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Abstract  22 

Seaweeds form the second largest global aquaculture product in volume, and despite rapid 23 

growth of the sector over the last 25 years, production and quality in top producing regions is 24 

becoming increasingly limited due to disease and pest outbreaks, the spread of non-native 25 

cultivars and the degradation of genetic health due to inbreeding. Most notably, the lack of 26 

biosecurity measures leading to disease and pest outbreaks are reported to cause the most 27 

significant production losses in the seaweed industry. This study uses the Knowledge, Attitude 28 

and Practice (KAP) survey tool to quantify and compare biosecurity cross-culturally, in two 29 

major red seaweed producing countries, the Philippines and Tanzania. Both countries have 30 

significantly different political contexts and the seaweed sector sits within two very different 31 

value chains. Seaweed-based commodities from these countries, however, enters the same 32 

international market for carrageenan, a thickening agent used for a variety of products 33 

globally. This study uses the KAP survey tool to assess currently-adopted biosecurity control 34 

measures and understand how potential policy strategies could be developed on an 35 

international scale. Farmers from both producing countries have good biosecurity knowledge. 36 

In Tanzania 64% farmers scored Fair or Good, and in the Philippines this was 95%.  37 
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Corresponding scores in practices were lower, 85% Poor for Tanzania, and 88% Fair for the 38 

Philippines, indicating there is a lack of resources for farmers to implement additional 39 

practices. The information gathered using the KAP tool in the context of the global seaweed 40 

industry can be used to facilitate compromise between science, policy and practice whilst 41 

taking into consideration smaller-scale regional challenges. Given the results from the 42 

seaweed industry were similar to that of smallholder agricultural sectors, it is suggested that 43 

governmental programs to incentivise biosecurity in smallholder rural agriculture could be 44 

adapted for the seaweed industry. This study also demonstrates the potential use of the KAP 45 

survey, as a tool to accurately compare biosecurity challenges faced by farmers in different 46 

aquaculture sectors globally, and to encourage alignment in international approaches to 47 

aquaculture biosecurity policies. 48 

 49 

Keywords: Farmers Knowledge, Governance, Seaweed Cultivation, Diseases, Pests 50 

 51 

1. Introduction 52 

Aquaculture production is widely acknowledged as a potential solution for alleviating global 53 

food security challenges (Costello et al., 2020; Naylor, 2016). In addition to food security, 54 

aquaculture production also supports “blue growth” (the development of an economy based 55 

on aquatic resources, (Eikeset et al., 2018), through the use of inedible or economically 56 

significant by-products (FAO, 2020). As a growing sub-sector of global aquaculture, seaweeds 57 

and their products are already being utilised to this effect in the production of food, feeds, 58 

pharmaceuticals, cosmetics, fertilisers and biomaterials (Buschmann et al., 2017). Despite the 59 

rapid growth in the global production of seaweeds compared to other major aquaculture 60 

products (e.g., fish, shrimp, molluscs), the formerly highly productive cultivation regions, 61 

particularly in South-east Asia, have seen recent declines in both productivity and quality of 62 

their crop linked to disease and pest outbreaks, amongst other factors (FAO, 2020). 63 

 64 

Disease outbreaks in aquaculture are diverse and can occur as consistent risks to the area 65 

(endemic), as new risks to an area (exotic) and as novel risks (emergent) (Bondad-Reantaso 66 

et al., 2018). In addition to their direct impact on production, socio-economic impacts also 67 

occur and when combined, can lead to a significant bottleneck in the sustainable growth of 68 

the aquaculture industry (Stentiford et al., 2020, 2017, 2012). This is also reflected in the 69 

seaweed sector, particularly in the tropics (FAO, 2020; Naylor et al., 2021), and evidence of 70 

the impact that diseases, pests and non-natives are having on this industry is growing (Ward 71 

et al., 2019). The seaweed industry is characterised by a variety of cultivation species and 72 

systems (Kim et al., 2017), and is uniquely driven by a diverse array of markets, such as food, 73 

pharmaceuticals and fertilisers (Ferdouse et al., 2018) and subsequently, managing disease 74 
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risk in this sector can be complex. Many of the vectors or known pathways for hazards in this 75 

sector, such as disease introduction, are poorly understood (Arasamuthu and Edward, 2018; 76 

Hurtado et al., 2006; Largo et. al., 2020; Msuya and Porter, 2014; Syafitri et al., 2017). 77 

 78 

Biosecurity in the aquaculture sector was introduced as an approach to implement the 79 

principle of prevention through management. First used in Norway in the 1970’s (Jia et al., 80 

2017), it has since been further developed across aquaculture systems to minimise risk from 81 

hazards during production (FAO, 2007; Palic et al., 2015; Subasinghe, 2009). Biosecurity is 82 

now a core concept in aquaculture sustainability, as is exemplified in large multi-national 83 

programs, such as the Progressive Management Plan for Aquaculture Biosecurity (PMP-AB) 84 

led by the Food and Agriculture Organisation (FAO) of the United Nations (Bondad-Reantaso 85 

et al., 2018), for which seaweeds are specifically included. Given the global challenges in the 86 

aquaculture sector linked to disease outbreaks (Stentiford et al., 2012), and the recent drive 87 

to build global biosecurity capacity to mitigate manageable disease impact (Bondad-Reantaso 88 

et al., 2018), it is timely to assess the current capacity for biosecurity in the seaweed industry, 89 

to identify where knowledge and techniques may be limited and to provide recommendations 90 

for future biosecurity measures.  91 

 92 

To assess the current biosecurity capacity, specifically in the seaweed sector where 93 

management measures and cultivation practices remain largely undocumented, adopting 94 

tools that have been used successfully in agriculture and public health could provide a useful 95 

baseline to understand where biosecurity capacity is limited or can be expanded. It is 96 

recognised throughout the aquaculture sector, that adopting farm practices that prevent and 97 

monitor the risk of disease in a cultivation system the resulting in reduced impact on the 98 

production system and the environment (Bondad-Reantaso et al., 2005). On an international 99 

scale these include producer organisations codes of best practice, health codes governed by 100 

international organisations and international environmental standards (Bondad-Reantaso and 101 

Arthur, 2008; Hastein et al., 2008), all of which promote farmers to adopt practices which in 102 

turn grow international biosecurity capacity for the industry. Therefore, as the implementers of 103 

such codes and best practices, farmers knowledge and experience in the seaweed industry 104 

can be used as an indicator for biosecurity capacity. In order to quantify this to compare on an 105 

international scale, a well-established tool is the Knowledge, Attitude and Practice (KAP) 106 

survey, which was developed in the 1950’s to assess the implementation of family planning 107 

practices (Ratcliffe, 1976) and is now used widely, as a quantitative method for collecting 108 

information and identifying behavioural patterns by practitioners across broad and varied 109 

contexts (Chenais et al., 2017; Jia et al., 2017; Launiala, 2009; Mateo et al., 2020; Muleme et 110 

al., 2017; Puspitasari et al., 2020). 111 
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 112 

Since its original use in shaping public health policy, the KAP tool has also been used in a 113 

range of industries. For example, in India, the survey was used to evaluate a specific pesticide 114 

educational program and its success in changing farmers practices by comparing pre- and 115 

post-training KAP scores (Sam et al., 2008). In Uganda, the survey was used to indicate where 116 

complex social contexts acted as barriers to successful implementation of a biosecurity policy 117 

strategy, revealing that a pesticide health awareness program may only be successful in 118 

approximately a third of surveyed households as a consequence (Muleme et al., 2017). In 119 

addition, the tool identified that farmers’ ability to implement swine flu biosecurity was limited 120 

by deep rural poverty rather than ignorance of the risk (Chenais et al., 2017). Despite the 121 

widespread use of the KAP tool to address agricultural challenges, and the increasing 122 

appearance of biosecurity on the agendas for developing sustainable aquaculture (Stentiford 123 

et al., 2020), it has only been used to assess producers knowledge and practices in the 124 

Chinese catfish industry (Jia et al., 2017) and the Philippines seaweed industry (Mateo et al., 125 

