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A B S T R A C T   

Zambia has experienced a rise in per capita fish supply in recent years due in part to growing domestic aqua
culture production and expanding import markets that supply farmed Nile tilapia to mostly urban markets. While 
urban consumers enjoy a wide variety of local fish species, including wild-caught native tilapia, little is known 
regarding the consumer preferences for farmed tilapia traits. Understanding aquaculture consumer markets is 
needed, including more detailed evidence of differences in tilapia trait preferences between women and men of 
differing socioeconomic backgrounds. Such data may add value to current and future genetic improvement 
programs, inform the design of domestic production systems and aquaculture marketing campaigns, and improve 
the food and nutrition security potential of the sector. This study assessed consumer preference rankings of 
farmed tilapia traits in four major urban sites in Zambia in 2018. Women and men consumers of different so
cioeconomic status (SES) participated in the study (N = 313). Using a pairwise ranking method and multi-criteria 
survey tool, consumers made a choice between values of different morphometric traits: total body weight, length, 
width, and height, skin colour, and head and tail sizes. Men reported a stronger preference for traits that were 
ranked higher overall by the sample, including larger body weight (p < 0.001), darker skin colour (p < 0.05), and 
taller body height (p < 0.05). Women reported stronger preferences for traits that were ranked lower overall, 
including shorter body height (p < 0.01) and smaller body weight (p < 0.001). Controlling for several covariates 
believed to influence consumer trait preferences for farmed tilapia (e.g., SES, age, educational level, and 
household size), nonparametric regression analysis revealed strong consumer preferences by men for thicker 
body width (p < 0.05), larger body weight (p < 0.001), and taller body height (p < 0.05). Consumers of lower 
SES had a stronger preference for darker skin colour than consumers of middle SES (p < 0.05). These findings 
confirm existence of differences in consumer preferences for farmed tilapia traits in urban Zambia and should be 
considered in genetic improvement programs. Fish breeding thus should be more gender-responsive and pro- 
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poor. Differences suggest limitations in genetic innovations to meet the needs of diverse consumer groups, 
requiring complementary production and marketing interventions within the aquaculture industry.   

1. Introduction 

Tilapia is one of the most produced, distributed, and consumed 
farmed fish species in the world (Garlock et al., 2020; Kumar and Engle, 
2016), providing consumers with a relatively inexpensive and important 
source of animal protein for enhanced food and nutrition security (Béné 
et al., 2016; Bogard et al., 2018; Prabu et al., 2019). Tilapia culture is 
now promoted in several low- and middle-income countries to help 
boost national fish production (Kaminski et al., 2018; Kassam and 
Dorward, 2017). To realize the potential of the farmed tilapia industry, 
public and private sectors in these countries have significantly invested 
in increasing productivity and efficiency for commercial and industrial 
viability (Ponte et al., 2014), as well as making efforts towards sus
tainability (Yacout et al., 2016) and maximising food security outcomes 
(Akuffo and Quagrainie, 2019; Murphy et al., 2020). 

Genetic improvements have been shown to be an economically 
feasible and powerful way to increase efficiency in aquaculture and 
facilitate greater expansion of the sector as cumulative gains in breeding 
programs are passed down to hatcheries, farmers operating at different 
scales, and other value chain actors (Ponzoni et al., 2011). Improving 
production related traits remains a priority of both plant and animal 
breeding programs (Colihueque and Araneda, 2014). Trait preference 
research in low-income countries has, however, largely focused on 
producers' preferences over end-users such as traders and consumers 
(Baidu-Forson et al., 1997; Asrat et al., 2009; Banla et al., 2018). Past 
studies have highlighted the value of understanding consumer trait 
preferences and the differentiation of marketable sizes and character
istics of tilapia between consumer groups, not only for developing new 
strains or improving adoption rates among producers, but also for 
aquaculture marketing campaigns and supply chain decisions (Gephart 
et al., 2020; Pasch and Palm, 2021), thus supporting food security and 
nutrition objectives (Lipton, 2007; Njuki et al., 2011; Chikowi et al., 
2021). Such programs further inform management of commercially 
viable and sustainable production systems that are tuned to emerging 
consumer markets (Kaminski et al., 2024; Ahmed et al., 2012; Kleih 
et al., 2002). 

Including consumer preferences into selective breeding programs 
and production systems design can tailor aquaculture products to 
various market segments and make them more available to different 
social groups (Chikowi et al., 2021), especially young people and 
women who are oftentimes excluded from aquaculture research and 
development (Brugere et al., 2023; Kruijssen et al., 2018). Furthermore, 
actively incorporating the needs and demands of resource-poor or 
marginalized groups into the development of the value chain – in this 
case selecting for traits preferred by farmed tilapia fish consumers into 
the breeding program – generally results in positive development out
comes such as increased adoption rates (Ashby and Polar, 2019) and 
improves overall value chain governance (Kaminski et al., 2020; Par
telow et al., 2023). Actors who are less empowered or marginalized are 
often less served as clients of breeding programs, which has conse
quences not only for social and gender equality but also for adoption, 
and thus for nutrition, poverty reduction, and resilience (McDougall 
et al., 2022). 

While at a relatively nascent stage of development, the aquaculture 
industry in Zambia has experienced recent growth, making it the sixth 
largest producer of farmed fish in Africa (Tran et al., 2019). The esti
mated total national production in 2018 was 21,567 t (Ministry of 
Fisheries and Livestock, 2019). The aquaculture industry is almost 
exclusively made up of tilapia production, the bulk of which is produced 
by large commercial farms located in Southern and Lusaka Provinces 
(Kaminski et al., 2018; Avadí et al., 2022). These farms grow exotic, 

genetically improved Nile tilapia (Oreochromis niloticus) strains im
ported from hatcheries in Asia (Genschick et al., 2017). The almost 
exclusive reliance on exotic strains by commercial farms in Zambia is 
due, in part, to the limited supply of any viable, native, genetically 
improved tilapia strains in the country (Hasimuna et al., 2020). 

