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ABSTRACT

Globally, the consumption of crayfish as food and utilization as ornamental species is increasing
rapidly in most countries implying that its farming is gaining significant importance in the
aquaculture sector with a considerable interest in the production for commercial purpose. In
order for this to happen, it is vital to understand the morphological and genetic characteristics
of crayfish species which would assist in selection and propagation of the desirable species for
specific breeding objectives. The objective of this review was to highlight the morphological and
genetic characteristics, the growth and reproduction, feeding and nutrition, economic
significance and challenges and opportunities in crayfish production. In order to review the
crayfish potential production in Africa, we used published statistical data and information from
literature and compared all the information obtained to the rest of the world. An analysis of the
existing information indicated that during the early stages of post hatch, a high mortality rate
can result due to poor nutrition which is linked with low survivability. The breed is another
important factor that influence productivity and profitability of crayfish farming. Crayfish exhibit
detectable differences in breeding patterns which is highly influenced by the climatic, health
and nutritional environments. Other factors that impact the crayfish sector include climate
change, poor water quality, deteriorating habitat, overfishing and diseases such as crayfish
plague. There are various options in the management and conservation strategies applicable to
crayfish production and include reintroduction, restocking and habitat restoration. The
importance of crayfish as a species cannot be overstated as it has contributed food and incomes
to households. It is cheap to start and operate, scalable and climate friendly approach to
enhancing food and nutrition security in poor households. This review paper is therefore an
attempt to gather together information relating to crayfish production which can trigger interest
in using the species as a source of nutrients and incomes mainly in Africa where it has not
attracted much interest.
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1.0 Introduction

Crayfish is one of the largest freshwater crustacean species (Weya et al., 2017), with a
significant contribution to global aquaculture. According to FAO (2012), crayfish contribute the
highest aquaculture production among the crustacean species. Crayfish have been regarded as
keystone species (Parkyn et al., 1997) that can be chosen to aid the sustenance of endangered
freshwater ecosystems (Richman et al.,, 2015). Currently, crayfish are divided into 4
superfamilies, 5 families, 44 genera, and 653 species based on a study by Bracken-Grissom et
al. (2014), and many of them are found in Australia and North America (Holdich 2002).
However, the study by Crandall and Buhay (2008) concludes that there are 640 species of
freshwater crayfish that are distributed naturally all over the world's continents except
Antarctica and mainland Africa.

According to many research reports, nine crayfish species were introduced into Africa
(Madzivanzira et al., 2020). These were the noble crayfish Astacus astacus (identified by
Linnaeus 1758), smooth marron Cherax cainii (identified by Austin and Ryan 2002), yabby
Cherax destructor (identified by Clark 1936), Australian redclaw crayfish Cherax quadricarinatus
(identified by von Martens 1868), spiny cheek crayfish Faxonius limosus (identified by
Rafinesque 1817), American signal crayfish Pacifastacus leniusculus (identified by Dana 1852),
Louisiana red swamp crayfish Procambarus clarkii (identified by Girard 1852), marbled crayfish
Procambarus virginalis (identified by Lyko 2017), and White River crayfish Procambarus
zonangulus (identified by Hobbs and Hobbs 1990). It is noteworthy that the number of crayfish
species is disputable, as many new species are discovered every year (Patoka et al., 2014).

In Africa, the enhancement of fisheries (Foster and Harper 2007) and aquaculture development
(Lodge et al. 2012) were the factors that led to the introduction of most of the crayfish species.
Worldwide, the economic importance of crayfish is being recognized, and thus many of the
species are continuously being introduced (Madzivanzira et al., 2021). With their high rate of
fecundity, crayfish are able to adapt and bear with a varying range of environmental conditions,
thus enabling them to spread rapidly and establish themselves in new locations (Lodge et al.
2012).

2.0 Morphological and genetic methods used in characterization of crayfish species

Different organisms adapt to their environmental conditions in different ways, and this
influences their morphology, resulting in differences in phenotypic and genotypic
characteristics (Pakkasmaa 2001). Morphometric measurements, in conjunction with
multivariate analysis, can be utilized to investigate the existing differences between single
groups or populations of organisms (Palma and Andrade 2002). Despite the fact that the
crayfish body is remarkably uniform, there are some relevant differences in the body structure.
Some have morphological variations in the claws, especially in the female and male species
(Reynolds et al., 2013). Generally, the crayfish length-weight relationship is the main tool used
in characterizing them. Besides, the body parts have been used to compare and separate
female and male crayfish populations from different water sources (BlyUkcapar et al., 2006).
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Significant differences have been noted in body mass, length of the claw, and body length, as
emphasized by sex dimorphism in different crayfish.

Research studies concerning the genetic characteristics of most crayfish species are scarce
(Grosset et al., 2014; Miah et al., 2013). However, the adoption of molecular markers is set to
enhance the identification and understanding of different crayfish species. Grosset et al. (2014)
propose the use of genetic approaches to determine the origin of crayfish populations,
ecological changes, evolutionary genetics, as well as vectors and invasive routes involved during
the process of migration by crayfish populations. Genetic diversity is often regarded as an
essential tool that can be used for the assessment of the biological qualities of an organism
(Miah et al., 2013). Through studies on genetic diversity, we are able to know how organisms
are able to survive in different types of environments over time.

In the identification of many species of crayfish, several molecular methods have been utilized.
Such methods include the use of markers to determine the genetic variation among crayfish
populations (Khoshkholgh and Nazari 2015). For instance, mitochondrial DNA (mtDNA) is used
in the identification of species as a genetic marker since it has a distinct haplotype (Ha et al.
2017) and is maternally inherited. The microsatellites have also been used to determine
variations in population structure and close relationships among individual species that result
from migration rates (Selkoe and Toone 2006). With the development of high genomic
technologies, single nucleotide polymorphisms (SNPs) have become the best technique in
genotyping and large-scale mapping (Rafalski 2002). SNPs have been used in crustaceans, and
therefore this technology can be used to identify genes that are responsible for important traits.
In some species that lack whole genome sequencing, SNP markers can be identified by genes
that are associated with vital traits (Jin et al., 2014). A very simple method that can be applied
for genome-wide genotyping in crayfish is the 2b-RAD technique, which can provide
information rapidly on a wide range of SNPs that exist across species genomes (Wang et al.
2012). These DNA-based methods have been used to generate accurate information that can
aid in the identification, selection, and even breeding of crayfish and other crustacean
organisms.

The association between length, weight, and meat yield has been assessed in freshwater
crayfish (Astacus leptodactylus) by Blylkcapar et al. (2006). According to the study, a
relationship existed between total length and total weight in female and male individuals. It
was found that the female and male crayfish demonstrated significant differences in terms of
total weight. However, the total length in both sexes was not significant. The total meat yield
in the female and male groups was significantly different. In their study, Khoshkholgh and Nazari
(2015) examined the population structure and genetic variation of narrow-clawed crayfish
(Astacus leptodactylus) using the restriction fragment length polymorphism (RFLP) method in
the analysis of mitochondrial DNA. The results of the study revealed that narrow-clawed
crayfish form two genetically divergent populations. Ha et al. (2017) investigated the genetic
diversity of kampung chickens (Gallus gallus domesticus) using mitochondrial DNA analysis in
three different states in Malaysia and found that there was high genetic variation among the
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kampung chickens in the three states. The data from a study by Jin et al. (2014) demonstrated
that utilizing 40 or more SNPs helped to correctly allocate 100% of Pacific oyster (Crassostrea
giga) to their parents, while using 30 SNPs unambiguously allocated 17% of real offspring to
their parents.

3.0 Growth and reproduction of crayfish

Crayfish exhibit intriguing growth patterns, transitioning from tiny larvae to fully developed
adults through a series of molts and growth stages. Their growth rate and size vary among
species and environmental conditions, making them a diverse and adaptable group of
freshwater crustaceans (Munday et al.,, 2006). Further, their life span depends on the
environment and type of species (Venarsky et al. 2012), with some living for years while others
survive for decades. Crayfish usually have separate sexes (Martin et al., 2010). The sex ratio
tends to be proportional; however, some species, such as the noble crayfish in Norway, have
been found to have disproportionately more females with an increase in temperature (Skurdal
et al, 2011). It is notable, however, that the high temperatures delay the attainment of
maturity. Crayfish reproduce through the hatching of fertilized females, whose fecundity varies
greatly, with some individuals producing as many as 4400 eggs per female (Seitz et al., 2005)
and others laying a relatively low number of eggs, about 110 to 270 eggs (Reynolds, 2002). The
species does not have a larval stage during development, which is dissimilar to marine decapods
(Souty-Grosset et al., 2006). The young ones’ growth specifically involves the shedding of the
hard exoskeleton, like other members of the arthropods. In regions where the environmental
conditions are moderate, the juvenile crayfish molt several times, which is followed by once or
twice per year of molting as they become larger in size and as they grow older (Reynolds 2002).
It is noteworthy that, after molting occurs, individual crayfish must locate a suitable habitat to
conceal themselves until the exoskeleton is formed and hardened, which enhances their
survival.

Generally, crayfish exhibit an annual breeding cycle, but in some species in Northern Europe, a
biennial pattern has been recorded. During the breeding season, there is a significant increase
in the size of the reproductive organs, especially in the females. Notably, the ovary enlarges
and becomes yellow-brown in color as the vas deferens in males turn milky-white as a result of
the production of sperm (Duris et al. 2015). During the mating period, sexually mature crayfish
seek out their partners, and it is characterized by high activity (Bu“ri"c et al. 2009). The behavior
is controlled by hormones, which are environmentally mediated and characterized by changes
in photoperiod and in water temperatures (Reynolds 2002). The female crayfish releases eggs
from the oviduct as a result of stimulation by mating as well as changes in length of light and a
reduction in water temperature (Skurdal and Taugbol 2002). Copulation and ovulation differ
greatly in time, ranging from days to weeks (Vogt 2002). In some cases, and for some species,
even several months. The eggs released by the females are fertilized by the spermatozoa, after
which the eggs attach to the pleopods of the females for brooding (Niksirat et al., 2014b).

Crayfish regulate their body temperature by seeking water temperatures suitable for
maintaining their life functions (Diaz et al., 2004). There are no ideal temperatures for the
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species, but changes in the temperature regimes can lead to a reduction or loss of their
biodiversity (Heino et al., 2009). In freshwater crayfish aquaculture, temperatures of between
10°C and 25°C are required, although a reported temperature of 20°C is preferable, with
dissolved oxygen levels of >5 mg/l and a pH of between 7 and 8.5 (Hollows, 2016).