2020). In the case of Chinese catfish production, the survey identified that farmers general 126 

knowledge of pathogenic infection was good, but was limited by their lack of knowledge in 127 

transmission pathways, providing policy makers with information on where specific 128 

improvements in their biosecurity programs might have success in lowering disease risk (Jia 129 

et a., 2017). For the first time, the KAP survey was also applied to the seaweed industry, in a 130 

national analysis of biosecurity capacity in the Philippines (Mateo et al., 2020). This study 131 

revealed that both knowledge and practices could be improved across all producing regions 132 

in the Philippines, indicating there is potential for a seaweed specific biosecurity training 133 

program to be run by the competent authority. More importantly, this study showed that there 134 

were some differences in capacity to understand and implement practices between regions, 135 

due to a variety of socio-economic and practical reasons that could be addressed in a national 136 

policy program to overcome these barriers. 137 

 138 

These examples demonstrate the use of the KAP survey tool in understanding current 139 

biosecurity limitations and providing a mechanism for policy makers and competent authorities 140 

to assess the success of their intervention strategies. This study, therefore, employed the KAP 141 

tool across two major global seaweed producers - the Philippines and Tanzania to quantify 142 

and systematically compare biosecurity during the cultivation process, cross-culturally, but 143 

within the same industry. Both countries have very different political contexts (Mateo et. al., 144 

2020 and Rusekwa et. al, 2020, a long history of commercially farming seaweeds (Hurtado et 145 

al., 2014; Msuya, 2005) and they are amongst the most established producers in the global 146 

seaweed industry. The seaweed farming sector also sits within very different value chains in 147 

these two countries (Valderrama et al., 2013), and farming has developed socially under very 148 
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different contexts. For example, the seaweed industry of Zanzibar is notably dominated by 149 

female farmers, wheras in the Philippines they are often farmed under a family unit (Msuya 150 

and Hurtado, 2017; Suyo et al., 2021, 2020). However,  products from both of these countries 151 

enter the same international market for carrageenan and are part of the global biosecurity 152 

policy landscape for seaweed cultivation (Campbell et al., 2019; Cottier-Cook et al., 2016). In 153 

both countries, the current top seaweed production areas remain heavily impacted by 154 

biosecurity threats including: diseases, pests and importation of non-native cultivation species 155 

(Brakel et al., 2021; Hayashi et al., 2010; Hurtado et al., 2017; Vairappan et al., 2009; 156 

Valderrama et al., 2015). Coupled with this, international and national biosecurity policy 157 

strategies, are unclear and ineffective in targeting the specific challenges of the industry 158 

(Campbell et al., 2019; Kambey et al., 2020; Mateo et al., 2020; Rusekwa et al., 2020).  159 

 160 

To our knowledge, there have been no published studies, which evaluate the understanding 161 

and application of biosecurity measures at an international scale for the seaweed industry. 162 

This study aims to understand cross-cultural differences between farm practitioners of two 163 

major seaweed producing countries, by quantifying farmers understanding of biosecurity 164 

practices, and exploring potential drivers or barriers behind biosecurity strategies. In addition, 165 

this work aims to test relationships between KAPs within each country to indicate where there 166 

are similar or differing challenges and identify context specific factors that might explain 167 

relationships between KAPs. Finally, this information is used to better understand the 168 

feasibility of internationally applicable control measures and prevention strategies that can be 169 

captured in future international policy frameworks for the global industry.  170 

 171 

2. Materials and Methods 172 

 173 

2.1 Survey Sampling Design 174 

The selection of participant farmers was based on their cultivation of carrageenophyte 175 

seaweed species, Kappaphycus sp. or Euchema sp. inside top producing provinces of the 176 

Philippines or Tanzania (Figure 1a). The top three production provinces were identified from 177 

the latest literature in the Philippines (Mateo et al., 2020) and Tanzania (Rusekwa et al., 2020). 178 

Farmers were selected as representatives of those most currently active in cultivation within 179 

these provinces. Within each province farmers were selected from five different villages (a.k.a. 180 

barangays in the Philippines), and approximately 6 farmers from each village were 181 

interviewed, totalling 30 farmers for each region. The choice of villages in each surveyed 182 

province was determined by accessibility, the ability to contact the farmers ahead of the 183 

surveys and cooperation with local government units and village leaders. Farmers were 184 
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defined by methods described by Mateo et. al. (2020), and convenience survey methods were 185 

used, as farmers were introduced to surveyors through village or local co-operative leaders. 186 

 187 

2.1.1 Study Sites in the Philippines 188 

Seaweed cultivation in the Philippines, specifically of the Eucheumatoid spp. was established 189 

in the 1970s and geographically, 90% of the provinces in the Philippines are currently actively 190 

farming seaweeds (15 out of 17) (Quiaoit et al., 2018). However, the top three production 191 

provinces in descending order include: Tawi-Tawi (Bangsamoro Autonomous Region of 192 

Muslim Mindanao), Palawan and Zamboanga (Mateo et al., 2020). 193 

 194 

2.1.2 Study Sites in Tanzania 195 

Most seaweed production occurs in the Zanzibar islands (Unguja and Pemba), where 196 

seaweeds have previously made up approximately 30% of Zanzibar marine exports and 197 

employed between 15,000- 25,000 farmers (Msuya, 2006). Production figures for these 198 

provinces are lacking at the regional scale, but given Zanzibar is the top producer, the top two 199 

provinces are Unguja and Pemba, followed jointly by Lindi & Mtwara on the mainland 200 

according to local knowledge of the industry (Rusekwa et al., 2020) (Figure 1b). For the 201 

purposes of this study Lindi and Mtwara were considered as one geographical grouping due 202 

to the inseparable nature of farms between the provincial borders, which were also locally 203 

considered as one growing region.  204 

 205 

 206 
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 207 

Figure 1. KAP survey sampling locations. (a) Seaweed producing countries surveyed (b) top 208 

three seaweed producing provinces surveyed in Tanzania and (c) in the Philippines.  209 

(created using mapchart.net and is licensed under a Creative Commons Attribution-ShareAlike 4.0 International License.) 210 

 211 

2.2 KAP Survey Design 212 

The survey is based on a structured questionnaire using the format described by Jia et al., 213 

(2017), which includes the collection of demographic information followed by close-ended 214 

Knowledge Attitude and Practice (KAP) questions about biosecurity during the cultivation 215 

process (a.k.a. the farm compartment of the value chain). The KAP survey questions were 216 
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modified from Jia et. al. (2017), which was originally designed to measure biosecurity of 217 

catfish. The questions retained their original three sections: knowledge, attitudes and 218 

practices, however, they were adapted to translate biosecurity measures from aquatic animals 219 

to aquatic plants and their cultivation systems, and an additional section of questions was 220 

used to collect demographic data (Supplementary Material 1).  When describing the term ‘pest’ 221 

in describing the survey questions and results, this will follow the IPPC definition, as this is the 222 

international standard setting body for plant health risks, which includes ‘aquatic plants for 223 

planting’ (Campbell et al., 2019). Under this definition ‘pests’ include “any species, strain or 224 

biotype of plant, animal or pathogenic agent injurious to plants or plant products” when 225 

describing the survey questions and results. 226 

 227 

The knowledge questions were designed to test if participant farmers had any basic 228 

knowledge of seaweed pests, either by understanding individual pests or by understanding 229 

potential risk pathways for pest in general. The attitude questions assessed how useful 230 

farmers considered biosecurity measures for farm productivity using a Likert scale (Barua, 231 

2013), which included the responses: very useful, moderately useful, not useful and not sure. 232 

The practice questions determined how integrated the principles of aquatic biosecurity are 233 

with current farm management. Questions included aspects of management relating to 234 

prevention, detection and mitigation of pest outbreaks. Closed answers for this section 235 

followed the Jia et. al. (2017) model, with options of either often-seldom-never or yes-no-not-236 

always. Farmers were provided with multiple choice answers to questions about the disposal 237 

of affected crop, water monitoring and re-stocking after the crop has been affected by pest 238 

outbreaks.  239 

 240 

The paper-based KAP questionnaire also followed formatting recommendations outlined in 241 