To address this issue, the Zambian government recently embarked on 
a breeding program to develop a genetically improved strain of the 
native tilapia species, Oreochromis andersonii, selected from among local 
populations (African Development Bank, 2016; Genschick et al., 2017; 
Basiita et al., 2022). Farmed tilapia is playing an increasing role in 
changing patterns of fish consumption where there is rapid growth in 
farmed fish supply and where the price of wild-caught fish is rising 
significantly due to limited supply (Tran et al., 2019; Harris et al., 2019; 
Longley et al., 2014). This presents an opportunity for the aquaculture 
industry to prioritise the traits preferred by producers, processors, 
traders, and consumers and target various segments of the market. 
Globally, research on end-user preferences for tilapia morphology is 
limited (Mehar et al., 2019). Two studies have touched on tilapia trait 
preferences in Zambia, restricting their analysis to broader categories of 
tilapia sizes or products preferred by urban consumers (Genschick et al., 
2018; Malumbe and Musuka, 2013). These studies found that, overall, 
wealthier consumers prefer larger, fresh tilapia and lower-income con
sumers depend on small, dried pelagic species found in the capture 
fisheries of Zambia. Similar results were found in Malawi, with the 
addition that the sex of consumers significantly affected preferences for 
species and size (Chikowi et al., 2021). These findings suggest that the 
bourgeoning aquaculture sector in Zambia should take heed of such 
differences and actively strive to target the bottom of the economic 
pyramid (Genschick et al., 2018). 

Consumer preferences for fish in Africa are largely driven by socio
economic circumstances, and especially the availability and accessibility 
of fish as compared to other animal-source foods (Obiero et al., 2014; 
Githukia et al., 2014). In general, preferences for fish in Africa are 
largely motivated by their price point (de Bruyn et al., 2021). Tilapia 
however, and especially farmed tilapia, is more expensive than most fish 
on the market but cheaper than most meats in many African countries 
(Darko et al., 2016). In Zambia, consumer preferences for fish are driven 
by cultural and socioeconomic factors such as ethnicity and wealth 
(Genschick et al., 2018). Preference for tilapia over other fish species in 
many African countries is shaped by hedonic attributes such as taste, 
colour, and freshness (Obiero et al., 2014; Darko et al., 2016). It is 
important to note that in terms of immediate utility from a breeding 
program perspective, not all preferred traits in these sorts of studies can 
be selected for genetic modification. This study focuses only on traits 
that can be included in genetic improvement programs. 

A study in Egypt for example, found gender and wealth differences in 
consumer preferences for different morphological measurements and 
sizes of tilapia, suggesting better product targeting when considering 
these differences (Murphy et al., 2020). In Bangladesh and India, Mehar 
et al. (2022) found different gender and geographical differences in 
preferences and overall ranking of different fish species. Similar studies 
on preferences for tilapia in Bangladesh concluded that farmers and 
breeders could respond to preferred traits such as freshness, taste, or size 
by improving farm management and value chain practices (Mehar et al., 
2023). Expressing preferences into well-defined traits and assessing 
trade-offs in genetic improvement programs can make fish value chains 
more inclusive (McDougall et al., 2022). 

This study explored tilapia trait preference rankings of women and 
men consumers from different socioeconomic groups across four major 
urban sites in Zambia. The study's two main objectives were to: 1) 
generate more precise information on the morphometric traits of farmed 
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tilapia considered by consumers; and 2) determine whether tilapia trait 
preference rankings differ by sex and socioeconomic status of the 
consumer. 

2. Methods and materials 

This study adopted a mixed-methods research approach that 
involved two stages of inquiry. The first was an initial qualitative 
scoping study on tilapia products available in the urban market and the 
trait measurements and characteristics reported by different end-user 
groups. The scoping study informed the design of the second stage of 
the research, which was a quantitative study on farmed tilapia trait 
preference rankings of urban consumers differentiated by socioeco
nomic status and sex. 

2.1. Qualitative scoping study 

Between October and December 2017, the qualitative scoping stage 
of the research was carried out in four district capitals of Zambia: 
Lusaka, Ndola, Kitwe, and Solwezi. Semi-structured interviews were 
conducted with a diverse group of value chain actors, including pro
ducers, traders, retailers, and consumers (Table 1). The main goal of this 
stage of the research was to record descriptions of tilapia products that 
different value chain actors produce, trade, and consume to inform the 
design of the second stage rankings survey. Specifically, the scoping 
study identified candidate variables of priority tilapia traits and gener
ated mean estimates of their morphometric measurements and charac
teristics. Two aids were employed when interviewing respondents: 1) an 
anatomical picture reference of a Nile tilapia (Fig. 1); and 2) a tilapia 
trait dictionary. 

Trait dictionaries have been used as methodological tools in 
phenotypic data collection by several breeding centres across the CGIAR 
network (Shrestha et al., 2010, 2012). These tools were first developed 
by the Gene Ontology Consortium to provide “controlled vocabularies” 
from a validated set of lexicons to ensure data collection of relevant 
descriptions of the biological attributes of gene products (Ashburner 
et al., 2000; Smith et al., 2007). In this study, the tilapia trait dictionary 
was designed to help enumerators target detailed characterizations of 
tilapia morphology by providing a list of phenotypic traits and scales of 
measurement that were breeder-defined and market-tested (Ashburner 
et al., 2000; Shrestha et al., 2010, 2012; Smith et al., 2007). 

It is worth noting that several terms emerged in the development of 
the trait dictionary, which echoed findings in the wider literature of food 
studies and portion-size estimation research regarding variance in “palm 
size” and “fillet size” descriptions among consumers (Anderson et al., 
2008: p. 40; Faulkner et al., 2016: p. 2379; 2017: p. 202; Flynn et al., 
2012: p. 522). Caution was taken when examining mean estimates from 
the qualitative sample to draw our primary phenotypic measurements of 
body length, body width, and body height. This was supplemented with 
an additional supermarket and street survey of frozen and fresh tilapia 
products, which provided rough benchmarks not only on fillet size, but 
also on pricing, packaging, and product characteristics such as carcass 
colour and origin of source (Table 2). 

The qualitative interviews that were conducted generated some 
interesting perceptions from different value chain actors about what 

characteristics customers (and consumers more specifically) from urban 
markets in Zambia prefer in their tilapia. We present a few of these in
sights here to showcase how they helped inform the design of the 
quantitative study described further below. 

A sales manager from Chilenje (Lusaka) reported that, 

“Customers know the colour of the Kafue and the Lake Kariba farmed 
fish. There is a slight difference in the colours. Kafue is a little redder 
on the under belly. People say this fish tastes better, so they look for 
the redness” (October 26, 2017). 

A sales manager from a nationwide supermarket operating in Lusaka 
pointed out that his customers mainly look at the colour and size of fish 
when they buy fresh tilapia. The sales manager went on to explain that 
he felt most consumers like the darker colour of the tilapia produced by 
one of the large fish farms in Lake Kariba. Concerning the sizes of tilapia 
that different customers prefer, he said, 

“Restaurants tend to like the smaller sizes. Most consumers like the 
medium size and the guys [men] they sometimes buy the big size to 
throw on the braai [a space for grilling meats outdoors]” (October 
29, 2017). 