4.0 Feeding and nutrition of crayfish

Generally, crayfish are omnivores, although many of the species are considered to be predatory
(Freeman et al. 2010). The species characteristically eats whatever they can hunt, but since they
are slow-moving, they are rarely able to harm most types of fish or shrimp (Asgari 2004). A
variety of food sources, which include dead fish, macrophytes, algae, zoobenthos, and detritus,
have been exploited by crayfish (Twardochleb et al. 2013), implying that they can occupy
different trophic niche widths (Alcorlo et al. 2004). Literally, crayfish prefer foods like
invertebrate pellets or blanched vegetables (such as zucchini, carrots, and spinach), but will also
eat fish food and algae. The feeding strategy of the crayfish varies according to the season
change and to the metabolic energy exploitation during the ontogenesis (Asgari 2004). The
male and female crayfish have similar feeding habits in their first year, which later differ as a
result of a shift in the alimentary system at sexual maturity (Goulding-Wagner 2010). An
increase in length seems to be accompanied by a dietary shift, as evidenced by research findings
(Goulding-Wagner 2010). Deductions from the findings indicate that animal tissue is a more
important component in the diet of juveniles, which have a faster growth rate compared with
adults. Moreover, a change in dietary habits may be related to the life cycle. It has also been
shown that type and amount of diet are dependent on individual crayfish levels of activity.
Research literature indicates that many crayfish species become detritivoes with maturity
(Paglianti and Gherardi 2004); however, they still feed on aquatic invertebrates (Hollows et al.
2002). The white-clawed crayfish (A. pallipes), which is a wild species, is an omnivore that feeds
predominantly on detritus, other invertebrates, and vegetable matter (Gherardi et al.,
2004), while the signal crayfish is a grazer or hunter that sometimes exerts disruptive pressure
on the ecological flora and fauna (Maitland et al., 2001) as a result of its predatory nature. It
occasionally feeds on fish eggs, aquatic invertebrates, and vegetation and competes with fish
for food. In scenarios where food sources are limited, crayfish are known to explore new food
sources (Herrmann et al., 2018; Alcorlo et al., 2004).

In the commercial rearing of crayfish, a major concern is the provision of a nutritional diet that
is well balanced to ensure the growth, development, and survival of the juveniles. The dietary
nutrient requirements of different crayfish species vary in terms of production system (Sales
2010) and stage of growth and development (Ruokonen et al. 2012). After hatching, the juvenile
crayfish feed on the egg yolk, after which they remain on the female pleopods and undergo
ecdysis for the hardening of the exoskeleton and the development of mouth parts that are
required for them to start feeding (Reynolds 2002). During the early stages of post-harvest, a
high mortality rate can result due to poor nutrition, thus limiting their survival (Gonzalez et al.,
2011). The juvenile and adult female crayfish diets could come from insect larvae, while the
male diets could specifically be made from vegetable matter, as supported by the findings of
the study by Paglianti and Gherardi (2004). The dietary preferences of crayfish change
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depending on the available food sources (Ruokonen et al., 2012). Suitable diets for captive-bred
crayfish species have been decided and developed based on the study findings on feed choices
and feeding habits of wild-type crayfish.

Research findings indicate that zooplankton diets can be offered to crayfish in place of
commercial feeds, which are mostly expensive and unavailable. Sonsupharp and Dahms (2017)
demonstrated this by using zooplankton-based diets in rearing P. clarkia crayfish species. They
realized significantly greater specific growth rate and fecundity in individuals fed on the
experimental diets. Artemia spp. has also been used to feed crayfish. Research by Gonzalez et
al. (2008) on the use of enriched live Artemia nauplii in feeding crayfish resulted in an increase
in survival rates of 80% in P. leniusculus crayfish species. In order to maintain the high growth
and survival of species of crayfish like A. pallipes, it is important to provide them with an
enriched live diet between hatching and maturity, at which point the proteolytic enzymes will
have developed. Enriched planktons’ diets have high nutritional quality and are highly palatable,
thus ensuring the growth and survival of the young ones (Scalici and Gibertini 2007).

In commercial systemes, it is important to consider that pellets do not provide an adequate diet,
as some species tend to feed on plankton compared to commercial feeds. It is therefore proven
that, at all age classes of different crayfish species, zooplankton are essential components of
their diets (Stenroth et al., 2006; Sonsupharp and Dahms, 2017). In a study examining the
feeding ecology of P. clarkii in Uasin Gishu, Kenya, it was found that significant ontogenetic
variation in diet was demonstrated by P. clerkii (Wato and Oyoo-Okoth, 2014). Habashy et al.
(2011) evaluated the feeding behavior of exotic freshwater crayfish, P. clarkia, in Egypt and
observed that P. clarkii preferred a wide range of plant and animal food at each stage of its
lifecycle. In general, feed requirements for freshwater crayfish have been reported to include
a protein content of between 25 and 30% and a lipid content of about 10% (Xu et al., 2013).
Table 1 summarizes the nutritional requirements for crayfish.
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Table 1. Optimum dietary nutritional requirement of freshwater crayfish and its comparison
with NRC (2011) standards for penaeid shrimps (usually adopted as status quo).

Parameter

Crayfish standard (calculated)

NRC standards for penaeid shrimps

Crude macronutrient and energy?

Crude protein

Crude lipid

Crude NFE (nitrogen-free
extract)

Dietary fiber

Total ash

Gross energy

Protein: Energy

29-34% (44%)*
6.5-9%
40-47%

Up to 7%
7.8-10.8%
3590-4205 kcal kg™
72-91 mg kcal™

33-42%**
5-6%

3666-4888 kcal kg™ **
85-90 mg kcal™

(113-119 mg kcal™)*
Non-protein energy: 5.3-8.5cal mg-1 -
Protein ratio (4.4-4.8 cal mg-1)*
Digestible essential amino acids? (%)

Leucine 1.8-2.5 1.8
Valine 1.2-1.6 1.4
Treonine 0.3-15 13
Isoleucine 1.2-1.7 1.2
Arginine 2.1-2.7 1.8
Phenylalanine 0.8-1.5 14
Lysine 1.2-2.4 1.8
Methionine 1.1-4.9 0.7
Histidine 0.6-0.9 0.7
Tryptophan 0.4 _
Available essential minerals® (mg kg™)

Calcium 3000-4000 _
Phosphorus 164-235 3000-7000
Iron 27-125 _

Zinc 10-14 15
Copper 6-9 10-32
Manganese 14.2-17.8

* In parentheses, a proposed reconsideration of calculated standards is based on the high TGC
obtained in the present trial. **Digestible values converted to crude values, assuming 90%
apparent digestibility. (Adapted from Lunda et al., 2020). Based on Cherax sp. and Procambarus
sp., 2 P. clarkii only, and Astacus sp., Ornectes sp., and Procambarus sp.

5.0 Economic value of crayfish

Crayfish have predominantly been used by humans as a source of nutrients and income (Skurdal
and Taugbgl 2002; Souty-Grosset et al. 2006), as well as as a as a source of nutrients for other
aquatic and terrestrial animals. They were originally harvested from the wild, but progress has
been made in producing them through systems manipulated by humans for higher productivity
and profitability (Thies et al., 2003). A study by Tricarico et al. (2008) revealed that when P.
clarkia species of crayfish is housed and fed ad libitum, the nutritional composition of its
abdominal muscle is of high quality. Furthermore, the amount of proteins in the muscles of
crayfish is higher (13.24%) on a dry matter (DM) basis, with lower levels of lipids (<0.8% DM)
and long chains of fatty acids (Buckup et al. 2008), which are preferred by consumers as they
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are essential in preventing some cardiovascular conditions (Thies et al. 2003). The importance
of crayfish has also been noted in aquaculture production (Skurdal and Taugbgl 2002). The
production ranges from large-scale systems where large volumes of crayfish are harvested from
a single unit to small-scale enterprises, which are primarily characterized by little technological
investment (Skurdal and Taugbgl 2002), productivity, and profitability.

There is insufficient production of crayfish in Africa for food, despite the development of
farming techniques for species like P. clarkii (Huner 2002). There are few documented cases of
significant crayfish production in Africa since the 1960s, which has led to reliance on
importations (Gherardi 2007). This is despite the increasing population, urbanization, and
household incomes on the continent, with a corresponding increase in demand for animal
protein. A good way to stimulate the sector is to assemble the existing information on
sustainable and profitable production and utilization of crayfish for households’ consumption
and sale. There is also a great opportunity to produce crayfish for use in feeding other animals
with higher-value products.

Extensive and semi-intensive systems are commonly used in crayfish production. There is near-
zero feed input in the former, while intensive systems are characterized by input/output
resource optimization, as is the case with the use of raceways or recirculating systems (Jiang
and Cao 2021). Itis technically easier to culture crayfish when compared with other crustaceans
(Huner, 2002). Jiang and Cao (2021) noted that, in some countries like China, crayfish is farmed
together with crops such as rice. Crayfish aquaculture has also been integrated with other
agricultural crops in rotation.

In some countries, particularly North America, some species of crayfish are valued for
recreational activities such as sport crayfishing, where they act as bait for sport fish like bass
(Guias 2002). Furthermore, some have been used in aquaria for beautification and household
pets (Patoka et al., 2014). The red swamp crayfish, which originated in North America, is the
most common species that has been introduced and is well established all over Africa, Asia,
South America, and Europe (Loureiro et al., 2015). Many crayfish species, such as marbled
crayfish, have ended up in Europe as a result of the trade in ornamental crayfish (Peay 2009).
Another major economic contribution of crayfish is in science (Vogt 2008). Crayfish have been
used as a model organism in cancer research. Moreover, their neurons have been explored in
cancer treatment (Fedorenko and Uzdensky 2008). Currently, crayfish is also used in aquatic
farming, where it controls the growth of harmful macrophytes (Guias 2002) as well as the
treatment of various diseases (Swahn 2004).

6.0 Threats and opportunities in crayfish farming

According to Taylor (2001), most of the crayfish species in the world face the threat of decline
in population and extinction. In most cases, the species that are introduced as bait or for food
(non-indigenous) are a big threat to the survival of crayfish and their biodiversity (Lodge et al.,
2000; Gherardi, 2006; Taylor et al., 2007). For instance, the displacement of the indigenous
species by the non-indigenous species of crayfish in North America has been flagged as a threat
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due to direct competition with the native species (Taylor 2001). Besides the resource
competition, crayfish plague has been identified as a potential threat to the crayfish
populations, more so in Europe. Other factors that pose a threat to the maintenance and/or
expansion of the crayfish population globally include changes in climate, poor water quality,
deteriorating habitat, overfishing, and diseases. Habitat fragmentation, as evidenced in many
freshwater catchment areas, has contributed to declining water quality, which adversely affects
the inhabitation of crayfish (Bentley et al. 2010). Fireder et al. (2006) link the decline in the
crayfish population to the silt deposition in streams as a result of human activities such as
damming and unsustainable agricultural practices. Gherardi (2006) further notes that the
introduction of non-indigenous crayfish stocks to ecosystems should be considered carefully as
it can lead to unhealthy competition with the indigenous species. .

