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a b s t r a c t 

Within socio-ecological systems, actors’ interaction with the system may differ greatly, which is likely to result 

in differences in system understanding. The current work investigated this assumption in the Nile perch fishery 

at Lake Victoria. Specifically, a survey on Nile perch stock level and the drivers behind stock fluctuations was 

conducted with 225 participants with formally versus informally acquired knowledge across Kenya, Tanzania, 

and Uganda. Whereas most participants agreed that the stock has declined, several differences in system under- 

standing were found between types of knowledge acquisition. Specifically, participants with informally acquired 

knowledge focused on examples of fewer drivers related to tangible human activities (e.g., the use of illegal 

fishing gear), whilst participants with formally acquired knowledge used more abstract and a larger variety of 

drivers related to the presence of humans (e.g., overpopulation). These findings confirm that the type of knowl- 

edge acquisition affects system understanding in small-scale fisheries and highlights the importance of assessing 

system understanding of various actors for successful resource management. 
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. Introduction 

The threat of climate change, the dramatic loss of biodiversity, and

ncreasingly limited resources are just some examples of great challenges

umanity is currently facing. To tackle these issues, it is important to un-

erstand the larger system within which these challenges exist. Broadly

peaking, environmental challenges occur at the interface of human be-

avior and the natural environment. That is, both the origin and the

otential solution of environmental problems are grounded in human

ehavior. For instance, scientists agree that human activities are the

ain driver behind global warming ( IPCC, 2014 ) and hence, strategies

or slowing climate change down focus on changes in human behavior

uch as specified in the Paris Agreement ( UNFCCC, 2015 ). 

Socio-ecological system approaches explicitly assume that humans

an act individually and collectively to affect and manage a system

 McGinnis and Ostrom, 2014 ). Thus, socio-ecological system approaches

ave often been used to investigate environmental challenges such as

he management of fisheries ( Guevara et al., 2016 ; Partelow, 2015 ;

ahimi et al., 2016 ) or forestry ( Fleischman et al., 2010 ; Oberlack et al.,

015 ; Partelow, 2018 ). In the current work, we investigate actors’ sys-
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uations at Lake Victoria in East Africa, a socio-ecological system that

s crucial for the livelihoods of millions of people ( Mkumbo and Mar-

hall, 2015 . Specifically, we investigate how actors with formally versus

nformally acquired knowledge and actors from the three riparian coun-

ries differ in their understanding of the fluctuations of the stock and the

rivers behind these fluctuations. Thereby, we aim to gain insights into

oth general effects of knowledge acquisition on socio-ecological sys-

ems and the specific environmental challenges at Lake Victoria. 

.1. Socio-ecological systems: The importance of actors’ system 

nderstanding 

The actors of a resource system constitute a key subsystem in a socio-

cological system ( Ostrom, 2007 , 2009 ) since they can influence all

ther parts of the system through their decisions and the resulting be-

avior, either directly or indirectly ( Elsewah et al., 2015 ). Decisions

nd behavior, in turn, are determined by the actors’ theories and be-

iefs about both the world and the effect of their actions ( Ajzen, 1985 ;

ishbein & Ajzen, 1975 ). For instance, individuals tend to show more
st 2021 
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upport for those policies on climate change mitigation that target fac-

ors which the individual perceives to be relevant for climate change

 Bostrom et al., 2012 ). Similarly, farmers who indicated that biological

ontrol factors play a role in farming also showed more sustainable con-

ervation practices than farmers who did not indicate biological control

actors as important ( Bardenhagen et al., 2020 ). As a consequence, in-

estigating actors’ system understanding is of utmost importance to un-

erstand how actors decide, behave, and eventually affect the system it-

elf. Without this understanding, sustainable management of a resource

ill be difficult if not impossible. 

Importantly, different types of actors in a socio-ecological system

an differ in their system understanding ( Argent et al., 2016 ; Hovardas

 Poirazidis, 2007 ), which likely is due to disparate learning processes.

pecifically, knowledge about a socio-ecological system can be gained

ormally or informally. These two types of learning differ in four key at-

ributes, namely process, setting, purpose, and content ( Malcolm et al.,

003 ). Formal knowledge acquisition is structured by a teacher or a

rainer (process), takes place in a university or school context (setting)

ith the goal of learning (purpose), and focuses on the acquisition of

xpert knowledge of a specific field (content; Malcolm et al., 2003 ).

nformal knowledge, in turn, is more incidental and happens during

veryday activities, takes place at the workplace or the local commu-

ity without a specific curriculum or learning objectives but with the

urpose to be productive in whatever one is doing, and therefore fo-

uses on understanding everyday practice ( Malcolm et al., 2003 ). Others

ave described formal knowledge as being acquired through a formal

et of rules such as the scientific method, and informal knowledge as

eing acquired through an unstructured process ( Raymond et al., 2010 ;

eed, 2008 ), reflecting and summarizing the key attributes described

bove. The key attributes of formal and informal knowledge acquisition

rocesses will have implications for the way individuals think and or-

anize their worldview. Specifically, individuals with formally acquired

nowledge might learn to apply their global, overarching set of rules

llowing them to have a very nuanced and broad view of a system. Fur-

hermore, their knowledge is likely to be explicit as these individuals ac-

uired scientific knowledge that has been written down and published

nd thus has been made explicit before ( Raymond et al., 2010 ). Individ-

als with informally acquired knowledge, in turn, might focus on key

ariables of a system that they encounter on a daily basis, and their

nowledge is likely to be more implicit or even tacit. However, in gen-

ral, definitions of knowledge are overlapping and boundaries are fluid,

eaning that informal knowledge can also be explicit and – vice versa

formal knowledge can be implicit ( Raymond et al., 2010 ). 

