is also the consequence of blood acid/base adjustment the implications of which require 
further testing in subsequent projects. Lactate has been shown to accumulate in the blood during 
both emersion and hypoxia (Durand et al., 2000; Lorenzon et al., 2007; Paterson et al., 1997; Spicer et 
al., 1990). Another parameter involved in the stress responses of crustaceans following transportation, 
emersion and handling is the concentration of total protein (Danford et al., 1999; Hosie, 1993; Lorenzon 
et al., 2008). In the present study blood total protein showed no significant differences between 
brown crabs in misting and vivier conditions.

Large mister: 

The large mister used a SW mist at 4°C. The large mister trials resulted in losses (mortality) of 6-8% 
after 72h in the mist with an additional 2% mortality after 24h re-immersion/recovery time. Again, 
these figures are comparable to those obtained with existing vivier conditions but with the added 
benefits that result from the much reduced volume of water that needs to be carried (e.g. the  loads 
can be palletised and more can be put on a lorry).

The results obtained with the larger misting system (in comparison with the smaller system) benefitted 
from the facts that there were no bleeding or handling stresses, that seawater was used instead of 
freshwater and that the low temperature used resulted in the animals having a low metabolic rate.  The 
results are likely to reflect what can be expected with larger volumes of crabs held in chilled seawater 
mist. 

Potential savings and improvements to haulage.

Based on a survey of industry members (see section 3), it is known that in a typical vivier truck:

The ratio of water:crab used for carriage was equal (e.g. 50/50 = 1:1), or less water weight than crab 
weight.

• Irish ratios for water:crab were: 1:2, 1:1. 2:3
• UK ratios were: (transport) 1:2, 1:1
• Portuguese ratios were: (transport) 1:1, just enough water to cover the crabs. 
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There are two main types of vivier lorry used currently (White, J. pers com.4):

•  4 Legger lorry with 20 tanks, 20 tonne carrying capacity (10 tonnes water, 10 tonnes crab).
•  6 Legger lorry with 44 tonne carrying capacity  (22 tanks, 12 tonnes crab and 12 tonnes water).

The large mister used in the present study required approximately 1 tonne of water per 72h use. Erring 
on the side of caution and hauling an extra tonne of water would mean that for a typical 4 legger lorry, 
the carrying capacity of crab could be increased from 10 tonnes to 18 tonnes, leaving 2 tonnes for the 
carriage of seawater to run the mister. It is assumed that the weight of the necessary pallets and box-
ware would compensate for the reduced number of vivier tanks required.

This equates to an 80% saving in water and an 80% increase in product carrying capacity for a 72h 
journey. Furthermore, the sophistication of the vehicle required for misting is less than that for a 
current vivier truck. The nature of the packing of the box-ware needed facilitates speedy palletised 
loading/unloading and its fold-flat nature provides the opportunity for back-loading. Should the volume 
of crab consigned be the same as that currently consigned by vivier truck, then a correspondingly 
smaller vehicle can be used (See Table 4.7, below).

Although the mister used in the present study (VM Innovations Fresh Fog) is no longer manufactured, 
similar systems are available online for around the same price (for example ≈€200, www.mistking.eu). 
With a typical brand new vivier lorry trailer (excluding cab) costing around £80,000 to £90,000 kitted 
out (€111448 to €125379 at June 2015 exchange rates), it would be a benefit for the haulier to purchase 
only a standard refrigerated unit and then retrofit a misting system plus any other modifications 
needed (e.g. sump/raised, perforated floor).

4.5 General discussion 
Fishers consulted as part of this project had themselves trialled, or often knew of someone who 
had trialled, a system such as misting or douching, often unsuccessfully. This lack of success has 
resulted in a reluctance to veer from vivier to once more try alternative methods. Reasons why such 
attempts have been unsuccessful are unknown but, from the results of the questionnaire, and from 
the successes of the current misting trials, it is probable that these early failures are due to water 
quality issues, conditions too warm inside the lorry, poor initial selection or quality of crab or even 
that the misting droplets were too large compared with the ultrafine droplets of a fog. Any of these 
would be expected to impact on product quality – especially on long journeys (>48h). There is also the 
additional variable of inconsistency – there is a batch to batch variation in a load of crabs – in terms 
of their condition, skills of the initial handlers, seasonality etc. There is also inevitable variability in the 
details of procedures trip to trip. Generally, our impressions are that transport water temperatures 
are too high and 4-6°C is about right. This has been shown to be tolerable and has the benefit of 
lowering metabolic rate and its attendant oxygen demand and ammonia production. The general 
similarity between the rates of quality losses and mortality using vivier and misting systems – even 
with a comparatively small series of trials -coupled with the considerable savings that misting confers 
in purchasing and installation must make misting a strong contender for serious consideration by the 
trade. Misting is already being used extensively in North America and New Zealand.

As with any relatively novel procedure, misting raises welfare issues. The issue of whether invertebrates 
feel pain and consequently “suffer” has been a topic of debate in recent years (Barr et al., 2008; Elwood 
et al., 2009) and has been reported up by many media outlets. Nociceptors in most animals, including 
crustaceans, detect things that may be harmful such as excessive heat, crushing or tearing injuries 
and adverse chemical changes producing a response that moves the animal way from the source 
of danger, but this does not necessarily signify pain. It is a tricky task to determine the difference 
between pain/suffering and a simple reflexive response in an animal which cannot make a sound 
or convey discomfort in the way we are familiar with in higher vertebrates. And although several 
studies have suggested that brushing acetic acid onto prawns prompts a grooming response which 
is suggestive of pain rather than reflex (Elwood et al., 2009), other studies have refuted this claim 
(Puri and Faulkes, 2010). Over the past few decades, contradictory views have been presented on the 
ability of the crustaceans to feel pain. Despite no formal conclusion on the issue, there has been a 

4 White, Jimmy. Live Irish Shellfish.

http://www.mistking.eu
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general acceptance recently that crustaceans do feel in more than a reflexive way, although lacking 
the nervous system of higher vertebrates (Barr et al., 2008; Elwood et al., 2009; RSPCA, 2001; Yue, 
2008). Hence, it is in the interests, not only of the customer (in terms of quality, taste, etc.) but of the 
crabs themselves, that good husbandry is maintained throughout all of the live transport chain. It is 
already accepted by the industry that good husbandry will yield better survival rates and less loss of 
product quality.

