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Abstract
Farmers are one of the most important components of any plant-based cultivation industry. The Philippines is one of the world’s
major producers of red carrageenophyte algae and has tens of thousands of farmers involved in this industry. The production of
algae such as Kappaphycus and Eucheuma increased significantly from the early 1970s, when the industry was established,
before declining from the mid-2000s, due to a number of reasons, including disease and epiphyte outbreaks. The introduction of
biosecurity measures has been one approach used to tackle this decline. Biosecurity-related knowledge, attitude and practices
(KAP) of the seaweed farmers were assessed in the four highest seaweed producing regions in the Philippines: (1) Tawi-Tawi, (2)
Palawan, (3) Zamboanga and (4) Bohol. Analyses showed that seaweed farmers from Tawi-Tawi had relatively higher KAP
mean scores than the other three sites. Palawan and Bohol farmers, however, scored lower on their knowledge, higher on their
attitude and highest on their practices compared with the other areas. Farmers from Zamboanga scored the lowest in both their
attitude and practice mean scores, although their knowledge score was one of the highest. This is the first KAP assessment
applied to the seaweed farming industry globally and the results, in which the farmers’ biosecurity-related knowledge and
practices, which scored “Fair” (50–75%) across all the regions, and their attitudes, which scored predominantly “Good” (>
75%) suggest that there is potential to raise the score for biosecurity practices. This assessment highlights how biosecurity
challenges are currently addressed by seaweed farmers in the Philippines and suggests how the KAP survey could be used as
a tool by policymakers and scientists to address gaps in biosecurity management practices.
Keywords Knowledge . Attitudes . Practice . Seaweed industry . Biosecurity
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There is a long history of red algae (e.g. Kappaphycus and
Eucheuma) production in tropical and sub-tropical countries
(Hayashi et al. 2017), which has provided considerable economic benefits to tens of thousands of seaweed farmers in
developing countries (Hurtado 2013; Msuya 2013; Neish
2013; Valderrama et al. 2013, 2015; Cottier-Cook et al.
2016; Samonte 2017). As a consequence of the rapid growth
of this industry over the last 50 years, trans-boundary, intentional introductions of certain red algae species, especially
Kappaphycus spp., have occurred for commercial purposes
(Smith et al. 2002; Ask et al. 2003). Biosecurity measures,
however, have been absent or, not strictly implemented, from
the point of origin to final out-planting sites (Mateo et al.
2020). This lack of biosecurity has led to disease and pest
introductions, together with the intentionally introduced algae,
which in many cases, have only become apparent several
years after arrival (Vairappan et al. 2008; Tsiresy et al. 2016).
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The peak of seaweed production (1.84 M t fwt) in the
Philippines was reported in 2011; however, production reduced significantly in 2012 (4.9%, with a value equivalent
of US$80,470M) (Philippines Statistics Authority (PSA)
2013) due to disease outbreaks and has since continued to
decline. This situation has been further exacerbated by poor
cultivar quality, which has resulted in a greater susceptibility
of the cultivated seaweeds to disease and pest infestation, to
abiotic and biotic stresses and to climate change, as reviewed
by Largo et al. (2017). Consequently, farmers have had to
source high quality cultivars from other regions, thus increasing the likelihood of introducing infected strains to their farm.
Since no, or minimal, biosecurity regulations are typically
implemented in the Philippines, the translocation of strains
and their health status at the local and regional levels continues unchecked (Mateo et al. 2020).
The UN Fisheries and Agriculture Organization (FAO)
(2019) defines biosecurity as the cost-effective management of risks posed by pathogenic agents to aquaculture
through a strategic approach at enterprise, national, international levels with shared public-private responsibilities.
The application of biosecurity measures is seen as an essential element of food safety, especially in aquaculture and
measures have successfully been implemented, for example in fin-fish (Rahman and Rahman 2018; Tidbury et al.
2018), shrimp (Tendencia and Estilo 2017; Sanz 2018) and
molluscs (Hardy-Smith et al. 2019). Biosecurity measures
related to seaweed aquaculture, however, are absent from
the literature, with the exception of Sulu et al. (2004),
which describes basic quarantine protocols. Campbell
et al. (2020) reported four biosecurity policy challenges
faced by the seaweed industry globally, which should be
addressed to make the industry more robust and sustainable. These challenges included (1) inconsistent terminology for the inclusion of seaweeds in regulatory frameworks, (2) limited guidance for the responsibility of implementation of biosecurity measures, (3) insufficient evidence to develop disease and pest-specific policies and
(4) lack of a coherent approach to seaweed biosecurity risk
management in international policies. The report of
Kambey et al. (2020) and Mateo et al. (2020) demonstrated
similar issues, as far as national biosecurity-related regulations and policies were concerned in Indonesia and the
Philippines, respectively. These issues included (1) a lack
of a “recognized” national authority to enforce regulations;
(2) a lack of seaweed-specific prevention, detection and
verification measures; and (3) a lack of national capacity
for the implementation and the use of the precautionary
principle relating to uncertainty in the collective risks faced
by the seaweed industry.
This study was conducted to determine the current
biosecurity-related knowledge, attitudes and practices of

