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  ABSTRACT 

 
 The Red swamp Crayfish (Procambarusclarkii, Girard, 1852) in 

developed countries has many ecological, cultural and economic 
aspects.  On the socioeconomic point of view, the impacts of this 
exotic species are real. 

The red swamp crayfish, is a species probably introduced by man in 
the North-West region of Morocco. The species was introduced for 
economic reasons, it is currently abundant and widespread in the 
region. As an invasive species, newly introduced, its exploitation still 
not regulated by the Moroccan authority. In spite of this and in a 
voluntary and random way, there is an interesting fishing activity 
and sale of this species by the fishermen of the region. This activity 
maintains a considerable source of income and, given the negative 
impact of this species on biodiversity and the lack of prevention of 
its spread in the country, this fishing activity may indirectly 
contribute to limiting the development of the crayfish population to 
an acceptable level. 

This recent study focuses on a new and possible economic resource 
in the region, estimating the socioeconomic impacts of this species 
in Morocco as well as the importance of taking into consideration 
that this has become a new food for Moroccans. 
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1. INTRODUCTION 

The introduction of an alien species can be achieved via several pathways [1]. In most cases the 
introduction is voluntary for an economic purpose, on the other hand the majority of these 
species can cross borders through accidental pathways such as land, water etc [2]. The 
introduction of the red swamp crayfish (Procambarusclarkii, Girard, 1852), which originates from 
the southern United States and northern Mexico [3], throughout the world through the growth of 
international trade is an example. This species is a crustacean that adapts to very diverse 
environments [4] and has a more selective life cycle than native crayfish [5]. It is largely 
considered the most invasive of all crayfish species [6]. According to several authors, its spread 
outside its natural habitat is an ecological error [7] such that its impacts are significant. 
Economic analyses of red swamp crayfish on a global scale show that it causes considerable 
economic and ecological damage but can be a source of revenue if it’s exploited. Some countries, 
such as China [8], take advantage of this to use it as a commercial product. The introduction and 
spread of this species into the water bodies of many countries has led to the development of 
fishing activities [9]. Many of the studies, however, are more qualitative than quantitative, due to 
the relative paucity of data on the economic impact of this species. 
The objective of this document is to summarise and update knowledge on the socioeconomics of 
this invasive alien species and to estimate the real benefits and costs following its introduction in 
Morocco. 

 
2. MATERIALS AND METHODS  
2.1.  Study area    

Morocco is located in the northwestern of Africa, with an area of 446,300 square kilometers, plus 
250 square kilometers of coastal waters. Western Sahara, claimed by Morocco, has an area of 
about 266,000 square kilometers [10].  
Moroccan coasts are fringed in the North by the Mediterranean Sea and the West by the Atlantic 
Ocean. The continental shelf is characterised by the presence of up-welling, which makes the 
coastal waters extremely rich in nutritive salts and high biological productivity [11], it has the 
most extensive river system in North Africa, Its two most important rivers are the Moulouya, 
which flows into the Mediterranean Sea, and the Sebou, which flows into the Atlantic Ocean [12]. 
As a result of these water resources, fishing is an important component of Morocco's primary 
sector [13] which contributes significantly to reducing unemployment and increasing individual 
annual income. 

2.2.  Sampling methods 

To collect the first information on the sosio-economic impact of the presence of 
Procambarusclarkii in the study area an anonymous survey approved by the Regional Department 
of Water and Forests and the Fight against Desertification North West Kenitra Morocco in 
collaboration with the University AbdelmaledEssaadi Faculty of Science Tetouan Morocco was 
used.  
A survey has been distributed to fishermen involved in fishing activity and fish marketing in all 
areas where the species is present, as well as to farmers affected by this new invasive species, and 
to the local population.  124 fishermen, 627 farmers and 186 local populations were surveyed in 
the study area between April 2015 and December 2018 (one field trip per month). 

2.3.  Statistical analysis  

The data collected by the questionnaire concerning the on the economic impact of the presence 
of Procambarusclarkii required a qualitative analysis using XLStat and Nvivo software.   
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3. RESULTS AND DISCUSSION  

The red swamp crayfish (Procambarusclarkii) is recently introduced  in Morocco, in irrigation 
canals, fields of culture, Sebou river, the MerjaFouwarat wetland, the MerjaZerga wetland, the 
Marais site and the Rmel plateau, the low Loukous wetland, in river systems and wells that are 
located in the northwestern part of the country [14].  Considering the damage caused by the red 
swamp crayfish in the rice fields of Morocco [14], and in the absence of a control strategy 
recommended by the authorities concerned, the question of a possible control by farmers to 
minimize the damage of this species was crucial. In the area where the red swamp crayfish is 
present, the question on the nature of its valorisation of the species was also important.  