Here, misting and other reduced-water, low-temperature transport systems can play a key role. 
By removing the need for immersion in water, problems associated with the build-up of toxins are 
avoided, crabs can also be packed tighter reducing the likelihood of self and peer injuries. Dead crabs 
do not reduce the quality of adjacent ones as there is no water to foul and, as shown by the results of 
the trails (above), purging after transport returns the internal physiology to normal.

4.6 Conclusions of trials 
Although very encouraging, the development of the misting system, on the basis of sound scientific 
supporting evidence, is still at an early stage and the procedure requires further work for optimisation 
and for determining is suitability for use with other species transported alive in bulk. The potential of 
using misting shipboard and in on-shore holding facilities  are further areas that will repay further study.  
The principal constraint for adopting a novel transporting system is the general reluctance of members 
of the trade to be in the fore of something the success of which they hold with suspicions. However, 
misting, for a number of sound scientific, fiscal and animal welfare reasons, is a procedure with the 
potential to be of enormous benefit to the European live crustacean trade in general and for the 
brown crab trade in particular. Table 4.7 (below) summarises current and possible transport methods 
comparing a number of key points.

Table 4.7 ‘Vivier’ vs. ‘Douche’ Vs ‘Mist’ systems

Vivier lorry Intermittent douche Chilled mist system

Already installed in most vehicles Potentially complicated to install 
and use on a vehicle

Relatively easy to install and use 
on a vehicle

No suitable for more than short term 
(<1day) holding unless a bio-filter used Suitable for medium-term holding Suitable for short-term holding

Expensive to purchase Inexpensive Inexpensive

Water weight carried equals 
crab weight carried Estimated water saving = 20 - 30%

Estimated water saving = 
potentially up to 90%.

80% definitely achievable

Dependent on a sea water source 
at journey start Dependent on seawater availability Not dependent on 

seawater availability

Repetitive handling likely Repetitive handling avoidable as 
loads can be boxed and palletised

Repetitive handling avoidable as 
loads can be boxed and palletised

Loading/unloading cumbersome Loading/unloading simple Loading/unloading simple

inefficient use of payload space Efficient use of payload space Efficient use of payload space

Needs a vivier lorry Needs a vivier lorry Needs a vehicle with chilling

Back-loading normally unlikely 
or inefficient

Back-loading normally unlikely 
or inefficient Back-loading possible

Small or part loads impractical Small or part loads impractical Small or part loads possible if mister 
fitted into a transit van or similar

Success is temperature related 
(48 h max)

Success is temperature related 
(72h max)

Success is temperature related 
(72 h max)
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5. Guidelines for good practices 
The postharvest environment is an alien one for a brown crab and guidelines for good practice to 
apply during this period have to be based on providing sets of procedures, throughout the supply 
chain, that are appropriate for meeting the vital needs of the live crabs at these times. The principal 
requirement is to deliver live, quality animals consistently and cost-effectively. The procedures used 
need to be based on an understanding of the functioning of the crab in relationship to the environment 
to which it is exposed – whether it is the natural or the post-harvest one. This is so whether the 
operative intends to use current procedures (vivier) or the novel, alternative one described in this 
document (misting).

The desired, commercial quality of a brown crab, selected for soon after capture, is fragile but there 
is also abundant evidence that it is possible to supply conditions that will retard the erosion of that 
quality in the supply chain.  

Many post-harvest happenings seldom, if ever, occur in the natural environment but have the potential 
to make a negative impact on the animals’ quality maintenance and thus their effects need to be 
understood before they are applied. Common ones include:-

• Exposure to acute temperature changes in excess of 1-2°C
• Exposure to hyper-ammonia (high) levels in seawater  
• Being held emersed
• Being handled, nicked or dropped etc.

5.1 Good practice - effects of an acute temperature change
Under normal circumstances, the core body temperature (= blood temperature) of a crab will be the 
same, or slightly above, the temperature of the ambient seawater. Internal temperature adjustments 
are made when the animal is transferred to water of a different temperature and are achieved via heat 
transfer from the water of the ventilatory stream of ambient seawater that passes over the surface 
of the gill, across the very thin walls of the gills to the blood that is pumped through the gills by the 
heart. The crustacean gill is an extremely efficient heat exchange system. Small (1 – 2°C) temperature 
changes are achieved rapidly and larger ones occur after a temporary cessation of the ventilatory 
stream. Temperature is directly related to metabolic rate and transferring crabs from water of one 
temperature to another (as happens frequently in the supply chain) can cause an inadvertent increase 
of metabolic rate – which effectively increases oxygen demand and ammonia production and 
ammonia efflux. Transferring crabs to colder seawater is used frequently to slow or immobilise them in 
advance of packing and can also lead to inadvertent problems. If the water temperature difference is 
> 2-3°C the animal becomes immobile and the assumption is made that it has experienced cold water 
anaesthesia (put to sleep). All temperature changes of this magnitude or greater in will traumatise the 
animal to some extent – usually immobilising it. However, the cold water immobilisation also causes 
a cessation of the ventilatory stream, which may last up to 10 minutes. During this period the gill heat 
exchange mechanism does not operate and there will be little or no lowering of the animal’s core 
temperature. Often, the crabs are packed when they become immobilised and, when this happens 
the animal’s blood (> 20% of the animal weight) will still be a higher temperature than that intended.