According to Reynolds and Souty-Grosset (2011), toxic materials used in supporting different
human activities such as farming, mining, and construction, among others, pose a serious threat
to crayfish populations. Many organic and inorganic materials accumulating within the aquatic
ecosystem result in changes in the biological, chemical, and physical environment in which
crayfish live, directly affecting the cellular functioning of the crayfish and leading to mortalities
(FUreder et al. 2006). Heavy metals have been found to interfere with the survival of freshwater
crayfish (Gherardi et al., 2002). Heavy metals have been detected in samples obtained from the
P. clarkia species. Climate change effects are adverse to the growth of crayfish. . Although some
species are adapted to change to their preferred location, most of the species are still
susceptible to deteriorating environmental conditions (Woodward et al.,, 2010). Climatic
changes induce stress on the indigenous species, affecting them negatively, most often favoring
the expansion of the non-indigenous crayfish species. . Fires and droughts have been identified
as posing a significant threat to crayfish survival in an ecosystem (Fureder et al.,, 2006).
Predation and poor crayfish production management practices have not been noted to greatly
affect crayfish populations. . These are positive attributes since they imply that, with the high
fecundity, crayfish populations are able to regain their numbers within short periods of time. .
Furthermore, species that require very high levels of management tend to be expensive to start
and run (Woodward et al., 2010). Currently, many farmers in Kenya are trying to diversify their
farming activities in order to satisfy the expanding demand for food and household incomes. .
Crayfish farming portends a diversification strategy (Harper and Mavuti, 2004), noting the ease
of starting and sustaining small-scale crayfish cultures. .

7.0 Status of crayfish farming in Kenya

Naturally, freshwater crayfish species are not found in mainland Africa (Crandall and Buhay
2008), as most of the ecosystem in this region is inhabited by crabs representing the decapods
(Wood et al. 2019), which pose competition with the crayfish. In Kenya, crayfish were
introduced with the intent of improving commercial fisheries that were situated in freshwater
lakes and dams. The P. clarkii species was the first to be introduced in Kenya, and it was sourced
from Uganda Fisheries Department Ponds located at Kanjansi, Entebbe, in 1966 by the Kenya
Fisheries Department (Lowrey and Mendes 1977; Mikkola 1996). Further research findings by
Hofkin et al. (1991) show that the species were also introduced to act as a biological control
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agent for schistosomiasis gastropod vectors. Figure 1 presents the P. clarkii crayfish species
introduction route from North America to Africa as well as the introduction pathways within the
continent.
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FIGURE 1. Introduction route of Procambarus clarkii from North America to Africa and
introduction locations within the continent. Dashed red lines show translocations within the
African continent, while the continuous red line shows introductions from outside the
continent.

Currently, the species is widely spread in many wetland areas of Kenya (Mikkola, 1996). For
instance, in the river systems of Eldoret town, there are many P. clarkia crayfish, which have
also been recorded (Foster and Harper 2007). Close to 300 species of P. clarkii crayfish have
been introduced into dams and Lake Naivasha for the sole reason of providing food for the
largemouth bass (Foster and Harper 2007). P. clarkii has been found to be widely distributed in
Lake Naivasha and its tributaries (Jackson et al., 2016). When Procambarus clarkia is introduced
into any habitat, it tends to constitute the largest invertebrate, which impacts the biodiversity
of the invaded food webs (Gherardi 2006). Fishing in Lake Naivasha relies heavily on crayfish
since it significantly contributes to the diets of most fish, mammals, and birds (Smart et al.,,
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2002). The composition of the community and food web around the area has been altered
drastically (Ogada et al., 2009). It is noteworthy that P. c/arkia has affected and changed primary
production in the ecosystem, thus impacting food and shelter availability for other aquatic
species. Some crayfish species, such as P. clarkia and P. virginalis, are invasive, and in some
countries, their importation, transportation, and use have been restricted as they are known to
have negative impacts on native species (EU 2016). The restrictions put in place in Europe and
other continents vary greatly, and this may inhibit the introduction and control of native species
(Souty-Grosset et al., 2016). Crayfish has been used in aquatic farming to control the growth of
harmful macrophytes (Holdich, 2002); therefore, it can be introduced in aquaculture systems
in Kenya to control harmful aquatic plants. In addition, crayfish has the potential to be applied
in aquariums in Kenya as well as being used as household pets.

The crayfish species, like many other organisms, are faced with many threats (Reynolds et al.,
2013). Despite being predominantly freshwater invertebrates, they are subjected to the risk of
predation, unsustainable completion of resources with other species, overharvesting by
humans, and exposure to activities that negatively impact their production and reproduction,
among other factors (Freeman et al. 2010). During harsh climatic conditions such as drought, a
lot of the crayfish species are able to survive through burrowing (Reynolds et al., 2013). Despite
the highlighted threats, understanding factors’ affecting their production and reproduction is
vital for their conservation and protection. In addition, the knowledge generated will help in
exploring available opportunities for crayfish farmers.

8.0 Conclusion

Findings from the analysis of existing literature information on crayfish indicates that the species
is abundant and is distributed worldwide. Different regions have crayfish that is native while in
others it has being introduced to perform different functions. In Kenya, the crayfish was mainly
introduced for the purposes of diversifying aguaculture production as well as a biological control
for human diseases vectors in water systems. The analysis further shows that many of the
crayfish species feed on aquatic vegetation while others predate on other invertebrates. It is
clear from the review that knowledge on growth conditions, nutritional requirements,
morphological and genetic characterization is limited to some species and it is almost non-
existent in the African continent despite the potential crayfish production has in provision of
nutrients to humans and animals as well as income to households. It is recommendable that
more research be oriented towards sustainable production of crayfish.

9.0 Acknowledgement
9.1 Funding
None

9.2 Ethical Cosiderations
This is a review of existing literature implying minimal ethical concerns.

URL: https://ojs.jkuat.ac.ke/index.php/JAGST 104
ISSN 1561-7645 (online)
doi: 10.4314/jagst.v24i1.6



https://ojs.jkuat.ac.ke/index.php/JAGST
https://doi.org/10.1023/A:1023326530914
https://doi.org/10.1111/j.1365-2028.2007.00910.x.
https://doi.org/10.5040/9781509909568.0031
https://doi.org/10.1016/j.limno.2016.03.003
https://www.researchgate.net/profile/James-Fetzner-Jr/publication/228092317_Genetic_Variation/links/0fcfd4ff12b9c56458000000/Genetic-Variation.pdf
https://doi:10.5869
https://doi:10.5869
https://doi.org/10.1002/aqc.1065
https://doi:10.5869

Journal of Agriculture Science & Technology JAGST 23 (1) 2024, 94-112

African crayfish production: Overview

9.3 Conflict of interest
None.

10.0 References

Alcorlo, P., Geiger, W., & Otero, M. (2004). Feeding preferences and food selection of the red
swamp crayfish, Procambarus clarkii, in habitats differing in food item diversity. Journal of
Crustaceana,77: 435—-453. https://www.jstor.org/stable/20105729.

Asgari., L. (2004). Broodstock nutrition of Australian red claw crayfish Cherax quadricarinatus
(von martens) (Doctoral dissertation, University Putra Malaysia).
https://core.ac.uk/download/pdf/42993314.pdf.

Aydin, H., Harlioglu, M. M., & Bok, T. D. (2012). Harvest, export and economic status of
freshwater crayfish (Astacus leptodactylus Esch. 1823) in Turkey. African Journal of
Agricultural Research, 7: 2463-2468. https://doi:10.5897/AJAR12.768.

Bentley, A. I., Schmidt, D. J., & Hughes, J. M. (2010). Extensive intraspecific genetic diversity of
a freshwater crayfish in a biodiversity hotspot. Freshwater Biology 55: 1861-1873.
https://d0i:10.1111/j.1365-2427.2010.02420 x.

Bracken-Grissom, H. D., Ahyong, S. T., Wilkinson, R. D., Feldmann, R. M., Schweitzer, C. E,,
Breinholt, J. W., ... & Crandall, K. A. (2014). The emergence of lobsters: phylogenetic
relationships, morphological evolution and divergence time comparisons of an ancient
group (Decapoda: Achelata, Astacidea, Glypheidea, Polychelida). Systematic Biology, 63(4),
457-479. https://doi.org/10.1093/sysbio/syu008

Bufi¢, M., Kouba, A., & Kozak, P. (2009). Spring mating period in Orconectes limosus: the reason
for movement. Aquatic Sciences, 71: 473-477. https://doi.org/10.1007/s00027-009-0102-
6.

Buckup, L., Dutra, B. K., Ribarcki, F. P., Fernandes, F. A., Noro, C. K., Oliveira, G. T., & Vinagre, A.
S. (2008). Seasonal variations in the biochemical composition of the crayfish Parastacus
defossus (Crustacea, Decapoda) in its natural environment. Comparative Biochemistry and
Physiology ~ Part A:  Molecular and Integrative  Physiology, 149:  59-67.
https://doi.org/10.1016/j.cbpa.2007.10.008.

BlyUkcapar, H.M., Alp, A., Kaya, & M., Cicek, Y. (2006). The length weight relationships, and meat
yield of crayfish (Astacus leptodactylus Eschscholtz, 1823) in the Mamasin Reservoir
(Aksaray, Turkey) [in Turkish]. E.U. Journal of Fisheries and Aquatic Sciences, 23: 21-25.
doi:10.12714/egejfas.2006.23.1.5000156685.

Crandall, K.A., & Buhay, J.E. (2008). Global diversity of crayfish (Astacidae, Cambaridae, and
Parastacidae—Decapoda) in freshwater. Freshwater animal diversity assessment, 295-301.
https://doi.org/10.1007/978-1-4020-8259-7_32.

Diaz F.,, Re A.D, Sierra E. & Amador G., (2004). Behavioral thermoregulation and critical limits
applied to the culture of red claw crayfish Cherax quadricarinatus (Van Martens).
Freshwater Crayfish, 14: 90-98. https://d0i:10.5869/fc.2004.v14.090.

Duri$ z., Horka I. & Kozdk P.,, (2015). Morphology and Anatomy of Crayfish. In: Kozak P. (ed.),
Crayfish Biology and Culture. University of South Bohemia in Ceske Budejovice, Faculty of
Fisheries and Protection of Waters, Vodnany, Czech Republic, pp. 165-200.
https://www.researchgate.net/publication/280065129.

