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ARTICLE INFO ABSTRACT

Keywords: Non-governmental organizations (NGOs) often implement overseas development aid through intensive small-
Mixed-methods scale animal agriculture to alleviate food insecurity in low- and middle-income countries. Intensive animal
Poultry

farming can pose unclear outcomes to households engaged in the practice because of the reliance on industrial
animal breeds that are reared with antibiotics and raised in higher densities compared to traditional scavenging
husbandry systems. As a result, intensive small-scale farming operations that lack proper infrastructure, training,
and financial resources could facilitate the spread of antimicrobial resistance and infectious diseases. We applied
a mixed-methods framework towards analyzing the effectiveness of small-scale broiler chicken farming in
northern Ecuador. First, from May 2016 — May 2017, our observational surveys indicated that intensive small-
scale poultry farming follows a boom-and-bust cycle that is extremely vulnerable to environmental stressors.
Second, in May 2016, we followed a cohort of households enrolled in a poultry development project led by an
NGO. We observed a substantial decline in chicken survivorship from Survey period 1 to 2 (mean chicken count
decrease from 50 to 35 corresponding to a 70% survivorship) and from Survey period 2 to 3 (mean chicken count
decrease from 35 to 20.3 corresponding to a 58% survivorship). Heads of households were self-reporting broiler
chicken survivorship substantially higher than our recorded observations during survey period two (46 compared
to 35 respectively) and three (44.3 compared to 20.3 respectively). We speculate that if households continue to
inaccurately report poultry demographics, then it could perpetuate a negative feedback loop where NGOs
continue to conduct the same intervention practices without receiving accurate outcome metrics. Third, we used
semi-structured questionnaires to determine that access to financial resources was the major motivation for
determining when to farm broiler chickens. Intensive small-scale poultry farming can be unreliable and disease-
enhancing, yet also associated with dubious self-reports of success.

Agricultural development
Global health

1. Introduction

Small-scale poultry production systems have been essential for
human livelihoods among rural agricultural communities for millennia,
improving diet, finances, and food security of impoverished rural pop-
ulations [1,2]. Small-scale chicken farming remains a rapidly growing
micro industry because of the low initial investment compared to other
livestock [3]. In resource-limited settings, administering antibiotics for
both growth promotion and prophylactic purposes remains common in
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industrial broiler chicken farming [5,6]. Intensive poultry farming
serves as an implementation strategy to enhance food and nutrition
security, gender equity, and economic stability among impoverished
communities [7].

Family-operated poultry farming systems comprise the majority of
global poultry production [1]. The Food and Agriculture Organization
(FAO) of the UN defines ‘family poultry’ as small-scale operations that
can vary from scavenging to intensive farming systems, managed by up
to several households living in rural, peri-urban, or urban environments
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[8]. The range of types of poultry farms allows families to select animal
husbandry practices that best accommodate their specific farming ca-
pacity, objectives, and overall livelihoods [1,8].

Traditional scavenging farming systems consist of native breeds of
extensively-raised, or village chickens poultry. Scavenging poultry sys-
tems are characterized by diets that primarily consist of open foraging
on insects, plant matter, especially green leafy plants, and table scraps,
with flock sizes ranging from 1 to 50 birds, and an absence of antibiotic
usage [2,7,8]. Extensively-raised chickens can provide multiple roles
including food security, marginal income, and bartering for critical
items such as medical supplies or food [2]. In the last few decades, there
has been a shift from small-scale extensively-raised chicken systems to
intensive poultry systems [9,10]. As populations continue to rise, many
countries have expanded intensive poultry production as an outlet to
meet the demand for protein-rich animal-source food products (ASFs)
[11,12]. Despite this shift in poultry productive practices, it remains
questionable if intensive small-scale poultry farming is a more sustain-
able practice compared to extensively-raised poultry.

In contrast to scavenging, intensive small-scale poultry systems
provide more efficient productivity of ASFs [1,13-15]. Expansion of
intensive farming coupled with high use of growth promotion antibiotics
is estimated to increase the global use of antimicrobials by 70%, with
this increase driven by developing countries [16]. This increased level of
production is made possible through use of industrial breeds (e.g.
broilers for meat or layers for eggs), antibiotics, and housing facilities
that can support 50 to 200 birds [6,17,18].

