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Abstract

Stable flies are prolific blood-feeding pests of livestock worldwide, resulting in millions
of dollars in loss of production annually. As few as five stable flies per animal can reduce feed
efficiency and weight gain in beef cattle. Studies measuring the economic impact of stable flies
usually correlate the number of flies per animal with individual production performance, which
is time consuming and labor-intensive and, as such, is not readily used by producers when
making fly control decisions. Due to the painful bites inflicted, cattle under fly pressure often
exhibit stereotypic fly aversion behaviors including leg stamping, skin twitching, head tossing,
tail swishing and bunching, referred to collectively as fly worry. This study aimed to determine if
fly worry behavior could be used as a more producer-friendly metric to quantify economic
impact and drive fly mitigation strategies in feedyards. Three feedyards with an average head
count of 50,000, located in three different counties in Western Kansas were observed monthly
during periods with and without stable fly activity. A small drone was flown overhead cattle pens
at each facility monthly and still images were captured. Pen space occupancy, proportion
standing, and proportion at the feed bunk were recorded and determined for each sampling event.
When comparing high fly pressure pens (those adjacent to vegetation in which stable flies
originate), and low fly pressure pens (located away from fly resting habitats), significant
differences in animal behavior were observed during periods of fly activity. When sampled, high
fly pressure pen animals had a lower proportion of cattle at the feed bunk, a higher proportion
standing, and occupied less pen space area, indicating higher levels of bunching. Changes in
behavior likely explain the higher feed-to-gain ratios observed in high fly pressure pens. This

study concludes that cattle bunching behavior due to the presence of stable flies in summer



months can be used to better quantify economic impact of stable flies and should be further

explored.
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Chapter 1 - Literature review

Introduction

Stable flies (Stomoxys calcitrans (L.)) [Diptera: Muscidae] are obligate parasitic biting
flies of both veterinary and medical importance. Two lineages exist, with the African lineage
having spread throughout the temperate and tropical regions of the world through human
colonization. The Oriental lineage diverged long ago and is considered an isolated line, lacking
the widespread dispersal observed in the African lineage (Dsouli-Aymes et a. 2011). Considered
synanthropic, stable flies have adapted to living near humans and human-related activities
involving livestock domestication. Significant economic losses occur due to their painful bites,
but also through the transmission of pathogens such as Habronema microstoma Creplin

(Spirurida: Habronematidae), Equine infectious anemia virus, Anaplasma marginale, and others.

Economic Impact

Stable flies cause significant cattle production losses both in the U.S. and globally.
Estimates of the total annual impact of stable flies on U.S. cattle industries are approximately
$2.2 billion per year (Taylor et al. 2012), with losses occurring across dairy, cow-calf, stocker,
and feeder cattle production systems. A more recent review estimated this value at $2.6 billion
after adjusting the estimate using 2018 cattle inventories and commodity prices (Rochon et al.
2021). International loss estimates range from $6.8 million in Mexico and $340 million in Brazil
to $450 million in France (Blanc-Debrune 2019, Gonzalez et al. 2024, Grisi et al. 2014,
Rodriguez-Vivas et al. 2017).
Stable flies have notably painful bites, and unlike in other blood-feeding arthropods, no numbing

agent has been discovered in their saliva (Wang et al. 2009). The mouthparts of the stable fly



have several serrated and sharp, serrated surfaces that cut through the skin quickly. Teeth located
on the proboscis cause trauma to the area by rotating along the shaft, allowing access to blood
quickly pooling at the site (Krenn and Aspdck 2012). This painful feeding action means that
feeding is often interrupted, with as many as three quarters of feeding attempts aborted due to
defensive behaviors carried out by the host (Schofield and Torr 2002). These behaviors include
leg stamping, skin twitching, head tossing, ear flicking, tail swishing, and bunching together to
avoid being parasitized. This bunching behavior increases the incidence of heat stress which can
result in significant production losses. In confined cattle systems, these responses are particularly
important because high densities of hosts allow for repeated biting events to affect the behavior
of entire pens of cattle rather than individual animals (Wieman et al. 1992, Taylor et al. 2012).
Further compounding the issue, unlike some other parasitic blood feeders such as mosquitoes,
both sexes of the adult stable fly blood feed (Salem et al. 2012, Taylor et al. 2012, Rochon et al.
2021, Kaufman et al. 2023). Although stable flies commonly feed on the front legs of cattle, they
are known to feed on various regions of the body when given the opportunity. As such, they can
also be found on the rear legs, underside, or sides of the trunk if there are too many stable flies
already feeding in preferred locations on the host (Kaufman et al. 2023). Despite host attempts to
knock them away, stable flies are persistent in their pursuit of a blood meal, feeding at least once
per day in cool weather and up to three times per day in warmer temperatures (Harris et al. 1974,
Salem et al. 2012, Rochon et al. 2021). By doing so, it was found that stable flies can consume
11-15uL of blood per meal (Schowalter and Klowden 1979). Additionally, once feeding has
ceased, a small amount of blood from the feeding site may continue to escape, further

contributing to blood loss (Baldacchino et al. 2013). This impact on the health of the host has



been seen to increase stress in the animal as well as reduce production, such as milk yield or

weight gain (Berry et al. 1983, Campbell and Berry 1989, Gerry 2007).