URL: https://ojs.jkuat.ac.ke/index.php/JAGST 105
ISSN 1561-7645 (online)
doi: 10.4314/jagst.v24i1.6



https://ojs.jkuat.ac.ke/index.php/JAGST
https://www.jstor.org/stable/20105729
https://www.jstor.org/stable/20105729
https://www.jstor.org/stable/20105729
https://core.ac.uk/download/pdf/42993314.pdf
https://core.ac.uk/download/pdf/42993314.pdf
https://core.ac.uk/download/pdf/42993314.pdf
https://doi:10.5897/AJAR12.768
https://doi:10.5897/AJAR12.768
https://doi:10.5897/AJAR12.768
https://doi:10.1111/j.1365-2427.2010.02420.x
https://doi:10.1111/j.1365-2427.2010.02420.x
https://doi:10.1111/j.1365-2427.2010.02420.x
https://doi.org/10.1093/sysbio/syu008
https://doi.org/10.1093/sysbio/syu008
https://doi.org/10.1093/sysbio/syu008
https://doi.org/10.1093/sysbio/syu008
https://doi.org/10.1093/sysbio/syu008
https://doi.org/10.1093/sysbio/syu008
file:///C:/Users/ADMIN/Desktop/Issues%202024/JAGST%2023%20(1)%202024/Buřič,%20M.,%20Kouba,%20A.,%20&%20Kozák,%20P.%20(2009).%20Spring%20mating%20period%20in%20Orconectes%20limosus:%20the%20reason%20for%20movement. Aquatic%20Sciences, 71:%20473-477.%20https:/doi.org/10.1007/s00027-009-0102-6
file:///C:/Users/ADMIN/Desktop/Issues%202024/JAGST%2023%20(1)%202024/Buřič,%20M.,%20Kouba,%20A.,%20&%20Kozák,%20P.%20(2009).%20Spring%20mating%20period%20in%20Orconectes%20limosus:%20the%20reason%20for%20movement. Aquatic%20Sciences, 71:%20473-477.%20https:/doi.org/10.1007/s00027-009-0102-6
file:///C:/Users/ADMIN/Desktop/Issues%202024/JAGST%2023%20(1)%202024/Buřič,%20M.,%20Kouba,%20A.,%20&%20Kozák,%20P.%20(2009).%20Spring%20mating%20period%20in%20Orconectes%20limosus:%20the%20reason%20for%20movement. Aquatic%20Sciences, 71:%20473-477.%20https:/doi.org/10.1007/s00027-009-0102-6
https://doi.org/10.1016/j.cbpa.2007.10.008
https://doi.org/10.1016/j.cbpa.2007.10.008
https://doi.org/10.1016/j.cbpa.2007.10.008
https://doi.org/10.1016/j.cbpa.2007.10.008
https://doi.org/10.1016/j.cbpa.2007.10.008
doi:10.12714/egejfas.2006.23.1.5000156685
doi:10.12714/egejfas.2006.23.1.5000156685
doi:10.12714/egejfas.2006.23.1.5000156685
doi:10.12714/egejfas.2006.23.1.5000156685
https://doi.org/10.1007/978-1-4020-8259-7_32
https://doi.org/10.1007/978-1-4020-8259-7_32
https://doi.org/10.1007/978-1-4020-8259-7_32
https://doi:10.5869/fc.2004.v14.090
https://doi:10.5869/fc.2004.v14.090
https://doi:10.5869/fc.2004.v14.090
https://www.researchgate.net/publication/280065129
https://www.researchgate.net/publication/280065129
https://www.researchgate.net/publication/280065129
https://www.researchgate.net/publication/280065129

Journal of Agriculture Science & Technology JAGST 23 (1) 2024, 94-112

African crayfish production: Overview

EU (2016). Commission Implementing Regulation 2016/1141 of 13 July 2016. Adopting a list of
alien species of Union concern pursuant to Regulation (EU) No. 1143/2014 of the European
Parliament and of the Council. Official Journal of the European Union L, 189: 4-8.
https://doi.org/10.5040/9781509909568.0031.

Fedorenko, G.M., & Uzdensky, A.B. (2008). Dynamics of ultrastructural changes in the isolated
crayfish mechanoreceptor neuron under photodynamic impact. Journal of neuroscience
research, 86: 1409-1416. https://doi:10.1002/jnr.21587.

Food and Agriculture Organisation of the United Nations (FAO) (2012). The State of World
Fisheries and Aquaculture. Rome. Retrieved from
http://www.fao.org/docrep/016/i2727e/i2727e00. Accessed 20 May 2023.

Foster, J., & Harper, D. (2007). Status and ecosystem interactions of the invasive Louisianan red
swamp crayfish Procambarus clarkii in East Africa. In Biological invaders in inland waters:
Profiles, distribution, and threats (pp. 91-101). Dordrecht: Springer Netherlands.
https://doi.org/10.1007/978-1-4020-6029-8 4

Freeman, M. A,, Turnbull, J. F., Yeomans, W. E., & Bean, C. W. (2010). Prospects for management
strategies of invasive crayfish populations with an emphasis on biological control. Aquatic
Conservation: Marine and Freshwater Ecosystems, 20: 211-223.
https://doi.org/10.1002/aqc.1065.

Flreder, L., Edsman, L., Holdich, D., Kozak, P., Machino, Y., Pockl, M., Renai, B., Reynolds, J.,
Schulz, H., Schulz, R., Sint, D., Taugbol, T., & Trouilhé, M.C., (2006.) Indigenous crayfish
habitat and threats, In: Souty-Grosset, C., Holdich, D.M., Noél, PY., Reynolds, J.D., Haffner
P. (Eds.), Atlas of Crayfish in Europe. Muséum National d’Histoire naturelle, Paris,
(Patrimoines naturels, 64), pp. 26—47. https://hal.science/hal-00119078.

Gherardi, F. (2006). Crayfish invading Europe: The case study of Procambarus clarkii. Marine and
Freshwater Behaviour and Physiology 39: 175-
191. https://doi.org/10.1080/10236240600869702.

Gherardi, F., Barbaresi, S., Vaselli, O., & Bencini, A. (2002). A comparison of trace metal
accumulation in indigenous and alien freshwater macro-decapods. Marine Freshwater
Behaviour and Physiology, 35: 179-88. https://doi.org/10.1080/1023624021000014761.

GherardiF., (2007). Understanding the impact of invasive crayfish. In: Gherardi F. (ed.), Biological
invaders in inland waters: profiles, distribution, and threats, Invading Nature: Springer
Series in Invasion Ecology, Springer, Dordrecht, 507-542. https://doi.org/10.1007/978-1-
4020-6029-8_28.

Gherardi, F., Acquistapace, P, & Santini, G. (2004). Food selection in freshwater omnivores: a
case study of crayfish Austropotamobius pallipes. Archiv fir Hydrobiologie. 159: 357-376.
https://doi: 10.1127/0003-9136/2004/0159-0357.

Gonzalez, A., Celada, J.D., Gonzalez, R., Garcia, V., Carral, .M. & Saez-Royuela, M. (2008).
Artemia nauplii and two commercial replacements as dietary supplement for juvenile
signal crayfish, Pacifastacus leniusculus (Astacidae), from the onset of exogenous feeding
under controlled conditions. Aquaculture, 281: 83-86.
https://doi.org/10.1016/j.aquaculture.2008.06.015.

Gonzalez, R., Celada, J. D., Carral, J. M., Garcia, V., Sdez-Royuela, M., & Gonzélez, A. (2011).
Intensive rearing of juvenile crayfish (Pacifastacus leniusculus, Astacidae) during the first 6

URL: https://ojs.jkuat.ac.ke/index.php/JAGST 106
ISSN 1561-7645 (online)
doi: 10.4314/jagst.v24i1.6



https://ojs.jkuat.ac.ke/index.php/JAGST
https://doi.org/10.5040/9781509909568.0031
https://doi.org/10.5040/9781509909568.0031
https://doi.org/10.5040/9781509909568.0031
https://doi.org/10.5040/9781509909568.0031
https://doi:10.1002/jnr.21587
https://doi:10.1002/jnr.21587
https://doi:10.1002/jnr.21587
http://www.fao.org/docrep/016/i2727e/i2727e00.%20Accessed%2020%20May%202023.
http://www.fao.org/docrep/016/i2727e/i2727e00.%20Accessed%2020%20May%202023.
http://www.fao.org/docrep/016/i2727e/i2727e00.%20Accessed%2020%20May%202023.
http://www.fao.org/docrep/016/i2727e/i2727e00.%20Accessed%2020%20May%202023.
https://doi.org/10.1007/978-1-4020-6029-8_4
https://doi.org/10.1007/978-1-4020-6029-8_4
https://doi.org/10.1007/978-1-4020-6029-8_4
https://doi.org/10.1007/978-1-4020-6029-8_4
https://doi.org/10.1002/aqc.1065
https://doi.org/10.1002/aqc.1065
https://doi.org/10.1002/aqc.1065
https://doi.org/10.1002/aqc.1065
https://hal.science/hal-00119078
https://hal.science/hal-00119078
https://hal.science/hal-00119078
https://hal.science/hal-00119078
https://hal.science/hal-00119078
https://doi.org/10.1080/10236240600869702
https://doi.org/10.1080/10236240600869702
https://doi.org/10.1080/10236240600869702
https://doi.org/10.1080/1023624021000014761
https://doi.org/10.1080/1023624021000014761
https://doi.org/10.1080/1023624021000014761
https://doi.org/10.1007/978-1-4020-6029-8_28
https://doi.org/10.1007/978-1-4020-6029-8_28
https://doi.org/10.1007/978-1-4020-6029-8_28
https://doi.org/10.1007/978-1-4020-6029-8_28
doi:%2010.1127/0003-9136/2004/0159-0357.%20DOI:%2010.1127/0003-9136/2004/0159-0357
doi:%2010.1127/0003-9136/2004/0159-0357.%20DOI:%2010.1127/0003-9136/2004/0159-0357
doi:%2010.1127/0003-9136/2004/0159-0357.%20DOI:%2010.1127/0003-9136/2004/0159-0357
https://doi.org/10.1016/j.aquaculture.2008.06.015
https://doi.org/10.1016/j.aquaculture.2008.06.015
https://doi.org/10.1016/j.aquaculture.2008.06.015
https://doi.org/10.1016/j.aquaculture.2008.06.015
https://doi.org/10.1016/j.aquaculture.2008.06.015
https://doi:10.1111/j.1365-2109.2010.02732.x
https://doi:10.1111/j.1365-2109.2010.02732.x

Journal of Agriculture Science & Technology JAGST 23 (1) 2024, 94-112

African crayfish production: Overview

months: effects of  size  grading. Aquaculture  research, 42: 1385-1392.
https://d0i:10.1111/j.1365-2109.2010.02732 x.