seaweed farmers in the top four major producing regions
of the Philippines. The method employed in the current
study has previously been used to assess community
awareness in a variety of subject areas from nutrition
(Liu et al. 2018), human diseases (e.g. diabetes, HIV)
(Arbiol et al. 2016; Srinivasan et al. 2017; Amiri et al.
2018), driving skills (Mirzaei et al. 2014) to agriculture
(Meijer et al. 2015; Arif et al. 2017; Tran et al. 2018). To
date, only one previous study has used this method to
understand an aquaculture-related issue, specifically involving the production of yellow catfish in China (Jia
et al. 2017). It is envisaged that this study will help to
identify the biosecurity-related knowledge gaps in the seaweed farming communities in the Philippines and to enable the development of scientifically robust solutions to
minimise the introduction and spread of pests and disease
in the future.

Materials and methods
A modified knowledge-based understanding, attitude and
practice (KAP) assessment based on Jia et al. (2017) was
conducted in four of the highest seaweed-producing regions
of the Philippines: (a) Tawi-Tawi (Bangsamoro Autonomous
Region of Muslim Mindanao, 6.96° N, 124.24° E), (b)
Zamboanga (Region IX, 8.15° N, 123.26° E), (c) Palawan
(Region IVB, 9.84° N, 118.74° E) and (d) Bohol (Region
VII—Central Visayas, 9.82° N, 124.06° E).
A total of 120 seaweed farmers were interviewed from
July 2018 to October 2019 in the targeted areas (Fig. 1)
using a closed-ended questionnaire through a convenience
sampling. A seaweed farmer is described in the present
study as the one who does the major farming activities
from selection of “seedlings”, installation of cultivation
ropes to the farm site, maintenance (cleaning) of the seaweeds, harvesting, packing/bagging and bringing the
dried seaweed to the traders in the community. An onsite guide/translator led the interviewer to the farmer’s
residence/farm for one-on-one interviews. Before commencing the interview, the interviewer explained the protocol regarding the survey and gained formal consent by
the farmer. The questionnaire included (a) demographic
data (e.g. age, gender, educational attainment, number of
years’ experience farming seaweed and (b) phyconomic
practices, including farm management, operations and
bio-security measures.
Data derived from the KAP assessment were indexed,
and the formula of Jia et al. (2017) was adapted through
scoring and computations mentioned below. Knowledge
answers were scored 0 (no and not sure) and 1 (yes).
Attitude responses were scored 5 (very useful), 3
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Fig. 1 Map showing four main seaweed producing regions in the Philippines including Tawi-Tawi (Bangsamoro Autonomous Region of Muslim
Mindanao—BARMM), Zamboanga (Zamboanga Peninsula—Region IX), Palawan (MiMaRoPa—Region IV-B) and Bohol (Central Visayas—Region VII)
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(moderately useful), 1 (not useful) and 0 (not sure).
Practice responses were 2/0 (often), (1) seldom and (2/0)
never depending on the question and for (0) yes, (1) not
always or (2) no or not applicable. Maximum score of subcategory, sub-category score, category score and overall
final score were computed according to Jia et al. (2017):
1. Maximum score of sub − category = sum of the highest
score for each question obtainable by the farmer
original scores of each question
2. Sub−category score ¼ sum ofmaximum
 100
score of category
sum of each subcategory score under this category
3. Category score ¼
 100
maximum score of category
sum of each category score
4. Overall final score ¼ maximum

