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Although Cherax quadricarinatus is now established in Lake Kariba, there is a lack of information on the
appropriate gear technology and bait for its exploitation for either management or commercial purposes.
The effectiveness of three trap designs and three bait types was investigated in order to identify the best
means for harvesting C. quadricarinatus in Lake Kariba. The cylindrical and rectangular traps had higher and
similar CPUE, which were significantly higher than those of the Opera house trap at all sites. Trap type did
not influence sex ratio. Liver, sadza and fish heads were all similarly effective as bait. Either sadza-baited
cylindrical or rectangular traps can be effectively employed to either harvest crayfish in order to maintain a
low population, thereby mitigating potential adverse impacts, or for commercial purposes. This should be
corroborated with monitoring and further research.

INTRODUCTION
The introduction of non-native crayfishes into aquatic ecosytems has become a problem in southern
Africa (Nunes et al., 2016; 2017), and also globally (Twardochleb et al., 2013; Souty-Grosset et al.,
2016). These species are now considered to be a major threat to freshwater biodiversity and ecosystem
functioning (Lodge et al., 2000; 2012). They can act as novel predators, competitors, and vectors
of pathogens and diseases, while hybridising with native crayfishes thus reducing their populations
(Lodge et al., 2012). They also consume fish eggs as well as large quantities of macrophytes, so
bringing about indirect and direct effects on other invertebrates (Carpenter, 2005). Consequently,
freshwater crayfish have been described as keystone species which can alter multiple trophic levels of
invaded ecosystems (Dorn and Wojdak, 2004).
The Australian redclaw crayfish, C. quadricarinatus (Von Martens, 1868) was first reported on the
Zambian side of Lake Kariba in 1992 (Thys Van den Audenaerde, 1994) and had become established
by 2008 and 2009 on the Zambian and Zimbabwean sides, respectively (Nakayama et al., 2010;
Marufu et al., 2014). Although its introduction into southern Africa has been discouraged as it is
highly invasive and likely to pose adverse ecological impacts, it is becoming increasingly widespread
in the region (De Moor, 2002; Nunes et al., 2016; 2017).
The objective of this study was to assess the effectiveness of three cage designs and three potential
baits types in order to determine the best means for harvesting of C. quadricarinatus in Lake Kariba.
Appropriate gear needs to be recommended in order to effectively intentionally exploit crayfish, which
can control the population thereby potentially minimizing the ecological impacts (Lodge et al., 2012;
Conde and Dominguez, 2015), or for commercial purposes. An opportunity exists in Lake Kariba to
consider intentional exploitation as a strategy to minimise potential ecological impacts of an invasive
species or enable commercial benefit; however, information on catch and effort relationship and the
appropriate gear technology for exploitation is not available.

MATERIALS AND METHODS
The study was carried out in Lake Kariba, a tropical man-made lake that is located in the north-west
of Zimbabwe and is shared between Zambia and Zimbabwe. The study was conducted at 3 sites in
the lake’s eastern (Sanyati) basin, namely Kasese, Platform, and Antelope, from January to December
2016 (Fig. 1). Kasese has a gentle sloping shore and coarse substratum. Platform is very flat with a
muddy substratum while Antelope has steep slopes with a substratum that comprises of pebbles. The
dominant aquatic macrophytes at all the sites were Vallisneria aethiopica, Lagarosiphon ilicifolius and
Eichhornia crassipes.
Sampling was carried out over 1 night, monthly at the 3 sites using 3 trap designs, namely: the
rectangular trap, cylindrical trap and opera house trap (Table 1). Six cages of each design were set at
each site, left overnight and taken out the following morning. Cooked maize meal paste (sadza) was
used as bait in the traps. Traps were thrown into water of < 5 m deep. Crayfish from each cage were
taken to the laboratory where they were weighed and their carapace lengths measured. Statistical
analysis was done using the computer software Stastica Version 7 (StatSoft 2004). Significant
differences among the traps were tested for using the Kruskal-Wallis ANOVA, as the data did not
meet the requirements for parametric tests. Where there were significant differences among the traps
(p < 0.05), Mann-Whitney pairwise comparisons were used to test for differences between traps.
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Figure 1. Location of the Sanyati Basin, Lake Kariba and the location of the sampling sites
Table 1. The dimensions of the three trap designs
Dimension