Jia et. al. (2017), including: the ordering of questions, use of language and the use of different 242 

questions for the same topic to assess repeatability of specific questions. For example, the 243 

questions used to collect demographic information were asked last, to enable the development 244 

of trust with the farmer before asking for personal information. In addition, the first questions 245 

were straightforward to answer, to reduce the risk of the farmers from being intimidated by the 246 

questionnaire format. The attitude questions also followed the practices questions to avoid 247 

any biased answering. Any non-responses to questions were kept blank in the data. The 248 

questionnaire was initially piloted (with 2-3 farmers) in both countries to ensure translation and 249 

wording was appropriate, to minimise information bias from jargon and to address any 250 

problems with the farmers understanding of questions. 251 

 252 
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2.3 Data Analysis 253 

Data collected from the Philippines was analysed to compare the top three production regions 254 

within the Philippines and was published by Mateo et al. (2021), as a national analysis. The 255 

collective national data from Mateo et al. (2021) is used in this study to conduct a cross-cultural 256 

analysis with additional, novel data from the Tanzanian industry. 257 

 258 

2.2.1 Analysis of demographic data 259 

Demographic data collected in the survey included: gender, age, educational attainment, 260 

years of experience in seaweed farming and any training in cultivation received. Gender was 261 

classed as male, female or undisclosed. Educational attainment was categorised by the 262 

difference levels of schooling available to farmers in the context of each country, and training 263 

was categorised based on whether farmers had or had not received any formal training whilst 264 

actively farming. The species, as identified by the farmer and cultivation technique practiced, 265 

was also documented. The proportion of responses to each question were calculated and 266 

compared between each country and short descriptions of the general demographics are 267 

given. A simple linear regression model was used to test the significance of the relationship 268 

between participants age and farming experience, and a probability 0.05 was considered as 269 

significant.  270 

 271 

2.2.2 Knowledge, Attitude and Practice (KAP) Analysis 272 

To understand current biosecurity activities in the cultivation of seaweed in the Philippines and 273 

Tanzania, questions were categorised and sub-categorised following the framework used by 274 

Jia et. al. (2017), where questions were categorised for Knowledge, Attitudes and Practices. 275 

 276 

The sub-categorisation of knowledge questions was based on the biosecurity risks posed by 277 

identifiable pests and the general risk pathways for introducing pests in the seaweed 278 

cultivation process, as reported in literature (Kambey et al., 2021; Ward et al., 2021, 2019). 279 

These risks were then sub-categorised (Supplementary Materials 2) as either external or 280 

internal biosecurity, where external is the risk of introducing a pest to the farm or cultivation 281 

area, and internal is the risk within the farm or to other farms in the same area. Attitude and 282 

practice questions were then formed around these risk agents and pathways, and the internal 283 

and external categorisation was applied. Specific management measures for internal 284 

biosecurity were captured under ‘prevention’ and ‘detection’, as there are currently very few 285 

reports of successful eradication or control treatments in seaweed aquaculture. 286 

 287 

This survey adopted the index scoring process, which was developed by Jia et. al. (2017) to 288 

quantify percentage scores overall and for each category and related sub-category. In 289 
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accordance with this methodology, all knowledge questions were binary, and attitude and 290 

practice questions were weighted on the strength of their answers with the exception of a few 291 

questions that had multiple-choice answers. Information bias, as a result of missing data (i.e., 292 

unanswered questions), was minimised by using the scaling process in Jia et. al. (2017) which 293 

considered the best-case and worst-case scenario, and category scores were calculated using 294 

equations described by Mateo et. al. 2020. The KAP medians and percentage of scores overall 295 

were then calculated, and for each category the farmers scores were defined as “good’ 296 

(>75%), “fair” (50-75%) and “poor” (<50%), a definition adopted by Jia et. al. (2017). 297 

 298 

2.2.3 Correlation analysis between demographic variables and KAP scores 299 

The total attitude and practice scores were correlated with farmers demographics. The overall 300 

score categories and demographics were then compared for both countries. Correlation 301 

between demographic information and KAP scores was tested using the statistical tests to 302 

analyse the differences in scores between different demographics. For demographics, which 303 

were not ordinal, the Spearman’s rank correlation test was used (age and years of 304 

experience), and for the ordinal demographics, the Mann-Whitney U test was used, where the 305 

categories were binary (gender) and the Kruskal-Wallis H test was used where the answers 306 

were categorical and multiple (education level and training). The Goodman-Kruskal gamma 307 

test was used to determine the strength of association between KAP scores and their sub-308 

categories, where strength was defined as 0.00 <0.10 = negligible, 0.10 <0.20 = weak, 0.20 < 309 

0.40 = moderate, 0.40 < 0.60 = relatively strong, 0.60 < 0.80 = strong, 0.80< 1.00= very strong, 310 

as defined by Rea and Parker (2014). 311 

 312 

3 Results 313 

 314 

3.1 Survey Demographics 315 

A total of 189 seaweed farmers participated in this study (Table 1), with a participation rate of 316 

>96.6%, and included farmers who had received some form of farm management training from 317 

a range of governmental and non-governmental organisations. Of the surveyed farmers in 318 

Tanzania, 13% (12) were male with an age range of 30-65 and 87% (77) were female, with 319 

an age range of 19-75 (Fig. 2a). In the Philippines, the farmers surveyed were 29% (30) female 320 

and 71% male, with females ranging from 18-62 and males ranging from 21-72 years old.  321 

 322 

 323 

 324 

 325 

 326 



 11 

 327 

 328 

 329 

 330 

 331 

Table 1. Seaweed farmer population and survey sample description 332 

 
 

Region Estimated number 
of farmers in 

region 

Training provisions Response Rate 
(% of sample) 

United 
Republic 

of 
Tanzania 

Lindi & Mtwara 
(Mainland) 

6000 
(all mainland incl. 

Lindi & Mtwara) 

• Export company 30 (100) 

Pemba Island 
(Zanzibar 

Archipelago) 

14072 • Unnamed Non-
Governmental 
Organisation 

30 (100) 

• Zanzibar Seaweed 
Cluster Initiative (ZACSI) 

 

• Ministry of Agriculture  

• Seaweed buyers 

• other farmers 

Unguja Island 
(Zanzibar 

Archipelago) 

8699 • Institute of Marine 
Science 

• (University of Dar es 
Salaam)  

29 (96.6) 

• Zanzibar Seaweed 
Cluster Initiative (ZACSI)  

• Zanzibar East Africa 
(ZANEA) Co. Ltd (export 
company) 

• Jozani group 

Philippines Tawi-Tawi 60-65k families • Philippine Development 
Assistance Programme 
(PDAP) Inc. 

29 (100) 

• Bureau of Fisheries and 
Aquatic Resources 
(BFAR, Regional 
Seaweed Training 
Centre) 

Zamboanga 25000 • Technical Education and 
Skills Development 
Authority (TESDA) 

36 (100) 

• BFAR 

Palawan 5567 • Department of City 
Agriculture  

35 (100) 

• Department of Social 
Welfare and 
Development (DSWD) 

• Western Philippines 
University (WPU) 

• BFAR 

  Total participants 189 
*estimated number of farmers obtained from local industry experts, AQ Hurtato 2021 pers. comm., 2 April for 333 

Philippines and FE Msuya 2021 pers. comm., 6 April for Tanzania 334 
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 335 

 336 

 337 

Figure 2 Numerical demographic data of participant farmers 338 

 339 

Farmers experience (i.e., years of farming) increased with the farmers’ age in both the 340 

Philippines and Tanzania and ranged from less than a year to 40 years of farming in 341 

Tanzania, and from 1 year to 50 years of farming in the Philippines (Fig. 2b). There was a 342 

significant positive relationship found between the farmers age and years of farming 343 

experience in both the Philippines and Tanzania (p < 0.05). 344 

 345 

In Tanzania, 32.6% of farmers had less than an elementary school level of education, 27% 346 

had obtained elementary school education, 33.7% a middle school education and 3.3% an 347 

education higher than middle school. In the Philippines, 19.8% of farmers had less than 348 

elementary school education, 29.7% an elementary level education, 3.96% a middle school 349 

education, 27.72% a high school education and 18.81% had obtained higher education (Fig. 350 

3a). The majority of farmers in Tanzania used the off-bottom farming technique (89%) and a 351 

small proportion were practicing a mix of off-bottom and long-line (11%), compared to the 352 

Philippines, where 58.4% were using the long-line cultivation technique, 22.8% off-bottom, 353 

11.9% mixed and 6.9% were using various unknown techniques (Fig. 3b). The majority of 354 

farmers in both Tanzania and the Philippines harvested their crop earlier than the 45 day 355 

recommendation for carrageenan production, at 81% and 77% respectively (Fig. 3c). 356 

Destruction of the farmers crop by weather events occurred annually for the majority of 357 

farmers surveyed in both Tanzania (87.6%) and the Philippines (76.2%) (Fig. 3d). 358 

 359 
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 360 

Figure 3. Additional farm demographics and information by country 361 

 362 

3.2 Knowledge, Attitude, Practice Scores 363 

 364 

3.2.1 Knowledge Scores 365 

In Tanzania, 36% of farmers knowledge scores were classed as Poor, with 49% classed as 366 