From the qualitative interviews, preferences for colour and product 
origin seem to differ by region, with one retailer in Solwezi explaining 
supply source is also involved, 

"Tilapia is the most sold fish. Consumers like it the most. They do not 
want the fish imported from China when they come here. They do 
not want the fish [from the largest importer in the country]. Farmed 
fish [from Lake Kariba] is darker and bigger and the fish imported 
from China is lighter [in colour] and smaller” (October 17, 2017). 

Finally, a woman consumer purchasing tilapia in Kitwe explained that 
she prefers to buy darker coloured fish to the lighter coloured fish 
because the former is “more tasty.” She also commented on the size 
preferences of fish in her household, explaining that, 

Table 1 
Stage one scoping study sample.  

Respondent type Women Men Total 

Consumer 31 24 55 
Informal fish retailer 17 6 23 
Shop or supermarket manager 2 7 9 
Wholesaler or distributor 1 4 5 
Small-scale fish farmer 3 11 14 
Large-scale fish farmer 1 2 3 
Total 55 54 109  

Fig. 1. Anatomical picture reference of a tilapia product used as an interview 
aid in the study. 

Table 2 
Supermarket survey results.  

Average supermarket 
monthly sales 

Solwezi Kitwe Ndola Lusaka #Fish Fish/g 

Tilapia Family Pack 55 69 99 284 5.5 181.82 
Tilapia Small Family 

Pack 
98 78 112 198 7.4 135.14 

Tilapia Medium (size) 138 47 69 194 6.2 161.29 
Tilapia Small (size) 133 146 189 210 7.8 128.21 
Mixed Red Tilapia 17 47 34 95 8.3 120.48 
Wild Tilapia 368 322 73 189 6.4 156.25 
Fresh Catch - Tilapia 

Whole Round 
0 0 0 64 5.4 185.19  
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“I mostly buy the medium sizes and a few bigger ones because my 
husband likes big fish” (October 19, 2017). 

A stakeholder consultation workshop was held with hatchery operators, 
aquaculture scientists, and public officials, where the scoping study's 
summary trait findings and definitions were presented, discussed, and 
validated. During this one-day assembly in December 2017 at the 
headquarters of the Department of Fisheries in Chilanga, Zambia, thir
teen morphometric traits were identified as candidate response vari
ables to be included in the quantitative study in the second stage of the 
research (Table 3). Arguably, we could have included additional traits to 
better reflect the range of choice options for body weight, width, length, 
and height, head and tail size, and skin colour. For example, we asked 
about “smaller” versus “larger” body weight and indicated “smaller” 
means <300 g, while “larger” means >300 g. We could have instead 
proposed a range of options such as “small,” “medium,” and “large” and 
provided a range for each. We opted for fewer traits with key cut-off 
points because we felt that including more traits in this study could 
lead to the collection of less reliable data given the additional choice 
options and time needed to choose between different tilapia traits. 

2.2. Quantitative trait preference rankings survey 

A quantitative trait preference rankings survey was carried out be
tween June and July 2018 in the same four urban district capitals as 
those included in the scoping study. The survey was conducted with 313 
consumers (Table 4) from among 23 markets where fish and other 
produce are sold (Fig. 2). Urban consumers were chosen as the focal end- 
user group for the quantitative study given that much of the tilapia 
produced by the commercial sector in the country is sold in these urban 
areas (Kaminski et al., 2018). The consumer sample was identified using 
a stratified probability-sampling framework. District sub-samples were 
determined based on the relative number of functioning markets in each 
district town to the total number of markets across all four district 
towns. Consumers were randomly selected within markets by enumer
ators who invited every fourth person in a particular market to interview 
as they conducted transect walks. 

The survey was administered using the 1000minds “Potentially All 
Pairwise RanKings of all possible Alternatives” (PAPRIKA) method 
(Hansen and Ombler, 2008; Lee et al., 2015; Moreno-Calderón et al., 
2020)7 utilizing tablets and accompanied by the anatomical picture 
reference of a Nile tilapia. The PAPRIKA method is a common approach 
in plant and animal breeding research that elicits preferences in an 
adaptive, interactive, and automated manner by asking the fewest 
number of trade-off questions needed to pairwise rank all hypothetical 
alternatives, either explicitly or implicitly, using two traits at a time 
(Claret et al., 2012; Cox et al., 2007; i Furnols et al., 2011; Slagboom 
et al., 2016). In our study, consumers were presented with a choice 
between two alternative tilapia traits (see Fig. 3 for an example). 
Following their selection, the rankings were registered, and a binary 
weight (0/1) was assigned to each trait before a new choice of alter
natives was presented. With each trait selection, the preferences of 
consumers were logged as an explicit pairwise ranking until all traits 
were scored either explicitly or implicitly by association of their relative 
weighting to other implicitly ranked pairings (Hansen and Ombler, 
2008; Sullivan and Hansen, 2017). 

2.3. Quantitative data analysis strategy and variable descriptions 

Given that rankings tend to follow a non-normal distribution (Lako 
et al., 2018; Lawless and Heymann, 2010; Silva et al., 2020), response 
variables were examined using the Shapiro-Wilk test. The test observed 
non-normal distributions of all morphometric trait preference rankings. 
Accordingly, we employed a nonparametric local-linear kernel regres
sion model to examine the effect of the independent variables of interest 
(sex and socioeconomic status (SES) of the consumer) on the preference 
rankings for a particular trait, holding several covariates constant. In 
this model type, the relationship between the preference trait rankings 
and the independent variables was modelled in linear form by esti
mating a weighted mean within a local neighbourhood of each obser
vation (Cid and von Davier, 2015). 

Following Rios-Avila (2020), the nonparametric regression model of 
the preference rankings for a particular trait of tilapia product (yi

)
given 

the k dimensional vector of exogenous variables (Wi) is given by 

yi = g(Wi)+ εi (1) 

Eq. (1) assumes that E(εi) = 0; W is related to y through some un
known nonlinear functional form; y is locally linear, or differentiable, at 
the point Wi = a; no omitted variable problem exists. The function g(.), 
which makes no known functional form, can be estimated by modelling 
the conditional mean function as a locally weighted average estimator 
given as 

ĝ(w) = E(yi)|Wi = w) =

∑
yiK(Wi,w, h)

∑
K(Wi,w, h)

Where h =
{
hw1,…hwk

}
is a vector of bandwidths, K(⋅) is a joint kernel 

function given as 

K(Wi,w, h) =
∏k

j=1
Kj
(
Wij,wj, hwj

)

Table 3 
Morphometric trait variables.  