Temperature changes can occur also when animals become emersed when, again, the gill heat 
exchange mechanism is non-functioning. Internal temperature changes at such times are dependent 
on the rate of latent heat transfer and are much slower to reach internal equilibrium than is the case 
with immersed animals.
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Advice for good practice (temperature changes)

Operatives should always be aware of the magnitude of any temperature change that the crabs 
are given and be aware that a series of small temperature changes, interspersed with time periods 
for the animals to adjust, is a method of achieving a desired temperature change that is less 
stressful for the animals.  This applies when the animals are put into live storage in chilled seawater 
and particularly at reception in southern Europe when there can be a considerable difference 
between a suitable transport temperature and the higher ambient temperature of the seawater at 
the reception facilities.

5.2 Good practice -the effects of hyper-ammonia
There is a general realisation that dissolved ammonia levels can compromise the quality of live crabs 
but, generally, there is a poor understanding of what ammonia is, where it appears from or what 
quantities of ammonia are involved in this context. Furthermore, there is a common misconception 
that the ammonia produced by a crab is the product of gut digestion.

Ammonia is the main (not the only) end product of cellular activities in almost all aquatic animals, 
other than mammals. It can be likened to the exhaust of an engine – when the engine performs work, 
fuel is used and waste exhaust is produced. The more work the engine is called upon to perform, the 
more exhaust is produced.

In the case of a crustacean, ammonia is produced in cells of the tissues and is excreted into the 
surrounding blood as a continuous process - every second of the day. The ammonia-laden blood is 
pumped through the gills by the beating heart and the ammonia escapes across the gill walls into the 
ventilatory current that directs the fouled water away from the animal. There is always some resident 
ammonia in the blood (normally, about 200-300 micromoles per litre) and the animal is able to control 
this level to a certain extent. Clean seawater has a very low ammonia concentration (ca. 1 micromole 
– 34 millionths of a gram per litre). 

When crabs are packed in a tank with a finite volume of seawater, the ammonia concentration of 
that water increases rapidly and continuously to reach toxic levels. The normal downhill ammonia 
concentration gradient out of the animal into the surrounding water becomes reversed but the 
animals continue to excrete ammonia against the now high external ammonia concentration  
– an energy-expensive process.

When emersed, crabs switch from aerobic respiration to the less efficient anaerobic respiration with 
a lowered metabolic rate. Ammonia is still produced – though at a correspondingly lower rate. In 
air, however, there is no ventilation of the gills with seawater so the animal cannot excrete it to the 
exterior. Instead, it stores much of what is produced in the blood and converts the remainder into 
other nitrogenous wastes (urea/uric acid) – both of which require more energy to synthesise than 
ammonia.

Crabs that have experienced a long journey in a vivier tank, or spent a long period emersed, will have 
supernormal blood ammonia levels (Figure 5.1). Their immediate response to being transferred to clean 
seawater is to excrete the excess ammonia as rapidly as possible. This happening is commonplace 
when vivier trucks are being loaded and unloaded and, in many instances, results in highly-fouled 
seawater occurring even  before the lorry commences its journey, or immediately upon reception at 
a holding facility.



39

Figure 5.1 Comparison of  ammonia levels in natural sea water and after 24 and 48h vivier 
transport

Natural sea water 24h
vivier

48h
vivier

Ammonia standards of known 
concentration (μmol) - for comparison 

and calculation
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Advice on good practice - ammonia levels

Because seawater ammonia occurs at low concentrations (even when at dangerously high levels 
these concentrations are relatively low with no colour) and because there is no satisfactory, simple 
way of measuring such low ammonia levels, it is advocated that it be assumed that crabs, held in 
vivier tanks that have no water recirculation system with biofiltration, will foul their holding water 
with ammonia. 

At these times it is good practice to give a complete change with clean seawater (at the same 
temperature)  periodically -  at least every day if water temperature is low (<10oC ) and  several 
times a day if water temperature is higher. Of course, this is not practicable during consignments 
and journey times >48h duration usually result significant losses in the quality of the crabs. Journey 
times of 72h or more, usually result in higher losses still – some on arrival and more during the 
following 24h in the purchaser’s reception facilities.

Ideally, to keep metabolism low and to reduce the amount of waste produced during transport, 
temperature should be gradually lowered to between 2°C and 4°C during the first few hours of a 
journey.

Reception facilities should be aware that an ammonia dump will occur upon arrival of the product 
and should change the water after 6 hours or use a filtration or flow through system.

Ideally, the reception facility can, during this dumping period, gradually raise the temperature 
from the transport temperature to a warmer temperature if required, although they must be aware 
that this will vastly increase the metabolic rate and therefore decrease the potential quality and/
or shelf life of the live crab. Alternatively, thermostatic control in the lorry can slowly raise the 
temperature of the mist during the final hours of the journey to match more readily with holding 
temperatures at the reception facilities.

5.3 Advice on good practice -the effects of emersion
It is more or less inevitable that brown crabs are emersed at some time(s) in the post-harvest 
environment. It has been mentioned (above) that emersion prevents the crabs from releasing ammonia 
from the body or taking up oxygen from the air as both gas and ion fluxes depend on the animal 
ventilating its gills. At this time, the gills become a major site for the loss of water from the tissues –  
a problem that the immersed crab never has to contend with and commercially dangerous because it 
is not a noticeable phenomenon.  An emersed crab retains some water in its gill chambers and this is 
gradually lost over the following hours (Table 5.1) – much more rapidly if it is handled at this time. The 
last remnants, however, are retained until the animal is close to death. Possibly, this small amount of 
water is kept to enable a high humidity to be retained in the gill chambers to retard the rate of water 
loss across the very thin-walled gills. Thus there are two sources of water loss from an emersed crab (1) 
that drained from the gill chambers (which technically is outside the body = shrinkage or weight loss) 
and (2) that lost from the body tissues across the gill surface (desiccation loss). The rate of desiccation 
is accelerated if the animals are placed in a direct draught (e.g. as supplied by a reefer) and this is a 
serious source of quality loss in many supply chains. 