Fair, and 15% classed as Good compared with the Philippines, where only 5% were classed 367 

as Poor, 88% as Fair and 7% as Good (Fig.4a). Tanzanian farmers’ basic understanding of 368 

general risk pathways scores were 23% Poor, 32% Fair and 44% Good, and in the Philippines, 369 

there were no scores in the Poor category, 44% were classed as Fair and 56% were classed 370 

as Good (Fig. 4d). Knowledge awareness of specific diseases and pests scores in Tanzania 371 

were relatively even across the classifications at 32% Poor, 38% Fair and 30% Good, and in 372 

the Philippines were split 54% Poor, 38% Fair and 8% Good (Fig. 4g). 373 
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 375 

Figure 4. Scores for overall Knowledge (a), Attitudes (b) and Practice (c) category questions, 376 

and their sub-categories (d-i). 377 

 378 

3.2.2 Attitude Scores 379 

Attitude scores were 36% Poor, 45% as Fair and 19% as Good in Tanzania, compared with 380 

the Philippines, where no scores were returned in the Poor category, 23% were classed as 381 

Fair and 77% were classed as Good (Fig. 4b). Internal biosecurity scores in Tanzania were 382 

classed as 36% Poor, 44% Fair and 20% Good, and in the Philippines, there were no scores 383 

classed as Poor, 19% were Fair and 81% were Good (Fig. 4e). External biosecurity scores 384 

were higher in Tanzania than in the Philippines with 94% Good and 6% Fair, where in the 385 

Philippines 82% were Good, 14% were Fair and 4% were Fair (Fig 4h). 386 

 387 

3.2.3 Practice Scores 388 

A majority of practice scores in Tanzania were poor (85%), and in the Philippines a majority 389 

were Fair (84%) (Fig. 4c). Internal biosecurity practice scores in Tanzania were 89% Poor, 390 

10% Fair and 1% Good, compared to the Philippines where 92% were Poor and 2% were Fair 391 

(Fig. 4f). External biosecurity scores were only slightly improved with 79%, 19% Fair and 1% 392 

Good in Tanzania, and in the Philippines were 56% Poor and 44% Fair (Fig 4i). 393 

 394 
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3.3 Correlation analysis between demographics and KAP scores 395 

Correlation analysis between the demographic data of each country identified different 396 

relationships between the KAP scores of both countries (Table 2). In general, the surveyed 397 

demographics (i.e., age, experience, education, training and gender) were more significantly 398 

correlated with KAP scores in Tanzania than in Philippines. In the Philippines, only the sub-399 

category score of Knowledge (i.e., basic understanding of biosecurity risks) was significantly 400 

correlated with education, training and gender. In addition, the attitudes to external biosecurity 401 

measures and risks were significantly correlated with training and gender (Table 2).  402 

 403 

In Tanzania, almost all the surveyed demographics were correlated with overall KAP scores 404 

and sub-categories, with the exception of gender, which was found not to be correlated with 405 

scores (Table 2). Farming experience was significantly correlated with all scores and sub-406 

categories, excluding internal biosecurity practices. Training was significantly correlated with 407 

all scores and sub-categories, with the exception of Knowledge- awareness and Attitudes 408 

towards external biosecurity risks and measures (Table 2).  409 

 410 

Table 2- Correlation between demographic characteristics and KAP scores (Philippines n= 411 

100, Tanzania n= 89) 412 

Philippines K A P Ku Ka Ai Ae Pi Pe 

Age - - - - - - - - - 

Experience - - - - - - - - - 

Education - - - 0.04c - - 0.05 c - - 

Training - - - 0.02 c - - - - - 

Gender - - - 0.05b - - 0.03b - - 

 413 

Tanzania  

Age - 0.01a - - - 0.01a 0.01a - - 

Experience 0.00a 0.00 a 0.00 a 0.00 a 0.00 a 0.00 a 0.00 a - 0.02 a 

Education - 0.00 c - 0.04 c - 0.00 c - - - 

Training 0.02 c 0.00 c 0.02d c 0.02d c - 0.00 c - 0.06 c 0.00 c 

Gender - - - - - - - - - 
 414 

Ku = Knowledge understanding, Ka= Knowledge awareness, Ai = Attitudes internal, Ae= Attitudes external, Pi= Practices internal, Pe= Practices 415 
external.

 
Correlations were calculated using a) Spearman’s Rank, b) Mann Whitney U, c) Kruskal-Wallis H, and significance for all tests = <0.05 416 

 417 
 418 

The associations between the different score categories and sub-categories also showed 419 

different relationships between Knowledge, Attitudes and Practices in each country (Fig. 5). 420 

In the Philippines, knowledge and practice scores were only weakly associated with one 421 

another, but knowledge was more strongly associated with attitudes. In Tanzania, knowledge 422 
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was more strongly associated with practices, and practices in general were more strongly 423 

associated with both the knowledge and attitude scores (Fig. 5).  424 
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Figure 5- Heatmap for strength of association between Knowledge (K), Attitude (A), Practice 429 

(P) and sub-category scores by country, measured using Goodman-Kruskal gamma test with 430 

categories of strength, as defined by Rea and Parker (2014)431 
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4. Discussion 432 

 433 

4.1 Farmer Demographics and Biosecurity Knowledge, Attitudes and Practices 434 

 435 

4.1.1 Biosecurity Knowledge 436 

Overall age and experience were correlated in both the Philippines and Tanzania, suggesting 437 

that even in a declining industry there has been no mass exit or mass entry of farmers in 438 

recent years. Biosecurity knowledge scores in the Philippines were higher compared with 439 

Tanzania, primarily because of the higher scores recorded in the ‘basic understanding’ sub-440 

category. A key reason for the higher basic knowledge scores in the Philippines when 441 

compared with Tanzania, may relate to differences in the training opportunities available to 442 

the seaweed farmers. For example, in Tanzania where knowledge scores ranged more widely 443 

from poor to good there was a higher diversity of training programs for the farmers (Table 1). 444 

These programmes included: NGO led initiatives, specific academic engagement programs 445 

and actions through different cooperatives. In contrast, seaweed farmers in all regions of the 446 

Philippines, typically had some access to training through the competent authority (BFAR) and 447 

from non-government agencies (Philippine Development Assistance Programme Inc., World 448 

Bank- International Finance Corporation, Cargill), which may have unified the national 449 

industries knowledge through a more singular and co-ordinated approach. For example, 450 

increased number of training courses doesn’t necessarily unify the messaging from new and 451 

developing knowledge of diseases required for clear communication (Bondad-Reantaso et al., 452 

2005), and if not consistent messaging on biosecurity risk can dissuade practitioners from 453 

adopting management measures (Sellnow et. al. 2019). This supports the suggestion that a 454 

unified approach to training through the competent authorities involved in the aquaculture 455 

sector can improve the convergence of knowledge in a national industry (FAO, 2007). Without 456 

clear separation, however, between general best practices and those that specifically address 457 

biosecurity risks, farmers can confuse whether they have received biosecurity training, and 458 

the important message of using biosecurity measures to tackle pest outbreaks in national 459 

training programmes can be lost (Westers et al., 2017). Training programs specifically 460 

designed to incorporate biosecurity may, therefore, be successful in making initial capacity 461 

building steps and raising awareness of risk pathways, which in general scored lower in the 462 

Knowledge category. 463 

 464 

Overall, these results are comparable with the only other aquaculture KAP example, in which 465 

catfish farmers in China had a good working knowledge of the main diseases and pests but 466 

lacked knowledge on transmission pathways (Jia et al., 2017). Through the combined results 467 

of this KAP survey from the international seaweed industry and from the example in China, it 468 
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suggests that a general feature of implementing biosecurity in aquatic environments is 469 

complicated by the open-ness and ability of diseases and pests to be easily transmitted within 470 

and between cultivation systems. This “leaky boundaries” concept has been previously 471 

described for the salmon industry, whereby control through compartmentalisation of the 472 

system is compromised by the transmission of diseases and pests across the compartment 473 

boundaries (Murray, 2013). This is an aspect of biosecurity that requires advanced 474 

epidemiological knowledge, but as the current study indicated through overall poor scores in 475 

attitudes towards external biosecurity risks, could be improved by intervention strategies that 476 

can specifically enhance farmers basic knowledge of compartmentalisation and transmission 477 

of diseases or pests in the aquatic environment. 478 

 479 

4.1.2 Attitudes towards biosecurity 480 

In addition to knowledge, the different attitude scores between the Philippines and Tanzania 481 

provided evidence for the influence that social context can have on farmers perspectives on 482 

biosecurity. Farmers attitudes towards biosecurity measures in the Philippines were all Fair or 483 