3.1.  The red swamp crayfish market 

74% of the fishermen questioned replied that the species is fished for consumption and 
marketing, 26% replied that they do not fish this species because it is not valued in any way 
(figure 1). 

 
Figure 1 : Forms of the red swamp crayfish valorisation in Morocco, field survey 2016, 

2017 et 2018, Morocco. 

100% of the people surveyed are engaged in fishing and selling fish as well. A large part of them 
confirmed that they fish and sell crayfish several times a month (figure 2) with different quantities 
(figure 3) only at the local level. As in France and Italy, fishing activities exist on this species mainly 
for local markets [15]. 
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Figure 2. Number of sales per month, field 

survey 2016,2017 and 2018, Morocco 
Figure 3. Annual sales quantity per g, field 

survey 2016,2017 and 2018, Morocco 
 
Fishers report that the price of red swamp crayfish ranges from 10 MAD to 50 MAD or 0,093 euro 
to 4,66 euro (estimate at 29/12/2019), depending on the availability of the stock and the quantity 
fished, which also varies with the seasons of abundance of the species (figure 4) especially if 
demand increases and the quantity of crayfish caught is limited. Client status can also play a role 
in price variation; fish sellers buy it to sell small crayfish to fishermen who use it as fishing bait at a 
lower price, and sell large crayfish to tourists who know its value at a price not exceeding 50 MAD 
(4.66 euro)  per kg (figure 5). The commercial value of crayfish depends on supply and demand, 
the sales prices of this species can also increase with individual size and quality [16, 17]. 

  
 

Figure 4. Sale’s price per Kg, field survey 
2016,2017 and 2018, Morocco 

Figure 5. Customer status, field survey 
2016,2017 and 2018, Morocco 

 

In other countries such as Spain, crayfish prices close to 3 euros/kg were recorded in the 1980s, at 
the start of production, as in Morocco at present, and in 1990 the price stabilized at 1.4 euros/kg, 
but sometimes reaching close to 10 euros/kg [16], and in 2014 the price has been further reduced 
to 0.40 euro/kg [17, 18]. Demand outstripped supply in France and Italy, with prices reached 15 
euro /kg [19, 15].  
82% of fishermen sell crayfish several times a month. Assuming that the species is sold with 500g 
at least four times a month, i.e. 2 kg, which gives an estimate of 24 kg per year, so the income 
varies between MAD 240 (22,19 euro) and MAD 1200 (110,95 euro) for every fisherman. If we 
calculate the minimum quantity of crayfish sold per year we find 24 kg*124 fishermen= 2976 kg, 
this quantity sold in Morocco is still too low compared to Spain, which is the third-world producer 
with 4.1% of the total biomass, i.e. an average of 3,700 t/year [20]. 
The introduction of this crayfish in Morocco generated a fishing activity as everywhere else in the 
world [16]. However, this activity is still limited and weak and is not developed in comparison with 
other neighbouring countries such as Spain and Portugal [16, 17, 21] due to the absence of a real, 
well-structured crayfish market, the instability of the demand for this product, and the absence of 
industrial structures which are responsible for processing or exporting crayfish such as Spain, 
France, Sweden, Belgium and Denmark [16] and in recent years even to China and USA [19, 17]. 
The fishery sector in Morocco plays a major socio‐economic role and is one of the pillars of the 
national economy, Crayfish fishing in Morocco provides a more or less interesting income to local 
fishermen from its commercialization. The red crayfish is known worldwide for its ability to 
provide a wide variety of services, including direct economic benefits, to mankind [22]. The 
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presence of red crayfish has contributed a dynamic in this strategic sector especially in terms of 
employment, food security and income, as well as creating a dynamic for other sectors of the 
national economy such as tourism , and it can generate a good profits if it's properly exploited. 
 

3.2.  Control methods 

78% of farmers report that the presence of red crayfish in their cultivated fields is harmful (Figure 
6). The red swamp crayfish causes various types of damage (Figure 7) that sometimes exceeds the 
harvest benefit [23]. 

  
 

Figure 6. Farm impact in rice fields,farmers' 
responses, field survey 2016, 2017 and 2018, 

Morocco. 

Figure 7. Species utility, farmers' responses, 
field survey 2016, 2017 and 2018, Morocco. 

 
Several control methods are already known and applied to red swamp crayfish worldwide such as 
trapping, construction of physical barriers, biological control, chemical control, sterilization of 
males, and the use of pheromones as bait for traps [24]. 
In Morocco this species is an alien species and no control method is recommended by the 
relevant authority, so farmers have taken the initiative to control this species to save their crops 
(Figure 8). 