100
score of categories
The scores (%) obtained from the KAP questionnaires were
computed and defined as “Good” (≥ 75%), “Fair” (50–75%)
and “Poor” (< 50%) (Table 1). Categories were divided into
two sub-categories: for the knowledge category, the subcategories included basic understanding and awareness, whilst
external and internal biosecurity sub-categories were used for
attitude and practice. For this analysis, external biosecurity
pertained to stocking, equipment and disinfection, and the
control of visitors to the farm, whilst internal biosecurity referred to detection, prevention and treatment of pathogenic
agents.
One-way analysis of variance (ANOVA) was initially used
to compare mean scores between regions using IBM SPSS
Statistics 23. If a significant difference (p = 0.05) was detected, a further test was made to determine which specific regions
were statistically different, comparing a pair at a time. The
Tukey test was employed if variances were equal and the
Games-Howell test if the variances were not equal. Results
were expressed as mean ± standard error of mean (SEM). A
linear relationship between knowledge and attitude, attitude
and practice and knowledge-based understanding and attitude
were assessed using correlation analysis at p = 0.05 significance level.

Table 1 Summary of the rating of
knowledge, attitude and practice
scores from the four main
seaweed producing regions
surveyed in the Philippines

Biosecurity
category/
subcategory

Knowledge

Tawi-Tawi

Fair
Good
Fair
Good
Fair
Good
Fair
Fair

Palawan
Zamboanga
Bohol

Results
Demographics
Sixty-five percent of the 120 seaweed farmers interviewed
were men. Most of the farmers from the four regions were
men, except in Bohol, where 61% of the farmers were female.
The number of male farmers in Zamboanga was significantly
lower (p < 0.05) than the number of males from Palawan and
Bohol, but not compared with Tawi-Tawi (Fig. 2a). The majority of the farmers were in the range of 21–50 years in all
four regions (73%). Only one farmer was younger than 21
years, and 26% were more than 50 years. The ages in the four
regions did not differ significantly (Fig. 2b). The farmers in
Palawan were better educated than those from Zamboanga,
but not compared with the farmers from Tawi-Tawi and
Bohol. The educational attainment of farmers from
Zamboanga, however, was not significantly different with
the farmers from the Tawi-Tawi and Bohol regions. Unlike
the other three regions, none of the farmers from Palawan
graduated with less than a primary school (LPS) education
and the remainder graduated from primary (PS) (25%), secondary (SS) (50%) and tertiary (TS) (25%) level education.
Overall, the highest number (30%) of farmers interviewed was
only primary school graduates. Nevertheless, there was no
significant difference in the proportion of farmers that graduated at primary, secondary and tertiary education level with
24.25, 22.55 and 20.8%, respectively (Fig. 2c).
The number of years a farmer spent on their farm did not
significantly differ between regions, and overall, the majority
of farmers interviewed spent more than 10 years involved in
seaweed cultivation (73%) (Fig. 2d). Most of the farmers
(72%) had received no formal training in seaweed farming
(Fig. 2e). In Tawi-Tawi, only two farmers had been trained
by the Bureau of Fisheries and Aquatic Resources (BFAR)
and one had been trained by the Philippine Development

Basic
understanding

Attitude
Awareness

Fair
Poor
Poor
Poor

External

Good
Good
Good
Good
Good
Fair
Good
Good

Practice
Internal

Good
Good
Good
Good

External

Fair
Fair
Fair
Fair
Fair
Fair
Fair
Fair

Internal

Fair
Fair
Fair
Fair
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KAP analyses
Knowledge
The mean scores for knowledge, based on the seaweed
farmers understanding of pests and diseases and how they
could spread to other farms differed significantly between
regions. Farmers from Tawi-Tawi had a significantly higher
knowledge compared with farmers from Palawan and Bohol
(p < 0.05). Farmers from Zamboanga had knowledge mean
scores, which were not significantly different from Tawi-Tawi
and Palawan farmers’ mean scores. Lastly, the knowledge
mean scores of those farmers from Palawan did not differ
significantly from the mean scores of farmers from Bohol (p
< 0.05). Nevertheless, all the knowledge mean scores fell under the “Fair” category, with a range of scores from 53.3% ±
2.0 to 67.6% ± 2.7 (Fig. 3a).