Indeed, research showed that disparate types of knowledge acquisi-

ion within a socio-ecological system can lead to different kinds of sys-

em understanding 1 . One study, for instance, compared biologists (i.e.,

ndividuals with formally acquired knowledge) and long-term hobby-

sts (i.e., individuals with informally acquired knowledge) with regard

o their amount and type of knowledge about these systems ( Hmelo-

ilver et al., 2007 ). Whereas both groups showed comparable amounts

f knowledge about aquarium systems, there were qualitative differ-

nces in their knowledge. Specifically, biologists focused more on global

elationships and scientific explanations such as the components of a

ystem, whereas hobby aquarists focused more on local relationships

nd gave more functional concerns and specific examples. A similar
1 Importantly, previous literature often refers to “knowledge ” without explicit 

efinition of this term or related constructs such as beliefs ( Southerland et al., 

015 ). If constructs are defined, definitions vary substantially: Some scholars 

rgue that knowledge is objective and factual and beliefs are not, whereas oth- 

rs argue that knowledge also entails beliefs ( Ennis, 1994 ; Joa et al., 2018 ; 

eo, 2011 ) and that these two constructs are hard to separate empirically 

 Southerland et al., 2015 ). Given this interconnectedness of the constructs and 

ur focus on complex systems, we will use the term “system understanding ” for 

he conglomerate of knowledge, facts, and beliefs, but will refer to “knowledge ”

f this specific term was used in the cited literature. 
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2 
tudy comparing scientists and local land managers of a national park

lso showed that scientists with formally acquired knowledge used

ore generic knowledge with a global perspective, whereas local land

anagers with informally acquired knowledge showed more practical

nowledge ( Avriel-Avni and Dick, 2019 ). Similar expert-expert differ-

nces in types of knowledge have also been demonstrated for other com-

lex systems such as forestry ( Lynch et al., 2000 ), water management

 Hundemer and Monroe, 2020 ; Mehryar et al., 2017 ), vineyards ( Brulé

nd Labrell, 2014 ), or genetics Smith (1990) , and show that there are

multiple paths to expertise ” ( Hmelo-Silver et al., 2007 ). 

The differences in actors‘ knowledge acquisition and resulting sys-

em understanding highlight the importance of a broad assessment of

ll actor types’ to gain a comprehensive system understanding, as the

teadily growing literature on stakeholder engagement and participa-

ion underlines ( Djenontin & Meadow, 2018 ; Reed, 2008 ; Tiller et al.,

016 ; van den Broek, 2019 ; van den Broek et al., 2020 ). Specifically,

or a successful integration of knowledge – and ultimately successful

ystem management – it is vital to not only identify key groups of stake-

olders whose system understanding is critical, but also to find specific

xperts within these groups that have the relevant knowledge ( Patalas-

aliszewska and Krebs, 2016 ; Vitari, 2011 ). Only when all key actors’

ystem understanding is assessed correctly and considered in decision

aking, policies can target the most important factors which increases

he chances of successful management of resources ( Elsewah et al.,

015 ). In the current work, we test whether the effects of formal and

nformal knowledge acquisition also apply to the specific case of small-

cale fisheries at Lake Victoria and therefore, whether the assessment

f a wide range of actors can contribute to the management of these

sheries. With this, we aim to extend the literature on the effects of

nowledge acquisition on decision-making and behavior by extending

hem to a new setting. Furthermore, we aim to contribute to literature

n the management of small-scale fisheries by applying a psychological

erspective based on learning. 

.2. Small-scale fisheries: The case of Lake Victoria 

Small-scale fisheries such as at Lake Victoria ( Downing et al., 2014 )

re a prime example of complex and dynamic socio-ecological systems

acing environmental challenges. With a surface area of 68,800 km 

2 ,

ake Victoria is Africa´s largest lake and is shared by Tanzania (51%),

ganda (43%), and Kenya (6%). In the 1950s, the Nile perch ( Lates

iloticus ) was introduced in Lake Victoria, which resulted in the decline

nd extinction of more than 500 endemic fish species ( Mkumbo and

arshall, 2015 ). However, the introduction of the Nile perch also led

o an extremely valuable export-orientated fishery that generates sig-

ificant revenue and earnings for the three riparian countries and their

opulations ( Josupeit, 2006 ; van der Knaap, 2006 ; van der Knaap and

igtvoet, 2010 ). Currently, Lake Victoria provides the largest fresh wa-

er small-scale fishery in the world (M. Njiru et al., 2008 ). 

As many small-scale fisheries, Lake Victoria faces a multitude of

ocio-ecological, economic, and institutional challenges ranging from

estructive fishing gears and methods, illegal, unreported, and unregu-

ated fishing, open access, overfishing, weak management regimes and

omplex co-management structures, to pollution and climate change

 FAO/RAP/FIPL, 2004 ; Luomba et al., 2016 ; J. Njiru et al., 2018 ;

ong et al., 2020 ; van den Broek, 2019 ). Most of these environmen-

al challenges have anthropogenic origins and heavily affect the entire

sheries ecosystem. Specifically, growing populations, high levels of un-

mployment, and few alternative livelihood opportunities in the region

ontribute to the attraction of the fisheries for employment, thereby ex-

cerbating unsustainable levels of fishing. Illegal fishing gears such as

mall-meshed nets and beach/boat seines that target small, juvenile fish

ay negatively impact total stock levels ( Mkumbo and Marshall, 2015 ).

urthermore, urbanization, industrialization, and intensive agricultural

ractices lead to pollution of fish habitats. These factors, coupled with

 lack of joint regulations and enforcement strategies across riparian
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2 These questions were only included after the first participants (almost ex- 

clusively researchers and policy-makers) had difficulties using a graph drawing 

exercise designed to assess changes in the Nile perch stock. Therefore, the graph 

drawing task was removed and these two questions were added, leading to miss- 

ing values on these two items for the first participants. Furthermore, following 

these two items, the survey also included items assessing specific changes of the 

Nile perch stock (see materials online). However, the reliability was not satis- 

factory ( 𝛼 = .40), which was likely due to very specific wording that is not trans- 

latable to some of the local languages. Therefore, these items were not analyzed 

further. 
ountries and environmental degradation resulting from climate change,

ose a complex environmental challenge at Lake Victoria (J. Njiru et al.,

018 ). 