  
 

Figure 8. Nature of control in rice 
fields,farmers' responses, field survey 2016, 

2017 and 2018, Morocco. 

Figure 9. Proposal exploitation, farmers' 
responses, field survey 2016, 2017 and 2018, 

Morocco. 
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54% of farmers use non-authorized chemicals to control this species and that their prices 
according to them vary between 20 and 100 MAD per liter or 1,87 to 9,36 euro (estimate at 
29/12/2019).  The problem in this method that farmers clearly state that this method makes them 
spend an additional money and they do not know if these products are toxic or not. 
The introduction of red crayfish has an impact on provisioning services, such as reducing the value 
of edible native species, regulatory and support services, inducing broad changes in ecological 
communities, and increasing costs to agriculture and water management (Figure 7) [25, 26]. 
46% of farmers physically collect crayfish using blocks, nets, and nares. This technique requires a 
lot of effort and its results are not efficient enough, for example the use of conditioned water by 
receptive females [27] or live crayfish [28] has been shown to be a very selective bait to attract 
sexually mature males in traps [29]. 
Other studies propose the integration of crayfish with rice cultivation as an alternative to mitigate 
the socio-economic impact of crayfish and to control crayfish populations in rice-field areas [30, 
31]. 
77% of farmers suggest intensive animal husbandry as a means of controlling crayfish populations 
[32, 33, 25] and economic benefit (Figure 9). 
A cost-benefit analysis [34] should be carried out to evaluate the control strategy put forward by 
farmers and find the most effective strategy in terms of crayfish control and the least expensive.  
It is necessary to quantify the impacts caused by red swamp crayfish on ecosystem services in 
order to better inform management decisions and to have a reliable cost-benefit analysis [24, 25, 
35]. 

3.3.  The red swamp crayfish consumption  

The average world production of red crayfish for consumption has increased by almost 200% per 
year and in 2008 reached 41,704 tonnes and USD 1,862,938 [8], which shows that food based on 
this species is increasing day after day worldwide [25]. 
In Morocco, as this species is recently introduced, is an unknown alien species for the local 
population, its consumption pattern and consumers remain modest. 38% of the people surveyed 
consume this species compared to 62% who do not consume it due to its unknown status in the 
region (Figure 10). 

 
Figure 10. Consumption of Procambarusclarkii, local population response, field survey 2016, 2017 

and 2018, Morocco 
 
By surveying the consumer of this species how often this species is present in their diets per 
month (Figure 11) and how much is consumed (Figure 12).  32% crayfish is present in their meals 
only twice a month, 26% more than four times which shows that they take crayfish as an essential 
food in their diet, and 21% eat crayfish only once a month in amounts ranging from 50g to more 
than 250g. 
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Figure 11. Species consumption frequency, 
local population response, field survey 2016, 

2017 and 2018, Morocco 

Figure 12. Quantity consumed per time, local 
population response, field survey 2016, 2017 

and 2018, Morocco 
 
Despite this, consumption and the amount consumed per month remains very modest compared 
to other countries such as Spain, which has several plants producing different crayfish feeds to 
meet the demand [36]. 
84% of people who consume red crayfish confirm that this species has no effect on their health, 
while a small proportion report that after consuming this species they had symptoms of allergy, 
vomiting and diarrhoea (Figure 13). On the other side, in the living state this species stung 26% of 
the people surveyed, 23% did nothing, and 8% created a harmless state for them (Figure 14). 
Such consumption and contact with red crayfish should be controlled by the authorities 
concerned as this species is known to be a possible agent of transmission of the bacterium 
Francisellatularensis [37] and other parasites [38, 39] in humans. 

  
 

Figure 13.Adverse health effects, local 
population response, field survey 2016, 2017 

and 2018, Morocco 

Figure 14.Species attack, local population 
response, field survey 2016, 2017 and 2018, 

Morocco 
 
Several studies have shown the importance of controlling the use of red crayfish in consumption, 
especially crayfish carrying crayfish plague [40, 41, 42]. 
The increase in fishing for this species and its sale mainly for human consumption carries the risk 
of a wide spread of this species in uninvaded areas as an economic resource [40, 43]. 
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4. CONCLUSION   

Morocco is one of the top African countries in the production and export of fishery and 
crustaceans   products. The red swamp crayfish fishery provides increased revenues to the 
domestic fishing sector. 
Data on catches and sales of Procambarusclarkii in Morocco, their value and economic impacts 
are scarce and difficult to determine. Thus, the socioeconomic relevance of the presence of this 
species in Morocco is underestimated, as production and revenues are probably much higher 
than reported. 
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