Non-governmental organizations (NGOs) often promote small-scale
intensive poultry farming as a means to improve food security, eco-
nomic development, and gender equity [19-21]. The United Nation’s
Sustainability Development Goals aim to eliminate poverty and
malnutrition by 2030, accelerating small-scale poultry interventions
[15,22,23]. Despite the many benefits of development programs linked
to animal husbandry [24,25], studies have documented how livestock
introductions are often un successful largely due to disease outbreaks,
limited access to veterinary services, and limited educational resources
[26-28]. In many cases small-scale poultry projects are constrained by
limited access to quality veterinarian staff and husbandry equipment
[29].

Our previous work has reported small-scale broiler chickens as
sources of high AMR in rural communities in coastal Ecuador [30-33].
At the community scale, we have detected that E. coli sampled from
extensively-raised chickens and humans exhibit overall greater AMR
from communities engaged in small-scale broiler chicken farming
compared to inactive broiler farming communities [30,34]. At the
household level, we have found E. coli from broiler chickens with
resistance to clinically relevant cefotaxime can potentially be spread to
children and extensively-raised chickens [31]. In the same context, we
also detected overall greater richness of antibiotic resistant genes
(ARGs) and lower microbial community diversity within broiler
chickens compared to extensively-raised chickens [35]. Our previous
work outlines the trend of increasing broiler farming and a strong as-
sociation of AMR associated with intensive small-scale broiler farming.

Given this evidence, questions remain about the efficacy of poultry
interventions for development outcomes given that the environmental,
social, and health outcomes of small-scale poultry projects are less clear
[28]. This calls for a need to better assess the effects and the motivations
of small holders partnering with these kinds of development projects.

While great attention [18,36] has been paid to the motivations of
NGOs, little work has been concerned with household farmer motiva-
tions and the reliability of self-reporting from household farmers.
Behavioral measures through self-reports are often limited due to
various forms of biases [37]. Understanding the behavioral motivations
behind the practices of broiler chicken farming could better inform the
decision-making process leading to development goals. Our research
encompasses a ‘One Health’ approach by evaluating risk perceptions,
attitudes, and motivations towards small-scale poultry farming at the
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intersection of human micro-industries, the environment, and health
This study relies on a mixed method approach to understand: (1) the
survivorship of small-scale poultry reared in community development
programs, and (2) the behavioral motivations behind small holders’
decisions to engage in small-scale poultry farming.

2. Methods
2.1. Study area

This research is centered in northwestern Ecuador because (1) of the
social and development changes that are occurring; (2) we have a his-
tory of good relationships at the local level and supplementary data
obtained through a long-term monitoring program within the region.

In 1996, an international road development project was initiated to
connect passageway to Columbia from Ecuador, and in 2001, a two-lane
paved highway was completed in the Esmeraldas region [38]. Palm and
timber industries constructed secondary and tertiary roads to expedite
the transport and processing of natural resources [39,40]; resulting in
increasing connectivity for rural communities [38]. All the study com-
munities reside alongside the highway, making them primary target
populations for micro-industry development projects facilitated by in-
ternational NGOs. Earlier work has reported that communities residing
closer to the highway exhibit greater human E. coli resistant to ampi-
cillin and sulfamethoxazole [41], burden of enteric diseases [38], and
childhood stunting [42] compared to more remote communities in the
region.

2.2. Small-scale broiler demographic surveys

Surveys of small-scale poultry farming were conducted among three
villages located near the highway and all had experience with devel-
opment organizations (Fig. 1). Monthly household surveys were
administered to every household farming broiler (n = 32) or extensively-
raised chickens (n = 51) regarding flock demographics including num-
ber of infected, dead, and alive from May 2016 to May 2017.

2.3. Small-scale poultry developmental project cohort

In May 2016, a non-governmental organization introduced 50, one-
day-old broiler poults to 10 households in a village under the agreement
that the partnering households would pay for all other chicken farming
expenses. All households partnered with the NGO volunteered to be
enrolled in our observational study to monitor the demography of
broiler chickens during a small-scale development project. From May
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Fig. 1. May 2016 — May 2017 monthly mean (& SE) number of broiler chicken
farmed in three communities within the Esmeraldas Province, Ecuador. Stan-
dard error was calculated by the square root of the number of houses actively
farming (points without SE bars indicate n households <1).
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2016 to June 2016, we surveyed enrolled households during three pe-
riods (S1-S3) in two-week intervals. During surveys, we recorded the
number of broiler chickens present through two reporting mechanisms:
(1) self-reported data via heads of households and (2) observational
counts from surveyors.