Considering the importance of the Nile perch fishery for the liveli-

ood in the riparian countries and their populations ( Mkumbo and Mar-

hall, 2015 ), assessment and monitoring of the fish stock and the preven-

ion of a possible tipping point is of utmost importance. Hydro-acoustic

urveys from 1999 until 2011 showed an overall decline in Nile perch

iomass ( Taabu-Munyaho et al., 2014 ), whereas the most recent hydro-

coustic survey suggests an increase in Nile perch biomass from 2018

o 2019, though limited to Tanzania and Uganda ( LVFO, 2019 ). Impor-

antly, research is inconclusive regarding the factors influencing the Nile

erch stock ( Taabu-Munyaho et al., 2014 ), so called drivers . Some argue

hat the main drivers of the fluctuating Nile perch stock are fishing ef-

ort ( Mkumbo and Marshall, 2015 ; Mkuna and Baiyegunhi, 2019 ; M.

jiru et al., 2008 ) and related factors such as illegal fishing gear and

ethods ( Luomba et al., 2016 ), while others argue that eutrophication

evels are the key issue at the lake ( Kolding et al., 2008 ). 

This lack of scientific consensus regarding the drivers of the Nile

erch stock makes effective policy-making difficult, as it remains un-

lear what factors should be prioritized to manage the stability of the

ile perch stock. Furthermore, other, non-scientific system actors’ such

s fishers might perceive the Nile perch stock and its drivers differently,

hus hindering acceptance of and adherence to polices targeting drivers

hat they perceive as irrelevant. Additionally, given the extensive sur-

ace area of the lake and the different policies and enforcement strategies

n the riparian countries, actors in different areas might have entirely

ifferent experiences and will thus differ in their understanding about

he Nile perch stock and its drivers as well. 

.3. Aims of the present research 

The main aim of the current work was to investigate similarities and

ifferences in key actors’ perceptions of Nile perch stock level and sys-

em understanding regarding the drivers of the Nile perch stock at Lake

ictoria. Key actors represented groups with formal and informal knowl-

dge acquisition from the three riparian countries. Different aspects of

ystem understanding were compared across these types of actors: the

ype of perceived drivers, the number of perceived drivers, and level of

bstraction of the perceived drivers. Differences in types of perceived

rivers reflect the specific focus of knowledge, whereas differences in

he number and level of abstraction of perceived drivers may reflect

ifferences in terms of complexity thinking in relation to the socio-

cological system. Thereby, this work aims to provide insights into the

ffect of knowledge acquisition and regional residence on (i) actors’ un-

erstanding of complex socio-ecological systems in general and (ii) the

nvironmental challenges of the Nile perch fishery at Lake Victoria in

pecific. 

. Methods 

.1. Sample 

To assess individuals from both types of knowledge acquisition, we

elied on different professions. The main profession groups in the Lake

ictoria fisheries are crew members (the individuals going out on the

oat to fish), boat owners (normally stay at the shore), workers in

he fishing industry (fish traders/processors, individuals loading the

rucks with fish), gear makers/repairers, fish agents, and gear sellers

 URT, 2016 ). For the group with informally acquired knowledge, we

ssessed those who tend to have direct system interactions at the lake

ithout the explicit goal of learning but working productively, that is,

rew members, boat owners, and workers in the fishing industry. For the

roup with formally acquired knowledge, we assessed those who tend to

ave indirect system interactions through structured learning processes

ith the purpose of learning about the system, that is, policy-makers and
3 
esearchers. Furthermore, we assessed these two knowledge acquisition

roups in all three riparian countries to assess potential regional differ-

nces. Crew members, boat owners, and fishing industry staff were re-

ruited directly at the landing site. At the landing site, crew members re-

urn to the shore and deliver their catch to the boat owner, who will sell

t to fish agents. The fish agents will load the fish into trucks, supplying

sh to processing companies. Recruitment at the landing site was done

ith the help of landing site leaders including the Local Council, Beach

anagement Unit leaders (BMUs), and fisheries officials. The landing

ites included Kiyindi and Masese in Uganda, Bukoma and Marenga in

enya, and Igombe and Mihama in Tanzania. Researchers and policy-

akers were recruited at a regional project meeting, at a large inter-

ational conference on African Great Lakes, and at local fisheries re-

earch institutions of the respective countries. Approval for conducting

he survey was given by the Lake Victoria Fisheries Organization and

he national research institutes in the riparian countries. 

In total, N = 225 respondents participated in the survey. Participants

ere aged between 18 and 67 years ( M = 38.61, SD = 10.92) and the

ajority was male (85.3%). Furthermore, 41.9% of participants were

rom Tanzania, 30.6% from Uganda, and 26.6% from Kenya. A total

f 45.3% of participants were fishing crew members, 19.1% were boat

wners, 16.4% were researchers, 11.1% worked in the fishing industry,

nd 7.1% were policy-makers, thus 75.5% of participants were classi-

ed into the group with informally acquired knowledge (crew members,

oat owners, workers of the fishing industry) and 23.5% into the group

ith formally acquired knowledge (researchers and policy-makers). 

.2. Measures 

.2.1. Perception of past/future Nile perch stock 

To check whether participants actually perceived changes in the

tock level, two items assessed participants’ perception of the past Nile

erch stock level and their prediction of the future Nile perch stock level

n comparison to current stock level. Participants were asked to think

bout the past and indicate whether there was “a lot less ” (coded as 1),

less ”, “the same ”, “more ”, or “a lot more ” (coded as 5) Nile perch than

oday. Afterwards, participants were asked to think about the future and

ndicate on the same scale whether there will be more or less Nile perch

n the future than today if all circumstances stayed exactly the way they

re. 2 

.2.2. Drivers of the Nile perch stock 

To assess the drivers of the Nile perch stock, participants listed all

he factors influencing the Nile perch stock they could think of. Each

river was written on a separate sticky note. After participants could not

hink of any more drivers, they were given a list of pre-specified driver

ategories based on previous research ( van den Broek, 2019 ). Then, par-

icipants placed their sticky notes with the drivers under the category

hey thought matched the specific driver best. The pre-specified driver

ategories were as follows: Destructive fishing gear, pollution of the

ake, destructive fishing methods, corruption, overpopulation, regula-

ions, monitoring, open access, poverty, demand for Nile perch, fishing

apacity, water level, awareness of sustainable fishing practices, and cli-

ate change. Participants were provided with these categories to guide
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Fig. 1. Overview of the final driver subcategories, cat- 

egories and the relation of categories to aggregated di- 

mensions from a multiple correspondence analysis. 
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he clustering of the listed drivers by reducing the number of seman-

ic categories. Participants could also add new categories in case one or

everal of their listed drivers did not fit the existing categories. 