Stable fly pressure has been specifically associated with reduced weight gain and feed efficiency
in feedlot cattle (Campbell et al. 1987). Wieman et al. (1992) separated these losses into indirect
effects from bunching with heat stress and direct effects from biting and energy spent dislodging
flies. Specifically, 71.5% of the reduced weight gain was attributed to bunching and heat stress,
while 28.5% was attributed to the direct effects of biting and energy lost through defensive
behaviors (Wieman et al. 1992). Taylor et al. (2012) also estimated median annual per-animal
losses of 139 kg of milk per dairy cow, 6 kg of body weight for preweaning calves, 26 kg for
pastured stockers, and 9 kg for feeder cattle (Taylor et al. 2012). Together, these estimates show
that stable fly pressure can affect several cattle production systems, with losses occurring
through both direct feeding and the behavioral responses to stable flies.

For stable flies, the economic threshold (the minimum number of flies at which intervention
should take place) has been determined by counting flies on individual animals and correlating
these estimates with animal performance metrics. Previous studies have concluded that the
economic threshold begins at around five flies per leg, or 15 flies per animal, although sensitivity
to stable fly bites varies among cattle types and production settings (Berry et al. 1983, Campbell
and Berry 1989). For example, Holstein cattle (Bos taurus taurus) in California dairies have been
observed bunching with as few as one fly per leg (El Ashmawy et al. 2019, 2021). Although
these thresholds provide useful reference points, they depend on accurate observation of flies on
individual animals, which may prove difficult. In large feedlots and dairies, counting flies on

individual animals’ legs can be difficult to implement consistently because stable flies are small,



dynamic, and unevenly distributed across animals and pens (Taylor et al. 2020). Because of this,
visible behavioral responses such as bunching may help indicate when stable fly pressure should
be addressed, though observations of behavior alone may not be sufficient to entirely replace
direct monitoring. The commonly accepted economic thresholds of 5-15 flies per animal are
often exceeded in areas where constant creation of larval habitats around cattle operations allows

stable fly populations to increase rapidly.

Stable Fly Biology

The life cycle of stable flies can be broken down into four stages: egg, larval, pupal, and
adult. Female stable flies seek out any decaying organic matter with some moisture content as a
substrate for oviposition (Cook et al. 2018). Areas containing animal fecal material are often
preferred, although most decaying plant matter is suitable, provided adequate moisture is present
(Cook et al. 2018, Florez-Cuadros et al. 2019, Rochon et al. 2021). Females can produce up to
around 100 eggs per clutch (Beresford and Sutcliffe 2014) and up to 800 eggs in a lifetime (Patra
et al. 2018). It should also be noted that recent studies have shown that females may choose
oviposition substrates that will enhance offspring survivability upon emergence by avoiding sites
with competitors or parasites when possible (Baleba et al. 2020). Development from egg to adult
is possible at temperatures ranging from 11.5°C to 35°C (Larsen and Thomsen 1940), with the
latter range supporting growth most ideally around 29°C (Florez-Cuadros et al. 2019), however,
temperatures at or above 35°C did not support larval emergence from the egg. Once hatched, the
larvae mature through three instars, taking 11 to 30 days depending on temperature and moisture
(Patra et al. 2018), feeding on the substrate and other microorganisms therein (Rochon et al.

2021). After reaching a critical mass, larvae migrate towards drier parts of their environment and



transition to the adult stage inside a puparium (Rochon et al. 2021). The pupal stage may take
between 5 to 28 days depending on ambient temperature conditions (Lysyk 1998). The adult
stable fly, once emerged, is ready to fly within an hour and to feed on blood within 24 hours
(Parr 1962, Patra et al. 2018).

Adult stable flies must meet strict requirements in order to successfully reproduce, beginning
with the ingestion of a blood meal. Male stable flies particularly depend on the ingestion of at
least one blood meal before generally attempting to copulate, without which sperm transfer to the
female is highly ineffective (Anderson 1978). Females may require several blood meals before
their first clutch of eggs can be laid, with Chia et al. (1982) reporting that females fed at 24-hour
intervals required five blood meals to do this (Chia et al. 1982). Once mature, male stable flies
may inseminate as many as four receptive females consecutively, while females generally
copulate once from a single male and then exhibit refusal behaviors (Harris et al. 1966). The
lifespan of an adult stable fly can range from up to 35 days in controlled settings, but in situ, it is
likely closer to two to three weeks, depending on weather (Killough and McKinstry 1965, Salem
et al. 2012). As a whole, development from egg to adult typically takes around 20 to 30 days,
with males able to reproduce one to two days after emergence and females taking up to two days
longer (Harris et al. 1966).

Flight distance is a key characteristic of stable flies, and they are considered exceptional
fliers. Migratory studies in Florida provided evidence of stable flies marked with fluorescent dust
having travelled over 200 km from initial marking locations (Hogsette 1985). Further, studies in
Nebraska have concluded that approximately half of adult stable flies dispersed an average of 1.6
km or more in all directions from their larval development site (Taylor et al. 2010). These studies

also indicate that fewer than 5% of stable flies exceed a dispersal range of 5.1 km in search of



suitable hosts. Typically, stable flies stay below 2 m in flight above the ground and are seen
congregating wherever host activity is elevated (Gersabeck and Merritt 1983). Most stable flies
remain in close proximity to hosts once found (Bailey et al. 1973), leading to population

increases in suitable locations with both feeding and reproductive opportunities.