Rectangular trap

Width (mm)
Length (mm)
Height (mm)
Trap entrance (mm)

Cylindrical trap

Opera house trap

400

400

400

400

1 000

700

1 000

-

300

100

100

100

Table 2. The mean catch per unit effort (CPUE) expressed as the number and weight of crayfish caught per trap per night at the three sampling
sites, January to December 2016
Site
Antelope

Platform

Kasese

Design

Mean number ± SD

Opera house trap

1.08 ± 1.06

Mean weight ±SD (kg)
0.022 ± 0.022

Rectangular trap

3.25 ± 2.62

0.070 ± 0.049

Cylindrical trap

2.46 ± 1.82

0.067 ± 0.049

Opera house trap

0.46 ± 0.51

0.006 ± 0.008

Rectangular trap

3.38 ± 2.35

0.078 ± 0.052

Cylindrical trap

2.27 ± 1.57

0.048 ± 0.033

Opera house trap

0.46 ± 0.41

0.015 ± 0.017

Rectangular trap

4.33 ± 3.295

0.176 ± 0.145

Cylindrical trap

2.04 ± 1.36

0.080 ± 0.057

Table 3. The sex ratio (number of females per male) of C. quadricarinatus from different trap types, January to December 2016
Trap type

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

Mean

Rectangular

2.28

0.67

4.99

1.18

0.92

0.81

1.25

0.75

0.94

1.36

0.64

1.50

1.44 ± 1.21

Opera house

1.00

2.00

1.00

1.00

3.00

2.00

0.40

1.00

1.60

0.88

0.43

1.60

1.33 ± 0.75

Cylindrical

1.25

0.86

1.67

0.50

0.67

0.78

1.62

0.59

0.69

1.13

0.96

0.80

0.96 ± 0.38

The effectiveness of baits was tested using chicken liver; sadza
(cooked maize meal); fish heads and a control (without bait).
Opera house traps (Marufu et al., 2014; Table 1) were used in
the assessment of bait effectiveness. The experiment was carried
out at Kasese Bay (Fig. 1). Three cages (replicates) were used for
each treatment and the experiment was run once a month for 10
months, with no sampling taking place in March and April 2016.
Traps were set overnight and removed in the morning. MannWhitney U-Test was used to test the differences in the effectiveness
of the different trap types using catch per unit effort data.

RESULTS AND DISCUSSION
In this study we tested 3 potential gear types that can be used in
Lake Kariba waters. Both the rectangular and cylindrical traps can
be effective traps to harvest C. quadricarinatus in Lake Kariba.
The most effective trap was the rectangular trap which caught a
total of 24.24 kg in the entire sampling campaign (mean 2.08 kg
per month), followed by the circular (14.08 kg; mean 1.17 kg
per month) and opera house (3.09 kg; mean 0.26 kg per month)
traps. The rectangular trap seemed to be the most effective, with
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the highest mean CPUE, while the opera house trap was the least
efficient with the lowest CPUE at all three sampling sites (Table 2).
This pattern was generally consistent over time, although there were
some occasions when the CPUE in the opera house and cylindrical
traps exceeded that of the rectangular traps (Fig. 2). There was
no clear seasonal pattern in the CPUE, although catches were
generally higher in the last 6 months of the investigation (Fig. 2).
A comparison of the three traps using monthly data across
the three sites showed significant differences in crayfish CPUE
(K-W ANOVA H = 46.86; p < 0.0001), weight (K-W ANOVA
H = 52.36; p < 0.0001) and number (K-W ANOVA H = 46.86;
p < 0.0001). The sex ratios varied from month to month and trap
to trap, but the average did not differ from a 1:1 ratio (Table 3).
The monthly differences are probably due to chance. The length
frequency distribution showed sexual dimorphism (Fig. 3), where
the modal lengths of females and males were 50 mm and 60 mm,
respectively. Marufu et al.(2014) also reported smaller females
(60 mm) than males (80 mm), an observation attributed to the
slower growth rates of female relative to males (Lawrence, 2004).
Most crayfish caught were above a sexually mature range of
0.045–0.050 kg (Ruscoe, 2006), as observed by Marufu et al. (2014).
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Figure 2. Variation in the CPUE (number caught per trap per night) of C. quadricarinatus at the three sampling stations, January to December 2016