Goulding-Wagner N. (2010). Effects of Nutritional Constraints on the Innate Immune System of

the Rusty Crayfish, Orconectes Rusticus. In Masters Abstracts International (Vol. 48, No.02).
https://library-archives.canada.ca/eng/services/services-
libraries/theses/Pages/item.aspx?idNumber=669242075

Grosset, c., Reynolds, J., Gherardi, F.,, Aquiloni, L., Coignet, A., Pinet, F., & Cisneros, M. (2014).
Burrowing activity of the invasive red swamp crayfish, Procambarus clarkii, in fishponds of
La Brenne (France). Ethology, Ecology & Evolution, 26: 263 - 276.
https://doi.org/10.1080/03949370.2014.892538.

Guias,u R.C., (2002). Cambarus. In: Holdich D.M. (ed.), Biology of Freshwater Crayfish, Blackwell
Science, Oxford, 609 -634.
https://scholar.google.com/scholar_lookup?&title=Cambarus&pages=609-
664&publication_year=2002&author=Guiasu%2CRC.

Ha, H., Nguang, S., Zarizal, S., Komilus, C., Norshida, |., & Ahmad- Syazni, K. (2017). Genetic
Diversity of kampung chicken (Gallus gallus domesticus) from selected areas in East Coast
Peninsular Malaysia inferred from partial control of region mitochondrial DNA. Malaysian
Applied Biology, 63- 70. https://core.ac.uk/download/pdf/162019104.pdf.

Habashy, M. M., El-Kasheif, M. A., & Ibrahim, S. A. (2011). Studies on the feeding behavior of the
exotic freshwater crayfish, Procambarus clarkii, with references on their distribution in
Egypt. In Proceedings of the 4th Global Fisheries and Aquaculture Research Conference, the
Egyptian International Center for Agriculture, Giza, Egypt, 3-5 October 2011 (pp. 173-187).
Massive Conferences and Trade Fairs.
https://www.cabidigitallibrary.org/doi/pdf/10.5555/20113387900

Harper, D., & Mavuti, K. (2004). Lake Naivasha, Kenya: Ecohydrology to guide the management
of a tropical protected area. International Journal of Ecohydrology & Hydrobiology, 4(3),
287-305. https://www.academia.edu/download/86174343/Harper2004.pdf

Heino, J., Virkkala, R., & Toivonen, H. (2009). Climate change and freshwater biodiversity:
detected patterns, future trends and adaptations in northern regions. Biological
Reviews, 84: 39-54. https://doi/pdf/10.1111/j.1469-185X.2008.00060.x.

Herrmann, A., Schnabler, A., & Martens, A. (2018). Phenology of overland dispersal in the
invasive crayfish Faxonius immunis (Hagen) at the Upper Rhine River area. Knowledge &
Management of Aquatic Ecosystems, 419: 30. https://doi.org/10.1051/kmae/2018018.

Hofkin, B. V., Koech, D. K., Oumaj J., & Loker E. S., (1991). The North American crayfish
Procambarus clarkii and the biological control of schistosome-transmitting snails in Kenya:
laboratory and field investigations. Biological Control 1 183-7.
https://doi.org/10.1016/1049-9644(91)90065-8.

Holdich DM (2002). Background and functional morphology. Chapter 1. Pp. 3—29, In: Biology of
Freshwater Crayfish. Holdich DM (ed.). Blackwell Science, Oxford, UK.
https://www.researchgate.net/profile/James-Fetzner-
Jr/publication/228092317_Genetic_Variation/links/0fcfd4ff12b9c56458000000/Genetic-
Variation.pdf.

URL: https://ojs.jkuat.ac.ke/index.php/JAGST 107
ISSN 1561-7645 (online)
doi: 10.4314/jagst.v24i1.6



https://ojs.jkuat.ac.ke/index.php/JAGST
https://doi:10.1111/j.1365-2109.2010.02732.x
https://doi:10.1111/j.1365-2109.2010.02732.x
https://library-archives.canada.ca/eng/services/services-libraries/theses/Pages/item.aspx?idNumber=669242075
https://library-archives.canada.ca/eng/services/services-libraries/theses/Pages/item.aspx?idNumber=669242075
https://library-archives.canada.ca/eng/services/services-libraries/theses/Pages/item.aspx?idNumber=669242075
https://library-archives.canada.ca/eng/services/services-libraries/theses/Pages/item.aspx?idNumber=669242075
https://doi.org/10.1080/03949370.2014.892538
https://doi.org/10.1080/03949370.2014.892538
https://doi.org/10.1080/03949370.2014.892538
https://doi.org/10.1080/03949370.2014.892538
https://scholar.google.com/scholar_lookup?&title=Cambarus&pages=609-664&publication_year=2002&author=Guiasu%2CRC
https://scholar.google.com/scholar_lookup?&title=Cambarus&pages=609-664&publication_year=2002&author=Guiasu%2CRC
https://scholar.google.com/scholar_lookup?&title=Cambarus&pages=609-664&publication_year=2002&author=Guiasu%2CRC
https://scholar.google.com/scholar_lookup?&title=Cambarus&pages=609-664&publication_year=2002&author=Guiasu%2CRC
https://core.ac.uk/download/pdf/162019104.pdf
https://core.ac.uk/download/pdf/162019104.pdf
https://core.ac.uk/download/pdf/162019104.pdf
https://core.ac.uk/download/pdf/162019104.pdf
https://www.cabidigitallibrary.org/doi/pdf/10.5555/20113387900
https://www.cabidigitallibrary.org/doi/pdf/10.5555/20113387900
https://www.cabidigitallibrary.org/doi/pdf/10.5555/20113387900
https://www.cabidigitallibrary.org/doi/pdf/10.5555/20113387900
https://www.cabidigitallibrary.org/doi/pdf/10.5555/20113387900
https://www.cabidigitallibrary.org/doi/pdf/10.5555/20113387900
https://www.academia.edu/download/86174343/Harper2004.pdf
https://www.academia.edu/download/86174343/Harper2004.pdf
https://www.academia.edu/download/86174343/Harper2004.pdf
https://doi/pdf/10.1111/j.1469-185X.2008.00060.x
https://doi/pdf/10.1111/j.1469-185X.2008.00060.x
https://doi/pdf/10.1111/j.1469-185X.2008.00060.x
https://doi.org/10.1051/kmae/2018018
https://doi.org/10.1051/kmae/2018018
https://doi.org/10.1051/kmae/2018018
https://doi.org/10.1016/1049-9644(91)90065-8
https://doi.org/10.1016/1049-9644(91)90065-8
https://doi.org/10.1016/1049-9644(91)90065-8
https://doi.org/10.1016/1049-9644(91)90065-8
https://www.researchgate.net/profile/James-Fetzner-Jr/publication/228092317_Genetic_Variation/links/0fcfd4ff12b9c56458000000/Genetic-Variation.pdf
https://www.researchgate.net/profile/James-Fetzner-Jr/publication/228092317_Genetic_Variation/links/0fcfd4ff12b9c56458000000/Genetic-Variation.pdf
https://www.researchgate.net/profile/James-Fetzner-Jr/publication/228092317_Genetic_Variation/links/0fcfd4ff12b9c56458000000/Genetic-Variation.pdf
https://www.researchgate.net/profile/James-Fetzner-Jr/publication/228092317_Genetic_Variation/links/0fcfd4ff12b9c56458000000/Genetic-Variation.pdf
https://www.researchgate.net/profile/James-Fetzner-Jr/publication/228092317_Genetic_Variation/links/0fcfd4ff12b9c56458000000/Genetic-Variation.pdf

Journal of Agriculture Science & Technology JAGST 23 (1) 2024, 94-112

African crayfish production: Overview

Hollows, J. (2016). Freshwater crayfish farming—A guide to getting started. Ernslaw One Ltd.
doi:10.13140/RG.2.1.1041.3044

Hollows, J., Townsend, C. R., & Collier, K. (2002). Diet of the cray fish Paranephrops zealandicus
in bush and pasture streams: insights from stable isotopes and stomach analysis. New
Zealand  Journal of Marine and  Freshwater  Research, 36: 129-142.
https://d0i:10.1080/00288330.2002.9517076.

HunerJ.V., (2002). Procambarus. In: Holdich D.M. (ed.), Biology of Freshwater Crayfish. Blackwell
Science, Oxford, 541-584.

https://www.cabdirect.org/cabdirect/abstract/20013180029.

Jackson, M., Grey, J., Miller, K., Britton, J., & Donohue, I. (2016). Dietary niche constrictions when
invaders meet natives: evidence from freshwater decapods. Journal of Animal Ecology,
1098- 1107. https://d0i:10.1111/1365-2656.12533.

Jiang, Y., & Cao, C. (2021). Crayfish—rice integrated system of production: an agriculture success
story in China. A review. Agronomy for Sustainable Development, 41: 1-14.
https://doi.org/10.1007/s13593-021-00724-w.

Jin, Y. L., Kong, L. F,, Yu, H., & Li, Q. (2014). Development, inheritance and evaluation of 55 novel
single nucleotide polymorphism markers for parentage assignment in the Pacific oyster
(Crassostrea gigas). Genes & genomics, 36: 129-141. https://doi:10.1007/s13258-013-
0150-0.

Khoshkholgh, M., & Nazari, S. (2015). Genetic variation in the narrow-clawed crayfish (Astacus
leptodactylus) populations as assessed by PCR-RFLP of mitochondrial COl gene. Molecular
Biology Research Communications, 4 225-237.
https://www.researchgate.net/publication/308050057.

Lodge, D. M., Deines, A., Gherardi, F, Yeo, D. C., Arcella, T., Baldridge, A. K. & Zeng, Y. (2012).
Global introductions of crayfishes: evaluating the impact of species invasions on ecosystem
services. Annual Review of Ecology, Evolution, and Systematics, 43: 449-472.
https://doi:10.1146/annurev-ecolsys-111511-103919.

Lodge D.M., Taylor C.A., Holdich D.M. & Skurdal J., (2000). Nonindigenous crayfishes threaten
North American freshwater biodiversity. Fisheries, 25: 7-20.
https://doi.org/10.1577/1548-8446(2000)0252.0.CO;2.

Loureiro, T. G., Anastacio, P. M. S. G., Araujo, P. B., Souty-Grosset, C. & Almerao M. P. (2015) Red
swamp crayfish: biology, ecology and invasion: an overview. Nauplius 23(1), 1-19.
https://d0i:10.1590/50104-64972014002214.