2.4. Semi-structured questionnaires

From May 2016 to June 2016, semi-structured questionnaires were
conducted to describe the perceptions of small-scale farming among
seven communities. The study design consisted of snowball sampling in
which key informants (village leaders) directed us to other informants.
The target demographic of this study included heads of households
within villages that have previous history partnering with agricultural
development organizations. All questions were originally written by a
native Spanish speaker and first tested with local village partners. Re-
sponses were recorded and transcribed for thematic analyses [43].

2.5. Data analysis

Responses were recorded using Qualtrics software (www.qualtrics.
com). Data analyses were conducted with R Statistical Software
version 4.0.4 [44]. Questionnaire data were coded into four category
themes that included topics of: (1) micro-economics of poultry farming,
(2) risk perception of financial security, (3) environmental stressors that
influence broiler farming, and (4) purpose of raising broiler chickens.

Logistic regression models were used to compare observational sur-
vey counts between survey period one and two as well as survey periods
two and three. In these models, the predictor was the number of
observed chickens and the outcome was a binary categorial variable for
the sample period comparison. To analyze differences in chicken counts
between self-reported and observational surveys, we used logistic re-
gressions with a binary categorial variable for the type of survey
implemented.

3. Results
3.1. Small-scale broiler demographic surveys

Monthly surveys revealed variability in the number of households
farming broiler chickens (mean: 12 + 1.9 SE; range: 3-24) and mean
broiler chicken flock sizes (mean: 51 + 7.2 SE; 1-300). The overall
trajectory of farming activity was dynamic (Fig. 1). We observed no
farming in December 2016 followed by a rebound peak in activity in
February 2017. The decrease in December 2016 in broiler farming was
due to an earthquake in the region.

3.2. Higher chicken count recorded in self-reported vs. observational
surveys

Between survey period 1 and 2 as well as 2 and 3, we observed a
substantial decline in chicken survivorship (mean chicken count
decrease (50 to 35 and 35 to 20.3 respectively) (Fig. 2). These differ-
ences were statistically significant (Table 1). Self-reported survey counts
from heads of households were substantially larger than observational
survey counts in period 2 (mean number of chickens: 46 vs. 35) and 3
(mean number of chickens: 44.3 vs. 20.3). These differences were sta-
tistically significant (Table 2). Self-reported survey chicken counts
exhibited no statistically meaningful difference between period 1 and 2
(OR: 0.9; 95% CI: 0.8 — 1.1) and between period 2 and 3 (OR: 1.0; 95%
CI: 0.8 —1.1).

3.3. Themes from survey responses

3.3.1. Micro-finances of poultry farming
Nearly every respondent who was not currently engaged in farming
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Fig. 2. In May 2016, a non-governmental organization (NGO) enrolled 10
households in a small-scale poultry development program and provided each
household with 50, one-day-old chickens. From May 2016 to June 2016, two-
week observational surveys were conducted to monitor the number of broiler
chickens alive during the course of the development project. The boxplot dis-
plays the distribution observational and self-reported broiler chickens counted
during each two-week survey period.

Table 1
Comparison of observed broiler chicken survivorship between survey periods
among households enrolled in a small-scale poultry development project in
northwestern Ecuador. Odds ratio (OR) and 95% CI obtained through a logistic
regression model comparing chicken count observed during successive survey
periods.

Survey period comparison OR 95% CI

S1 vs. S2 0.7 0.6 — 0.8

S2. vs. S3 0.6 0.5—0.7
Table 2

Comparison of self-reported and observed broiler chicken survivorship between
survey periods among households enrolled in a small-scale poultry development
project in northwestern Ecuador. Odds ratio (OR) and 95% CI obtained through
a logistic regression model comparing number of alive chickens through self-
reported vs. observed during survey periods 2 and 3.

Self-reported vs. Observed OR 95% CI
S2 1.3 1.1—1.5
S3 2.2 1.8—26

stated that limited financial resources were their primary constraint to
engaging in small-scale broiler farming. Many households reported
cultural and social celebrations (e.g. graduation ceremonies, Christmas,
New Year’s) throughout the year as drivers for determining when to
anticipate optimum poultry husbandry.