Morphometric trait 
variable 

Variable description 

Larger body weight Total weight including gut and gonads >300 g 
Smaller body weight Total weight including gut and gonads <300 g 
Thicker body width Distance along first ray of dorsal fin >3.8 cm 
Slimmer body width Distance along first ray of dorsal fin <3.8 cm 

Longer body length Distance from upper lip of mouth to end of caudal fin 
>22 cm 

Taller body height Distance between cranial point of pectoral fin and lateral 
line >6.9 cm 

Shorter body height 
Distance between cranial point of pectoral fin and lateral 
line <6.9 cm 

Larger head size 
Distance from cranial point of upper lip to rear 
operculum >6.1 cm 

Smaller head size Distance from cranial point of upper lip to rear 
operculum <6.1 cm 

Larger tail size Distance along fin edge from front to rear of caudal fin 
>4.4 cm 

Smaller tail size 
Distance along fin edge from front to rear of caudal fin 
<4.4 cm 

Darker skin colour 
Reported as darker or reddish flesh colour of scales or 
underbelly 

Lighter skin colour Reported as lighter or pale flesh colour 

grams (g); centimeters (cm). 

Table 4 
Stage two quantitative study sample.  

District Women Men Total 

Lusaka 72 39 111 
Kitwe 33 45 78 
Solwezi 31 21 52 
Ndola 28 44 72 
Total 164 149 313  

7 https://www.1000minds.com/paprika 
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and Kj
(
Wij,wj, hwj

)
is a kernel function defined by the point of reference 

wj and the bandwidth hwj 

Kj
(
Wij,wj, hwj

)
= kj

(
Wij − wj

hwj

)

(2) 

Eq. (2) assigns a higher weighting value to observations closer to the 
explanatory variable and a lower weighting value to observations 
distant from the explanatory variable and uses the vector of bandwidths 
h to determine how much information is used for the estimation of the 
conditional mean (Cattaneo and Jansson, 2018; Kauermann et al., 
1998). This procedure can be implemented in the statistical software 
package Stata using the command npregress kernel. 

The independent variables included in the kernel regression models 
are similar to those included in other recent fish preference and demand 
analyses in and outside of Africa (e.g., see Claret et al., 2012; Murphy 
et al., 2020; Chikowi et al., 2021). The variable indicating sex of the 
consumer = 1 if the respondent was female and zero (0) if male. Three 
binary variables that indicate the consumer's SES were created in the 
following manner. Using a similar approach in Friesen et al. (2016), we 

selected several variables from the original dataset for inclusion in a 
principal component analysis (PCA). PCA is a statistical technique that is 
often used to develop SES indices. The relevant SES variables we 
included in the PCA were: 1) whether meat is consumed daily in the 
household; 2) whether three meals are consumed in the household per 
day; 3) whether children in the household attend private (versus public) 
schools; 4) whether there is access to electricity in the household; and 
5–7) whether someone in the household owns a mobile phone, a 
refrigerator, and a vehicle. After running the PCA, the output listed 
several principal components that are independent orthogonal linear 
combinations of the variables we included in the PCA. These principal 
components were listed in decreasing order of the proportion of the 
explained variance. As is common in such analyses, we chose the first 
component to use as the SES variable as it accounted for the largest 
proportion of the variance (eigenvalue = 1.7; % of the variance = 24.3). 
The SES variable was then ranked into tertiles, dividing consumers into 
roughly three equal groups. This SES categorical variable was used to 
create three binary variables representing low, middle, and high SES. 
Covariates included in the models were age of the consumer (years) and 
their marital status (married = 1, and 0 otherwise), three dummy 

Fig. 2. Maps of district and urban market areas sampled in stage two of the research.  
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variables indicating the level of educational attainment of the consumer 
(primary, secondary, or tertiary), household size, and four dummy 
variables representing the districts included in the study. 

We focused our descriptive statistics and regression analysis in this 
paper on six trait preferences with median rankings that scored in the 
top six preferences of at least 40% of the overall sample.8 This was 
considered an adequate cut-off point for ensuring sampling rigour 
following reports from previous studies (Pryce et al., 2018). Boxplots 
were used to provide a graphical summary of data to identify the median 
values for preference rankings by consumers. Wilcoxon rank-sum test 
and the Kruskal-Wallis equality-of-populations rank test were conducted 
to determine whether medians of trait preference rankings between 
women and men consumers and between consumers of different SES 
were significantly different. Lower values of trait rankings indicate a 
stronger preference by consumers, while higher values indicate a weaker 
preference. We used Stata 16.0 (StataCorp, College Station, TX, USA) to 
carry out all our analyses. 

3. Results 

Box plots indicating median consumer trait preference rankings 
overall and by sex of the consumer are presented in Fig. 4. Among all 
consumers, thicker body width was ranked highest, with a median rank 
(and 25th, 75th percentiles in parentheses) of 3.0 (1.5, 4.0). In overall 
trait preference rankings, thicker body width was followed by larger 
body weight at median rank 4.0 (2.0, 7.0) and darker skin colour at 
median rank 4.0 (2.0, 9.0), larger head size at median rank 5.0 (3.0, 9.5), 
and longer body length and taller body height of 6.0 (4.0, 8.0) and 6.0 
(4.0, 8.5), respectively, as the fifth and sixth median ranked traits. 

When disaggregated by sex of the consumer, median preference 
rankings significantly differed between women and men consumers for 
five tilapia traits, including three traits that were ranked in the top six 
most preferred traits of the overall sample. Among these three more 
preferred traits, men reported a stronger preference for larger body 
weight (p < 0.001), darker skin colour (p < 0.05), and taller body height 
(p < 0.05) compared to women. Women reported a stronger preference 

for shorter body height (p < 0.01) and smaller body weight (p < 0.001) 
compared to men. These two traits were ranked 7th and 12th by the 
overall sample. 

The analysis found two significant differences in median trait pref
erence rankings across the three SES groups for the traits darker skin 
colour and larger tail size (Table 5). Consumers from the low and high 
SES groups indicated they preferred darker skin colour (p < 0.05), with 
median preference rankings of 4.0 (1.8, 7.0) for the low SES group and 
4.0 (2.0, 8.5) for the high SES group compared to 5.0 (3.0, 10.0) for the 
middle SES group. Consumers from the middle and high SES groups 
reported that they preferred larger tail size (p < 0.05) more compared to 
consumers from the low SES group, with rankings of 7.0 (4.0, 9.0) and 
7.0 (4.0, 10.0) for the middle and high SES groups, respectively, and 8.0 
(6.0, 10.5) for the low SES group. 