Stable Fly Presence and Impact on Confined Animal Feeding Operations

Confined animal feeding operations (CAFOs) such as feedyards and dairies provide
ample breeding sites for stable flies. In Kansas, these CAFOs can range anywhere from fewer
than 500 to over 50,000 head of cattle. Operations differ in layout, feeding program, and fly
mitigation strategies depending on their production goals. Feedyards commonly house cattle in
open dry lots with feed bunks lining one side of the pens, while dairy operations may use roofed
stalls and milking parlors. In Kansas, because of the relatively high temperatures, high densities
of suitable hosts and habitats, stable fly pressure can become continuous and difficult to manage.
Additionally, as operations maintain cattle throughout the year, stable fly breeding cycles during
the summer months can continue as long as favorable temperature and moisture conditions are
present (Lysyk 1998, Beresford and Sutcliffe 2014). During peak fly pressure in the warm season
in Kansas, this becomes a recurring issue for almost all confined livestock operations.
Large amounts of manure mixed with liquids from urine, waterers or rain, can keep substrates
hydrated and ideal for oviposition (Cook et al. 2018). Common areas inside feedlot premises that
often contain stable fly offspring include the edges of feed bunks, under adjoining pen
perimeters, areas around water troughs, and manure piles mixed with spilled feed are a few
examples among many others (Meyer and Petersen 1983, Skoda et al. 1991). These sites

generally contain some moisture that allows larval development to occur; however, excessively



high water-content can inhibit growth (Simmons and Dove 1941). Round hay bales, often
contaminated with animal droppings, are also commonly used to feed livestock, including
feedyard cattle in specialty pens and working horses. These bales present another valuable
breeding site for stable flies, as Talley et al. (2009) found that contaminated round hay bale
feeding sites can provide suitable substrate composition and temperature for larval development
(Talley et al. 2009). These hay bale feeding sites were found to produce, on average, more than
1,500 adult stable flies per square meter, resulting in nearly 400,000 stable flies at certain sites
(Taylor and Berkebile 2011). Of particular significance is that CAFOs are often located near
other agricultural production systems, partly due to the production and transportation of feed
(Miralha et al. 2021). Stable fly populations emerging from post-harvest farming grounds have
been shown to produce hundreds to thousands of stable flies per square meter of cropland (Cook
et al. 2011). Coupled with the presence of agricultural land surrounding many confined animal
operations, there is typically an overabundance of developmental sites available to stable flies in

and around these facilities (Skoda et al. 1991, Cook et al. 2011).

Stable Fly Control

Effective surveillance and continuous monitoring of stable fly pressure is an important
preliminary control strategy used to inform management decisions. Current methods for
monitoring stable fly activity are largely limited to trap counts and visual inspections by
operations employees. However, these methods are difficult to implement consistently and not
practical in CAFOs that may house tens of thousands of cattle (Taylor et al. 2020). Further,
different styles of traps have advantages and disadvantages depending on price, trap placement,
function, and monitoring objectives. Visual inspection of cattle for individual fly counts is also

not inherently accurate or beneficial, as stable flies are relatively small, yet large infestations



parasitizing cattle are often readily apparent. Nonetheless, close observation remains necessary
for managing this issue as stable fly populations fluctuate seasonally (Guo et al. 1998, Taylor
2013). Benchmarks from local observations obtained through monitoring can then be used to
direct management decisions within an IPM framework. One of the most effective approaches
for controlling stable flies in confined livestock operations is adherence to an Integrated Pest
Management (IPM) protocol, with a heightened focus on maintaining a clean facility by
removing potential breeding sites for stable fly larvae. IPM standards focus on methods of
controlling these pests on a cultural, physical/mechanical, biological, and chemical level. The
economic threshold is a key part in determining when intervention should occur; however, the
commonly cited “five flies per leg” must be considered within the context of individual
operations and their management goals.

In the Integrated Pest Management (IPM) strategy, cultural control is an important factor to
consider in these operations. However, the effort and monetary constraints required to keep large
facilities adequately hygienic and free of breeding sites often hinders the implementation of
sanitation protocols to a degree sufficient for effective stable fly control. When done properly
and consistently, sanitation alone can contribute up to a 50% reduction in stable fly populations
(Thomas et al. 1996). Furthermore, sanitation is a core strategy that can substantially suppress
infestations without contributing to increasing levels of insecticide resistance. Removing
breeding sites for stable flies by scraping under pen fences, spreading manure piles, and
destroying waste hay or feed contaminated with feces can all be beneficial in this regard (Cook
2020). Operations should establish sanitation goals to achieve significant reductions in stable fly
populations (Thomas et al. 1996). Informing producers and providing educational resources

about stable fly biology and breeding habitats can improve cultural control efforts. Habitat



disruption, sanitation, and cultural practice shifts are foundational components of an IPM
strategy before further intervention should be implemented.