From the fore it is clear that the current practice of consigning brown crab – and other species of 
crustaceans - immersed in seawater, has a number of undesirable aspects. In terms of operating costs 
and the maintenance of the intrinsic quality of the animals carried it is both highly inefficient and 
inappropriate.  Any alternative system will thus need to be significantly more cost-effective, capable 
of retarding the rate of quality erosion over 72h and be suitable for other crustacean species carried 
in the same supply chains as brown crab.  
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Given that the principal mode of distributing live brown crab in Europe is one that is not recommended 
as good practice, the most effective means of reducing costs of an alternative would be to eliminate 
the volume of water carried with the crabs or reduce it significantly.  The risks associated with 
carrying no seawater at all would be unacceptably high but any water volume reduction made without 
a corresponding reduction of the weight of crabs carried would result in the animals’ ammonia 
excretions raising the dissolved concentration at a correspondingly faster rate – thus compounding 
the problem of ammonia poisoning. At the same time, there would also be problems associated with 
the oxygenation of the water – heavily contaminated seawater carries less oxygen than clean seawater 
of the same temperature. Two possibilities were considered here – a douche system and a mist 
system.  The douche system could be continuous or intermittent and would could be recirculated or 
used-once. This would enable a smaller volume to be used and would keep the crabs wet but it would 
not solve the problem of unacceptably high dissolved ammonia levels occurring. It would also pose a 
number of practical problems regarding installation. These problems were predicted to be less severe 
if a misting system was used and such systems are being used successfully elsewhere, consequently 
misting systems were chosen for trials – though there remained a need to determine exactly how 
a misting system would function in terms of supplying the physiological needs of the animals. 

The most suitable systems are ultimately dependent on appropriate handling practices and the care 
taken to avoid subjecting the animals to rough handling and physical shocks (such as dropping instead 
of placing. The nature of the misting procedure is that animals are pre-packed in crate-ware and this 
reduces the incidence of repetitive handling and its attendant risks. 

Table 5.1 Changes to gill chamber water volumes of brown crab collected during 
progressive emersion periods. 
Values are the mean of eight animals in all cases (Danford, 2001)

Time in air (hours) Volume of water collected (ml) % of body weight

In water - estimated 23.41 + 1.14 4.62 + 0.20

0 14.27 + 1.26 2.28 + 0.23

2 1.31 + 0.18 0.21 + 0.04

3 1.56 + 0.19 0.30 + 0.03

6 1.63 + 0.30 0.31 + 0.05

9 1.66 + 0.22 0.32 + 0.03

12 1.08 + 0.32 0.18 + 0.06

24 1.57 + 0.35 0.29 + 0.07

36 1.85 + 0.28 0.27 + 0.08

The average weight of the crabs was 555.3 g 
In these tests, only 1 animal died – between 24 and 36h. Several animals were producing a brown foam in the mouth region

Advice on good practice - emersion

Use a chilled misting system to keep the atmosphere around emersed crabs moist to alleviate 
desiccation during transport.

Use a chilled mist system (for short term holding) or a chilled douche system (for longer term hold-
ing) to alleviate desiccation during holding of crabs prior to and after consignment. These systems 
can be used instead of or alongside traditional holding tanks/ponds of operated at a low enough 
temperature (2°C - 4°C) to reduce crab metabolism and prolong storage time.
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6. Barriers, opportunities, threats, strengths and 
weaknesses
The principal barrier to the adoption of the misting system procedures is that of the need to convince 
stakeholders that it is a viable, cheaper option to the current vivier system. This has been accomplished 
elsewhere, but in Europe it requires appropriate propaganda. The simple equipment needed is easily 
available in America and the Far East, but in northern Europe it appears to be not so easily available 
and with a more limited choice of equipment. This is probably because, up until now, there has not 
been sufficient demand for it. 

The development and implementation of such technology is limited by the willingness of stakeholders 
to experiment with it due to previous bad experience, although this could be overcome somewhat if 
stakeholders were willing to do their trials with assistance from scientists.

Major strengths of the misting system include its versatility – can be used for holding or transporting 
live products from small to large volumes. It is also inexpensive to purchase and simple to assemble/
disassemble. Salt water is aggressive to equipment such as pumps and high-pressure nozzles but 
these are sufficiently cheap to allow a back-up for malfunctioning items and such provision is highly 
recommended.

7. Literature of interest about the topic
The reference list given at the end of this report includes details of the literature that was considered 
to be relevant and used in this report as sources of information and for discussion purposes.
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8. Conclusions
8.1 The physiological effects of a mist and their commercial 
implications
At the start of these studies, there was a realisation that misting systems were being used to distribute 
live crustaceans in New Zealand and in Canada but there was little extant information on what exactly, 
a mist provided that satisfied  the physiological needs of the animals. 

For the purposes of long-distance transport, the misting option appears to be attractive in that it 
has the potential of being a relatively simple, inexpensive system to set up and offers a significant 
saving on the amount of accompanying water that needs to be carried. What was less clear was 
whether a mist would cause problems associated with the amount of dissolved ammonia excreted 
by the animals. In the early trials, a proportion of the animals were bled at the end of 72h so that the 
physiological effects of misting could be investigated. This action resulted in the deaths of many of 
the bled animals in the 24h following their re-immersion. This showed that bleeding was particularly 
stressful at such times and it also skewed the mortality data. Physical injuries do occur at unloading 
and, from the evidence we found, this is likely to cause post-delivery losses. However, such injuries 
would be lessened appreciably with misting as the animals need not be handled at such times.

The blood analyses revealed the characteristic evidence of the animals becoming anaerobic under 
prolonged misting (raised lactate levels indicating anaerobic respiration and an elevated ammonia 
concentration during the misting period indicating a lack of carbon dioxide or of ammonia efflux and 
typical of the effects of emersion).   One effect of emersion was absent, however, that of desiccation 
or tissue water loss across the thin-walled gills. 