The drivers provided by the participants were coded in the follow-

ng way (see also the coding sheet on the OSF): We (i) coded whether

rivers were classified consistently under a matching pre-specified cate-

ory, (ii) coded whether a pre-specified driver category was used at all,

hat is, even when a belonging driver was placed under another cate-

ory, (iii) merged driver categories when their respective drivers were

onsistently classified in several driver categories, and (iv) created sub-

ategories when specific driver categories included various examples.

he following sections will provide more details on this process, Fig. 1

rovides an overview of the final coding and (sub-)categories. 

Specifically, we first created one variable for each pre-specified

river category with the values 0 and 1 indicating whether the pre-

pecified driver category was used (1), that is, whether a fitting driver

as placed in it, or not (0). However, during coding it became apparent

hat participants did not consistently classify their drivers into matching

river categories. For instance, one participant listed the driver “pollu-

ion ” but instead of classifying it under the category “pollution ”, the

articipant sorted it to the category “water level ”. Furthermore, the

lassifications indicated that some participants might have used causal

elationships when sorting the drivers. For instance, one participant

isted the driver “pollution increase ” in the driver category “overpop-

lation ”, perhaps indicating that an increase in pollution is a result of

verpopulation. As it was impossible to judge whether the participants

id not read the categories carefully, whether the task was too difficult,

r whether they indicated causal relationships between the mentioned

river and the category, we adapted the coding approach: We created

n additional variable for each pre-specified driver category with the

alues 1 and 0 indicating whether the pre-specified driver category was

entioned anywhere at all (1), either with the category per se or a spe-

ific example, or not (0). To illustrate, the variable for the pre-specified

river category “Use of destructive gear ” was coded as 1 if a partic-

pant placed a sticky note saying either “destructive gear ” or “small

esh size ” under any pre-specified driver category. We used this coding

or all following analyses that refer to whether driver categories were

entioned or not. Furthermore, we merged pre-specified driver cate-

ories when participants used them interchangeably. This applied to
4 
he driver categories “destructive fishing gear ” and “destructive fishing

ethods ”, which were merged into “destructive fishing gear/methods ”,

s well as the pre-specified categories “monitoring ” and “regulations ”

hich were merged into “regulations ”. Lastly, the category “pollution ”

as expanded to “environment ” as many participants mentioned envi-

onmental degradation and changes in the pollution category, however,

ithout explicitly mentioning pollution as the cause. Lastly, we created

ubcategories for the driver categories that were mentioned most often

nd had a variety of examples. This was done to get a more fine-grained

nsight into the meaning and uses of these driver categories and to ex-

mine potential differences in the use of driver categories or specific ex-

mples across knowledge acquisition groups. For instance, for the driver

ategory “destructive gear/methods ”, we created subcategories for spe-

ific examples of destructive fishing gear and methods, such as “small

esh size ”, “small hooks ”, or “poison ”. 

To sum up, the coding process resulted in a total of 12 driver cate-

ories, with 13 subcategories for “destructive fishing gear/methods ”, 2

ubcategories for the category “environment ”, and 6 subcategories for

he category “regulations ” (see Fig. 1 ). Each participant had either a

alue of 0 or 1 for each of the 12 categories and the 13 subcategories,

ndicating whether the participant mentioned this driver (sub-)category

nywhere throughout the questionnaire or not. 

.3. Procedure 

Questionnaires were translated to Luganda in Uganda, Kiswahili in

enya and Tanzania, and Luo in Kenya by at least two research assistants

er language. To assure high quality translations, the research assistants

ere native speakers in the to-be-translated language, fluent in English,

nd familiar with the research topic. To standardize the data collection

rocess, research assistants were thoroughly trained by the authors to

onduct the survey in a consistent and non-suggestive manner. This in-

luded practices such as following the script with the exact formulation

f the question and not suggesting answers to the participant. 

Research assistants first explained to participants that the survey was

bout their views on the Nile perch fishery and sought participants’

nformed consent, after which participants were asked about their de-

ographic information (age, gender, nationality, profession, country of

ork place). Subsequently, participants worked on the two questions
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ssessing past and future stock and the task assessing the drivers of the

ile perch stock. Depending on the level of literacy of the participant,

articipants worked on the questionnaire independently (researchers,

olicy-makers) or were guided through the survey by the research as-

istant (crew members, boat owners, workers of the fishing industry) to

nsure the questions were interpreted correctly. 

Interviews with crew members, boat owners, and fishing industry

taff were conducted directly at the landing sites where community

eaders helped with recruitment. Participants were seated with a re-

earch assistant in a private room (where possible) and guided through

he questionnaire. Research assistants read out both the questions

nd the reply categories and marked the respective answers on the

uestionnaire. For the drivers, research assistants noted down the

tated drivers on sticky notes for the participant and read out all

re-specified categories. Once the participant had classified a driver

nder a category, the research assistant moved on to the next driver,

eading out all categories again for the participant if necessary and

sking the participant to choose a category for the respective driver.