Mechanical control methods, such as traps and physical barriers, are an intermediate approach
for addressing this pest problem before harsher methods are employed. White sticky traps and
Alsynite traps have been shown to capture considerably more stable flies than conventional
black-blue fabric traps (Broce 1988, Solorzano et al. 2015). Physical traps have been shown to be
effective at small scales, which could be a promising option for livestock operations, though their
applicability may be limited to smaller livestock operations (Gonzalez 2024). A major limitation
of traps is that many producers may not dedicate the time and effort to continuously replacing
spent traps as part of an expensive control program. As noted earlier, vegetation and decaying
organic matter left over from crop harvesting can provide extensive breeding sites for stable
flies. Physical barriers are another method of mechanical control that was found to be
significantly effective in post-harvest settings to prevent breeding habitat development. This
method involved either the burial and compaction or plastic covering of crops once they were
harvested, preventing stable fly access in a pesticide-free approach (Cook et al. 2011, Cook
2020). This also has major drawbacks, however, as feedyard producers are often not able to
directly control or implement this type of management practice on surrounding land that may be
owned by other production companies. Further, even if good relationships have been previously
established, agronomic producers may not be willing to expend the effort required on the
feedyard’s behalf for little benefit to their own financial goals while bearing all of the potential
risk to their land. Due to the climatic conditions of the Midwest, barriers in the form of screens
designed to deny entry to biting flies are often not feasible or scalable in feedlot settings, which

are primarily open lot feedyards. However, entry curtains have been used as an effective



application of barriers to flying insects, coupled with screened barns to reduce parasitism and
stress in dairy cattle (Morgan et al. 1972).

Biological control methods use predators, parasitoids, or other living organisms to help reduce
insect populations. In confined settings, several species of parasitoid wasps have been assessed
for their ability to suppress stable fly infestations through larval parasitism. Although rates of
parasitism on stable and house fly larvae varied widely among the species evaluated, Spalangia
nigroaenea was the most prevalent parasitoid recovered and may work to provide some level of
control in confined livestock operations (Jones and Weinzierl 1997). Staphylinidae beetles are
another predator of stable fly larvae and are attracted to decaying plant material where these
larvae are commonly found (Greene 1997). However, the beetles proved ineffective as a control
method in the field. Mites have also been evaluated as biological control agents against stable fly
populations, with more promising results. Specifically, Macrocheles embersoni was found to
consume an average of nearly 24 stable fly larvae per day in a laboratory setting (Azevedo et al.
2018). Moreover, in a semi-field evaluation, stable fly populations were reduced by nearly 75%
due to predation by this mite (Azevedo et al. 2022). While large-scale field trials have not yet
been conducted, this mite may have strong potential for the biological control of stable fly
larvae. While biological control methods may not eliminate stable fly infestations entirely, they
can play an important role in integrated pest management programs aimed at reducing overall
stable fly abundance.

In the IPM approach, chemical control denotes the most intensive intervention, which includes
the use of toxic insecticides. As stable flies are notoriously difficult to control by way of constant
cleaning or trapping, chemical intervention is often seen as the most reliable method of control.

This leads to the constant utilization of chemical control measures such as permethrin sprays,

10



pour-ons, and foggers, which produce immediate visual impacts on stable flies. Products
containing pyrethroids are often chosen as the primary insecticide due to their rapid knockdown
effect and generally low off-target toxicity. However, overuse of pyrethroids has proven to be
counterproductive, leading to higher rates of resistance to this and many other common
insecticidal chemicals (Cilek and Greene 1994, Olafson et al. 2019, Pitzer et al. 2010, Reissert-
Oppermann et al. 2019). A commonly enforced but problematic approach is the indiscriminate
spraying and fogging along feed bunks, fencelines, and buildings. Although these applications
are intended to reduce adult stable fly abundance, the limited contact time between flies and
insecticide-treated surfaces contributes to the development of resistance over time (Pitzer et al.
2010). This is because the short contact time exposes stable flies only to sublethal levels of the
applied insecticide, thereby promoting resistance through selection pressure. The stable fly’s
feeding behavior, which permits limited contact time with treated animals and surfaces, has
made chemical sprays and pour-ons largely unsuccessful in providing long-term population
suppression. Spending only 2 to 5 minutes feeding primarily on the legs of hosts, the stable fly is
often not in contact with the insecticides and may only briefly encounter them altogether (Foil
and Hogsette 1994). In fact, most of their time is spent off the host digesting blood meals under
nearby vegetation and other less targeted resting locations (Lysyk 1993). Compared with horn
flies, which spend most of their time on the host and oviposit exclusively in intact cattle manure,
stable flies spend relatively little time in direct contact with hosts (Foil and Hogsette 1994).
Management of immature stable flies is often overlooked and much more difficult than for horn
flies due to the wide range of larval developmental habitats available to stable flies. If chemical
treatments are to be administered, special attention must be paid to these breeding habitats in

order to effectively prevent population rebound (Taylor 2021). Failure to properly address larval
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developmental habitats contributes to persistently high stable fly populations within feedlots.
Another factor contributing to the difficulty of controlling stable fly infestations is their rapid
rebound time. Despite initial population knockdowns, subsequent generations can re-emerge in
as little as 13 days in warm weather (Florez-Cuadros et al. 2019). This problem is further
exacerbated by the favorable summer conditions throughout much of the Midwest, which
support rapid population growth. More than 30 years ago, insecticide resistance levels in Kansas
feedlots were found to range from 2% to 100%, depending on the chemical class evaluated,
including organophosphates and pyrethroids (Cilek and Greene 1994). Consequently, producers
may incur substantial costs from repeated insecticide applications that provide only temporary
reductions in fly abundance while also contributing to the continued selection of resistant

populations.