I do not sell because [of] the money...I lack the cash and ... time. The time
is the thing. And at times, I say, I do not want to work on the mountain
anymore. I want to dedicate myself to improving raising my pigs and my
chickens. (INT 2)

I decided to raise broiler chickens for my kids.

3.3.2. Risk perception of financial security
Most respondents reported small-scale broiler farming as a secure
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investment. Many of the respondents described expecting quick turn-
around in profit. Those who did not believe broiler farming was a safe
investment described the high mortality risk of broiler chickens as a
limiting factor. In open-ended interviews mothers described raising
broiler chickens as more difficult than raising children. The term “luck”
was frequently used by respondents who described it as a safe and unsafe
investment.

Yes, it is a secure investment because it gives fast money in 4-6 weeks one
sees what one invests. (INT 7).

No, it is not a secure investment. For example, Mrs. [individual in the
village] had a flock of 100 chickens and all of them died. Then the in-
vestment is lost. (INT 13).

You have to have luck or to provide more attention so that they have good
coverage. (INT 19).

Safe depending on the weather factors. Because if you do it in the winter
season, you are tending to lose your money. But if it happens in summer,
combining with the luck of God, then it is safe. (INT 9).

Yes, like anty business, it is a matter of random luck. One that can dedicate
time and perseverance to it can get it. (INT 14).

3.3.3. Environmental stressors influencing broiler farming

Most respondents describe some form of environmental stress
impacting their farming productivity. Some respondents also described
broiler chickens as extremely vulnerable to the seismic activity in the
region. We speculated that seismic activity could lead to physical harm
via destruction of the coop environment or obstruction to nutrition and
water access in additional to psychological stress. In December 2017, we
documented a complete die-off of broiler chickens due a regional
earthquake (Fig. 1). Most respondents discussed summer as an ideal
farming period, while winter (i.e. rainy season) as an unfavorable
farming period. Many respondents described the high frequency of
flooding during the rainy season as a risk for disease transmission (likely
from runoff of fecal pollutant). Proponents of farming in winter
described summer (i.e. dry season) as having excessively high ambient
temperatures, leading to higher mortalities.

When we raise chickens, we always look to do so in the summer... Because
it is bone dry in the summer. The broiler chicken is more delicate ...
because while there is more rain it becomes sick. The humidity... [broilers]
always have to be dry for good farming for this chicken... because I
already told you, you have to be very careful with this chicken, it is more
delicate than the criollo. Because once the bone falls sick from the fungus,
the whole chicken is sick. Due to this, we have to be very careful with
[broilers]. (INT 5).

3.3.4. Raising broiler chickens

Most respondents with previous broiler farming experience reported
the primary reason for rearing broiler chickens was to feed their family.
Some, but not all households, reported the practice as an additional
source of income to sell within their village. Respondents frequently
mentioned the benefit of having more funds from broiler farming to
sustain the household. Households that have sold broiler chickens or
meat described time of year and financial constraints as key limiting
factors. The access to high-costing balanceado (the local term for com-
mercial animal feed) [48] was prevalent among respondents who had
previous experience with broiler farming.

I do not raise broiler chickens because I do not have enough money for
vitamins, also, I do not sell while a chicken is sick... we have to be very
careful with [broilers]. (INT 4).
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4. Limitations

Despite the key findings of our study, there are select areas that can
enhance our work and future studies. We reported perceptions, atti-
tudes, and beliefs that are not static and subject to change from outside
influences such as NGO projects or natural disasters. Additionally,
timing of agricultural development projects is dynamic and difficult to
predict. Environmental stressors, such as infectious disease outbreaks
and natural disasters are sporadic, which can have substantial impacts
on motivation and timing of poultry farming operations.

5. Discussion

Small-scale animal production is a valuable source of income and
quality nutrition for many households in Ecuador and around the world.
As development organizations continue to promote intensive small-scale
poultry farming, it is important to monitor survivorship of animals and
perceptions of smallholders. We studied the impacts of small-scale
poultry through three approaches: monitoring broiler demography and
village farming dynamics, following a cohort of households engaged
with a developmental organization, and surveying community members
about their perceptions of broiler chicken farming. Our observational
study in coastal Ecuador demonstrates that small-scale broiler chicken
farming is a dynamic process that has low survivorship and variable
perceptions and motivations surrounding the practice.