his was repeated until all drivers had been classified by the partic-

pant. Researchers and policy-makers worked on the questionnaire

ndependently and were told to ask the present researcher for assistance

here needed. After completion, participants were thanked and, in

ase of a data collection at a landing site, compensated according

o local standards (5000 TZS in Tanzania and 200 KSH in Kenya,

oth worth approx. 2 USD; and laundry soap worth approx. 1 USD in

ganda). The researchers were available after data collection in case

articipants had any questions or concerns. All materials, the complete

ata set, a coding sheet, and the code for analysis can be found online

 https://osf.io/mc945/?view_only = 63aea8f6f8b74554bf17fec32d1d8f0

. Results 

.1. Perception of past/future Nile perch stock 

Participants indicated that they believed that the Nile perch stock

as higher in the past than present ( M = 4.29, SD = 0.99) and tended

o predict similar stock levels in the future compared to the present

 M = 2.80, SD = 1.38). Table 1 summarizes these assessments across

ountries, professions, and knowledge acquisition groups. Kruskal Wal-

is tests showed that, across countries, there was no significant dif-

erence in the assessment of the past stock in comparison to today

 𝜒2 (df = 2) = 3.05, p = .218), but there was a significant difference in

he prediction of future stock ( 𝜒2 (df = 2) = 28.99, p < .001). A post-hoc

unn test with Bonferroni adjustment revealed that Kenyans assumed a

eavier decline of Nile perch in the future than both Ugandans ( p < .001,

 adj < .001) and Tanzanians ( p < .001, p adj < .001), whereas there was

o significant difference between the latter two countries ( p = .505,

 adj = 1.00). Across knowledge acquisition groups, Mann-Whitney U

ests showed significant differences for both past ( W = 2653.5, p = .035)

nd future stock levels ( W = 2422.5, p = 0.030). Specifically, the group

ith informally acquired knowledge perceived a stronger decline from

ast to present stock levels but predicted a weaker decline in future stock

han the group with formally acquired knowledge. 

.2. Drivers of the Nile perch stock 

To analyze the drivers mentioned by participants, we assessed (i)

ow frequently each specific driver category was mentioned across all

articipants to investigate the types of mentioned drivers, (ii) how many

river categories and subcategories were mentioned by the participants

n average, (iii) whether driver categories could be aggregated into

igher-order dimensions to investigate the level of abstraction, and (iv)

hether there were differences across countries and knowledge acqui-

ition groups for any of these analyses. 
5 
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Table 2 

Proportions of mentioned driver categories, subcategories (indented), and aggregated driver dimensions aross countries, professions, and knowledge acquisition 

groups (K = Kenya, T = Tanzania, U = Uganda). 

All K T U Crew members Boat owners Industry workers Policy makers Researchers Informal knowledge Formal knowledge 

Destructive gear/methods .88 .73 .98 .90 .94 .95 .84 .94 .61 .93 .71 

Beach seine .27 .08 .44 .19 .39 .28 .04 .06 .14 .31 .12 

Monofilament .27 .05 .44 .24 .36 .37 .08 0 .11 .32 .08 

Mesh size .25 .19 .28 .29 .27 .44 .16 .19 .06 .30 .10 

Fishing in breeding grounds .19 .15 .27 .13 .21 .28 .12 .13 .14 .21 .13 

Poison .18 .02 .37 .09 .23 .30 .08 .13 .03 .22 .06 

Hook size .09 .07 .06 .16 .12 .09 .12 0 .06 .11 .04 

Fishing immature/small fish .08 .08 .01 .18 .08 .07 .08 .13 .08 .08 .10 

Splashing .07 0 .15 .03 .12 .09 0 0 0 .09 0 

Multipanel gillnets .05 0 .12 0 .08 .05 .04 0 0 .06 0 

Cast nets .03 0 .01 .09 .04 .07 0 0 0 .04 0 

Solar lamps .02 0 0 .06 .04 0 0 0 0 .02 0 

Explosion .02 0 .04 .01 .03 .05 0 0 0 .03 0 

Closed season .02 .02 .03 .01 .03 .02 0 0 .03 .02 .02 

Regulations .46 .42 .47 .47 .31 .53 .56 .75 .53 .41 .60 

Specific regulations .24 .17 .32 .16 .18 .28 .20 .50 .22 .21 .31 

Leadership .18 .20 .17 .19 .09 .26 .16 .38 .28 .14 .31 

Enforcement .11 .14 .10 .10 .04 .12 .08 .19 .25 .06 .23 

Involvement of the army .08 .08 0 .21 .10 .07 .12 .07 .06 .09 .06 

Monitoring .07 .03 .11 .06 .07 .07 .08 .06 .08 .07 .08 

Resources .01 .03 0 0 0 0 0 0 .06 0 .04 

Fishing capacity .36 .61 .20 .34 .21 .30 .12 .69 .86 .22 .81 

Environment .28 .39 .24 .19 .14 .19 .16 .38 .83 .15 .69 

Pollution .19 .25 .16 .16 .14 .16 .16 .31 .33 .15 .33 

Eutrophication .03 .07 .01 0 0 0 0 0 .17 0 .12 

Climate .17 .17 .13 .19 .14 .09 .04 .25 .42 .11 .37 

Demand .15 .22 .10 .15 .07 .02 .08 .56 .42 .06 .46 

Awareness .10 .08 .16 .04 .05 .16 .04 .25 .14 .08 .17 

Corruption .09 .08 .05 .16 .06 .12 .20 0 .14 .09 .10 

Overpopulation .09 .14 .09 .06 .07 .05 .08 .13 .17 .06 .15 

Open access .07 .08 .03 .12 .02 .14 0 .06 .19 .05 .15 

Poverty .04 0 .06 .06 .02 .02 .08 .13 .08 .03 .10 

Water level .04 .07 .04 .03 .06 0 .04 0 .08 .04 .06 

Dimension 1 (Human presence) .52 .75 .41 .44 .35 .49 .28 1 .97 .38 .98 

Dimension 2 (Human activities) .88 .75 .98 .90 .94 .95 .84 .94 .64 .93 .73 

3

 

m  

f  

t  

q  

“  

g  

I  

g  

r  

o

 

g  

(  

a  

t  

F  

t  

U  

g  

t  

a  

g  

T

 

m  

p

(  

i  

g  

w  

m  

p  

b  

c  

m  

3

 

(  

(  

o  

p  

A  

c  

t  

A  

d  

(  

U  

p  

n  

(  

g  

d  

H  

f  

t

.2.1. Types of mentioned driver categories 

The first column of Table 2 shows the proportion of participants who

entioned each of the driver categories and the subcategories. The most

requently listed driver categories across the total sample were “destruc-

ive gear/methods ”, “regulations ”, and “fishing capacity ”. The least fre-

uently mentioned driver categories were “water level ”, “poverty ”, and

open access ”. Table 2 shows the proportion of mentioned driver cate-

ories across countries, professions, and knowledge acquisition groups.

nterestingly, across countries as well as across professions, “destructive

ear/methods ” was mentioned most often with the only exception being

esearchers who mentioned “fishing capacity ” and “environment ” more

ften than “destructive gear/methods ”. 