Stable Flies as Vectors of Pathogens

Stable flies have been implicated as possible vectors of various pathogens due to their
blood-feeding behavior and frequency in jumping between hosts during interrupted feedings.
Both males and females feed on blood, which is necessary for their reproduction, and their
painful bites often cause host defensive behaviors that disrupt feeding attempts (Foil and
Hogsette 1994, Schofield and Torr 2002). This results in stable flies often attempting to complete
a blood meal on multiple hosts over short periods of time (Schofield and Torr 2002). Once a fly
leaves one host and resumes feeding on another nearby host, retained blood on the mouthparts
provides an opportunity for successful pathogen transfer during subsequent feeding attempts.
Earlier work by Hawkins et al (1973). showed that Equine Infectious Anemia virus (EIAV)

transmission efficacy differed between biting flies, with horse flies successfully transmitting it,
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but stable flies failed to transmit this pathogen (Hawkins 1973). Stable flies may retain blood in
their crop post-feeding, providing a suitable microhabitat for short-term pathogen survival and
transfer, enhancing the likelihood of infecting multiple hosts with pathogens during successive
feeding efforts (Baldacchino et al. 2013). These transmission events may occur mechanically
through contaminated mouthparts or biologically when the pathogen develops within the fly
before transmission to another host (Baldacchino et al. 2013). These pathways are particularly
relevant to livestock and horses, where stable flies have been associated with the transfer of
pathogens such as equine infectious anemia virus (EIAV) (Foil et al. 1983), Anaplasma
marginale (Bautista et al. 2018, Scoles et al. 2005), and Habronema spp. (Traversa et al. 2008)
among others.

The pathogens associated with stable flies show how the fly’s role as a vector can vary
depending on whether transmission is mechanical or involves internal development. Equine
Infectious Anemia virus is a commonly cited example of mechanical transmission because stable
flies can transfer infected blood between equine hosts during interrupted feeding sessions (Foil et
al. 1983). Studies were performed transferring partially fed stable flies from infected ponies to
uninfected hosts, and transmission was found to be successful (Foil et al. 1983). In cattle,
Anaplasma marginale is a more cattle production-relevant example, although some studies show
stable flies appear to be less efficient than typical biological transmission by ticks (Scoles et al.
2005). Scoles et al. (2005) found that stable flies failed to transmit A. marginale to susceptible
cattle after partially feeding on acutely infected calves (Scoles et al. 2005). Scoles et al. (2005),
however, also later suggest this failure may have been due to inefficient transfer and possible
loss of viability through desiccation. Additionally, laboratory experiments fail to accurately

capture continuous parasitism throughout the day. Additional field evidence supports that stable
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flies are involved in the circulation of this pathogen as A. marginale was detected in stable flies
from infected tick-free cattle herds (Bautista et al. 2018). Though retention and detection alone
do not imply that stable flies are competent vectors of 4. marginale, these studies do present a
link to their potential transmission capabilities. In contrast to the mechanical transmission
discussed above, Habronema spp. has been shown to have a biological relationship with stable
flies, acting as intermediate hosts. The study by Traversa et al. found that field-collected S.
calcitrans tested positive for this helminth, providing evidence that these flies are capable
vectors for H. microstoma (Traversa et al. 2008). Together, these examples show how stable flies

are implicated as vectors of pathogens in several areas, depending on the route of transmission.

Fly Worry in Animals

Fly worry is a behavioral response exhibited by animals experiencing high fly pressure,
where agitation and avoidance behaviors are used to dislodge flies and discourage further biting.
Stable flies are a common cause of fly worry in livestock because their painful bites are often
concentrated on areas such as the legs and underside of the trunk (Wieman et al. 1992).
Individual behaviors associated with fly worry include leg stamping, tail flicking, skin twitching,
head throwing, kicking, and general agitation (Dougherty et al. 1993, Taylor et al. 2012). These
behaviors serve to interrupt the stable fly’s attempt to obtain a blood meal from the host. In
CAFOs with established stable fly populations, fly worry behaviors provide a visible indication
of cattle responding to fly pressure. In dairy cattle, Mullens et al. (2006) recorded the frequency
of these behaviors alongside stable fly counts, showing that behavioral responses can be used as
indicators of fly pressure (Mullens et al. 2006). This response has also been documented in
feedlot cattle, where stable fly-induced bunching and subsequent heat stress were associated with

reduced weight gain (Wieman et al. 1992). Fly worry can also extend beyond individual
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behaviors into group-level avoidance responses such as bunching. Bunching occurs when cattle
pack tightly together to reduce individual exposure to biting flies, with animals closer to the
center of the group experiencing less direct fly pressure (El Ashmawy et al. 2019, Wieman et al.
1992). Although bunching may reduce bites for some animals, it is also a severely detrimental
behavior that increases the risk of injury and heat stress, and contributes to reduced feeding and
resting, ultimately resulting in lower production performance (El Ashmawy 2019, Taylor et al.
2012, Wieman et al. 1992).