Knowledge sub-categories
For the sub-categories of knowledge, there was no significant
difference between the basic understanding mean score of all
the farmers, irrespective of region (p > 0.05). All farmers had a
“Good” (78.9% ± 1.3–81.0% ± 2.1) basic understanding of
pests and diseases, with the exception of farmers from Bohol.
These farmers were rated “Fair” (73.8% ± 1.7) based on their
knowledge of the diseases that could affect their farms.
However, under the awareness sub-category, only those
farmers from Tawi-Tawi had a “Fair” score (57.1% ± 3.2),
which was significantly different to the farmers from
Zamboanga (44.4% ± 2.3), Palawan (38.9% ± 0.8) and
Bohol (34.7% ± 2.8), who were rated as “Poor”. The mean
score of farmers from Zamboanga was significantly higher
from the mean score of farmers from Bohol, whilst the mean
score of Palawan farmers did not significantly differ from the
mean scores of farmers from both Zamboanga and Bohol (p <
0.05) (Fig. 3b, c).
Fig. 2 Demographic percentages of a gender, b ages, c educational
attainment (TS, tertiary school; SS, secondary school; PS, primary
school; and LPS, less than primary school), d number of years in
farming and e training experience of farmers from the top seaweed
producing regions in the Philippines—Tawi-Tawi, Zamboanga,
Palawan and Bohol

Assistance Program, Inc. (PDAP). In Zamboanga, three
farmers had been trained by BFAR and three farmers by the
Technical Education and Skills Development Authority
(TESDA). In Palawan, 10 farmers were trained by BFAR,
two farmers by BFAR and City Agriculture, five farmers by
BFAR and Department of Social Welfare and Development
(DSWD) and two farmers by the Western Philippines
University (WPU) (Table 2).

Attitude
The mean score of farmers from Bohol (81.9% ± 5.16) was
not significantly different from the mean scores of farmers
from the three other regions. Mean attitude scores of farmers
from Tawi-Tawi (88.3% ± 2.1), Palawan (82.5% ± 3.1) and
Zamboanga (75.3% ± 4.2), however, differed significantly
from each other (p < 0.05) (Fig. 4a). All mean attitude scores,
irrespective of region, were rated as “Good”.

Attitude subcategories
The external sub-category mean score of Tawi-Tawi
farmers (87.8% ± 1.7) did not significantly differ from mean
score of farmers from Palawan (85.0% ± 1.2). The Tawi-
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Table 2 Summary of local government units, non-government agencies, academes, and other institutions involved in seaweed farming assistance in
Tawi-Tawi, Palawan, Zamboanga, and Bohol
Tawi-tawi

Palawan

Zamboanga

Bohol

1. Bureau of Fisheries and
Aquatic Resources (BFAR)
2. Philippine Development
Assistance Program, Inc.
(PDAP)

1. Bureau of Fisheries and Aquatic
Resources (BFAR)
2. Department of Social Welfare
and Development (DSWD)
3. Western Philippines University
(WPU)
4. City Agriculture

1. Bureau of Fisheries and Aquatic
Resources (BFAR)
2. Technical Education and
Skills Development Authority
(TESDA)

1. Bureau of Fisheries and
Aquatic Resources (BFAR)

Tawi farmers’ mean scores however, were significantly
higher than the farmers’ mean scores from Zamboanga
(71.7% ± 3.1) and Bohol (76.9% ± 3.6) (p < 0.05). Mean
score of farmers from Palawan was significantly greater
than from Zamboanga, but there was no significant difference with Bohol farmers (Fig. 4b). Internal sub-category
mean score of Tawi-Tawi farmers (88.6% ± 1.4) was not
significantly different from the Bohol farmers (84.4% ±
3.2) but was significantly higher than the farmers’ mean
scores from Palawan (81.0% ± 1.7) and Zamboanga
(76.8% ± 1.7). The Bohol mean score had no significant
difference with Palawan but was significantly greater (p <
0.05) compared with the mean score of farmers from
Zamboanga (Fig. 4c). All attitude subcategory scores were
rated as “Good”, with the exception of the external
biosecurity score in Zamboanga, which was rated as “Fair”.

Practice
The mean practice scores of farmers from Bohol (66.2% ±
5.3) and Palawan (64.4% ± 1.3) were significantly higher (p
< 0.05) compared with the mean score of farmers from
Zamboanga (54.5% ± 2.9), but they were not significantly
different with the mean score from Tawi-Tawi (59.9% ± 2.4)
(p < 0.05). The practice mean scores of farmers from all regions were rated as “Fair” (Fig. 5a).