These findings are significant because they indicate that, when under a mist, the animals are induced to 
switch to anaerobic metabolism during which they have a lessened oxygen demand and a decreased 
ammonia production. This contrasts with what happens during a typical vivier tank journey during 
which the animals remain aerobic with a high oxygen demand and a high production of ammonia 
that is excreted into the tank water against an ever-increasing ammonia concentration gradient.  
In the present misting trials it was particularly noticeable that many of the crabs were very active when 
inspected at the end of a 72h period  and which we conclude was a positive sign of the effects of the 
treatment. 

The current programme was designed to demonstrate ‘proof of concept’ of an alternative system for 
the bulk transport of live crabs – rather than producing a refined and optimised system. The findings 
actually indicate a tremendous potential for misting procedures – not only for distributing live crabs 
in bulk but also for holding them for periods of up to 72h. There are many aspects that now need to be 
investigated more closely and these include:

• The fact that no fluxes occur between the animals and their external environment whilst under 
prolonged misting suggests that the salinity of the water used for misting is not relevant 
as there is unlikely to be any exchange of ions occurring. If this proves to be so at all the 
temperatures likely to be used, then this will alleviate the current reliance on access to high 
quality seawater. This has potentially large opportunities for stakeholders that may hold small 
volumes of live animals for restricted periods of time (e.g. supermarkets, restaurants etc) and 
would otherwise have the problem and expense of securing supplies of seawater

• A current problem with European vivier tank bulk distribution of crustaceans is the disparity 
between the low ambient seawater temperature at the fishing grounds where the animals are 
caught and the higher ones at the importer’s facilities in Spain or Portugal. In many instances 
this difference is sufficient to cause physiological impairment for the animals if they experience 
a sudden transition from the one temperature to the other. The much smaller volumes of 
water used for misting off the opportunity for controlling the water temperature as the journey 
progresses to better harmonise the animals’ core temperature with reception ambient water 
temperature 
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• The trials made used a mixture of box-ware – from the widely-used plastic fish boxes to 
perforated, lidded crateware, This was a deliberate attempt to determine whether the mist 
effectively reached the contained animals. The fact that it did indicates that there is not an 
immediate need to develop bespoke crateware and box-ware. It also revealed that the mist 
reached all areas beneath the level of the nozzles and thus allow palletised boxes of crabs to 
be loaded/unloaded

• There is a clear potential for using intermittent misting – the details of which will vary with 
seasonal temperature and the projected journey duration. Intermittent misting will further 
lower the volume of water that has to be carried. 

8.2 Overall conclusions and recommendations
It is concluded that misting is a satisfactory and low cost alternative to the current vivier tank mode of 
distributing live brown crab in bulk. For journey times of 48h or less it is particularly effective and the 
quality losses that are incurred by the end of 72h are comparable with vivier distribution. Significantly, 
misting allows substantially less water to be carried, dispenses with the need for vivier tanks or for the 
provision of aeration. In turn, this allows packed, palletised loads to be speedily loaded and unloaded 
with a concomitant reduction in the number of times the crabs are physically handled. Because there 
is no need for vivier tanks, the loads can be stacked to make an economical and more efficient use of 
the truck interior space. Furthermore, the distributor will have the choice of carrying a substantially 
larger proportion of the legal payload weight with crabs or opting to consign the same weight of crabs 
but using a smaller vehicle.

These studies provide the proof of concept of using a misting system but, clearly, there remains 
more to do. It is recommended that the current studies be extended in the future to determine the 
applicability of misting with other species/phyla commonly carried in vivier lorries. In addition to 
crustaceans, vivier lorries frequently carry a variety of mollusc species also. These include oysters, 
razor clams, scallops, mussels, cockles, whelks and winkles. It is probable that all of these will travel 
well in a misting system but there may be interspecific variation as well as seasonal, intraspecific 
variability in the details of the misting required.  

Future studies will require a more direct collaboration with importers and exporters. Preliminary trials 
can be made with modest numbers of animals (20–50kg) but subsequent trials have to be made 
with normal consignments. The industry representatives at the ACRUNET meetings specifically asked 
for a system that was suitable for 72h journey times. This carries an element of risk because it is 
approaching the limit when physiological impairment becomes manifest. It is also expensive as each 
trial comprises at least four working days, with subsequent additional time required for biochemical 
and statistical analyses of a minimum 1 week per trial.

It is also highly recommended that the industry arrives at a consensus on the definition of ‘quality’ as 
applied to live crustacean shellfish, such as brown crab. Currently, quality remains largely based on 
subjective judgments of visible appearance. Such characteristics are vulnerable to conditions that 
occur during vivier journeys. Consequently, crabs that are selected as being top quality when loaded 
may be physiologically impaired and unsuitable for the live trade  when unloaded, yet their meat 
content  - arguably, one of the key ‘quality’ characteristics – will not have altered at all.  For much of the 
year, the majority of crabs will be in late intermoult or early premoult condition and there is little doubt 
as to which are suitable animals and which should be rejected. For the remainder of the year the catch 
may be in a mixture of moult stages and the chances of selecting unsuitable animals is increased.  
It is conceivable that animals in moult stages up to mid-intermoult may not survive misting in such 
good condition as animals in later moult stages and this would be a consequence of selection criteria 
rather than the efficacy of the misting procedure.   
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10. Appendix
	  

	  
SECTION	  A	  –	  to	  be	  completed	  by	  all	  

	  

Name:	   Click	  here	  to	  enter	  text.	  

Details	  of	  how	  best	  to	  contact	  
you:	  

Address:	  

Click	  here	  to	  enter	  text.	  

Telephone	  (incl	  country	  code):	  

Click	  here	  to	  enter	  text.	  

Email:	  

Click	  here	  to	  enter	  text.	  

	  

Position:	   Click	  here	  to	  enter	  text.	  

Company	  –	  or	  name	  of	  fishing	  
vessel:	  

Click	  here	  to	  enter	  text.	  