The descriptive statistics for the variables that were included in the 
six kernel regression models are presented in Table 6. Of the 313 tilapia 
consumers surveyed, 52% were women. As was previously detailed, 
consumers were ranked into roughly equal groups indicating their SES. 
Mean age of the sample was 31.8 ± 0.6 years old. Only 54% of the 
sample indicated they were married and 60% indicated they attained 
their secondary education. Mean household size was 5.2 ± 0.1 mem
bers. Thirty-five percent of the consumers were surveyed in markets in 
Lusaka District, while 25%, 23% and 17% were surveyed in markets in 
Kitwe, Ndola, and Solwezi Districts, respectively. 

Results from running the six kernel regression models are presented 
in Table 7. The average predicted values (or conditional means) of the 
six trait preference rankings, holding all the independent variables 
constant, are presented at the top of the table. When looking at the re
sults from left to right of the table, consumers ranked thicker body 
weight highest (3.5 ± 0.2), followed by larger body weight (4.9 ± 0.2) 
and darker skin colour (5.6 ± 0.3), compared to the other three traits 
included in the analysis. 

Interpretation of the marginal effect of a trait preference ranking 
with regards to the independent variables of interest (sex and SES of the 
consumer) requires some care as a positive estimate indicates lower, not 
higher, preference for a trait. For example, when the effect of the vari
able sex of the consumer (female = 1) is positive, it indicates that women 
had lower preference for the trait compared to men. This is shown in 
Table 7, where the effect of being female on the preference ranking for 
thicker body width was 0.8 ± 0.4, indicating that women had a lower 
mean preference for the trait than men by 0.8. Similarly, women 

Fig. 3. Example of 1000minds survey question presented during stage two of the research.  

8 Note, regression analyses of the effects of the independent variables on the 
preference rankings of the other seven less preferred traits were also carried 
out. Results can be found in Appendix I. 
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consumers had a lower mean preference ranking for tilapia of larger 
body weight (bigger size) than men consumers. The magnitude of this 
effect of being female on this trait preference ranking was estimated to 
be relatively large (2.8 ± 0.5), suggesting clear differences between 
women and men consumers' preferences for bigger-sized tilapia by an 

order of almost three ranking places. While there was no statistically 
significant sex effect on the preference ranking for the darker skin colour 
trait, the effect of being a consumer of middle SES on this trait was 
statistically significant and relatively large (1.6 ± 0.6). This suggests 
consumers of middle SES had lower mean preference for darker skin 
tilapia compared to consumers of low SES. Concerning the other three 
trait preference rankings for larger head size, longer body length, and 
taller body height, the study found no statistically significant sex or SES 
effects on the preference rankings for these traits except for taller body 
height. Women consumers had a lower mean trait preference ranking for 
taller body height (0.7 ± 0.4) than men consumers. 

While the effects of district location on the trait preference rankings 
were not the focus of the study, the analysis did find that consumers 
from Lusaka District had higher mean preference rankings for larger 
head size compared to consumers from Kitwe District and the magnitude 
of the effect was estimated to be relatively large at − 1.9 ± 0.6. In 
addition, consumers from Solwezi District had lower mean preference 
rankings for thicker body width (1.2 ± 0.6) compared to consumers 
from Kitwe District. And consumers from Ndola District had lower mean 
preference rankings for taller body height (1.1 ± 0.5) compared to 
consumers from Kitwe District. 

Fig. 4. Box plots indicating median consumer trait preference rankings for the overall sample (left-sided figure) and disaggregated by sex of the consumer (right- 
sided figures). 

Table 5 
Median trait preference rankings by socioeconomic status.     

Socioeconomic status (SES)  

Tilapia trait Total Low Middle High p-value 

Thicker body width 3.0 (1.5, 4.0) 3.0 (1.5, 4.0) 3.0 (1.5, 5.0) 3.0 (1.5, 4.0) 0.923 
Larger body weight 4.0 (2.0, 7.0) 4.0 (2.0, 7.0) 4.0 (2.0, 8.0) 3.0 (2.0, 7.0) 0.471 
Darker skin colour 4.0 (2.0, 9.0) 4.0 (1.8, 7.0) 5.0 (3.0, 10.0) 4.0 (2.0, 8.5) 0.019 
Larger head size 5.0 (3.0, 9.5) 5.3 (3.0, 9.0) 5.0 (3.0, 9.0) 5.0 (3.3, 10.0) 0.832 
Longer body length 6.0 (4.0, 8.0) 7.0 (4.0, 9.0) 6.0 (4.5, 9.0) 6.0 (4.0, 8.0) 0.310 
Taller body height 6.0 (4.0, 8.5) 6.8 (5.0, 8.5) 6.0 (4.0, 8.5) 6.0 (4.0, 8.0) 0.161 
Shorter body height 7.0 (5.0, 9.5) 7.0 (4.5, 9.0) 7.0 (4.0, 10.0) 7.0 (5.0, 9.5) 0.542 
Larger tail size 7.5 (5.0, 10.0) 8.0 (6.0, 10.5) 7.0 (4.0, 9.0) 7.0 (4.0, 10.0) 0.018 
Lighter skin colour 9.0 (5.0, 12.0) 9.3 (6.5, 12.0) 8.0 (4.0, 11.5) 10.0 (6.5, 12.0) 0.102 
Smaller tail size 9.0 (6.0, 11.0) 8.8 (5.3, 10.0) 9.5 (6.0, 11.0) 8.5 (6.0, 10.5) 0.186 
Smaller head size 9.0 (6.0, 11.0) 8.8 (5.0, 10.5) 9.0 (6.0, 10.5) 9.5 (7.0, 11.0) 0.164 
Smaller body weight 9.5 (6.0, 11.0) 9.5 (5.0, 11.8) 9.0 (5.0, 11.0) 10.0 (7.8, 11.8) 0.078 
Slimmer body width 10.5 (8.5, 12.0) 10.8 (8.8, 12.0) 11.0 (9.0, 12.0) 10.5 (8.0, 12.0) 0.908 

Median trait preference rankings reported (25th, 75th percentiles in parentheses). A Kruskal-Wallis test was used to determine any median differences in trait 
preference rankings across the three SES groups. Total sample (N = 313); Low SES (n = 108); Middle SES (n = 101); and High SES (n = 104). 

Table 6 
Descriptive statistics of variables included in the kernel regression models.  