Lowrey, R., & Mendes, A. (1977). Procambarus clarkii in Lake Naivasha Kenya, and its effects on
established and potential fisheries. Aquaculture. 11: 111-121.
https://doi.org/10.1016/0044-8486(77)90069-2.

Lunda, R., Roy, K., Dvorak, P.,, Kouba, A., & Mraz, J. (2020). Recycling biofloc waste as novel
protein source for crayfish with special reference to crayfish nutritional standards and
growth trajectory. Scientific Reports, 10: 1-10. https://doi.org/10.1038/s41598-020-
76692-0.

Madzivanzira, T.C., South, J.,, Wood, L.E., Nunes, A.L. & Weyl, O.L.F. (2020). A review of
freshwater crayfish introductions in Africa. Reviews in Fisheries Science and Aquaculture,

URL: https://ojs.jkuat.ac.ke/index.php/JAGST 108
ISSN 1561-7645 (online)
doi: 10.4314/jagst.v24i1.6



https://ojs.jkuat.ac.ke/index.php/JAGST
http://dx.doi.org/10.13140/RG.2.1.1041.3044
http://dx.doi.org/10.13140/RG.2.1.1041.3044
https://doi:10.1080/00288330.2002.9517076
https://doi:10.1080/00288330.2002.9517076
https://doi:10.1080/00288330.2002.9517076
https://doi:10.1080/00288330.2002.9517076
https://www.cabdirect.org/cabdirect/abstract/20013180029
https://www.cabdirect.org/cabdirect/abstract/20013180029
https://www.cabdirect.org/cabdirect/abstract/20013180029
https://doi:10.1111/1365-2656.12533
https://doi:10.1111/1365-2656.12533
https://doi:10.1111/1365-2656.12533
https://doi.org/10.1007/s13593-021-00724-w
https://doi.org/10.1007/s13593-021-00724-w
https://doi.org/10.1007/s13593-021-00724-w
https://doi:10.1007/s13258-013-0150-0
https://doi:10.1007/s13258-013-0150-0
https://doi:10.1007/s13258-013-0150-0
https://doi:10.1007/s13258-013-0150-0
https://www.researchgate.net/publication/308050057
https://www.researchgate.net/publication/308050057
https://www.researchgate.net/publication/308050057
https://www.researchgate.net/publication/308050057
https://doi:10.1146/annurev-ecolsys-111511-103919
https://doi:10.1146/annurev-ecolsys-111511-103919
https://doi:10.1146/annurev-ecolsys-111511-103919
https://doi:10.1146/annurev-ecolsys-111511-103919
https://doi.org/10.1577/1548-8446(2000)0252.0.CO;2
https://doi.org/10.1577/1548-8446(2000)0252.0.CO;2
https://doi.org/10.1577/1548-8446(2000)0252.0.CO;2
https://doi:10.1590/S0104-64972014002214
https://doi:10.1590/S0104-64972014002214
https://doi:10.1590/S0104-64972014002214
https://doi.org/10.1016/0044-8486(77)90069-2
https://doi.org/10.1016/0044-8486(77)90069-2
https://doi.org/10.1016/0044-8486(77)90069-2
https://doi.org/10.1038/s41598-020-76692-0
https://doi.org/10.1038/s41598-020-76692-0
https://doi.org/10.1038/s41598-020-76692-0
https://doi.org/10.1038/s41598-020-76692-0
https://doi.org/10.1080/23308249.2020.1802405
https://doi.org/10.1080/23308249.2020.1802405

Journal of Agriculture Science & Technology JAGST 23 (1) 2024, 94-112

African crayfish production: Overview

29(2), 218-241. African Journal of Aquatic Science.
https://doi.org/10.1080/23308249.2020.1802405

Madzivanzira, T. C., South, J., Nhiwatiwa, T., & Weyl, O. (2021b). Standardisation of alien invasive
Australian redclaw crayfish Cherax quadricarinatus sampling gear in Africa. Water SA, 47:
380-384. https://doi.org/10.17159/wsa/2021.v47.i3.11866.

Maitland, P.S., Sinclair, C., & Doughty, C.R. (2001). The status of freshwater crayfish in Scotland
in the year 2000. Glasgow Naturalist 23: 26-32.
https://www.biodiversitylibrary.org/item/225625.

Martin, P., Dorn, N. J., Kawai, T.,, van der Heiden, C., & Scholtz, G. (2010). The enigmatic
Marmorkrebs (marbled crayfish) is the parthenogenetic form of Procambarus fallax
(Hagen, 1870). Contributions to Zoology, 79: 107-118. https://d0i:10.1163/18759866-
07903003.

Miah, M., Guswami, P., & AL- Rafi, R. (2013). Assessment of genetic diversity among individuals
of fresh water Mud Eel, Monopetrus cuchia in population of Bangladesh. American
International Journal or Research in Science, Technology, Engineering and Mathematics 3:
176- 181. http://www.iasir.net.

Mikkola, H. (1996). Alien freshwater crustacean and indigenous mollusc species with
aquaculture potential in Eastern and Southern Africa. South African Journal of Aquatic
Sciences 22: 90 —99. https://d0i:10.1080/10183469.1996.9631375.

Munday, P. L., Buston, P. M., & Warner, R. R. (2006). Diversity and flexibility of sex-change
strategies in  animals. Trends in  Ecology &  Evolution, 21:  89-95.
https://d0i:10.1016/j.tree.2005.10.020.

Niksirat, H., Kouba, A., & Kozdk, P. (2014). Post-mating morphological changes in the
spermatozoon and spermatophore wall of the crayfish Astacus leptodactylus: insight into
a non-motile  spermatozoon. Animal  Reproduction  Science, 149:  325-334.
https://doi.org/10.1016/j.anireprosci.2014.07.017.

National Research Council (NRC), (2011). Nutrient requirements of fish and shrimp. National
Academies Press. https://doi.org/10.17226/13039.

Ogada, M.O., Aloo, PA., & Muruthi, PM. (2009). The African clawless otter Aonyx capensis
(Schinz, 1821) and its diet as an indicator of crayfish invasion dynamics in aquatic systems.
African  Journal  of Ecology, 47: 119-120. https://doi.org/10.1111/j.1365-
2028.2007.00910.x.

Paglianti, A., and Gherardi, F. (2004). Combined effects of temperature and diet on growth and
survival of young of year crayfish: a comparison between indigenous and invasive species.
Journal of Crustacean Biology, 24: 140-148. https://www.jstor.org/stable/1549696.

Pakkasmaa, S., & Piironen, J. (2001). Morphological differentiation among local trout (Salmo
trutta) populations. Biological Journal of the Linnean Society, 72: 231-239.
https://doi:10.100s/bij1.2000.0488.

Palma J., Andrade J.P,, (2002). Morphological study of Diplodus sargo, Diplodus puntazzo and
Lithognathus mormyrus (Sparidae) in the Eastern Atlantic and Mediterranean Sea. Fisheries
Research, 57: 1-8. https://doi.org/10.1016/S0165-7836(01)00335-6.

Parkyn, S., Rabeni, C., & Collier, K. (1997). Effects of Crayfish (Paranephros planifrons:
Parastacidae) on in-stream processes and benthic fauna: A density manipulation

URL: https://ojs.jkuat.ac.ke/index.php/JAGST 109
ISSN 1561-7645 (online)
doi: 10.4314/jagst.v24i1.6



https://ojs.jkuat.ac.ke/index.php/JAGST
https://doi.org/10.1080/23308249.2020.1802405
https://doi.org/10.1080/23308249.2020.1802405
https://doi.org/10.17159/wsa/2021.v47.i3.11866
https://doi.org/10.17159/wsa/2021.v47.i3.11866
https://doi.org/10.17159/wsa/2021.v47.i3.11866
https://www.biodiversitylibrary.org/item/225625
https://www.biodiversitylibrary.org/item/225625
https://www.biodiversitylibrary.org/item/225625
https://brill.com/view/journals/ctoz/79/3/article-p107_3.xml
https://brill.com/view/journals/ctoz/79/3/article-p107_3.xml
https://brill.com/view/journals/ctoz/79/3/article-p107_3.xml
https://brill.com/view/journals/ctoz/79/3/article-p107_3.xml
http://www.iasir.net/
http://www.iasir.net/
http://www.iasir.net/
http://www.iasir.net/
https://doi:10.1080/10183469.1996.9631375
https://doi:10.1080/10183469.1996.9631375
https://doi:10.1080/10183469.1996.9631375
https://doi:10.1016/j.tree.2005.10.020
https://doi:10.1016/j.tree.2005.10.020
https://doi:10.1016/j.tree.2005.10.020
https://doi.org/10.1016/j.anireprosci.2014.07.017
https://doi.org/10.1016/j.anireprosci.2014.07.017
https://doi.org/10.1016/j.anireprosci.2014.07.017
https://doi.org/10.1016/j.anireprosci.2014.07.017
https://doi.org/10.17226/13039
https://doi.org/10.17226/13039
https://doi.org/10.1111/j.1365-2028.2007.00910.x
https://doi.org/10.1111/j.1365-2028.2007.00910.x
https://doi.org/10.1111/j.1365-2028.2007.00910.x
https://doi.org/10.1111/j.1365-2028.2007.00910.x
file:///C:/Users/ADMIN/Desktop/Issues%202024/JAGST%2023%20(1)%202024/Paglianti,%20A.,%20and%20Gherardi,%20F.%20(2004).%20Combined%20effects%20of%20temperature%20and%20diet%20on%20growth%20and%20survival%20of%20young%20of%20year%20crayfish:%20a%20comparison%20between%20indigenous%20and%20invasive%20species.%20Journal%20of%20Crustacean%20Biology,%2024:%20140–148.%20%20https:/www.jstor.org/stable/1549696
file:///C:/Users/ADMIN/Desktop/Issues%202024/JAGST%2023%20(1)%202024/Paglianti,%20A.,%20and%20Gherardi,%20F.%20(2004).%20Combined%20effects%20of%20temperature%20and%20diet%20on%20growth%20and%20survival%20of%20young%20of%20year%20crayfish:%20a%20comparison%20between%20indigenous%20and%20invasive%20species.%20Journal%20of%20Crustacean%20Biology,%2024:%20140–148.%20%20https:/www.jstor.org/stable/1549696
file:///C:/Users/ADMIN/Desktop/Issues%202024/JAGST%2023%20(1)%202024/Paglianti,%20A.,%20and%20Gherardi,%20F.%20(2004).%20Combined%20effects%20of%20temperature%20and%20diet%20on%20growth%20and%20survival%20of%20young%20of%20year%20crayfish:%20a%20comparison%20between%20indigenous%20and%20invasive%20species.%20Journal%20of%20Crustacean%20Biology,%2024:%20140–148.%20%20https:/www.jstor.org/stable/1549696
https://doi:10.1oos/bij1.2000.0488
https://doi:10.1oos/bij1.2000.0488
https://doi:10.1oos/bij1.2000.0488
https://doi.org/10.1016/S0165-7836(01)00335-6
https://doi.org/10.1016/S0165-7836(01)00335-6
https://doi.org/10.1016/S0165-7836(01)00335-6
https://doi.org/10.1080/00288330.1997.9516798
https://doi.org/10.1080/00288330.1997.9516798

Journal of Agriculture Science & Technology JAGST 23 (1) 2024, 94-112

African crayfish production: Overview

experiment. New Zealand Journal of Marine and Freshwater Research, 685 - 692.
https://doi.org/10.1080/00288330.1997.9516798.