Comparing the three countries, Kenyans mentioned “destructive

ear/methods ” less often (73%) than Tanzanians (98%) and Ugandans

90%), but “fishing capacity ” more often (61%) than Tanzanians (20%)

nd Ugandans (34%). “Regulations ”, the second most frequently men-

ioned driver category, was mentioned equally often across countries.

urthermore, the proportions with which the subcategories were men-

ioned also suggest differences across countries. For instance, especially

gandans mentioned the involvement of the army, which makes sense

iven that at the time of data collection, Uganda was the only coun-

ry employing their army to enforce regulations. Another key difference

cross countries is the focus on the use of the different types of illegal

ears/methods such as poison, which seemed to be more prevalent in

anzania than in the other countries. 

When comparing knowledge acquisition groups, the group with for-

ally acquired knowledge mentioned the driver categories “fishing ca-

acity ” (81%), “regulations ” (60%), “environment ” (69%), “demand ”

46%), and “climate change ” (37%) more often than the group with

nformally acquired knowledge, who, in turn, mentioned “destructive
6 
ear/methods ” (93%) more often. This difference is also represented

hen comparing the proportions with which the subcategories were

entioned across knowledge acquisition groups. Specifically, the exam-

les for destructive gear/methods were almost all mentioned more often

y the group with informally acquired knowledge. In contrast, the sub-

ategories for environment, namely pollution and eutrophication, were

entioned more often by the group with formally acquired knowledge.

.2.2. Number of mentioned driver (sub-)categories 

On average, participants mentioned 2.74 driver categories

 SD = 1.64, range from 0 to 11 driver categories) and 2.44 subcategories

 SD = 2.03, range from 0 to 11 subcategories). The average number

f mentioned driver categories and subcategories across countries,

rofessions, and knowledge acquisition groups are listed in Table 1 .

cross countries, there was no difference in number of mentioned driver

ategories ( 𝜒2 (df = 2) = 4.34, p = .114), but there was a difference in

he number of mentioned subcategories ( 𝜒2 (df = 2) = 30.68, p < .001).

 post-hoc Dunn test with Bonferroni adjustment showed that this was

riven by Kenyans mentioning less subcategories than both Ugandans

 p = .006, p adj < .017) and Tanzanians ( p < .001, p adj < .001), and

gandans mentioning less subcategories than Tanzanians ( p = .008,

 adj = .023). Across knowledge acquisition groups, there was a sig-

ificant difference in both number of mentioned driver categories

 W = 7571.5, p < .001) and subcategories ( W = 3471, p = .017). The

roup with formally acquired knowledge mentioned significantly more

river categories than the group with informally acquired knowledge.

owever, for the subcategories the effect was reversed: the group with

ormally acquired knowledge listed significantly less subcategories than

he group with informally acquired knowledge. 
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Fig. 2. Association of the single driver categories with 

the two aggregated driver dimensions. 
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.2.3. Level of abstraction of mentioned drivers 

Next, we investigated the underlying dimensions between the driver

ategories with a multiple correspondence analysis, which can be seen as

 generalization of principal component analysis with categorical vari-

bles (Abdi & Williams, 2010). A scree plot (see OSF) indicated one or

wo underlying dimensions according to the scree criterion. Since one

imension would not be very informative, we decided to investigate two

nderlying dimensions. Figure 2 shows the association of the driver cat-

gories with these two dimensions. The driver categories that were most

trongly associated with the first dimension were “demand ”, “capacity ”,

nd “overpopulation ”. Albeit being also associated with Dimension 2,

environment ” and “open access ” were more strongly associated with

imension 1 and thus, included in Dimension 1. Dimension 1 was inter-

reted as “human presence ”, as all associated drivers are related to size

f the population around the lake and the consequences such as environ-

ental degradation. The associations with the second dimension were

trongest for “destructive gear/methods ”, and “corruption ”. Therefore,

his dimension was labelled as “human activities ” as it refers to destruc-

ive and illegal human activities at the lake. As can be seen in Fig. 2 ,

ll other categories lie around the main diagonal and were thus equally

elated to both dimensions and not uniquely assignable. Specifically,

regulations ”, “water level ”, and “awareness ” were not highly related

o any of these two dimensions. 

To investigate possible differences between countries and knowledge

cquisition groups on these two extracted dimensions and get additional

nsight into the level of abstraction different key actors use, we created

wo new variables representing the two dimensions “human presence ”

nd “human activities ”. For each of the two new variables, we aggre-

ated across the driver categories belonging to that dimension. That is,

he variable “human presence ” was coded with 1 if a participant men-

ioned at least one of the driver categories “demand ”, “fishing capac-

ty ” “overpopulation ”, “environment ”, and “open access ” and coded 0 if

one of these driver categories were mentioned. “Human activities ” was

oded with 1 if a participant mentioned at least one of the driver cat-

gories “destructive gear/methods ” and “corruption ”, and coded with

 if none of these categories were mentioned (see Fig. 1 ). Fig. 3 shows

he proportions with which these dimensions were mentioned across

ountries, professions, and knowledge acquisition groups. Due to ceil-

ng effects (e.g., only two Tanzanians did not mention “human activi-

ies ”), however, it was impossible to conduct reliable significance tests.

herefore, we only interpreted this data descriptively. 

Several descriptive patterns are noteworthy here. First, “human ac-

ivities ” was mentioned very often, which is also in line with the find-

ngs from the analysis of the single driver categories where destructive
7 
ear/methods was mentioned by 88% of the total sample. Specifically,

ore than 64% of participants across all countries and professions men-

ioned this dimension, with the actual proportions in many groups be-

ng above 90%, showing that this dimension is important irrespective

f country, profession, or knowledge acquisition. Second, “human pres-

nce ” was overall mentioned less often than “human activities ” and

here seems to be more variation depending on participants’ country or

rofession. Focusing on differences between actor groups, there are two

oteworthy descriptive differences (see Fig. 3 ). First, across countries,

enyans mentioned “human presence ” more often and “human activi-

ies ” less often than Ugandans and Tanzanians. Second, the group with

ormally acquired knowledge mentioned “human presence ” (98%) more

ften and “human activities ” (73%) less often than the group with infor-

ally gained knowledge (38% and 93%). Interestingly, the group with

ormally gained knowledge mentioned both dimensions often, whereas

he group with informally gained knowledge mentioned “human pres-

nce ” a lot less than “human activities ”. 