These behaviors should be seen as more than simple nuisance responses. Repeated
avoidance behaviors can interfere with normal cattle routines such as consistent feeding times,
which, when disrupted, may contribute to metabolic ailments such as subclinical acidosis
(Schwartzkopf-Genswein et al. 2004). By shifting time and energy toward stable fly avoidance,
defensive behaviors may reduce time spent feeding, resting, or maintaining normal spacing
within the pen (El Ashmawy et al. 2021, Taylor et al. 2012). Stress hormone responses have also
been associated with increased stable fly pressure, with dairy cattle showing heightened cortisol
concentrations compared to non-parasitized cattle (Vitela-Mendoza et al. 2016). When these
avoidance behaviors escalate into bunching in larger production settings, the response becomes
more damaging as cattle crowd together during periods when high heat and fly pressure already
occur simultaneously (Wieman et al. 1992, El Ashmawy et al. 2019, 2021). These effects help
explain why stable fly pressure can reduce performance even when direct blood loss does not
account for the observed losses (Taylor et al. 2012). Because fly worry is visible, it can provide
producers with a warning sign that stable fly pressure has reached a level capable of significantly
impacting cattle performance (Wieman et al. 1992). However, behavior alone is not a perfect

monitoring system, and fly counts are impractical for large-scale producers. In these situations,
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pen design and facility layout may help influence how cattle respond to stable fly pressure. This
may be especially important where feed bunks, water sources, or resting areas are located
relative to major stable fly production sites. Observation of these behaviors should prompt closer
inspection of potential larval habitats forming around the facility. These areas should then be
addressed through the lens of an IPM protocol to reduce the likelihood of further stable fly
population growth (Cook 2020, Rochon et al. 2021). As such, fly pressure connects stable fly

biology, behavioral responses, control, and management practices in confined cattle systems.
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Chapter 2 - Economic loss in feedlot cattle and possible intervention

strategies

Introduction

Stable flies are blood-feeding pests that cause substantial production losses in feedyard
cattle worldwide (Taylor et al. 2012, Rochon et al. 2021). Because their bites are painful, the
effects of stable flies on cattle extend well beyond the blood lost during feeding. Stable fly
feeding causes cattle to exhibit fly-worry behaviors, including leg stamping, head tossing, tail
swishing, and, most notably, bunching (Wieman et al. 1992, Dougherty et al. 1993, Taylor et al.
2012). Observing these behaviors, they can be seen to interrupt the normal feeding and resting
behaviors of feedyard cattle. Bunching may increase cattle susceptibility to heat stress and the
risk of injury in confined animal feeding operations, while also contributing to reduced feeding
and resting (Wieman et al. 1992, El Ashmawy et al. 2019, Taylor et al. 2012). There is therefore
a need to evaluate stable fly avoidance behaviors and determine whether it can provide a more
efficient and practical method for producers to assess the production losses associated with stable
fly pressure.

Existing economic thresholds for stable fly parasitism were established by comparing
stable fly abundance with cattle production performance (Berry et al. 1983, Campbell and Berry
1989). These thresholds generally rely on counting flies on the legs of cattle, but traps can also
used to monitor stable fly populations (Guo et al. 1998, Taylor 2013, Taylor et al. 2020, Rochon
et al. 2021). However, these methods are difficult to apply consistently when estimating
production loss in large feedyards because fly abundance fluctuates over time and stable flies can
be unevenly distributed among cattle and pens (Guo et al. 1998, Taylor 2013, Taylor et al. 2020).

Individual animal counts are also labor-intensive and represent only a snapshot of fly pressure at
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the time of observation. As such, commercial feedyards lack a scalable, pen-level method for
identifying pens at risk of production loss and determining when intervention should be
employed. Producers would benefit from a rapid, visually striking and easy to identify method of
assessing the effects of stable fly pressure on cattle.

Cattle respond visibly to stable fly pressure through easily identifiable group-level
avoidance behaviors. Bunching may be especially useful in this regard because it can potentially
be assessed at the pen level rather than on an individual animal basis, and previous studies have
documented its association with stable fly pressure (Wieman et al. 1992, E1 Ashmawy et al.
2019). Likewise, the proportions of cattle lying down or standing may provide information about
disrupted resting behavior, while feed bunk attendance may provide an indirect indication of
altered feeding behavior. Behavioral measurements may therefore accurately reflect how cattle
are responding to fly pressure even when individual fly counts are difficult to employ in the field
(Mullens et al. 2006). Although these behaviors have been documented in previous literature,
their usefulness as practical, quantitative indicators of stable fly pressure and associated
production loss in commercial feedyards remains unclear.

In this study, behavioral data were collected in three large commercial feedyards in
western Kansas. Pens observed as experiencing high or low stable fly pressure were compared
based on their proximity to vegetative stable fly resting habitats. Observations made during the
stable fly season (summer) were compared with winter observations when stable fly activity was
absent. Drone imagery was used to assess cattle distribution within pens, the proportion of cattle
standing and lying down, and the proportion of cattle at the feed bunk at the time of collection.
Trail-camera observations and feedyard-provided close-out data offer additional information

about cattle feeding behaviors and production performance. Feed bunk position relative to
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vegetative stable fly habitats was also examined as a potential management and pen-design
element of consideration.

The primary objective of this research was to determine whether pen-level cattle behavior
differed between areas of high and low stable fly pressure, and whether these behaviors could be
used as a practical means of assessing stable fly pressure and its associated production losses.
Available pen close-out data were also used to examine whether behavioral differences were
accompanied by differences in feed efficiency. A secondary objective was to determine whether
feed bunk orientation in relation to vegetative stable fly habitats influenced cattle distribution
and feed bunk use. Ultimately, these behavioral observations could be used to identify high-risk
areas, influence more targeted fly-control strategies, and inform feedyard management practices

and pen design.