Please	  tick	  which	  is	  
appropriate	  for	  you	  and/or	  
your	  company:	  

	  (please	  tick	  all	  that	  apply)	  

Fisherman	   	   Importer	   	   Exporter	   	  

Fishermen,	  now	  please	  complete	  Section	  B	  and	  D	  

	  

Importers/exporters,	  now	  please	  complete	  Section	  C	  and	  D	  

	  

If	  you	  do	  both,	  please	  fill	  in	  B,	  C	  and	  D	  

	  

SECTION	  B	  –	  Questions	  for	  fishermen	  

	  

Do	  you	  make	  day-‐trips	  or	  
longer	  trips?	  

(please	  tick)	  

Day	   	   Longer	   	  
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If	  longer,	  what	  is	  the	  typical	  
time	  you	  spend	  offshore?	  

days	  =	  Click	  here	  to	  enter	  text.	  

weeks	  =	  Click	  here	  to	  enter	  text.	  

months	  =	  Click	  here	  to	  enter	  text.	  

What	  is	  the	  weight	  of	  a	  typical	  
catch	  of	  crabs	  when	  landed?	  

Kg	  =	  	  Click	  here	  to	  enter	  text.	  

Do	  you	  have	  facilities	  onboard	  
your	  vessel	  for:	  

	  (please	  tick)	  

Keeping	  animals	  
submerged	  in	  

seawater	  

	  

Keeping	  animals	  
sprayed	  with	  

seawater	  

	  

No	  facilities,	  animals	  
are	  kept	  dry	  

	  

	  

Do	  you	  keep	  your	  animals	  in	  
keep/store	  boxes	  or	  tanks?	  

(please	  tick)	  

Yes,	  boxes	  

	  

	  

Yes,	  	  tanks	  

	  

	  

Yes,	  boxes	  and	  
tanks	  

	  

No	  

	  

	  

If	  yes,	  are	  these	  boxes	  or	  
tanks	  on	  shore	  or	  in	  the	  sea?	  

(please	  tick)	  

On	  shore	  

	  

In	  the	  sea	  

	  

Do	  you	  have	  facilities	  to	  chill	  
or	  condition	  your	  animals	  in	  
any	  way?	  

(please	  tick)	  

Yes	  

	  

No	  

	  

If	  yes,	  do	  you	  use:	  

(please	  tick	  and	  fill	  in	  all	  
appropriate)	  

Chilled	  air	  (e.g.	  
cold	  room)	  

	  

	  

°C	  =	  Click	  here	  
to	  enter	  text.	  

Chilled	  water	  

	  

	  

	  

°C	  =	  Click	  
here	  to	  enter	  

text.	  

Live	  animals	  
kept	  on	  ice	  

	  

	  

	  

Other	  (please	  
state)	  

	  

Click	  here	  to	  
enter	  text.	  

Once	  landed	  do	  your	  animals	  
go	  into	  harbour	  storage	  
facilities,	  or	  straight	  onto	  a	  
vehicle?	  (please	  tick)	  

Harbour	  storage	  

	  

Vehicle	  
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If	  harbour	  storage,	  is	  this:	  
(please	  tick	  and	  fill	  in	  as	  
necessary)	  

Tanks	  at	  sea	  
temperature	  

	  

	  

Tanks	  that	  
are	  chilled	  

	  

	  °C	  =	  Click	  
here	  to	  enter	  
text.	  

Dry/damp	  
storage	  at	  air	  
temperature	  

	   	  

Dry/damp	  
storage	  that	  is	  

chilled	  

	  

°C	  =	  Click	  here	  
to	  enter	  text.	  

When	  your	  animals	  are	  
loaded	  onto	  a	  vehicle,	  does	  
this	  vehicle	  go	  to:	  

(please	  tick	  all	  that	  apply)	  

A	  local	  dealer	  

	  

	  

	  

	  

A	  regional	  
dealer	  	  

	  

	  

	  

A	  dealer	  out	  of	  
the	  region	  but	  

still	  your	  
country	  	  

	  

A	  destination	  
outside	  of	  your	  

country	  

	  

	   	  

	  

SECTION	  C	  –	  Questions	  for	  dealers	  /	  hauliers	  /	  importers	  /	  exporters	  

	  

Do	  you	  export	  to	  clients	  in:	  
(please	  tick	  all	  that	  apply)	  

France	  

	  

Spain	  

	  

Portugal	  

	  

UK	  

	  

Ireland	  

	  

Do	  you	  import	  from	  clients	  in:	  
(please	  tick	  all	  that	  apply)	  

France	  

	  

Spain	  

	  

Portugal	  

	  

UK	  

	  

Ireland	  

	  

Do	  you	  load	  your	  vehicles	  
directly	  from	  the	  catching	  
vessel?	  

	  (please	  tick)	  

Yes	  

	  

No	  

	  

If	  yes,	  are	  any	  of	  these	  from	  
day	  boats	  or	  boats	  making	  
longer	  trips?	  

(please	  tick	  all	  that	  apply)	  

Day	  

	  

Longer	  

	  

Both	  

	  

Do	  you	  use	  vivier	  transport	  or	  
dry	  transport?	  

(please	  tick)	  

Vivier	  

	  

Dry	  	  

	  

Both	  
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If	  you	  use	  both	  vivier	  and	  dry,	  
which	  method	  makes	  up	  the	  
majority	  of	  your	  transport?	  
(please	  tick)	  

Vivier	  

	  

Dry	  

	  

If	  you	  use	  vivier	  transport,	  is	  
the	  water	  temperature	  
controlled?	  

(please	  tick)	  

Yes	  

	  

No	  

	  

If	  yes,	  what	  is	  your	  preferred	  
target	  temperature	  to	  try	  to	  
achieve?	  

°C = Click	  here	  to	  enter	  text. 

How	  do	  you	  achieve	  this	  
temperature?	  

Chill	  water	  

	  

	  

Chill	  air	  

	  

	  

Chill	  air	  
and	  water	  

	  

Other	  method	  (please	  
explain)	  

	  

Click	  here	  to	  enter	  text.	  

What	  would	  you	  say	  (ignoring	  
any	  target	  temperatures)	  is	  
that	  average	  temperature	  in	  
the	  lorry	  during	  a	  typical	  
journey?	  