Practice subcategories

Fig. 3 Mean scores (± SEM) of a knowledge and its subcategories, b
basic understanding and c awareness of seaweed farmers pertinent to
seaweed farming and biosecurity measures. Means with different letters
are significantly different at p < 0.05

Under the external practice sub-category, mean scores of
farmers from Bohol (63.4% ± 3.7) and Palawan (61.3% ±
1.4) were significantly higher (p < 0.05) compared with the
mean score of farmers from Zamboanga (54.5% ± 1.5). There
was no significant difference, however, with the mean score of
farmers from Tawi-Tawi (60.1% ± 1.6), which were all rated
“Fair” (Fig. 5b). The internal sub-category mean scores
showed that there was a significant difference between mean
score of farmers from Palawan (70.7% ± 1.9) compared with
the mean scores of farmers from Tawi-Tawi (59.6% ± 2.6) and
Zamboanga (55.9% ± 1.7), but not with farmers from Bohol
(68.4% ± 3.2). The mean score of farmers from Tawi-Tawi
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Fig. 4 Mean scores (± SEM) of a attitude and its subcategories, b external
and c internal biosecurity of seaweed farmers pertinent to seaweed
farming and biosecurity measures. Means with different letters are
significantly different at p < 0.05

Fig. 5 Mean scores (± SEM) of a practice and its subcategories, b
external and c internal biosecurity of seaweed farmers pertinent to
seaweed farming and biosecurity measures. Means with different letters
are significantly different at p < 0.05

was not significantly different to the mean score of farmers
from Bohol. All internal biosecurity scores were rated as
“Fair” (Fig. 5c).
Based on the mean scores of the three categories, knowledge was rated “Fair”, attitude “Good” and practice “Fair” in
all sites (Table 1). Positive correlations between knowledge
and attitude scores (Fig. 6), and attitude and practice scores
were observed (Fig. 7). However, correlation between knowledge and practice scores (Fig. 8) was negatively correlated.
Nevertheless, these correlations are weak (R < 0.6).

Discussion
Demographics
The majority of farmers from the top producing regions in the
Philippines were male, with the exception of Bohol. The seaweed farming technique, religion and survey timing are possible explanations for this gender imbalance. For example, in
Tawi-Tawi, Zamboanga and Palawan farmers use deep-sea
farming techniques, since the seaweed is usually grown in

J Appl Phycol

water depths greater than 4 m. These techniques include the
hanging long-line and multiple raft, long-line techniques,
which require intensive labour, plus boat handling and freediving skills to install and maintain the supporting structures
(Hurtado et al. 2014). These skills are typically acquired by
the male farmers. In contrast, 61% of farmers were female in
Bohol, where the fixed-off bottom farming technique is widely used in shallow, coastal waters. This type of farming technique does not require the use of boats or free diving and can
be done during low tide. Similarly, in Tanzania, fixed-off
bottom is used in seaweed culture and the farms are predominantly operated by female farmers (Msuya and Hurtado
2017). In Tawi-Tawi and Zamboanga, in particular, religion
may also be a factor in influencing the gender of the farmers,
with the former region being almost 100% Muslim, whilst the
latter contains many Muslim migrants from the Sulu archipelago, located to the south of the region. Muslim regions have a
strong belief that males should be employed in physically
demanding jobs, whereas in the Christian-majority regions
of northern Palawan and Bohol, both male and female farmers
are accepted by the industry. The timing of the surveys may
also have influenced the scores, as the farmers were
interviewed according to their availability. During the survey,

it was noted that some male farmers in Bohol and Palawan had
different occupations during the day and did not solely work
on the seaweed farms, whereas the female farmers who were
surveyed were typically preparing the seaweed for planting
out or for post-harvest drying and so were available to answer
the survey questions. Though there were reports that male
farmers are given more opportunities in seaweed farming than
female farmers (Suyo et al. 2020), every effort was taken to
minimize gender and religious bias in the survey
methodology.
The range in farmers’ age was very similar in all regions
(18–73 years). An almost equal proportion between old (> 40
years) and young (< 40 years) seaweed farmers was observed.
The absence of any difference of farmers’ ages in different
regions suggests that the knowledge of seaweed farming is
typically passed down through the generations in the
Philippines. This is supported by the length of farming experience recorded in the survey. No significant difference was
found in the length of farming experience between the different regions. Palawan has the most (41.7%) number of farmers
who had 0–10 years of farming experience. The majority of
farmers in the regions surveyed, however, had been in the
industry since their youth, and the skills and knowledge were
passed from one generation to the next.
Over 75% of the farmers interviewed did not finish tertiary
education and 51% had only undergone primary education.
Considering the archipelagic nature of the Philippines, which
is composed of many islets, access to education is difficult.
Many farmers live in small communities, consisting of nuclear
and extended families, whose stilt houses are in the middle of
the sea near their farms (otherwise known as “pondohans”),
primary and secondary education is lacking in these areas,
except for a few day care centres for children 3–5 years of
age. Palawan farmers, however, were found to have a significantly higher overall education attainment compared with
Zamboanga, but insignificantly different from Tawi-Tawi
and Bohol. This may be the result of education provision in
these areas, for example, Palawan has many universities, such