Patoka, J., Kalous, L., & Kopecky, O. (2014). Risk assessment of the crayfish pet trade based on
data from the Czech Republic. Biological Invasions, 16: 2489-2494.,
https://doi.org/10.1007/s10530-014-0682-5.

Peay, S., (2009). Invasive non-indigenous crayfish species in Europe: recommendations on
managing them. Knowledge and Management of Aquatic Ecosystems, 3: 394-395.
https://doi:10.1051/kmae/2010009.

Rafalski, A., (2002). Applications of single nucleotide polymorphisms in crop genetics. Current
Opinion in Plant Biology, 5: 94-100. https://doi.org/10.1016/5S1369-5266(02)00240-6.
Reynolds, J., Souty-Grosset, C., & Richardson, A. (2013). Ecological roles of crayfish in freshwater
and terrestrial habitats. Freshwater Crayfish, 19: 197-218.

https://d0i:10.5869/fc.2013.v19-2.197.

Reynolds J.D., (2002). Chapter 4. Growth and Reproduction. Pp 152-191, In: Biology of
Freshwater  Crayfish. Holdich DM (ed.). Blackwell Science, Oxford, UK.
https://www.cabdirect.org/cabdirect/abstract/20013180012.

Reynolds, J., & Souty-Grosset, C. (2011). Management of freshwater biodiversity: crayfish as
bioindicators. With contributions from Francesca Gherardi, Keith Crandall and Alastair
Richardson. Cambridge University Press, Cambridge, UK. https://lccn.loc.gov/2011031541.

Richman, N.l.,, Bohm, M., Adams, S.B., Alvarez, F., Bergey, E.A., Bunn, J.J., & Collen, B. (2015).
Multiple drivers of decline in the global status of freshwater crayfish (Decapod: Astacidae).
Philosophical Transactions of the Royal Society B: Biological Sciences, 1 - 11.
https://doi.org/10.1098/rstb.2014.0060.

Ruokonen, T.J,, Kiljunen, M., Karjalainen, J., & Hamaldinen, H. (2012). Invasive crayfish increase
habitat connectivity: a case study in a large boreal lake. Knowledge and Management of
Aquatic Ecosystems, 407: 08. https://d0i:10.1051/kmae/2013034.

Sales, J. (2010). Prediction of digestible protein and lipid contents of crustacean feeds.
Aquaculture Nutrition, 16: 559-568. https://d0i:10.1111/j.1365-2095.2009.00685 .x.
Scalici, M., & Gibertini., G. (2007). Feeding habits of the crayfish Austropotamobius pallipes
(Decapoda, Astacidae) in a brook in Latium (central Italy). /talian Journal of Zoology, 74-:

157-168. https://d0i:10.1080/11250000701248688.

Seitz R., Vilpoux K., Hopp U., Harzsch S., & Maier G. (2005). Ontogeny of the Marmorkrebs
(marbled crayfish): a parthenogenetic crayfish with unknown origin and phylogenetic
position. Journal of Experimental Zoology Part A: Comparative Experimental Biology, 303:
393-405. https://doi:10.1002/jez.a.143.

Selkoe K.A., & Toonen R.T. (2006). Microsatellites for ecologists: a practical guide tousing and
evaluating. Ecology Letters. 9 (5): 615-629. https://d0i:10.1111/j.14610248.2006.00889.x.

Skurdal, J., Hessen, D.O., Garnas, E., & Vgllestad, L.A. (2011). Fluctuating fecundity parameters
and reproductive investment in crayfish: Driven by climate or chaos? Freshwater Biology,
56: 335-341. https://d0i:10.1111/j.1365-2427.2010.02501 .x.

Skurdal J., & Taugbol T., (2002). Astacus. In: Holdich D.M. (ed.), Biology of freshwater crayfish.
Blackwell Science Ltd, Oxford pp. 467-510.
https://www.cabdirect.org/cabdirect/abstract/20013180025.

URL: https://ojs.jkuat.ac.ke/index.php/JAGST 110
ISSN 1561-7645 (online)
doi: 10.4314/jagst.v24i1.6



https://ojs.jkuat.ac.ke/index.php/JAGST
https://doi.org/10.1080/00288330.1997.9516798
https://doi.org/10.1080/00288330.1997.9516798
https://doi.org/10.1007/s10530-014-0682-5
https://doi.org/10.1007/s10530-014-0682-5
https://doi.org/10.1007/s10530-014-0682-5
file:///C:/Users/ADMIN/Desktop/Issues%202024/JAGST%2023%20(1)%202024/Peay,%20S.,%20(2009).%20Invasive%20non-indigenous%20crayfish%20species%20in%20Europe:%20recommendations%20on%20managing%20them.%20Knowledge%20and%20Management%20of%20Aquatic%20Ecosystems,%203:%20394–395.%20https:/doi:10.1051/kmae/2010009
file:///C:/Users/ADMIN/Desktop/Issues%202024/JAGST%2023%20(1)%202024/Peay,%20S.,%20(2009).%20Invasive%20non-indigenous%20crayfish%20species%20in%20Europe:%20recommendations%20on%20managing%20them.%20Knowledge%20and%20Management%20of%20Aquatic%20Ecosystems,%203:%20394–395.%20https:/doi:10.1051/kmae/2010009
file:///C:/Users/ADMIN/Desktop/Issues%202024/JAGST%2023%20(1)%202024/Peay,%20S.,%20(2009).%20Invasive%20non-indigenous%20crayfish%20species%20in%20Europe:%20recommendations%20on%20managing%20them.%20Knowledge%20and%20Management%20of%20Aquatic%20Ecosystems,%203:%20394–395.%20https:/doi:10.1051/kmae/2010009
https://doi.org/10.1016/S1369-5266(02)00240-6
https://doi.org/10.1016/S1369-5266(02)00240-6
https://doi:10.5869/fc.2013.v19-2.197
https://doi:10.5869/fc.2013.v19-2.197
https://doi:10.5869/fc.2013.v19-2.197
https://www.cabdirect.org/cabdirect/abstract/20013180012
https://www.cabdirect.org/cabdirect/abstract/20013180012
https://www.cabdirect.org/cabdirect/abstract/20013180012
https://lccn.loc.gov/2011031541
https://lccn.loc.gov/2011031541
https://lccn.loc.gov/2011031541
https://doi.org/10.1098/rstb.2014.0060
https://doi.org/10.1098/rstb.2014.0060
https://doi.org/10.1098/rstb.2014.0060
https://doi.org/10.1098/rstb.2014.0060
https://doi:10.1051/kmae/2013034
https://doi:10.1051/kmae/2013034
https://doi:10.1051/kmae/2013034
https://doi:10.1111/j.1365-2095.2009.00685.x
https://doi:10.1111/j.1365-2095.2009.00685.x
https://doi:10.1080/11250000701248688
https://doi:10.1080/11250000701248688
https://doi:10.1080/11250000701248688
https://doi:10.1002/jez.a.143
https://doi:10.1002/jez.a.143
https://doi:10.1002/jez.a.143
https://doi:10.1002/jez.a.143
https://doi:10.1111/j.14610248.2006.00889.x
https://doi:10.1111/j.14610248.2006.00889.x
https://doi:10.1111/j.1365-2427.2010.02501.x
https://doi:10.1111/j.1365-2427.2010.02501.x
https://doi:10.1111/j.1365-2427.2010.02501.x
https://www.cabdirect.org/cabdirect/abstract/20013180025
https://www.cabdirect.org/cabdirect/abstract/20013180025
https://www.cabdirect.org/cabdirect/abstract/20013180025

Journal of Agriculture Science & Technology JAGST 23 (1) 2024, 94-112

African crayfish production: Overview

Smart, A.C., Harper, D.M., Gouder de Beauregard, A.-C., Schmitz, S., Coley, S., & Malaisse, F.,
(2002). Feeding of the exotic Louisianan red swamp crayfish, Procambarus clarkii
(Crustacea, Decapoda), in an African tropical lake: Lake Naivasha, Kenya. Hydrobiologia
488:129-142. https://doi.org/10.1023/A:1023326530914.

Sonsupharp, S., and Dahms, H. U. (2017). Effect of frozen zooplankton feed on growth and
reproductive performance of crayfish (Procambarus clarkii). International Journal of
Agricultural Technology, 13: 2317-2324. http://www.ijat-aatsea.com.

Souty-Grosset C., Holdich D., Noél P, Reynolds J., & Haffner P., (eds.) (2006). Atlas of crayfish in
Europe. Muséum National d’Histoire Naturelle, Patrimoines Naturels 64. Paris, France.
https://hal.science/hal-00110871.

Souty-Grosset, C., Anastacio, P. M., Aquiloni, L., Banha, F., Choquer, J., Chucholl, C., & Tricarico,
E. (2016). The red swamp crayfish Procambarus clarkii in Europe: impacts on aquatic
ecosystems and human well-being. Limnologica, 58: 78-93.
https://doi.org/10.1016/j.limno.2016.03.003.

Stenroth, P, Holmaqvist, N., Nystrom, P., Berglund, O., Larsson, P, & Granéli, W. (2006). Stable
isotopes as an indicator of diet in omnivorous crayfish (Pacifastacus leniusculus): the
influence of tissue, sample treatment, and season. Canadian Journal of Fisheries and
Aquatic Sciences 63: 821-831. https://doi:10.1139/F05-265.

Swahn J.0., (2004). The cultural history of crayfish. Bulletin Francais de la Péche et de la
Pisciculture, 372: 243-251. https://lup.lub.lu.se/record/255417.

Taylor, C.A. (2001). Taxonomy and conservation of native crayfish stocks. Biology of freshwater
crayfish. https://cir.nii.ac.jp/crid/1572824500377214336.