. Discussion 

Previous research has demonstrated the importance of actors’ sys-

em understanding of a socio-ecological system for successful resource

anagement ( Elsewah et al., 2015 ). Importantly, system understanding

iffers depending on whether it was acquired through formal or infor-

al processes ( Marathe et al., 2007 ; Raymond et al., 2010 ; Reed, 2008 )

nd on the regional circumstances. Therefore, the current work mapped

he system understanding of diverse actors of the Lake Victoria Nile

erch fisheries, a complex socio-ecological system vital for the liveli-

oods of millions of people that faces fluctuations in Nile perch stock

 Mkumbo and Marshall, 2015 ; Taabu-Munyaho et al., 2014 ) and scien-

ific disagreement about which factors mainly drive these fluctuations

 Kolding et al., 2008 ; Luomba et al., 2016 ; M. Njiru et al., 2008 ). 

As drivers of the Nile perch stock, “destructive gear/methods ”, “reg-

lations ”, and “fishing capacity ” were mentioned most often among ac-

ors of the Nile perch fisheries, whereas drivers such as “water level ”

r “poverty ” were mentioned least often. However, drivers might be as-

ociated with each other, for instance, an increasing population could

ead to increased fishing capacity. Therefore, the current work also in-

estigated the underlying dimensions of the mentioned drivers. Two

nderlying dimensions were found, namely “human activities ” (which

ncluded the drivers “destructive fishing gear/methods ” and “corrup-

ion ”) and “human presence ” (which included the drivers “demand ”,

overpopulation ”, “environment ”, “open access ”, and “fishing capac-

ty ”). Notably, these two dimensions differ in terms of the control that
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Fig. 3. Proportion with which actors from dif- 

ferent countries, professions, and knowledge 

acquisition groups mentioned the two aggre- 

gated driver dimensions from the multiple 

correspondence analysis (error bars represent 

standard error of mean). 
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he actors may have over them. Specifically, the “human activities ” di-

ension refers to the sustainability of fishing and illegalities and can

e controlled both by individual actors and by the government. In con-

rast, the “human presence ” dimension may be more difficult to control

nd cannot be addressed by the individual actor (with the exception of

nvironmental pollution on a small scale). 

Actors with formally and informally acquired knowledge differed in

ypes, the number, and level of mentioned drivers. First, actors with

nformally acquired knowledge mentioned more subcategories than ac-

ors with formally acquired knowledge, which is in line with previ-

us research showing that experts with more practical knowledge men-

ion more examples than experts with scientific knowledge ( Hmelo-

ilver et al., 2007 ). Specific subcategories, however, were mentioned

ore often by the group with formally acquired knowledge, for instance

ollution and eutrophication, which are rather abstract concepts. Sec-

nd, in contrast to previous research that showed comparable levels of

nowledge between those expert groups ( Hmelo-Silver et al., 2007 ), ac-

ors with formally acquired knowledge used more driver categories than

ctors with informally acquired knowledge, suggesting those with for-

ally acquired knowledge have a more nuanced view on the range of

rivers of the stock dynamics. 

To sum up, individuals with informally acquired knowledge men-

ioned several examples of one category, thereby reflecting their ex-

ensive knowledge on some (key) categories, whereas individuals with

ormally acquired knowledge mentioned more categories but with less

etail. Together, these findings suggest higher-level, abstract reasoning

mong the formal knowledge acquisition participants. This is also in line

ith the finding that the “human activities ” dimension was mentioned

y nearly the whole sample, whereas the “human presence ” dimension

as mentioned more by the group with formally acquired knowledge.

mportantly, the “human activities ” dimension is concrete, tangible, and

an be directly observed at the lake, whereas the “human presence ”

imension includes drivers and concepts that are abstract, not tangi-

le, and hard to observe, rendering them more accessible to individuals

ho specifically acquired skills for abstract reasoning or who explicitly

earned about those drivers than to individuals who learned through

ersonal experience and observations. 

.1. Limitations 

The current work provides important insight into how diverse ac-

ors perceive complex socio-ecological systems such as Lake Victoria
8 
sheries, depending on their regional residence and type of knowledge

cquisition. However, the current work is also limited in three ways.

irst, the current methods only assessed whether driver categories were

erceived to influence the Nile perch stock or not. However, participants

id not weigh the drivers, meaning that relative importance or perceived

ize of their effect on the Nile perch stock cannot be inferred. For in-

tance, while all actor groups mention destructive fishing gear/methods

s a driver, the relative importance of this driver could differ across

ctor groups. Individuals perceiving destructive gear as very important

or the dynamics of the fish stock may perceive the development of fu-

ure Nile perch stock as more critical and a higher need for action if

any fishers use destructive fishing gear than individuals perceiving

estructive gear as less important. To investigate this, the next step is to

ssess a complete mental model of all actors across countries and knowl-

dge acquisition groups. Second, we did not measure whether individu-

ls in the assigned knowledge acquisition groups actually acquired their

nowledge in the assumed way. However, fishers around Lake Victoria

end to inherit their occupation and are not formally trained. Therefore,

he differentiation between the informal and formal knowledge group

ia professions seems appropriate. Third, differences between knowl-

dge acquisition groups could also be attributed to a mere artefact of

he methodological procedure, given that the research assistants read

ut the questions only to the group with informally acquired knowl-

dge. This procedure might have made the group with informally ac-

uired knowledge go through the tasks faster without taking the time to

ome up with more drivers. However, the financial incentive the fishers

btained for their participation could also have stimulated more elab-

ration on the task. Importantly, sampling non-WEIRD (Western, Edu-

ated, Industrialized, Rich, and Democratic) populations often comes

ith assessment challenges and potential distortions ( Henrich et al.,

010 ; Laajaj et al., 2019 ). This might be a reason for the drastic over-

epresentation of WEIRD samples in environmental psychology. Specif-

cally, a recent review showed that the majority (84% in 2014 and 90%

n 2017) of samples in the field come from Western countries, with only

ne out of 202 samples originating in Africa ( Tam and Milfont, 2020 ).