Good, higher than the only comparable example from the catfish industry in China (Jia et al., 484 

2017). Whereas, in Tanzania 36% of the farmers scored poor in terms of attitude towards 485 

biosecurity, which is more comparable to the findings in Jia et al. (2017).  486 

 487 

Attitudes in this study towards internal (i.e., within a single farmers unit) biosecurity measures 488 

in Tanzania were poorer compared with the Philippines. This might be reflected by the fact 489 

that farmers in Tanzania work across their single farm units as a co-operative, helping each 490 

other with daily farm tasks, therefore placing more emphasis on their more positive attitudes 491 

to external farm risks. In Tanzania, women conduct most of the farm activities (Msuya and 492 

Hurtado, 2017) and have formed strong co-operative links to support one another’s farms. 493 

This cooperation enables them to consider the ‘external’ (shared biosecurity risks and 494 

pathways between single farm units) implications and benefits of biosecurity measures on 495 

their own and on neighbouring farms. In contrast, in the Philippines, farm activities are usually 496 

internalised within the farm unit, and tasks are carried out by a family units who support their 497 

single farm in a more independent fashion (Hurtado 2014, Valderrama et al 2013, Suyo et al 498 

2020), so may be less likely to consider ‘external’ factors. Evidence from another study in the 499 

Philippines, showed that the risk perceptions between the male and female roles of the farming 500 

unit are considered differently, where women mainly consider risk to be centred around direct 501 

pest outbreaks and men consider these risks both directly, as well as, more broad threats 502 

such as climate and pollution (Suyo et al., 2021). Therefore, attitudes towards, internal (single 503 

farmers unit) and external (shared risks and pathways between single farmers unit) biosecurity 504 

measures are more balanced overall in the Philippines compared with Tanzania.  505 
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 506 

4.1.3 Biosecurity Practices 507 

Practice scores in the Philippines were higher compared with Tanzania. This difference in 508 

scores was largely due to the limited ability of the Tanzanian farmers to carry out many of the 509 

routine biosecurity measures, as a result of the nature of the off-bottom farming technique 510 

predominantly used by the industry (Hassan and Othman, 2019). When practicing this 511 

technique, farmers only have access to their farms during low tide in daylight, which 512 

considerably limits the contact time with the crop to a fortnight each month (Largo et. al. 2020). 513 

In contrast, farming techniques in the Philippines are highly diverse and access to the majority 514 

of the farms are independent of the tides (Hurtado et al., 2014; Mateo et al., 2020; Quiaoit et 515 

al., 2018; Valderrama et al., 2013), enabling the farmers to access their farms on a regular 516 

basis and to adapt to environmental changes, as required. Although not a specific aspect of 517 

the KAP study, in other studies on the risks farmers are facing climate change related 518 

challenges (largely wind speed, sea waves, irregular rainfall patterns and salinity) are often a 519 

key risk factor (Hassan and Othman, 2019, Suyo et. al 2021,). which adds another dimension 520 

to risk management. As aquaculture globally considers climate adaptations as key to future 521 

growth and sustainability (Ahmed et. al. 2019), future seaweed policy development should 522 

consider how to support farmers with climate change adaptations in tandem when developing 523 

biosecurity protocols. 524 

 525 

In addition, seaweed farmers in Tanzania lack government support (Rusekwa et al. 2020), 526 

which could provide training and facilitate the introduction of different cultivation techniques, 527 

as used by the seaweed industry in other countries. Alternatively, co-operative led initiatives 528 

to develop codes of good biosecurity practice could be encouraged to overcome barriers to 529 

implementation and facilitate an initial dialogue between farmers and the competent 530 

government authority. An example of an industry led initiative is the Code of Good Practice 531 

for the Scottish Salmon industry, which includes a Veterinary Health Plan (VHP) (Oidtmann et 532 

al., 2011). This industry led initiative allows farmers to integrate realistic basic monitoring and 533 

pest prevention measures, enabling it to adapt to climatic-related environmental changes 534 

(Hassan and Othman, 2019). Farmers in the Philippines and Tanzania are, however, often 535 

financially limited, particularly in regard to investing in biosecurity practices (Largo et. al. 2020; 536 

Mateo et al., 2021). This could be addressed though through participatory (e.g., NGO, 537 

government and industry) programs to incentivise investment (e.g. carbon credits, Froehlich 538 

et al., 2019), as well as by economic studies which demonstrate the financial return on 539 

improved biosecurity practices for farmers. Similar approaches have been previously 540 

recommended by rural smallholder agricultural industries (Chenais et al., 2017; Nantima et 541 

al., 2016).  542 
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 543 

4.1.4 Associations between biosecurity Knowledge, Attitudes and Practices 544 

Given the higher basic knowledge scores of farmers in the Philippines compared with 545 

Tanzania, together with the greater diversity in farming techniques, improving knowledge on 546 

biosecurity practice may be limited without further interventions. For example, the introduction 547 

of new epidemiological knowledge and/ or investment in more advanced biosecurity practices 548 

(e.g., lab assisted detection, or production of disease-free seaweed varieties) could potentially 549 

improve farmers practices. Both advancements in epidemiological knowledge of pests and in 550 

industry-wide biosecurity practices have had a successful impact on the productivity of the 551 

shrimp industry in recent years (Thitamadee et al., 2016).  552 

 553 

In contrast, in Tanzania knowledge and attitude scores were more strongly associated with 554 

practices, which may indicate there is greater capacity within this national industry, for farmers 555 

to employ some biosecurity measures into current practices. In Uganda, for example, a pattern 556 

of resource-poor banana farmers facing uncertainty around practices to tackle disease is 557 

compounded by the uncoordinated approach to disseminate biosecurity information to farmers 558 

(e.g., by NGOs, academic programs and government initiatives (Cavallo, 2020)). However, 559 

compounded uncertainty has driven the farmers to form strategic alliances with organisations 560 

to tackle uncertainty and knowledge gaps (Msuya, 2005; Nor et al., 2017). This formation of 561 

alliances is a strategy that, for example, the Zanzibar Seaweed Cluster Initiative – an 562 

organisation that represents over 300 farmers in Tanzania- could promote to improve 563 

biosecurity practices in the country (Msuya, 2005). 564 

 565 

4.2 KAP survey as a tool to understand current biosecurity capacity 566 

This assessment of the KAP tool in an aquaculture setting, reiterates the effectiveness of this 567 

framework for understanding the relationships between Knowledge, Attitudes and Practices 568 

for a particular challenge to an industry sector. Here the relationships between biosecurity 569 

KAP scores were identified as having their own unique characteristics in the Philippines and 570 

Tanzania, even though both industries face similar pest risks (Hurtado et al., 2017; Ward et 571 

al., 2019). This tool, however, has provided a robust evidence base to guide the development 572 

of large international scale biosecurity programs, such as the FAO Progressive Management 573 

Pathways for Aquaculture Biosecurity (PMP-AB) (Bondad-Reantaso et al., 2018). This 574 

evidence includes not only specific-regional context for each country, but a wider inter-country 575 

context, which can enable the development of biosecurity measures that can address different 576 

national challenges for the seaweed production sector. 577 

 578 



 21 

Given the well-established use of the KAP tool and framework to understand agricultural 579 

biosecurity, the adoption of the tool by the aquaculture industry would allow for comparisons 580 

to be made across different farming sectors, to understand the success and failures of 581 

biosecurity approaches from other cultivation systems. For the seaweed industry, this is 582 

particularly useful, where lessons can be learned from other crop production systems such 583 

as: the banana (Cavallo, 2020) and rice (Joshi et al., 2000) industries, and similarly scaled 584 

smallholder livestock farms (Chenais et al., 2017; Nantima et al., 2016). All of which have 585 

comparable limitations, in which resource-poor farming industries have been able to adopt 586 

biosecurity interventions. One example from the Philippines includes a national initiative by 587 

the government to research and resource better adapted and healthier strains of rice crop, 588 

which has also been suggested for the seaweed industry (Brakel et. al. 2021). In the case of 589 

the livestock industry in Uganda, it was recommended that any biosecurity initiative should 590 

have poverty alleviation at the heart of the program, to encourage farmers to spend more time 591 

and resources on monitoring and detection of disease (Chenais et al., 2017), and that short-592 

term, low cost strategies should be the focus of biosecurity measures (e.g., class separation 593 