Variable Mean SE 

Sex of the consumer (female = 1) 0.52 (0.03) 
Low SES 0.35 (0.03) 
Middle SES 0.32 (0.03) 
High SES 0.33 (0.03) 
Age of the consumer (years) 31.75 (0.61) 
Marital status (married = 1) 0.54 (0.03) 
Primary education attained 0.20 (0.02) 
Secondary education attained 0.60 (0.03) 
Tertiary education attained 0.19 (0.02) 
Household size (number) 5.22 (0.14) 
District - Lusaka 0.35 (0.03) 
District - Ndola 0.23 (0.02) 
District - Kitwe 0.25 (0.02) 
District - Solwezi 0.17 (0.02) 

Sample size N = 313 consumers. Standard errors (SE); socioeconomic status 
(SES). 
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4. Discussion 

Across the aggregate sample in our study, six morphometric traits 
emerged as being most preferred by urban consumers (1st to 6th in 
rankings). These six traits, in order of overall preference, were: thicker 
body width, larger body weight, darker skin colour, larger head size, 
longer body length, and taller body height. Of these six traits, men 
ranked three of them higher than women did, including thicker body 
width, larger body weight, and taller body height. Two of the seven 
traits ranked lowest by the overall sample (7th to 13th in rankings) were 
ranked higher by women consumers than by men consumers. These two 
traits were shorter body height and smaller body weight. Two median 
trait preference rankings for darker skin colour and larger tail size were 
found to be significantly different across the three SES groups. 

Most differences between women and men held after running the 
nonparametric kernel regression models that controlled for several 
covariates believed to influence consumer demand and preferences. 
Women consumers had lower preference ranking of larger body weight 
(bigger-sized fish) and much stronger preference for smaller body 
weight (see Table 8 in Appendix I) than men consumers. Research 
suggests that women's consumption of smaller fish products may be 
influenced by household dietary strategies and the need to incorporate 
fish into children's meals (Ahern et al., 2020). Adding to this, studies 
have found that Zambian consumers prefer to eat smaller fish whole 
rather than divide and share one large portion (Avadí et al., 2022; 
Malumbe and Musuka, 2013). Consuming smaller-sized fish in Zambia 
may also be driven by economic considerations as lower-income con
sumers purchase cheaper fish products (Genschick et al., 2018). While 
unfounded in the literature, men may prefer bigger-sized fish simply 
because they require on average more calories per day than women. 

The results from our study have significant implications for genetic 
improvement programs that select for growth, among other traits like 
disease resistance (Benzie et al., 2012; Gjedrem et al., 2012; Khaw, 
2015; Ponzoni et al., 2011; Tran et al., 2021), to cater for the variability 
in the sizes of fish products preferred across different consumer groups 
in Zambia. The results are also important for informing the production 
and marketing strategies of tilapia farmers using both improved and 
non-improved strains depending on access in Zambia. Echoing argu
ments made by Genschick et al. (2018), these findings suggest that some 
producers in the aquaculture industry in Zambia could aim to produce 
and supply smaller fish products to meet the market demand for smaller- 
sized fish that is more preferred by urban women consumers, while 
simultaneously meeting the demand of men consumers who generally 
prefer larger-sized fish. Import suppliers are already doing this to some 
degree as they import tilapia of different sizes targeted to specific 

consumer segments (Kaminski et al., 2018). Domestic fish farms could 
complement these efforts, for instance, by shortening the production 
cycle and harvesting fish at a smaller size. In theory, if there is a market 
for smaller-sized tilapia, this creates an opportunity for smallholder 
producers using more extensive fish farming practices and who may 
otherwise struggle to produce larger-sized fish (Kaminski et al., 2018) to 
produce smaller-sized fish and fill this niche in the market (Dan and 
Little, 2000). A recent study by Kaminski et al. (2024) details how 
shorter production cycles and targeted production of smaller-sized fish 
can reduce feed conversion ratios (FCR) and increase cash flows for 
smallholder producers. Furthermore, the strategy of purposely produc
ing smaller-sized fish may allow producers to double stock mixed-sex 
fingerlings in ponds and/or cages and potentially forego sex reverse 
hormones that are often difficult to access by smallholder producers 
(Bostock et al., 2022). 

Regression estimates also predicted stronger preference among men 
consumers for thicker body width and taller body height. Notably, these 
included preferences for selective breeding traits that are recognized for 
their high heritability values and genetic correlation to harvest weight 
(Charo-Karisa et al., 2007; Fernandes et al., 2015; Mengistu et al., 2020; 
Nguyen et al., 2007; Reis Neto et al., 2017), as well as their breeding 
value to strains adopted in low-input pond systems (Charo-Karisa et al., 
2007; Mengistu et al., 2020). Genetic improvement programs in Zambia 
that employ socially inclusive selective breeding techniques may use 
these findings to inform which morphometric traits they focus on and 
include in their product profiles, although additional studies are 
required to understand the trade-offs and implications of prioritizing 
these traits over the welfare of diverse consumer groups. Cost-benefit 
analyses are further needed to assess the overall marketability and 
profitability of selecting for such traits, especially factoring in market 
prices and whether they are determined by weight rather than size of 
fish. While the trial by Kaminski et al. (2024) suggests that growing 
smaller-sized fish has significant effects on FCR, the profitability was 
lower than growing larger-sized fish, though this depended on the 
context and costs of each producer. 

Certain preferences such as darker skin colour, larger head size, and 
longer body length – traits preferred by consumers in urban markets – 
could also be a focus of future genetic improvement programs. The study 
found that consumers of lower SES prefer tilapia of darker skin colour 
more than consumers from middle SES. We are not aware of any con
sumer studies in Zambia that have explored this topic in detail. Our 
qualitative scoping study provided some indication that skin colour is 
important as an indicator used by consumers to identify better tasting 
fish and/or the source of fish (i.e., domestically produced or imported). 
Together these mixed-methods results could inform future research that, 

Table 7 
Kernel regression estimates of the mean of six tilapia trait preference rankings as a function of sex and socioeconomic status of consumers and other covariates.   