he current work demonstrated the importance of assessing a broad

ample and suggests – in line with the call for more cross-cultural re-

earch on human-environment relationships ( Tam and Milfont, 2020 ) –

hat assessing the population that is directly affected by socio-ecological

hallenges instead of (merely) generalizing from conveniently avail-

ble but less (or only indirectly) affected samples should become more

ommon. 
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.2. Implications for research 

The findings of this study provide valuable contributions to the cur-

ent literature on learning and system understanding. While previous re-

earch has demonstrated expert-expert differences in types of knowledge

or other complex systems such as forestry ( Lynch et al., 2000 ), water

anagement ( Hundemer and Monroe, 2020 ; Mehryar et al., 2017 ), vine-

ards ( Brulé and Labrell, 2014 ), genetics ( Smith, 1990 ) aquarium sys-

ems ( Hmelo-Silver et al., 2007 ) and land management ( Avriel-Avni and

ick, 2019 ), the current study is the first to investigate these differences

n system understanding in small-scale fisheries. Specifically, the present

ork is the first to compare different aspects of system understanding

types of drivers, number of drivers, and abstraction level of drivers)

cross formal and informal knowledge acquisition groups. The findings

xtent current literature by showing that type of knowledge acquisition

lso affects system understanding in small-scale fisheries and by pro-

iding novel insights into which dimensions of system understanding

ight be affected by differences in learning. Furthermore, this study is

he first to shine a light on actors’ causal beliefs of Lake Victoria’s socio-

cological system. What emerges from this work is that stakeholders be-

ieve that human activities are a key contributor affecting the balance

f the socio-ecological system, indicating a sense of control among ac-

ors to influence the balance of the fish stock. This may have important

mplications for research at the nexus of actors’ system understanding

nd their interactions with the system. However, future research should

lso investigate the effect of power relations among the different system

ctors, which could also influence their perceptions and locus of control.

Furthermore, future research can leverage the current study’s find-

ngs by further unpacking the processes that shape different types of

ctors’ system understanding. For example, future research could ex-

erimentally test the effect of knowledge acquisition on causal beliefs

bout a system to disentangle confounding factors from the learning

rocess. Another promising avenue for further research is to assess if

imilar patterns of results emerge when investigating the effect of knowl-

dge acquisition on a set of causal beliefs, or mental models, which re-

ect the interactions between system concepts as well as the strength

f the connections between the concepts in the mental model. Such re-

earch may reveal the underpinnings of heterogeneity of mental models

cross stakeholders, which may form an important barrier for conserva-

ion management ( van den Broek, 2018 ). Additionally, it is important

o further investigate forms of knowledge acquisition that have mixed

lements from formal and informal knowledge acquisition in terms of

he key defining attributes, that is, process, purpose, setting, and con-

ent ( Malcolm et al., 2003 ). This might lead to insights that can be used

o bridge the differences between formal and informal learning. 

.3. Implications for policies and management 

Previous scientific evidence regarding the drivers of the Nile perch

tock remains inconclusive, with some researchers pointing to increased

shing effort, overpopulation, and the use of illegal gear ( Luomba et al.,

016 ; M. Njiru et al., 2008 ), while others focus on the eutrophication

rocess in the lake to explain a declining fish stock ( Kolding et al., 2008 ).

hereas the current work cannot specify or quantify the actual relative

mportance of the drivers of the Nile perch stock, it provides impor-

ant groundwork to understand diverse actors’ understanding of these

rivers. To elaborate, regulations and policies targeting the most impor-

ant drivers through actors’ behavior change will only be successful if

ctors perceive those drivers as relevant. Therefore, the current work

ocused on actors’ understanding of the Nile perch fisheries at Lake Vic-

oria depending on types of knowledge acquisition (formal versus infor-

al) and countries of residence. As a consequence, the findings provide

olicy-makers with insights into which factors might be easily targeted

nd which factors might have to be accompanied with a broad informa-

ion campaign to be accepted. 
9 
Importantly, we found substantial similarities between different ac-

or groups. For instance, the ubiquitous perception of higher Nile perch

tock levels in the past across countries and professions pave the way

or widely supported conservation policies. Regulations targeting de-

tructive fishing gear and methods seem to be a particularly promis-

ng target factor. However, previous work has also shown differences in

erceptions about which gears and methods are particularly destructive

 Luomba et al., 2016 ), highlighting the difficulties of resource manage-

ent even with a certain consensus on the fact that destructive gear is

roblematic. To complicate matters further, the current work showed

onsiderable differences between both groups with different types of

nowledge acquisition and the three riparian countries. Individuals with

ormally gained knowledge seem to assess the drivers of the fish stock

evel differently than individuals with informally gained knowledge.

his highlights the need for knowledge exchange between actor groups

 Reed et al., 2014 ) as policies made without assessing the system un-

erstanding of all affected actor groups might not be accepted by the

road population. Furthermore, differences between countries suggest

hat policies have to target the specific situational factors in each region.

or instance, Kenyans mentioned both “human activities ” and “human

resence ” equally often and, importantly, the latter one much more of-

en than the other countries. This is in line with the fact that Kenya has

he smallest share of the lake which probably makes the “human pres-

nce ” dimension more salient and more important. Policies should take

he different situational circumstances into account while striving for a

ommon approach across riparian countries. 

. Conclusions 

In conclusion, the current findings show that different system ac-

ors differ considerably in their system understanding. Importantly, this

tudy demonstrates how knowledge acquisition may shape the complex-

ty of a socio-ecological system: Participants with formally acquired

nowledge tended to paint a richer picture of the drivers of the Nile

erch stock, focusing on more abstract concepts than participants with

nformally acquired knowledge, who, in turn, used more examples to

laborate on key categories in more detail. As system understanding in-

orms and influences behavior, which ultimately affects the system itself,

t is of utmost importance to consider those (and other) actor differences

hen managing a system and developing policies. 
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