and appropriate disposal of diseased animals) (Nantima et al., 2016). Although these 594 

examples are from land-based animal systems, it may be possible for the seaweed industry 595 

to target low-cost, short-term strategies, including the removal of diseased and infected crop 596 

from the local aquatic environment, subsequent disposal to land-fill sites, and separation of 597 

crop from different sources to encourage a local crop monitoring system. However, despite 598 

preliminary studies on the effect husbandry measures has on the outcome of crop (Kambey 599 

et. al. in press in Journal of Applied Phycology), there still lacks an evidence base to prove 600 

that these measures will be preventative enough to provide an economic return for farmers 601 

who survive on the monthly income from harvest.  602 

 603 

With farm practices heavily influenced by the low-income nature of seaweed farming (Mulyati 604 

and Geldermann, 2017; Suyo et al., 2020; Valderrama et al., 2015, 2013), this study has 605 

shown that there is valuable farmer knowledge, but a limited ability for farmers to implement 606 

biosecurity measures. In agriculture, farmers who have limited financial resources to invest in 607 

management strategies are sometimes forced to take risks and move or sell known infected 608 

livestock to acquire income or use the stock for direct consumption (Chenais et al., 2017). For 609 

example, smallholder pig farmers in Uganda, have good knowledge of African Swine Flu 610 

(ASF) vectors and mitigation strategies, but implementation remains limited by rural poverty 611 

(Chenais et al. 2017). The small-scale nature of seaweed farmers, is comparable and this 612 

could be seen as high risk to competent authorities, as it makes it more difficult to co-ordinate 613 

change, especially in the case of seaweed cultivation where crops can be harvested on a 614 

monthly time-scale (Hurtado et al., 2017). In agriculture, smallholders are seen as ‘internal’ 615 
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threats to a national agricultural industry (Young et al., 2015). Yet it can be argued, that 616 

smallholders have superior health and biosecurity awareness given their closer connection to 617 

the whole production chain (Holloway, 2019). It is therefore important, that developments in 618 

national or international biosecurity policies should be adaptable to different scales of 619 

production, such as small-scale supplementary activities and large-scale commercial 620 

seaweed employers of farmers, which both occur in Tanzania and the Philippines.  621 

 622 

The standardised approach of the KAP tool provides an opportunity to compare biosecurity in 623 

the seaweed industry with other examples from aquaculture sub-sectors, which incorporate 624 

the added complexity of an open aquatic environment in disease management (Murray, 2013). 625 

The example from the catfish industry in China also identified that although biosecurity 626 

attitudes of farmers can be high, their ability to implement measures is hampered by 627 

knowledge and resources (Jia et al., 2017). This was also reflected in the study of the national 628 

seaweed industry in the Philippines, where knowledge was affected in some regions where 629 

farmers did not have access to training, and there lacked government support to provide 630 

farmers with resources to implement additional practices, both factors were also exacerbated 631 

by the lack of data on the impact pests were having on national production (Mateo et al., 632 

2020). As well as revealing these links between aquaculture sectors to integrate into large-633 

scale international policy, the quantitative nature of the KAP tool allows for a re-evaluation of 634 

biosecurity programs. This was demonstrated in India, where the success of a specific 635 

pesticide awareness program was both facilitated by and evaluated through the use of the 636 

KAP tool (Sam et al., 2008).  637 

 638 

4.3 Limitations and future recommendations for the KAP tool in aquaculture 639 

Although this survey included farmers from across the three top producing regions of both the 640 

Philippines and Tanzania, the exact number of farmers who are actively producing seaweeds 641 

in these areas is largely unknown. Therefore, the proportion of farmers this survey represents 642 

remains unknown and the results from this study cannot be presumed to represent all 643 

seaweed farmers in the two highly diverse countries, where political, cultural and geographical 644 

diversity exists at all levels of the seaweed industry. As a result, this is a preliminary step 645 

towards understanding the biosecurity landscape of the carrogeenophyte section of the global 646 

seaweed sector, and not a complete description of the industry as a whole. Similarly to Jia et 647 

al. (2017), convenience sampling had to be used to interview farmers, where introductions 648 

were made by village leaders or co-operative representatives. In some cases, a translator 649 

facilitated interviews in regions where farmers spoke a local dialect, which broadened the 650 

nature of some questions to be able to effectively communicate across regions and between 651 

nationalities. For example, in this analysis questions regarding monitoring and observations 652 
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had to be generalised to relate to farmers in the Philippines, who cultivated in deep water and 653 

accessed farms by boat on a daily basis, and that of Tanzanian farmers, who could only 654 

access farms at low tide. 655 

 656 

Linking production, environmental knowledge and policy often lacks distinction between “local” 657 

and “expert” knowledge, and environmental knowledge can traditionally follow geographic 658 

knowledge of production systems and their associated environment (Goldman et al., 2011; 659 

Kloppenburg, 1991; Robbins, 2000). The conflicts between these knowledge systems can 660 

reduce the success in implementing changes to practice in farm systems, which was identified 661 

in the different knowledge scores between Tanzania and Philippines. Policy analysis of 662 

biosecurity from the Philippines (Mateo et al., 2020) and Tanzania (Ruseskwa et. al. 2020) 663 

indicates the seaweed industry may be at risk of widening the gap between “local” and “expert” 664 

knowledge on pests management. The KAP tool could provide a solution to this, by providing 665 

an evidence base, which could facilitate reconciliation and compromise between the science, 666 

policy and practice knowledge gap. This type of policy compromise is not only useful in the 667 

seaweed industry, but can also bridge the gap between the management of aquatic animal 668 

and plant health systems in aquaculture sectors which are largely divided between aquatic 669 

animal or plant health at the international level (Campbell et. al. 2019).  670 

 671 

5. Conclusions 672 

This study has provided the first assessment of biosecurity capacity on an international scale 673 

within the seaweed cultivation industry. The results identify common challenges (e.g., limited 674 

epidemiological knowledge and techniques, and pest outbreaks related to climate change), 675 

but also, how local, socio-political contexts can influence the success of biosecurity 676 

interventions on a national scale. This detail of understanding provides an essential, 677 

scientifically, robust evidence base to enable the seaweed industry to be considered in 678 

existing and future broad-based international aquaculture biosecurity and sustainability 679 

programs (Bondad-Reantaso et al., 2018; Doumeizel and Aass, 2020), and can be used to 680 

justify the inclusion of seaweed aquaculture in existing international policies (Campbell et al., 681 

2019), whilst maintaining sensitivity to the individual challenges faced by the seaweed farmers 682 

in a local context. 683 
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Supplementary Materials 

 

 SM 1: Example questionnaire for Knowledge Attitudes Practices (KAP) survey  

 

Basic information 

a. Location (GPS/LatLong) 

 Province  

 Prefecture  

 County  

 Township  

 

b. Age  

 

c. Gender  

 Male ❑   

 Female ❑   

 

d. Academic Education  

 Less than elementary school ❑   

 Elementary school ❑   

 Middle school ❑   

 High school ❑   

 More than high school ❑   

 

e. Experience in seaweed farming in years  

 

f. Are you part of a formally recognized group of farmers?  

 

g. Is there any outside organization that influences the methods or 
practices you use to grow the seaweed? 

 Description here: 
 
 

 

h. 
Do you have formal training in seaweed 
farming? 

Yes No    
Not 
sure 

❑ ❑ ❑ 

 
If yes, please specify: 
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i. 
Do you know what species you are currently 
growing? 

Yes No    
Not 
sure 

❑ ❑ ❑ 

 

If yes, please specify which ones and local names: 
 
 

 

j. What farming technique are you currently using? 

 

(e.g. Raft culture/long line culture/ bottom-culture) 
 
 

 

k. 
Have you ever had to harvest crop earlier than 
the standard time because of diseases? 

Yes No    
Not 
sure 

❑ ❑ ❑ 

 

Details here: 

 

l. 
Have you had your farm destroyed by weather/climate events in the last 
10 years? 

 Every year ❑ 

 Every 2/3 years ❑ 

 Once every 5 years ❑ 

 Not sure ❑ 

 Notes details: 

 

At this point tell the farmer there are three main sections to the 

questionnaire, and remind them as you go through that’s one section 

finished and were only have 1 or 2 sections left. 
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Knowledge 

 
Do you have the following kinds of diseases/pests 
on your farm? 