Thicker body width Larger body weight Darker skin colour Longer body length Larger head size Taller body height  

Estimate Estimate Estimate Estimate Estimate Estimate 

Conditional mean 3.54 (0.16)*** 4.89 (0.20)*** 5.60 (0.26)*** 6.20 (0.17)*** 6.21 (0.22)*** 6.48 (0.17)*** 
Effect             
Sex of the consumer (female = 1) 0.77 (0.35)* 2.82 (0.45)*** 0.76 (0.57) − 0.37 (0.40) 0.57 (0.51) 0.70 (0.36)* 
Middle SES 0.01 (0.41) − 0.33 (0.55) 1.61 (0.62)** − 0.38 (0.50) 0.07 (0.50) 0.00 (0.47) 
High SES 0.21 (0.41) − 0.55 (0.54) 0.73 (0.64) − 0.86 (0.49) 0.32 (0.55) − 0.78 (0.44) 
Age of the consumer (years) 0.00 (0.02) 0.03 (0.03) 0.07 (0.03)* − 0.01 (0.02) 0.05 (0.03) − 0.01 (0.02) 
Marital status (married = 1) 0.11 (0.34) 0.09 (0.48) − 0.36 (0.52) 0.16 (0.40) 0.40 (0.55) 0.49 (0.38) 
Secondary education attained − 0.23 (0.47) 0.09 (0.54) − 0.54 (0.65) − 0.38 (0.48) 0.71 (0.62) 0.08 (0.44) 
Tertiary education attained 0.33 (0.68) 0.76 (0.72) − 0.30 (0.93) 0.62 (0.70) 0.65 (0.79) 0.03 (0.58) 
Household size (number) − 0.04 (0.07) 0.03 (0.09) − 0.06 (0.11) 0.10 (0.09) 0.03 (0.11) 0.05 (0.09) 
District - Lusaka 0.45 (0.41) 0.15 (0.60) 0.03 (0.62) − 0.58 (0.49) − 1.94 (0.62)** − 0.34 (0.42) 
District - Ndola 0.34 (0.43) − 0.35 (0.53) − 0.04 (0.69) − 0.06 (0.49) − 0.63 (0.66) 1.06 (0.48)* 
District - Solwezi 1.17 (0.58)* − 0.08 (0.67) − 0.54 (0.75) − 1.00 (0.57) − 0.01 (0.79) − 0.15 (0.57) 
Bandwidth observations 304  304  304  304  304  304  
R2 0.56  0.60  0.58  0.61  0.57  0.52  

Sample size N = 313 consumers. Kernel regression estimator used with bandwidth parameters set at 400 replications. Standard errors (in parentheses) were calculated 
using the bootstrap method. * = significance at 0.05; ** = significance at 0.01; and *** = significance at 0.001. 

S. Murphy et al.                                                                                                                                                                                                                                 



Aquaculture 591 (2024) 741110

9

for example, tests whether fish colour (which is easy to measure) could 
be used to select for better fish taste (which is more difficult to measure). 
Nonetheless, more research on this trait preference for darker or lighter 
or different skin colour is needed as many studies elsewhere have shown 
that consumer market preferences are heavily shaped by their preferred 
colour of fish, like in the case of farmed salmon (Alfnes et al., 2006; 
Bjerkeng, 2008; Kawamura et al., 2017). 

There was a significant regional effect on preferences for larger head 
size, with consumers from Lusaka preferring this trait compared to those 
from markets in Kitwe District. In Zambia, preferences for fish heads 
have been reported, particularly among men (Nölle et al., 2020). On the 
Zimbabwean side of Lake Kariba, local markets emerged for tilapia fish 
heads among communities surrounding large-scale fish farms, preferred 
for their culinary and nutritional qualities (Hishamunda and Ridler, 
2006; 7). In Uganda, Nile perch (Lates niloticus) fish heads are the most 
prized by-products of consumers around Lake Victoria due to a belief 
that consuming fish heads increases cognitive ability (Kabahenda and 
Hüsken, 2009). 

While sex or SES of the consumer had no effect on preferences for 
longer body length, this trait was nevertheless important to urban con
sumers as it was ranked among the top six most preferred tilapia traits 
overall. Such findings warrant further investigation, particularly given 
its significance to selective breeding of O. niloticus (Rutten et al., 2004; 
Silva et al., 2015). 

5. Conclusion 

This study examined tilapia trait preference rankings of women and 
men consumers of different socioeconomic status across four major 
urban sites in Zambia. The study found significant differences between 
median preference rankings of women and men consumers for tilapia 
traits ranked both higher and lower by the overall sample. When several 
covariates believed to influence consumer trait preferences for farmed 
tilapia were controlled for in the regression model, strong consumer 
preferences by men for thicker body width, larger body weight, and 
taller body height were found, whereas women had a stronger prefer
ence for smaller body weight. Consumers of lower SES had a stronger 
preference for darker skin colour than consumers of middle SES. 

Overall, the study findings suggest that preferences for farmed tilapia 
traits in Zambia differ across urban consumer groups and should be 
considered when genetic improvement programs set their priority ob
jectives and breeding strategies to ensure they are both gender- 
responsive and pro-poor. Findings also suggest that genetic in
novations alone cannot meet the needs of women, men, and consumers 
of different socioeconomic status, thus there is need for complementary 
production and marketing interventions within the aquaculture industry 
in Zambia. For example, genetic improvement programs could select for 
larger body weight while offering smallholder producers the opportu
nity to cultivate smaller-sized fish using shorter production cycles. 

Whether our study findings can be considered for other species in 
Zambia or for farmed tilapia in nearby countries is unclear due to the 
specificity of the interaction between the species and urban populations 
sampled. Rather, the study findings can be used as starting points to help 
inform qualitative or quantitative studies on trait preferences for other 
species or farmed tilapia in countries in the region. 

In terms of methodological insights from our study, the PAPRIKA 
method used emerged as both effective and appropriate for use and 
should be considered an ideal method for use in future studies. Trait 
preference studies have recently begun to augment the PAPRIKA 
method by including the economic costs associated with each trait in the 
questionnaire as well as the interdependent trade-offs produced by 
choosing one trait over another (Byrne et al., 2016; Kerslake et al., 2015; 
Martin-Collado et al., 2015). The use of economic weighting with 
preference rankings thus allows for further validation of consumer 

demand and market values for traits of interest (Omasaki et al., 2017). 
Also, the combination of qualitative and quantitative methodologies to 
collect our data, along with sound statistical analyses, strengthened the 
reliability and validity of our estimations and model outcomes. These 
methodological considerations underscore the credibility of our findings 
and their applicability to informing targeted interventions in the Zambia 
aquaculture sector, aimed at meeting consumer preferences and 
enhancing market competitiveness. 
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Appendix I  

Table 8 
Kernel regression estimates of the mean of seven tilapia trait preference rankings as a function of sex and socioeconomic status of consumers and other covariates.   