Figure 3. Length-frequency distribution of 455 female and 442 male C. quadricarinatus trapped in the Sanyati Basin, Lake Kariba, from January–
December 2016
Table 4. Effect of different bait types on C. quadricarinatus catches and numbers during three trials in the Sanyati Basin, Lake Kariba
Bait type

Trial 1
Weight (kg)

Trial 2
Number

Weight (kg)

Trial 3
Number

Weight (kg)

Number

Liver

0.294 ± 0.359

5.7 ± 6.32

0.253 ± 0.148

3.6 ± 1.82

0.175 ± 0.113

5 ± 4.24

Sadza

0.301 ± 0.253

5.3 ± 4.46

0.063 ± 0.091

2.6 ± 3.04

0.379 ± 0.216

10 ± 7.07

Fish heads

0.369 ± 0.359

6.3 ± 5.00

0.217 ± 0.197

3.8 ± 2.17

0.281 ± 0.051

6 ± 1.41

Control

0.052 ± 0.053

1.4 ± 1.40

0.094 ± 0.144

1.4 ± 1.34

0.010 ± 0.025

2.5 ± 0.71

The CPUE for all traps fell within the range observed by Marufu et
al. (2014), who reported a maximum of 4 individuals∙trap-1∙night-1,
with the average CPUE ranging from 1.1–4.0 individuals∙trap-1
∙night-1. The CPUE observed during this study ranged from a
minimum of 0.46 to a maximum of 4.3 individuals∙trap-1∙night-1.

(Table 4). Fishers will require cheap local resources to use as bait
in these traps. On testing the effectiveness of different baits to
capture crayfish, results showed that chicken liver, sadza and fish
heads were effective as bait. Since sadza is a cheap local resource,
it can be effectively used as bait by subsistence fishers.

Comparison of the different baits showed that there were overall
significant differences in effectiveness amongst the baits (KruskalWallis ANOVA H = 8.843; p = 0.031.) The unbaited control traps
constistently trapped lower catches compared to the baited traps

Cherax quadricarinatus is an alien conflict-generation species
(Nunes et al., 2012), that has established populations within the
Zambezi River systems including Lake Kariba. It is a species
that is likely to cause negative impacts to the ecosystem but
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also has potential to provide socio-economic benefits (Zengeya
et al., 2017). Populations have established in streams and large
reservoirs in the lower Zambezi and the species is spreading to
the upper Zambezi Basin (Nunes et al., 2016). Southern African
waters seem to provide a niche for it as wild populations have
established in Zambia, Zimbabwe, Mozambique, Swaziland and
South Africa (Nunes et al., 2017). Its spread shows that there is an
urgent need to institute adaptive strategies to control it, although
unrestricted harvesting for human consumption may create the
temptation to introduce the species to uninvaded regions as an
economic resource (Nunes et al., 2012).
In conclusion, sadza-baited rectangular or cylindrical traps can
be effectively used to harvest C. quadricarinatus in Lake Kariba
which can reduce the population size. This can be done while
researchers are still undertaking detailed studies on its current
status, distribution and potential impact in Lake Kariba waters.
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