Materials and Methods:

Site selection

Sites

Animal behavior was observed at three feedyards located in western Kansas (Lane,
Logan, and Scott counties, respectively) from July 2025 to February 2026. Fly control practices
were roughly standard across all locations, being largely ad hoc starting in early summer and
consisting of weed mowing, manure removal, general sanitation around the feed bunk, and
pesticide application. None of the locations fed feed through insect growth regulators. Study sites
shared lot number, gender, head intake, average weight at intake, average weight out, days on
feed (DOF), date in, date out, averaged daily gain (ADG), and feed efficiency (FE) for pens

selected for this study.
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Site 1 feedyard holds approximately 60,000 head of cattle in pens ranging from 100 to
200 head per pen. Perimeter pens are separated from the adjacent vegetation (commercial row
crops) by a dirt road, approximately 50ft in width. All perimeter pens had feed bunks directly
adjacent to the road. Commercial row crops flanked all sides of the facility, with a few water
sources within the facility such as ponds and dams. Compared to the other locations in this study,
this site had the most uniform pen size.

Site 2 feedyard holds approximately 50,000 head of cattle in pens ranging from 80-200
head per pen. This location is similar to the previous site in terms of general practices and
surrounding layout; however, the perimeter pens have feed bunks in one of two orientations:
alongside the road separating the stable fly resting habitats from the pen which were designated
as ‘Near” pens or at the end opposite and removed from the vegetated resting habitats,
designated as “Far” pens (Figure 2.1). Row crops surround this site on all sides as well and as
before, there were a few water sources within the site such as ponds and dams.

The feedyard at Site 3 holds approximately 40,000 head of cattle in pens ranging between
50 and 300 head per pen. As with previous locations, the outermost pens are separated by the
nearest commercial row crops by a dirt road that is also approximately 50ft in width. Row crops
surround this site, similar to previous locations, along with a few internal water sources in the

same form.

Selection of pens within sites
For Sites 1 and 2, low fly pressure pens were selected to be separated from stable fly
resting habitats (row crops or weed thickets) by a length of at least three cattle pens. High fly

pressure pens were all directly adjacent to stable fly resting habitats (Figure 2.2). Spot checks
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were made during each visit to confirm the presence of stable flies, although these were not
quantified. At Site 2, only pens in high fly pressure areas were selected, but the orientation of the
bunk relative to fly resting habitats varied and were placed in either the Near or Far group. As
described above, in the Near group, feed bunks were directly adjacent to the stable fly resting
habitats while in the far group, feed bunks were at the opposite end as far away from stable fly
resting habitats as possible (Figure 2.1). At site 1, 15 high fly pressure and 13 low fly pressure
pens were evaluated; at site 3, 10-34 high fly pressure and 10-22 low fly pressure pens were
evaluated (weather limitations and pen closeouts reduced the number of pens available for data
collection on some dates); at site 2, 17 Near and 20 Far pens were evaluated. Sampling was
carried out between the summer of 2025 and the winter of 2026 on July (16"-17"), August (19%-
20", December (19%-20") and February (2274-23),
Data collection

A Snaptain P30 Pro (Ultralight 249g) drone (Figure 2.3) was flown over study pens once
a month in July (Site 1, 2, 3), August (Site 1, 2, 3), December (Site 1), and February (Site 1, 2, 3)
in 2026. Due to high wind and rain, the drone could not be safely piloted during the sampling
outing in December for Sites 2 and 3. Collections from July-September occurred over periods of
known stable fly activity in the Midwest, while no fly activity was present in December and
February, and served as controls. At each location, data were collected between 11am and 3pm,
which is the active period of stable flies. The drone was calibrated before each flight and
launched near the start of the row of cattle pens and flown at approximately 100ft.-200ft above
the ground, capturing continuous video of the entire row of pens. Once the data were collected

for all rows containing pens in the study at each feedlot, the videos were named using the
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following format: feedlot, pen range, date. These video files were then transferred to an external
permanent storage device and analyzed at a later date.
Animal behavior scoring

A single still photo of each study pen was taken from recorded video, and a 3x3 grid
pattern was overlaid onto the image of the pen. The equal grid squares were then given a letter
designation A through I, where A was the first grid in the bottom left corner of the 3x3 grid
alongside the feed bunk, B was the next grid square directly to the right of A, and C was the
bottom right corner of the 3x3 grid along the feed bunk. The pattern then continued for row 2
and 3 (Figure 2.4). Individual cattle in each grid square were counted for each pen as well as the
number of cattle at the feed bunk, the number of cattle standing, and the number of cattle lying
down.

At Site 3, trail cameras (Stealth Cam Browtine) were set up along the signposts of four
high and four low fly pressure pens during the first week of September (2025). Each camera took
a picture every five seconds while movement was actively being detected by the motion sensor.
The number of cattle approaching the feed bunk within a one-hour period was recorded. Due to
the sun, camera placement, and dusty conditions, usable data was only gathered from one high
and one low fly pressure pen. Due to memory card limits, recordings were captured over a three-
day period. For each pen, photos were viewed and the number of visits to the feed bunk over a
one-hour period was recorded onto an Excel sheet. The high fly pressure pen contained
approximately 100 head of cattle, while the low fly pressure pen contained approximately 90
head. This was done from 01:00 hours of the first day of recordings until 23:59 hours of the third

day.
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Statistics and Data Analysis