Taylor, C.A., Schuster, G.A., Cooper, J.E., DiStefano, R.J., Eversole, A.G., Hamr, P., Hobbs, H.H.,
Robison, HW., Skelton, C.E, & Thoma, R.E., (2007) Feature: endangered species—a
reassessment of the conservation status of crayfishes of the United States and Canada after
10+years of increased awareness. Fisheries, 32: 372—389. https://doi.org/10.1577/1548-
8446(2007)32[372:AROTCS]2.0.CO;2.

Thies, F.,, Garry J.M.C., Yagoob P, Rerkasem K., Williams J., Shearman C., Gallagher P.J., Calder
P.C. & Grimble F.R., (2003). Association of n-3 polyunsaturated fatty acids with stability of
atherosclerotic plaques: a randomised controlled trial. The Lancet, 361: 477-485.
https://doi.org/10.1016/S0140-6736(03)12468-3.

Tricarico, E., Bertocchi, S., Brusconi, S., Casalone, E., Gherardi, F., Giorgi G., Mastromei, G. &
Parisi, G., (2008). Depuration of microcystin-LR from the red swamp crayfish Procambarus
clarkii with  assessment of food quality.  Aquaculture,  285:  90-95.
https://doi:10.1016/j.aquaculture.2008.08.003.

Twardochleb, L.A., Olden, J.D., & Larson, E.R. (2013). A global meta-analysis of the ecological
impacts  of  non-native  crayfish.  Ffreshwater  Science, 32: 1367-1382.
https://doi.org/10.1899/12-203.1.

Venarsky, M.P,, Huryn, A.D., & Benstead, J.P. (2012). Re-examining extreme longevity of the cave
crayfish Orconectes australis using new mark—recapture data: A lesson on the limitations
of iterative  size-at-age  models.  Freshwater  Biology = 57:  1471-1481.
https://d0i:10.1111/j.1365-2427.2012.02812 x.

URL: https://ojs.jkuat.ac.ke/index.php/JAGST 111
ISSN 1561-7645 (online)
doi: 10.4314/jagst.v24i1.6



https://ojs.jkuat.ac.ke/index.php/JAGST
https://doi.org/10.1023/A:1023326530914
https://doi.org/10.1023/A:1023326530914
https://doi.org/10.1023/A:1023326530914
https://doi.org/10.1023/A:1023326530914
http://www.ijat-aatsea.com/
http://www.ijat-aatsea.com/
http://www.ijat-aatsea.com/
file:///C:/Users/ADMIN/Desktop/Issues%202024/JAGST%2023%20(1)%202024/Souty-Grosset%20C.,%20Holdich%20D.,%20Noël%20P.,%20Reynolds%20J.,%20&%20Haffner%20P.,%20(eds.)%20(2006).%20Atlas%20of%20crayfish%20in%20Europe.%20Muséum%20National%20d'Histoire%20Naturelle,%20Patrimoines%20Naturels%2064.%20Paris,%20France.%20https:/hal.science/hal-00110871
file:///C:/Users/ADMIN/Desktop/Issues%202024/JAGST%2023%20(1)%202024/Souty-Grosset%20C.,%20Holdich%20D.,%20Noël%20P.,%20Reynolds%20J.,%20&%20Haffner%20P.,%20(eds.)%20(2006).%20Atlas%20of%20crayfish%20in%20Europe.%20Muséum%20National%20d'Histoire%20Naturelle,%20Patrimoines%20Naturels%2064.%20Paris,%20France.%20https:/hal.science/hal-00110871
file:///C:/Users/ADMIN/Desktop/Issues%202024/JAGST%2023%20(1)%202024/Souty-Grosset%20C.,%20Holdich%20D.,%20Noël%20P.,%20Reynolds%20J.,%20&%20Haffner%20P.,%20(eds.)%20(2006).%20Atlas%20of%20crayfish%20in%20Europe.%20Muséum%20National%20d'Histoire%20Naturelle,%20Patrimoines%20Naturels%2064.%20Paris,%20France.%20https:/hal.science/hal-00110871
https://doi.org/10.1016/j.limno.2016.03.003
https://doi.org/10.1016/j.limno.2016.03.003
https://doi.org/10.1016/j.limno.2016.03.003
https://doi.org/10.1016/j.limno.2016.03.003
https://doi:10.1139/F05-265
https://doi:10.1139/F05-265
https://doi:10.1139/F05-265
https://doi:10.1139/F05-265
https://www.researchgate.net/journal/Bulletin-Francais-de-la-Peche-et-de-la-Pisciculture-2777-3450
https://www.researchgate.net/journal/Bulletin-Francais-de-la-Peche-et-de-la-Pisciculture-2777-3450
https://lup.lub.lu.se/record/255417
https://cir.nii.ac.jp/crid/1572824500377214336
https://cir.nii.ac.jp/crid/1572824500377214336
https://doi.org/10.1577/1548-8446(2007)32%5b372:AROTCS%5d2.0.CO;2
https://doi.org/10.1577/1548-8446(2007)32%5b372:AROTCS%5d2.0.CO;2
https://doi.org/10.1577/1548-8446(2007)32%5b372:AROTCS%5d2.0.CO;2
https://doi.org/10.1577/1548-8446(2007)32%5b372:AROTCS%5d2.0.CO;2
https://doi.org/10.1577/1548-8446(2007)32%5b372:AROTCS%5d2.0.CO;2
https://doi.org/10.1016/S0140-6736(03)12468-3
https://doi.org/10.1016/S0140-6736(03)12468-3
https://doi.org/10.1016/S0140-6736(03)12468-3
https://doi.org/10.1016/S0140-6736(03)12468-3
https://doi:10.1016/j.aquaculture.2008.08.003
https://doi:10.1016/j.aquaculture.2008.08.003
https://doi:10.1016/j.aquaculture.2008.08.003
https://doi:10.1016/j.aquaculture.2008.08.003
https://doi.org/10.1899/12-203.1
https://doi.org/10.1899/12-203.1
https://doi.org/10.1899/12-203.1
https://doi:10.1111/j.1365-2427.2012.02812.x
https://doi:10.1111/j.1365-2427.2012.02812.x
https://doi:10.1111/j.1365-2427.2012.02812.x
https://doi:10.1111/j.1365-2427.2012.02812.x

Journal of Agriculture Science & Technology JAGST 23 (1) 2024, 94-112

African crayfish production: Overview

Vogt G., (2008). How to minimize formation and growth of tumours: Potential benefits of
decapod crustaceans for cancer research. International Journal of Cancer, 123:2727-2734.
https://doi:10.1002/ijc.23947.

Vogt V., (2002). Functional anatomy. In: Holdich D.M. (ed.), Biology of freshwater crayfish,
Blackwell Science, Oxford. https://www.cabdirect.org/cabdirect/abstract/20013180006.

Wang, S., Meyer, E., McKay, J.K., & Matz, M.V. (2012). 2b-RAD: a simple and flexible method for
genome-wide genotyping. Nature methods, 9: 808-810.
https://doi.org/10.1038/nmeth.2023.

Wato, J. K., & Oyoo-Okoth, E. (2014). Dietary diversity of crayfish (Procambarus clarkii Girard
1852)(Crustacea, Decapoda) in herbaceous vegetation dominated swamps in Uasin Gishu,
Kenya. International Journal of Science and Research.
https://www.academia.edu/download/71024305/Dietary_diversity_of crayfish_Procamb
ar20211002-20470-kgrfxn.pdf

Weya, J.M., Rumbiak, N.S., Hariyanto, S., Irawan, B., Soegianto, A. (2017): Length-weight
relationship and condition factor of crayfish from South Sorong and Jayawijaya, Papua,
Indonesia. Croatian Journal of Fisheries, 75, 31-40. https://hrcak.srce.hr/177094.

Wood, L.E., De Grave, S., Cumberlidge, N., Kennerley, A., & Daniels, S.R. (2019). A phylogenetic
perspective on biodiversity patterns of Afrotropical freshwater crabs (Crustacea,
Decapoda, Potamonautidae). Aquatic  Conservation:  Marine and  Freshwater
Ecosystems, 29: 2219-2230. https://doi.org/10.1002/aqgc.3231.

Woodward, G., Perkins, D.M., & Brown, L.E. (2010). Climate change and freshwater ecosystems:
impacts across multiple levels of organization. Philosophical Transactions of the Royal
Society B: Biological Sciences, 365: 2093-2106. https://doi.org/10.1098/rstb.2010.0055.

Xu, W.N., Liu, W.B., Shen, M.F,, Li, G.F.,, Wang, Y., & Zhang, WW. (2013). Effect of different dietary
protein and lipid levels on growth performance, body composition of juvenile red swamp
crayfish (Procambarus clarkii). Aquaculture International, 21: 687-697.
https://doi.org/10.1007/s10499-012-9603-8.

URL: https://ojs.jkuat.ac.ke/index.php/JAGST 112
ISSN 1561-7645 (online)
doi: 10.4314/jagst.v24i1.6



https://ojs.jkuat.ac.ke/index.php/JAGST
https://doi:10.1002/ijc.23947
https://doi:10.1002/ijc.23947
https://doi:10.1002/ijc.23947
https://www.cabdirect.org/cabdirect/abstract/20013180006
https://www.cabdirect.org/cabdirect/abstract/20013180006
https://doi.org/10.1038/nmeth.2023
https://doi.org/10.1038/nmeth.2023
https://doi.org/10.1038/nmeth.2023
https://www.academia.edu/download/71024305/Dietary_diversity_of_crayfish_Procambar20211002-20470-kqrfxn.pdf
https://www.academia.edu/download/71024305/Dietary_diversity_of_crayfish_Procambar20211002-20470-kqrfxn.pdf
https://www.academia.edu/download/71024305/Dietary_diversity_of_crayfish_Procambar20211002-20470-kqrfxn.pdf
https://www.academia.edu/download/71024305/Dietary_diversity_of_crayfish_Procambar20211002-20470-kqrfxn.pdf
https://www.academia.edu/download/71024305/Dietary_diversity_of_crayfish_Procambar20211002-20470-kqrfxn.pdf
https://www.academia.edu/download/71024305/Dietary_diversity_of_crayfish_Procambar20211002-20470-kqrfxn.pdf
https://hrcak.srce.hr/177094
https://hrcak.srce.hr/177094
https://hrcak.srce.hr/177094
https://doi.org/10.1002/aqc.3231
https://doi.org/10.1002/aqc.3231
https://doi.org/10.1002/aqc.3231
https://doi.org/10.1002/aqc.3231
https://doi.org/10.1098/rstb.2010.0055
https://doi.org/10.1098/rstb.2010.0055
https://doi.org/10.1098/rstb.2010.0055
https://doi.org/10.1007/s10499-012-9603-8
https://doi.org/10.1007/s10499-012-9603-8
https://doi.org/10.1007/s10499-012-9603-8
https://doi.org/10.1007/s10499-012-9603-8