Air	  °C	  =	  	  Click	  here	  to	  enter	  text.	  	  

Water	  	  °C	  =	  Click	  here	  to	  enter	  text.	  	  	  	  	  	  

Is	  there	  a	  means	  of	  
exchanging	  water	  during	  the	  
journey?	  

	  

Yes	  	  	  	   	  	  

	  (please	  explain)	  

Click	  here	  to	  enter	  text.	  

No	  

	  

Do	  you	  keep	  a	  record	  of	  the	  
water	  temperature	  during	  the	  
journey?	  

(please	  tick	  all	  that	  apply)	  

Start	  

	  

During	  

	  

End	  

	  

No	  record	  kept	  

	  

Do	  you	  deliberately	  alter,	  or	  
allow	  the	  temperature	  of	  your	  
water	  to	  change	  during	  the	  
journey?	  

(please	  tick)	  

Yes	  	  

	  

No	  
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If	  yes,	  why	  do	  you	  do	  this?	  

(please	  indicate	  what	  
temperatures	  are	  involved	  and	  
how	  the	  change	  occurs)	  

(please	  explain)	  

Click	  here	  to	  enter	  text.	  

What	  do	  you	  do	  if	  the	  
temperature	  exceeds	  what	  
you	  want?	  

Nothing	  /	  
cannot	  do	  
anything	  

	  

Something	  (please	  explain)	  

	  

Click	  here	  to	  enter	  text.	  

Do	  you	  monitor	  water	  
ammonia	  levels?	  (please	  tick)	  

Yes	  

	  

No	  

	  

Do	  you	  monitor	  water	  pH?	  
(please	  tick)	  

Yes	  

	  

No	  

	  

Do	  you	  monitor	  water	  oxygen	  
levels?	  (please	  tick)	  

Yes	  

	  

No	  

	  

What	  do	  you	  do	  if	  you	  
suspect	  any	  of	  these	  water	  
parameters	  exceed	  what	  you	  
want?	  (please	  tick	  and	  fill	  in	  as	  
appropriate)	  

Nothing	  /	  
cannot	  do	  
anything	  

	  

Something	  (please	  explain)	  

	  

Click	  here	  to	  enter	  text.	  

What	  is	  the	  ratio	  of	  
water:crab	  biomass	  that	  you	  
normally	  use?	  

Click	  here	  to	  enter	  text.	  

Do	  you	  get	  higher	  losses	  in:	  
(please	  tick)	  

Winter	  

	  

Summer	  

	  

No	  difference	  
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In	  your	  opinion,	  what	  would	  
you	  say	  is	  the	  main	  cause	  of	  
any	  mortalities	  that	  occur	  
during	  transport?	  

(please	  tick	  one	  answer)	  

Too	  
much	  

ammonia	  

	  

pH	  too	  
low	  

(acid)	  

	  

Too	  
warm	  

	  

	  

Too	  
cold	  

	  

	  

Not	  
enough	  
oxygen	  

	  

Other	  (please	  
state)	  

	  

Click	  here	  to	  
enter	  text.	  

What	  do	  you	  think	  causes	  the	  
problem	  you	  ticked	  in	  the	  
question	  above?	  

(please	  explain)	  

Click	  here	  to	  enter	  text.	  

Have	  you	  considered	  shipping	  
animals	  further	  afield	  such	  as	  
the	  Far	  East?	  (please	  tick)	  	  

Yes	  

	  

No	  

	  

Already	  doing	  this	  

	  

If	  yes,	  or	  considering,	  what	  is	  
your	  destination	  country	  or	  
countries?	  

Considering:	  Click	  here	  to	  enter	  text.	  

	  

Already	  shipping	  to:	  Click	  here	  to	  enter	  text.	  

If	  you	  are	  already	  doing	  this,	  
or	  are	  considering	  it,	  what	  is	  
your	  chosen	  method	  of	  
transport?	  

(please	  tick)	  

Air	  
freight	  

(dry)	  

	  

Ship	  
freight	  

(dry)	  

	  

Rail	  
freight	  

(dry)	  

	  

Vivier	  
lorry	  

(wet)	  

	  

Lorry	  

(dry)	  

	  

Other	  
(please	  
state)	  

	  

Click	  here	  
to	  enter	  

text.	  

What	  mortalities	  (on	  average)	  
do	  you	  tend	  to	  get,	  or	  expect	  
to	  get,	  using	  this	  method?	  

(please	  tick)	  

0	  –	  	  10	  

%	  

	  

11	  –	  
20	  %	  

	  

21	  –	  
30	  %	  

	  

31	  –	  40	  

%	  

	  

41	  –	  50	  

%	  

	  

More	  
than	  50%	  

	  

	  

SECTION	  D	  –	  optional	  questions	  for	  all	  	  

	  

The	  questions	  in	  this	  section	  are	  completely	  optional,	  please	  fill	  in	  those	  you	  feel	  comfortable	  doing	  so.	  
However	  the	  more	  you	  can	  help	  the	  better.	  Your	  answers	  will	  kept	  confidential	  and	  not	  be	  made	  available	  to	  

those	  outside	  of	  the	  ACRUNET	  team	  and	  will	  not	  be	  tied	  to	  your	  company	  in	  any	  report	  or	  publication.	  
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One	  of	  the	  aims	  of	  the	  ACRUNET	  project	  is	  to	  help	  reduce	  costs	  of	  the	  supply	  chain,	  any	  information	  that	  you	  
can	  provide	  below	  will	  allow	  us	  to	  find	  ways	  to	  reduce	  costs	  for	  you	  and	  help	  to	  potentially	  increase	  

profitability.	  It	  will	  also	  help	  us	  to	  work	  out	  the	  savings	  that	  can	  be	  achieved	  through	  introducing	  new	  
technologies	  e.g.	  dry	  transport,	  sprays,	  insulated	  storage	  etc	  

	  

In	  a	  perfect	  world,	  what	  do	  
you	  think	  would	  be	  the	  one	  
thing	  that	  would	  reduce	  
mortality	  and	  increase	  the	  
quality	  of	  product	  on	  a	  vivier	  
transport?	  