Fig. 7 Linear relationship between attitude and practice scores of
seaweed farmers in the top four producing regions in the Philippines

Fig. 8 Linear relationship between knowledge and practice scores of
seaweed farmers in the top four producing regions in the Philippines

Fig. 6 Linear relationship between knowledge and attitude scores of
seaweed farmers in the top four producing regions in the Philippines
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as the Western Philippines University (WPU), Palawan State
University (PSU) and other colleges. There are a number of
national secondary schools (e.g. Sipangkot, Sitangkai), together with the Mindanao State University College of
Technology and Oceanography (MSU-CTO) in Tawi-Tawi.
Bohol and neighbouring islands (e.g. Cebu and Leyte) also are
supported with several secondary schools, which could provide education to the seaweed farmers. The lower education of
seaweed farmers, however, in Zamboanga compared with the
other regions may not be directly related to education access,
since several secondary and tertiary schools are located in
close proximity, but due to political instability. Since the early
1990s, this region has been destabilized through terrorist acts
(Manalo 2004), some of which burnt education establishments, thus interrupting the education of many children.
Training in seaweed farming practices, however, is important in assisting farm productivity. Palawan, however, was the
only region surveyed, where more than half of the interviewed
farmers had received training. In this region, access to training
centres is relatively straight-forward and the local government
is responsible for providing training to the seaweed farmers
(Lacanilao 2015), enabling them to diversify their existing
livelihoods (i.e. fishing) and to provide additional income. In
contrast, in Tawi-Tawi only 10% of the farmers have had
formal government-led training. It is interesting to note that
mostly of the seaweed farmers in this region, especially in
Sitangkai live in the “pondohans”, where it is expected that
all members of the household, including the young ones, are
trained by the older family members to do the rudiments of
seaweed farming, such as planting out the seedlings (Suyo
et al. 2020). It is by observation and personal experience that
they gain knowledge in seaweed farming in these areas.
Seaweed production could, therefore, not be correlated with
the level of education and whether training had been undertaken. However, engagement between farmers and scientists
for science-based education, trainings and professional development should be encouraged (Hueston 2017), especially
when new technologies or innovations are introduced.
Government assistance is also essential in improving any
communities’ living standards (Sherman et al. 2013;
Kakwani and Son 2016; Barrientos 2019).

KAP analyses
This KAP study on seaweed farming in the Philippines is the
first of its kind. Farmers’ knowledge on seaweed diseases was
found to be “good”, which is unsurprising since the farmers
and their families are involved in the industry from a young
age and their knowledge of pests (e.g. green or red filamentous algae) and disease (e.g. “ice-ice”) is typically passed
down through the generations. The farmers are also highly
aware of the seasonal occurrence of epiphytes, “ice-ice” disease and grazers (e.g. rabbitfish and parrotfish) on their farms,