Shorter body 
height 

Larger tail size Smaller tail size Smaller head size Lighter skin 
colour 

Smaller body 
weight 

Slimmer body 
width  

Estimate Estimate Estimate Estimate Estimate Estimate Estimate 

Conditional mean 7.04 
(0.18) 
*** 7.49 

(0.18) 
*** 8.13 

(0.18) 
*** 8.35 

(0.18) 
*** 8.49 

(0.23) 
*** 8.56 

(0.21) 
*** 10.03 

(0.16) 
*** 

Effect               
Sex of the consumer 

(female = 1) − 1.10 
(0.45) 
** 0.52 (0.42) − 0.87 (0.41)* − 0.26 (0.40) − 0.84 (0.56) − 2.29 

(0.50) 
*** − 0.43 (0.35) 

Middle SES 0.00 (0.54) − 1.34 
(0.43) 
** 1.08 (0.47)* 0.39 (0.45) − 1.21 (0.59)* 0.04 (0.61) 0.04 (0.41) 

High SES 0.51 (0.48) − 1.22 (0.51)* 0.52 (0.51) 1.18 (0.51)* − 0.33 (0.64) 0.71 (0.60) − 0.44 (0.43) 
Age of the consumer 

(years) − 0.03 (0.03) − 0.02 (0.03) − 0.01 (0.03) − 0.02 (0.02) − 0.01 (0.03) − 0.02 (0.03) − 0.02 (0.02) 
Marital status (married 
= 1) − 0.06 (0.41) 0.28 (0.47) 0.23 (0.45) − 0.34 (0.43) − 0.72 (0.55) − 0.31 (0.55) 0.05 (0.40) 

Secondary education 
attained − 0.20 (0.55) 1.08 (0.54)* − 1.00 (0.47)* 0.13 (0.50) 0.00 (0.72) 0.18 (0.66) − 0.23 (0.46) 

Tertiary education 
attained − 0.88 (0.67) 0.98 (0.70) − 0.87 (0.59) − 1.04 (0.67) 0.44 (0.87) 0.31 (0.74) − 0.73 (0.66) 

Household size 
(number) 0.16 (0.08)* 0.12 (0.09) − 0.13 (0.10) − 0.06 (0.09) − 0.05 (0.11) − 0.04 (0.10) − 0.07 (0.09) 

District - Lusaka 0.59 (0.50) − 0.15 (0.50) 0.03 (0.53) 1.05 (0.53)* 0.75 (0.65) 0.10 (0.57) − 0.44 (0.45) 
District - Ndola − 0.28 (0.49) 0.47 (0.48) 0.12 (0.52) − 0.12 (0.50) 0.18 (0.70) − 0.04 (0.58) − 0.64 (0.48) 
District - Solwezi 1.50 (0.68)* 0.89 (0.75) − 0.36 (0.65) − 0.34 (0.64) − 0.14 (0.79) − 0.33 (0.64) − 0.62 (0.52) 
Model evaluation               
Bandwidth observations 304  304  304  304  304  304  304  
R2 0.57  0.55  0.56  0.60  0.58  0.60  0.60  

Sample size N = 313 consumers. Kernel regression estimator used with bandwidth parameters set at 400 replications. Standard errors (in parentheses) were calculated 
using the bootstrap method. * = significance at 0.05; ** = significance at 0.01; and *** = significance at 0.001. 

References 

African Development Bank, 2016. Zambia Aquaculture Enterprise Development Project. 
African Development Bank. https://www.afdb.org/en/documents/document/zam 
bia-aquaculture-enterprise-development-project-93700. 

Ahern, M., Mwanza, P.S., Genschick, S., Thilsted, S.H., 2020. Nutrient-Rich Foods to 
Improve Diet Quality in the First 1000 Days of Life in Malawi and Zambia: 
Formulation, Processing and Sensory Evaluation. WorldFish, Penang, Malaysia 
(Program Report: 2020-14).  

Ahmed, N., Young, J.A., Dey, M.M., Muir, J.F., 2012. From production to consumption: A 
case study of tilapia marketing systems in Bangladesh. Aquac. Int. 20, 51–70. 

Akuffo, A.S., Quagrainie, K.K., 2019. Assessment of household food security in fish 
farming communities in Ghana. Sustainability 11 (10), 2807. 

Alfnes, F., Guttormsen, A.G., Steine, G., Kolstad, K., 2006. Consumers’ willingness to pay 
for the color of salmon: A choice experiment with real economic incentives. Am. J. 
Agric. Econ. 88 (4), 1050–1061. 

Anderson, A.S., Barton, K., Craigie, A., Freeman, J., Gregor, A., Stead, M., Tasker, S., 
Wrieden, W.L., 2008. Exploration of Adult Food Portion Size Tools. NHS Health 
Scotland, Edinburgh, Scotland. Retrieved November 15, 2023, from. https://www. 
healthscotland.com/uploads/documents/6505-RE018FinalReport0708.pdf.  

Ashburner, M., Ball, C., Blake, J., Botstein, D., Butler, H., Sherlock, G., 2000. Gene 
ontology: tool for the unification of biology. Nat. Genet. 25 (1), 25–29. 

Ashby, J.A., Polar, V., 2019. The implications of gender relations for modern approaches 
to crop improvement and plant breeding. In: Sachs, C.E. (Ed.), Gender, Agriculture 
and Agrarian Transformations: Changing Relations in Africa, Latin America and 
Asia. Routledge, London, pp. 11–34. 

Asrat, S., Yesuf, M., Carlsson, F., Wale, E., 2009. (Rep.). Environment for Development 
Initiative. Retrieved February 3, 2021, from. http://www.jstor.org/stable/resre 
p14912. 

Avadí, A., Cole, S.M., Kruijssen, F., Dabat, M.-H., Mungule, C.M., 2022. How to enhance 
the sustainability and inclusiveness of smallholder aquaculture production systems 
in Zambia? Aquaculture 547, 737494. https://doi.org/10.1016/j. 
aquaculture.2021.737494. 

Baidu-Forson, J., Ntare, B.R., Waliyar, F., 1997. Utilizing conjoint analysis to design 
modern crop varieties: empirical example for groundnut in Niger. Agric. Econ. 16 
(3), 219–226. 

Banla, E.M., Dzidzienyo, D.K., Beatrice, I.E., Offei, S.K., Tongoona, P., Desmae, H., 2018. 
Groundnut production constraints and farmers’ trait preferences: A pre-breeding 
study in Togo. J. Ethnobiol. Ethnomed. 14, 75. 

Basiita, R.K., Chungu, P., Malambo, T., Hampuwo, B., Kakwasha, K., Chileya, A., 
Siamudaala, V., 2022. Zambia Aquaculture Enterprise Development Project 
(ZAEDP): Genetic Improvement Program. WorldFish, Penang, Malaysia (Program 
Brief: 2022-09).  
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