We followed up with the NGO that delivered 50, one-day-old
chickens to 10 households. They reported that they did not provide
any additional training, veterinary services, or financial support because
these were the terms of agreement established with the participating
households. We speculate that this agreement strategy burdened
households with almost the entire financial costs associated with
intensive poultry husbandry. Because of the limited support, it is likely
that households did not have sufficient access to vaccines, commercial
feed, or sanitation supplies. In addition, the absence of professional
training could have exacerbated these challenges for households with
less experience in poultry farming. Enrolled household inaccurately self-
reported substantially lower number of broiler deaths than the number
of broiler chickens present during survey periods. Self-reporting can lead
to a social desirability bias as recognized in other studies investigating
animal farmer practices and behaviors [37,49,50]. We speculate that
households engaged in small-scale poultry development programs were
not comfortable relaying accurate metrics to surveyors because they did
not want to lower their credibility as poultry farmers. Enrolled house-
holds with high chicken mortality could potentially be uncomfortable
sharing these outcomes with NGOs, thus perpetuating a negative feed-
back loop where NGOs continue the same intervention practices without
receiving accurate outcome measurements.

In the absence of proper husbandry infrastructure, intensively
farmed poultry are especially vulnerable to environmental stressors,
such as infectious diseases, temperature changes, and natural disasters.
One of the most common diseases in poultry is Newcastle disease virus
(NDV) (Paramyxoviridae) [51]. In Latin America, NDV has been pro-
posed as endemic or re-emerging, posing an enormous threat to poultry
health [52,53]. Although there are many other deleterious avian dis-
eases, NDV is a preventable disease: many community-scale vaccination
programs have reduced poultry mortality from NDV [52,54,55]. One
study from Mozambique reported that small-scale flocks without New-
castle vaccine were approximately five times more likely to die of NDV
compared to vaccinated flocks [56]. Infectious diseases risk is com-
pounded with deprived nutrition [57], temperature stress [58], or nat-
ural disasters such as floods or earthquakes [59,60]. In December 2016,
our annual poultry demographic survey reported a regional collapse in
broiler chicken farming following a regional earthquake. The regional
collapse following the earthquake could have impacted smallholders’
perceptions that continuing broiler farming after the earthquake would
pose higher mortality risk.
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Our qualitative interviews corroborate with themes of environ-
mental stressors. Most heads of households said that the wet season
(October to May) was a higher risk period to engage in farming due to
increased risk of fecal contamination from flooding events. Most heads
of households did not perceive broiler chicken farming as a risky
endeavor despite the economic and environmental constraints. The
perception of intensive broiler chicken farming as no or even low-risk
could reflect limited diversity in the types of food-animals promoted
by NGOs, and an overall strong cultural preference for poultry products.
In western Kenya, heads of households also reported conflicting re-
sponses in their risk perception of farming cash crops despite variable
crop yields [61]. A similar study demonstrated that chicken farmers’
perception of risk varied: farmers with more formal education were
more likely to adopt agricultural insurance [62]. Respondents
commonly discussed themes of infectious diseases, temperature fluctu-
ations, seismic activity, and flooding negatively affecting broiler chicken
farming. Other studies have documented that smallholder poultry
farmers’ perception of risk and management are not uniform at the
community level and do not always align with national policies towards
biosecurity [63,64]. Our findings collectively suggest smallholders’
perceptions of risk related to intensive poultry farming are highly var-
iable and not directly linked to productivity.

As countries continue to transition from traditional scavenging to
intensive poultry farming systems, integrated research that evaluates the
smallholder perceptions to NGO small-scale animal husbandry devel-
opment projects is essential. Intensive small-scale poultry production is
an important activity within our study region. This intervention
approach exhibits questionable outcomes that are prone to environ-
mental stressors and fluctuations in local demands for poultry products.
Our study highlights that partnerships between NGOs and communities
can potentially be ineffective without initial training and other resource
investments. Further investigations could conduct follow-up surveys
with households that engage in small-scale poultry development pro-
grams to evaluate change in perceptions and motivations to farm
poultry. New research could also survey larger population sizes to clarify
how and if motivations and perceptions towards poultry farming vary by
demographics. These findings could contextualize which subpopulations
are most impacted by small-scale poultry development programs leading
to better development goals.
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