particularly when there is a change in the direction of the trade
winds. The farmers, however, were not aware of parasites and
invasive species, even though a considerable body of knowledge exists regarding the economic and environmental threats
from invasive species, including Kappaphycus (Wittenberg
and Cock 2001) and how to manage their introductions
(Cook et al. 2016). As there is no specific biosecurity guidance for seaweed cultivation and as Kappaphycus species are
indigenous in the Philippines (Doty 1973, 1985, 1987), it is
not surprising that seaweed farmers do not consider invasive
species to be a threat to the industry. In addition, the farmers
have a poor awareness of the potential introduction pathways
for pests and diseases, which is a possible reason for the lack
of preventative biosecurity measures employed on the farms.
Farmers’ biosecurity-related practices were rated “fair”.
The monitoring of new crops and the disinfection of culture
materials and equipment scored the highest. Farmers tended to
visit their farms regularly (~ 3 times per week) for general
husbandry and maintenance, which included shaking debris
from the culture lines that inhibited seaweed growth. Macroepiphytes are typically removed and disposed of on land,
which is a practice encouraged for many marine invasive species (Cook et al. 2016). Post-harvest, farmers generally
disinfected their culture lines by sun drying the equipment
for 2–3 days. Culture lines are also visually inspected before
new seedlings are attached. Certain equipment, however, such
as main lines, stakes and anchors can be left continuously in
the water and not cleaned for up to three years. This is particularly the case, with the multiple raft-long line system, as the
farmers are financially unable to replace and or remove from
the water and clean all the equipment after each harvest, thus
leaving a potential reservoir of diseased algae and pests in the
water, which can infect the new crop. In other aquatic farming
industries, it is common to have a regular fallowing period to
prevent the cross contamination of successive crops (Bron
et al. 1993; Werkman et al. 2011; Alvial et al. 2012;
Damodaran et al. 2019). Similarly, some seaweed farmers will
move their farms to a different area, if space is available, and
try to obtain new healthy seedlings from another region.
The farmers are also not accustomed and/ or trained to
make any measurements of water quality, unlike those regularly made in closed pond systems (Boyd and Tucker 2012) or
in shrimp culture, for example (Felix 2009). Although the
monitoring of water quality is not an assurance to prevent
disease and pest outbreaks, it can provide an early warning
to the farmers, as to the likelihood of an impact on production
(Crawford and MacLeod 2009) and could verify the effects of
good aquaculture practices (Boyd 2009). The farmers, however, do closely monitor their crops and will either quickly
remove diseased and/ or pest infected seaweed from their farm
or harvest the crop early. Similarly, the early harvesting of the
crop is used as an essential biosecurity measure to avoid the
spread of diseases in shrimp (Lotz 1997) and finfish
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aquaculture (Bartlett 2017; Qviller et al. 2020). Some farmers
(< 10% interviewed) will treat their seeds with inorganic fertilizers (e.g. urea) to increase the resistance to disease when
the first signs of disease appear. Studies using seaweed extract
bio-stimulants (Borlongan et al. 2011;Hurtado et al. 2012; Ali
et al. 2018, 2020) and inorganic fertilizers (Luhan et al. 2015)
have shown good growth of Kappaphycus after enrichment.
Similar encouraging results were reported when using a seaweed bio-stimulant in Saccharina japonica (Umanzor et al.
2019) and Gracilaria fisheri (Chirapart et al. 2019). However,
farmers in the Philippines are banned from using any chemical
or inorganic fertilizers (LGU (Local government Unit) 2018)
without any scientific references negating the results aforementioned. Notwithstanding, reports by Ali et al. (2018,
2020) claimed that Kappaphycus alvarezii and K. striatus,
when pre-treated with seaweed extract bio-stimulant prior to
out-planting in the sea, showed higher carrageenan yield, viscosity and gel strength compared with the untreated ones. The
additional of bio-stimulants, therefore, may be effective in
managing the crops efficiently for a better carrageenan quality, although further investigation on their efficacy will have to
be performed at a commercial scale, in cooperation with the
farmers.
The seaweed farmers will also regularly share equipment
and culture lines with other farmers, thus providing the opportunity for the inter-farm spread of pests and disease. This
pathway has been implicated in the spread of aquatic diseases
(e.g. infectious salmon anaemia (Alvial et al. 2012), shrimp
WSSV (Walker and Mohan 2009)) and many aquaculture
industries have introduced strict restrictions on the sharing of
equipment between farm sites as a key biosecurity measure to
minimize the spread of disease (Karreman 2006; Alvial et al.
2012). The interconnected nature of the marine environment
and the seaweed farms, however, also means that pests and
disease can spread naturally through the water column or via
human-mediated means, such as on the hulls of the farm work
boats. Previous studies have found that epiphytes can be
spread between farms when attached to these boats (de
Castro et al. 2017; Holbech and Pedersen 2018); however,
the seaweed farmers were unaware that this could lead to the
spread of pests. In addition, introducing new seedlings from
other regions and mixing them with the existing crops was not
seen by the farmers as a high risk activity. Farmers routinely
keep crops from different sources in one area. In contrast, the
salmon aquaculture industry in Chile has adopted an “all in all
out” regulation to reduce the spread of infectious salmon anaemia and the mixing of different year classes is not allowed
(Alvial et al. 2012).
The farmers typically make a visual check of the seaweeds’
health status before payment occurs; however, this may not be
sufficient to identify the microscopic stages of many epiphytes, particularly those that inhabit the internal structure of
the thallus of K. alvarezii (Vairappan et al. 2008) and