Yes No    
Not 
sure 

1. Diseases inside the seaweed ❑ ❑ ❑ 

2. Diseases/pests outside and around the seaweed ❑ ❑ ❑ 

3. Diseases caused by reduced water quality 
 
 
 
  

❑ ❑ ❑ 

4. Invasive Species ❑ ❑ ❑ 

 

5. Have you heard of ‘ice-ice’ disease? 
Yes No    

Not 
sure 

❑ ❑ ❑ 

 

 
Which of the following activities do you think 
could result in the introduction and spread of an 
infectious disease to your farm? 

Yes No    
Not 
sure 

6. 
Shared equipment with infected farms (equipment 
includes the use of boat) 

❑ ❑ ❑ 

7. Use of same seed as infected farms ❑ ❑ ❑ 

8. Shared same road/shore working area with infected 
farms  

❑ ❑ ❑ 

9. Seaweed and other animals grazing on infected 
seaweed  

❑ ❑ ❑ 

10. 
Using same equipment over multiple growing cycles 
on infected farms 

❑ ❑ ❑ 

11. Unknown health status of seed ❑ ❑ ❑ 

12. Not having a controlled nursey/seedling area ❑ ❑ ❑ 

13.  Weather events disturbing/breaking up crop ❑ ❑ ❑ 
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Practices  

 Biosecurity Practices Often Seldo
m     

Neve
r 14. Do you help other farms during disease/pests 

outbreaks? 

❑ ❑ ❑ 

15. Do you disinfect (dry on the shore in the sun) growing 
equipment? 

❑ ❑ ❑ 

16. Do you share equipment with other farmers? ❑ ❑ ❑ 

17. Do you disinfect equipment before planting new 
seedlings? 

❑ ❑ ❑ 

18. Do you isolate and monitor new crop before planting? ❑ ❑ ❑ 

19. Do you keep records of water conditions (e.g. 
temp/salinity)? 

❑ ❑ ❑ 

20. Do you keep records of crop loss? ❑ ❑ ❑ 

21. Have you visited/worked on other farms during the past 
2 weeks? 

❑ ❑ ❑ 

 

 

22. Do you know where the seed you use comes from? Check all that apply. 
 
  Government 
 

❑ 
 
  Local seller 

 

❑ 

 Producing company 
 

❑ 
 

 Independent research center 
 

❑ 
 

 NGO ❑ 
 
  Other, please specify: 

 
 

 

 

23. 
How do you remove crop when a disease/pest outbreak occurs? 
Check all that apply. 

 

 Take ashore to dispose of on land ❑ 

 Throw away in the sea away from all farms ❑ 

 Throw away outside of your individual farm ❑ 

 Throw away within your farm area ❑ 

 
Other, please specify: 
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24. 
If you have lost crop in the past year to diseases/pests, what would 
you do when you receive new seed on your farm? Check all that 
apply. 

 

 Keep growing the same crop ❑ 

 Add new crop without removing all the old crop ❑ 

 Remove all the old crop and plant only the new crop ❑ 

 Remove all the old crop and replace the equipment before planting new 
crop 

❑ 

 Leave the farm empty for some time before planting a new crop ❑ 

 
Other, please specify: 
 

❑ 

 

25. How frequently do you assess crop health on your farm?  

 Daily ❑ 

 Weekly ❑ 

 When there appears to be a problem with crop growth ❑ 

 When the water conditions change ❑ 

 When the neighbors have crop growth problems ❑ 

 Never ❑ 

 Other ❑ 

 

 
Which of the following routine practices did you ever 
use for disease/pest management on farm? 

Ye
s 

Not 
alway
s    

No 

26. 
Do you disinfect any equipment shared with farms with 
pests/diseases?   

❑ ❑ ❑ 

 
Notes: 

27. 
Do you avoid sharing equipment with disease/pest outbreak 
farms? 

❑ ❑ ❑ 

 
Notes: 

28. Do you treat the seaweed with anything during the farm 
process? 

❑ ❑ ❑ 

 

Notes: 

29. Do you decrease crop density if crop loss in previous 
production cycle 

❑ ❑ ❑ 

 

Notes: 
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30. Do you keep same seed species/strain in one area? ❑ ❑ ❑ 

 
Notes: 

31. 
Do you remove the diseased/pest affected crop from the 
farm when they are affected? 

❑ ❑ ❑ 

 
Notes: 

32. Do you learn to improve harvesting procedure? ❑ ❑ ❑ 

 
Notes: 

33. Do you pay attention to weather change over time? ❑ ❑ ❑ 

 
Notes: 

34. Do you check the farm daily? ❑ ❑ ❑ 

 
Notes: 

35. Do you rely on your own experience in farm management? ❑ ❑ ❑ 

 
Notes: 

36. Do you periodically clean equipment used on the farm? ❑ ❑ ❑ 

 
Notes: 

37. Do you change your farming technique if disease/pests 
occur? 

❑ ❑ ❑ 

 
Notes: 

 

 
If a neighboring farm had a disease/pest outbreak, 
which of the following practices have you used? 

Ye
s 

Not 
alway
s    

Not 
sur
e 

38. 
Do you visit other farms after knowing about their 
disease/pest outbreaks? 

❑ ❑ ❑ 

39. 
Do you forbid farmers from farmers of disease/pest 
outbreaks to visit your farm?   

❑ ❑ ❑ 

40. Do you stock new crop from farms with disease outbreaks? ❑ ❑ ❑ 
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Attitudes (In your opinion, do you think this ???? is useful) 

Remind the farmer that this is the last section and is about their opinions on farm 

management. 

 
How useful are the following general 
management practice concepts? 

Very 
usefu
l 

Moderatel
y useful 

Not 
usefu
l    

Not 
sur
e 

41. 
Crop management (time and choice of 
trimming/planting ) 

❑ ❑ ❑ ❑ 

42. Disinfection of farm equipment (ropes, ties, 
nets) 

❑ ❑ ❑ ❑ 

43.
44. 

Water quality monitoring ❑ ❑ ❑ ❑ 

44. Early detection of diseases/pests ❑ ❑ ❑ ❑ 

45. Preventative biosecurity measures ❑ ❑ ❑ ❑ 

 

 

 How useful are the following routine 
management practices? 

Very 
useful 

Moderately 
useful 

Not 
useful  

Not 
sure 

46. 
Disinfect equipment shared with the outbreak 
farm  

❑ ❑ ❑ ❑ 

47. Not sharing equipment with infected farms ❑ ❑ ❑ ❑ 

48. 
Decreasing density if mortality in previous 
production cycle 

❑ ❑ ❑ ❑ 

49. 
Keep same class (same seed source) of crop 
in one farm area 

❑ ❑ ❑ ❑ 

50. 
Remove the affected crop from the farm when 
outbreaks occur 

❑ ❑ ❑ ❑ 

51. Learn to improve harvesting procedure ❑ ❑ ❑ ❑ 

52. 
Be able to respond to weather changes over 
time 

❑ ❑ ❑ ❑ 

53. Check the crop health/growth regularly  ❑ ❑ ❑ ❑ 

54. 
Changing farm management through 
experience 

❑ ❑ ❑ ❑ 

55. Periodically clean any farm maintenance 
equipment 

❑ ❑ ❑ ❑ 
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How useful are the following group of 
practices? 

Very 
useful 

Moderatel
y useful 

Not 
usef
ul    

Not 
sur
e 

56. 
Keeping records of the water conditions daily 
to detect pests/diseases earlier 

❑ ❑ ❑ ❑ 

57. 
Keeping records of crop infection daily to 
detect pests/disease earlier 

❑ ❑ ❑ ❑ 

58. 
Being aware of where the source of seeds 
comes from 

❑ ❑ ❑ ❑ 

59. 
Quarantine and disinfection of seedlings before 
stocking on farm 

❑ ❑ ❑ ❑ 

60. 
Government controls over the quality of seed 
crop 

❑ ❑ ❑ ❑ 

61. 
Disinfection (drying) of farm equipment after 
harvest 

❑ ❑ ❑ ❑ 

 

Household Questions: 

 

i. Is seaweed farming your only source of income? 
Yes No    Not sure 

❑ ❑ ❑ 

 

If not, what are the other sources of income; what are they?  
 
 
 
 
 
 
 

 

ii. How would you rank where seaweed income compares to the other sources? 
 

1st   

2nd   

3rd   

4th   
 

5th   
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iii What do you think should be done to support seaweed farming? 

 

Thank you for participation in the survey! Data will be kept confidential and 

summarised results will be shared with all participants at the end of the study. 
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SM 2: Categorization and sub-categorization of Knowledge questions used in the KAP survey. 
 