(please	  explain)	  

Click	  here	  to	  enter	  text.	  

What	  would	  you	  say,	  as	  a	  
percentage	  of	  the	  load,	  is	  
your	  typical	  mortality	  when	  
the	  load	  leaves	  you	  to	  go	  to	  
the	  next	  stage	  in	  the	  supply	  
chain	  in	  the	  winter?	  

(please	  tick)	  

0	  –	  	  10	  

%	  

	  

	  

11	  –	  
20	  %	  

	  

	  

21	  –	  
30	  %	  

	  

	  

31	  –	  40	  

%	  

	  

	  

41	  –	  50	  

%	  

	  

	  

More	  
than	  
50%	  

	  

What	  would	  you	  say,	  as	  a	  
percentage	  of	  the	  load,	  is	  
your	  typical	  mortality	  when	  
the	  load	  leaves	  you	  to	  go	  to	  
the	  next	  stage	  in	  the	  supply	  
chain	  in	  the	  summer?	  

(please	  tick)	  

0	  –	  	  10	  

%	  

	  

	  

11	  –	  
20	  %	  

	  

	  

21	  –	  
30	  %	  

	  

	  

31	  –	  40	  

%	  

	  

	  

41	  –	  50	  

%	  

	  

	  

More	  
than	  
50%	  

	  

If	  you	  do	  not	  currently	  use	  dry	  
transport,	  why	  is	  this?	  

	  

(please	  explain)	  

Click	  here	  to	  enter	  text.	  
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Some	  hauliers	  in	  other	  
countries	  are	  doing	  away	  with	  
full	  vivier	  and	  converting	  their	  
lorries	  to	  use	  a	  spray	  system	  
to	  occasionally	  shower	  the	  
crabs.	  This	  means	  less	  water	  
needs	  to	  be	  carried.	  Is	  this	  
something	  you	  would	  
consider	  for	  your	  company?	  

(please	  tick)	  

Yes	  

	  

Possibly	  

	  

No	  

	  

If	  no,	  or	  possibly,	  why	  is	  this?	  

(please	  explain)	  

Click	  here	  to	  enter	  text.	  

What	  do	  you	  consider	  would	  
be	  the	  minimum	  worthwhile	  
reduction	  of	  water	  carried	  to	  
achieve,	  to	  help	  improve	  your	  
costs	  in	  vivier	  transport?	  

	  %	  =	  Click	  here	  to	  enter	  text.	  

If	  it	  was	  proven	  that	  methods	  
other	  than	  full	  vivier	  transport	  
could	  produce	  significantly	  
lower	  mortality	  rates	  and	  
better	  quality	  of	  product,	  
would	  you	  consider	  
switching?	  

(please	  tick)	  

Yes	  

	  

Possibly	  

	  

No	  

	  

If	  no,	  or	  possibly,	  why	  is	  this?	  

(please	  explain)	  

Click	  here	  to	  enter	  text.	  
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If	  your	  competitors	  in	  the	  
industry	  were	  switching	  to	  a	  
method	  other	  than	  full	  vivier,	  
would	  you	  feel	  that	  you	  
should	  make	  the	  switch	  too?	  

(please	  tick)	  

Yes	  I	  would	  
switch	  

	  

	  

	  

	  

No	  I	  would	  
continue	  with	  

full	  vivier	  

	  

	  

	  

It	  would	  not	  
be	  profitable	  

for	  me,	  I	  would	  
have	  to	  get	  out	  
of	  the	  industry	  

	  

Other	  (please	  
state)	  	  

	  

Click	  here	  to	  
enter	  text.	  

How	  many	  litres	  of	  fuel	  do	  
you	  need	  for	  a	  typical	  
journey?	  

Click	  here	  to	  enter	  text.	  

When	  all	  things	  such	  as	  
wages,	  fuel,	  road	  tolls,	  taxes	  
etc	  are	  taken	  into	  account	  
what	  is	  the	  cost	  per	  kg	  of	  crab	  
sold?	  

(please	  tick	  appropriate	  currency	  
and	  fill	  in)	  

£	   	  	  	  /	  	  	  €	   	  	  /	  	  	  US$	  	   	  	  	  	  =	  Click	  here	  to	  enter	  text.	  

What	  is	  the	  typical	  price	  per	  
kg	  that	  you	  buy	  your	  animals	  
for	  in:	  	  

(please	  tick	  appropriate	  currency	  
and	  fill	  in)	  

Spring	  

	  

£	   	  /	  €	   /	  
US$	   	  

	  

=	  Click	  here	  to	  
enter	  text.	  

Summer	  

	  

£	   	  /	  €	   /	  
US$	   	  

	  

=	  Click	  here	  to	  
enter	  text.	  

Autumn	  /	  Fall	  	  

	  

£	   	  /	  €	   /	  
US$	   	  

	  

=	  Click	  here	  to	  
enter	  text.	  

Winter	  

	  

£	   	  /	  €	   /	  
US$	   	  

	  

=	  Click	  here	  to	  
enter	  text.	  

What	  is	  the	  typical	  price	  per	  
kg	  that	  you	  sell	  your	  animals	  
for	  in:	  	  

(please	  tick	  appropriate	  currency	  
and	  fill	  in)	  

Spring	  

	  

£	   	  /	  €	   /	  
US$	   	  

	  

=	  Click	  here	  to	  
enter	  text.	  

Summer	  

	  

£	   	  /	  €	   /	  
US$	   	  

	  

=	  Click	  here	  to	  
enter	  text.	  

Autumn	  /	  Fall	  	  

	  

£	   	  /	  €	   /	  
US$	   	  

	  

=	  Click	  here	  to	  
enter	  text.	  

Winter	  

	  

£	   	  /	  €	   /	  
US$	   	  

	  

=	  Click	  here	  to	  
enter	  text.	  
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