Gracilaria chilensis (Leonardi et al. 2006). Again, numerous
invasive species have been unintentionally introduced alongside species purchased for stocking purposes and rigorous
measures (e.g. quarantine and specific-pathogen free varieties
(SPF)) have been developed to control this pathway of introduction. In crustaceans, SPF broodstock development was the
initial solution (Hastein et al. 2008) to avoid disease introduction from wild populations. Pathogen-free cultivars,
broodstock or seedstock has also been found to be important,
after disinfection of the culture area, in aquaculture (Baldock
et al. 2006) and in plant crops (Gamliel and Fletcher 2017). In
addition, the seaweed farmers do not keep records of crop
loss, as this is seen as non-essential additional work and
reporting disease and/or pest outbreaks in the Philippines is
not practiced. In catfish aquaculture in China, Jia et al. (2017)
also reported that although companies recommended recording pest and disease outbreaks, farmers did not typically comply. Interestingly, the majority of seaweed farmers in this
study did state that it could be important to the biosecurity
of the farm to record water quality and crop losses. The
reporting of outbreaks on aquaculture sites has been introduced in many countries as a means of monitoring and controlling the spread of pests and disease (in the USA at aphis.
usda.gov; Australia at outbreak.gov.au; and the UK at www.
gov.uk). Even Asia has a reporting system which was
developed in 1996 through the recommendations of the
Network of Aquaculture Centres of Asia-Pacific (NACA)/
World Organization for Animal Health (OIE). Subasinghe
et al. (2003) stated that better systems in reporting aquatic
diseases should be given importance, which is seconded by
Leung and Bates (2013). In the risk management framework
for plant biosecurity, reporting was also stated as one of the
most important processes in risk management to coordinate
next steps for a complete eradication of sighted pests (Gamliel
et al. 2017). This has been particularly effective in the case of
disease outbreaks in the Pyropia cultivation industry in the
Republic of South Korea, at raising awareness and increasing
government funding for further research into the diseasecausing agents and potential control mechanisms (CottierCook et al. 2016).
Fortunately, farmers’ attitude scores towards biosecurity
were “Good” (> 75%), which indicates the willingness of
farmers to change their present practices, such as recordings
of crop loss and water quality. In catfish aquaculture in China,
it was reported that farmers have fair attitudes, in contrast to
their poor practices (Jia et al. 2017). This also indicated that
there is room for improvement on farmer’s practices. Other
studies have proven that training can improve practices of
farmers, for example in antimicrobial usage and resistance in
livestock and aquaculture (Pham-Duc et al. 2019), in backyard
poultry (Conan et al. 2013), cattle farming (Brennan and
Christley 2013) or even in the usage of personal protective
equipment when using pesticides (Matthews 2008). The
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“Fair” score of the farmers’ practices, however, in all the regions clearly suggests that their practices can still be improved. This improvement could be achieved through the addition of scientifically proven biosecurity practices for farm
and crop management and disease prevention to the existing
training programmes run, by BFAR, etc., and to existing seaweed manuals (Hurtado and Agbayani 2000; Hurtado et al.
2008a, b, c; Arevalo et al. 2012). The farmers, however, were
against any government control over seedling quality, unlike
in Korea and China, where there are state-run seedling nurseries (Zhang 2018; Hwang and Park 2020). In addition, the
farmers were not routinely reporting their production, even
though the Department of Agriculture-Bureau of Fisheries
and Aquatic Resources (DA-BFAR) Fisheries
Administrative Order (FAO) No. 108 “Regulations governing
the gathering and farming of seaweeds” states that a license
holder shall record harvested and cultured seaweed
(Department of Agriculture – Bureau of Fisheries and
Aquatic Resources (DA-BFAR) 1973). This could, however,
be a mechanism to enable farmers to report their crop losses,
as a result of pest and disease outbreaks and enable the
Philippine government to gain a more accurate record of
how introduced biosecurity measures have increased national
seaweed production.

to the national agencies, the true cost and extent of the outbreaks will always be under-represented and the problem will
never be fully addressed.
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