Section Category Knowledge questions Code 

Basic 
understanding 

Cause of seaweed diseases 1. Do you know of diseases inside the seaweed (infectious bacterial/fungal) Yes=1, No or NS=0 

 
 2. Do you know of diseases/pests outside and around the seaweed (epiphytes 

and grazers) 
Yes=1, No or NS=0 

  
3. Do you know of diseases caused by reduced water quality  Yes=1, No or NS=0 

 
 
 
 
  

4. Do you know of invasive species Yes=1, No or NS=0 

  5. Do you know of ‘Ice-Ice’ Yes=1, No or NS=0 

Awareness Spread of seaweed diseases 6. Shared equipment with infected farms  Yes=1, No or NS=0 

  
7. Use of same seed as infected farms Yes=1, No or NS=0 

  
8. Shared same road/shore working area with infected farms  Yes=1, No or NS=0 

  
9. Fish and other animals grazing on infected seaweed Yes=1, No or NS=0 

  
10. Using the same equipment over multiple growing cycles on infected farms Yes=1, No or NS=0 

  
11. Unknown health status of seed Yes=1, No or NS=0 

  
12. Not having a controlled nursery/seedling area Yes=1, No or NS=0 

  
13. Weather events disturbing/breaking up crop Yes=1, No or NS=0 

*Note: “NS” means not sure 
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 1 
Categories Sub-

categories 
Attitude questions Code 

 External 
biosecurity 

Stocking 41. Crop management (time and choice of 
trimming and stocking) 

VUa=5, MUa=3, NUa=1, 
NSa=0 

  49. Keeping seed from same origin in one area VU=5, MU=3, NU=1, 
NS=0 

    58. Being aware of where the source of seed 
comes from 

VU=5, MU=3, NU=1, 
NS=0 

    59. Quarantine and disinfection of seedlings before 
stocking on farm 

VU=5, MU=3, NU=1, 
NS=0 

   60. Government controls over the quality of seed 
crop 

VU=5, MU=3, NU=1, 
NS=0 

  Equipment 
& 
Disinfectio
n 

42. Disinfection of farm equipment  VU=5, MU=3, NU=1, 
NS=0 

    46. Disinfect equipment shared with the outbreak 
farm 

VU=5, MU=3, NU=1, 
NS=0 

    61. Disinfection (drying) of farm equipment after 
harvest 

VU=5, MU=3, NU=1, 
NS=0 

Internal 
biosecurity 

Detection 43. Water quality monitoring VU=5, MU=3, NU=1, 
NS=0 

    44. Early detection of diseases/pests VU=5, MU=3, NU=1, 
NS=0 

    53. Check the crop health/growth regularly VU=5, MU=3, NU=1, 
NS=0 

    55. Periodically clean any farm maintenance 
equipment 

VU=5, MU=3, NU=1, 
NS=0 

  56. Keeping records of the water conditions daily to 
detect pests/diseases earlier 

VU=5, MU=3, NU=1, 
NS=0 

  57. Keeping records of crop infection daily to detect 
pests/diseases earlier 

VU=5, MU=3, NU=1, 
NS=0 

  Prevention 45. Preventative biosecurity measures VU=5, MU=3, NU=1, 
NS=0 

  47. Not sharing equipment with infected farms VU=5, MU=3, NU=1, 
NS=0 

  48. Decrease the seaweed density if mortality in 
previous year 

VU=5, MU=3, NU=1, 
NS=0 

    50. Removed the affected crop from the farm when 
outbreaks occur 

VU=5, MU=3, NU=1, 
NS=0 

  51. Learn to improve harvesting procedure VU=5, MU=3, NU=1, 
NS=0 

    52. Be able to respond to weather changes over 
time 

VU=5, MU=3, NU=1, 
NS=0 

    54. Changing farm management through 
experience 

VU=5, MU=3, NU=1, 
NS=0 

Notes: a “VU” = very useful, “MU” = moderately useful, “NU” = not useful, and “NS” = 2 

not sure. b Questions marked with “∆” are questions not included in scoring farmers’ 3 

practices. c  Questions marked with “#” are questions with specific options of answers 4 

other than “VU”, “MU”, “NU” or “NS” as listed above: Q9. Attitudes towards disposal 5 

methods of dead seaweed: Bury=5, Throw away beside pond=3, Farmer pickup=1, 6 

Throw away into open water=0. 7 

 8 

 9 

 10 
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Categories Subcategories Practice questions Score for answer 
options 

External 
biosecurity 

 Stocking  18. Do you isolate and monitor new crop 
before planting? 

Often=0, Seldom =1, 
Never=2 

    20. Do you keep records of crop loss? Often=0, Seldom =1, 
Never=2 

    22. Do you know where the seed you buy 
comes from? ∆ 

Government= G, Un-
associated Trader= 
UAT, Non-Government= 
NGO, Researcher= R, 
Own Crop= OC, Trader 
from Company= TC 

    24. What do you do when you receive new 
seed on the farm? ∆ 

Re-use the infected 
seed= RS, New-seed 
next to old infected 
seed= NSOS, Remove 
the old seed and seed 
only new= NWS, 
Remove old seed and 
put new seed on new 
equipment= NSNE, 
Leave the farm empty 
for some time= LFE. 

    29. Do you decrease crop density if crop if 
there has been crop loss in previous 
production cycle? 

Yes=0, Not always=1, 
No or Not applicable=2 

  30. Do you keep the seed from the same origin 
in one area? 

Yes=0, Not always=1, 
No or Not applicable=2 

  40. Do you stock your farm with seaweed from 
diseased farms? 

Yes=0, Not always=1, 
No or Not applicable=2 

   Traffic control  14. Do you help other farms when they have 
disease outbreaks?  

Often=0, Seldom=1, 
Never=2 

    21. Have you visited other farms during the 
past 2 weeks? 

Often=0,Seldom=1, 
Never=2 

    39. Do you forbid farmers from farms of 
disease outbreak to visit your farm?   

Yes=0, Not always=1, 
No or Not applicable=2 

  38. Do you visit farms that have disease 
outbreaks? 

Yes=0, Not always=1, 
No or Not applicable=2 

  26. Do you disinfect equipment that is shared 
with farms that have diseases/pests? 

Yes=0, Not always=1, 
No or Not applicable=2 

   Equipment 
disinfection 

16. Do you share equipment with other farms? Yes=0, Not always=1, 
No=2 

    27. Do you avoid sharing equipment with 
disease outbreak farms?  

Yes=0, Not always=1, 
No or Not applicable=2 

    15. Do you disinfect harvest equipment?  Often=0, Seldom=1, 
Never=2 

  36. Do you periodically clean your growing 
equipment? 

Yes=0, Not always=1, 
No or Not applicable=2 
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  17. Do you disinfect equipment before you 
plant? 

Often=0, Seldom=1, 
Never=2 

Internal 
biosecurity 

 Detection  19. Do you keep records on water conditions?   Often=0, Seldom=1, 
Never=2 

    34. Do you inspect your farm every day there is 
low tide? 

Yes=0, Not always=1, 
No or Not applicable=2 

    33. Do take precaution when the weather 
changes? 

Yes=0, Not always=1, 
No or Not applicable=2 

    35. Do you rely on your own experience in farm 
management? 

Yes=0, Not always=1, 
No or Not applicable=2 

  25. How frequently do you assess crop health 
on the farm? ∆ 

Everyday= E, Every 
week= EW, When there 
is disease= WD, when 
there is weather 
change= WWC, When 
your neighbour farms 
get disease= WND, 
Never= N 

   Prevention  37. Do you change your farming 
technique/method after disease outbreaks? 

Yes=0, Not always=1, 
No or Not applicable=2 

    32. Do you learn to improve harvesting 
procedure? 

Yes=0, Not always=1, 
No or Not applicable=2 

    31. Do you remove disease/infected seaweed 
from your farm? 

Yes=0, Not always=1, 
No or Not applicable=2 

    
 

Yes=0, Not always= 1, 
No=2 

    23. How do you remove the dead seaweed? ∆ Dispose on land= DL, 
Dispose outside of 
farming area= DOUT, 
Dispose in the farming 
area= DAF, Dispose 
within the farm= DIN  

   Treatment  28. Do you treat the seaweed with anything 
during the growth?  

Yes=0, Not always=1, 
No or Not applicable=2 

Notes: Questions marked with “∆” are questions not included in scoring farmers’ 11 

practice.   12 
 13 

 14 

 15 

 16 

 17 

 18 