Microsoft Excel (version 2605) was used to organize and process animal count data. The
proportion of cattle in each grid was calculated by dividing the number of cattle in the grid by the
total number of cattle in the pen. This was multiplied by 100 and expressed as a percentage. This
was done in a similar fashion for percent standing, lying and number at the feed bunk. Pen
occupancy was described as the average minimum proportion of cattle observed in a grid, the
maximum proportion of cattle observed in a grid and the range between minimum and maximum
was determined using descriptive statistics. At site 1, four pens of age-and-sex matched cattle
were compared between high and low fly pressure areas. Average daily gains and feed efficiency
were compared between groups. All data sets were tested for normality in GraphPad Prism using
D’Agostino & Pearson, Shapiro-Wilk, and Kolmogorov-Smirnov tests, with agreement among
all three. Normally distributed data was analyzed using Welch’s t-test while non-normally
distributed data was analyzed using the non-parametric Mann-Whitney test. All statistical
analysis were performed using GraphPad Prism version 11.0.2 for Windows (GraphPad

Software, Boston, Massachusetts, USA; www.graphpad.com).
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Figure 2.1. Location of feed bunk relative to stable fly resting habitats in Near (A) and Far (B)
group pens. The figure shown above shows an example image of the orientation of the “Near”
and “Far” pens at site 2. (A) shows the orientation of the “Far” group of pens, where the feed
bunk is along grid side A-C and directly adjacent to the nearest row crops. (B) shows the
orientation of the “Near” group of pens, where the feed bunk is also along the grid side A-C but

opposite to the side of the pen nearest to row crops
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Figure 2.2. Example map of feedyard with colors representing the pens as being in high or low
fly pressure areas. Areas highlighted in (blue) are low fly pressure pens where little stable fly
activity is observed, while (orange) areas designate high fly pressure pens adjacent to stable fly

resting areas.
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Figure 2.3. Image of Snaptain P30 Pro used during the course of this study.
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Figure 2.4. Grid pen designations A-I used throughout this study, with A, B, and C grids always
being along the side where the video was taken from (except in Site 2). Figure shown above is a
still image captured from the drone flight video and overlaid with the grid pattern used in the

counting procedure.
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Results:

Impact of stable fly activity on cattle pen space usage

Overall, cattle in high fly pressure zones occupied less pen space than those in low fly
pressure zones, indicating bunching. At Site 1, during months with stable fly activity (July and
August), cattle congregated in grid blocks G-I, furthest away from stable fly resting habitats
(Figure 2.5 B and D). This was not observed in low fly pressure pens, which had more even
distribution of cattle between grids (Figure 2.5 A and C). During the winter, when fly activity
ceases, no differences between either group were noted.
For each pen, the minimum and maximum occupancy rate of each grid block (expressed as a
percent of total population) was calculated, as was the range (difference between minimum and
maximum occupancy rate). Averages for each block (A-I) were calculated for both high and low
fly pressure groups (Table 2.1). During periods of fly activity, minimum grid occupancy was
significantly lower in high fly pressure pens than in low fly pressure pens for both July (Welch’s
t-test, df = 14.88, p = 0.0001) and August (Welch’s t-test, df = 22.58, p = 0.0001) (Figure 2.6). In
a similar manner, the maximum grid occupancy was significantly higher in high fly pressure
pens than in low fly pressure pens for both July (Welch’s t-test, df = 16.83, p = 0.0001) and
August (Welch’s t-test, df = 19.34, p = 0.0001), confirming the visual observations of increased
rates of cattle bunching in high fly pressure pens (Figure 2.7). The range between minimum and
maximum occupancy was also significant for the months of July (Welch’s t-test, df = 16.69, p =
0.0001) and August (Welch’s t-test, df = 18.59, p = 0.0001) indicating that there was less even
distribution of cattle between the grids, again, indicating a preference for certain areas of the pen

to escape fly pressure (Figure 2.8).
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Due to the normal cold climate conditions during winter, no stable fly activity was
recorded in December and February. During these months, cattle were more evenly distributed
throughout all grids within the pen (Figure 2.5, E-H) and less cattle bunching was visually
observed. In December, the minimum occupancy and range in occupancy rates were significantly
lower (Welch’s t-test, df = 21.69, p = 0.0004, and Welch’s t-test, df = 18.97, p = 0.0145),
although the maximum occupancy was not (Welch’s t-test, df = 18.61, p = 0.0613) (Figure 2.6
and 1.7, respectively). In February, no significant differences were observed between the pens in
each group (Minimum: Welch’s t-test, df = 23.52, p = 0.4658), (Maximum: Welch’s t-test, df =
2432, p=0.3711), (Range: Welch’s t-test, df = 24.09, p = 0.3554) (Figure 2.6 — Figure 2.8).

At Site 3, during months with stable fly activity (July and August), cattle typically
congregated in grid blocks G-I, furthest away from stable fly resting habitats (Figure 2.9 B and
D). This was not observed in low fly pressure pens, which had a more even distribution of cattle
between grids. Pen grid occupancy rates were calculated for both high and low fly pressure
groups. During periods of fly activity, minimum grid occupancy was significantly lower in high
fly pressure pens than in low fly pressure pens for both July (Welch’s t-test, df =42.65, p =
0.0001) and August (Welch’s t-test, df =42.15, p = 0.0001). In February, with the absence of fly
activity, minimum occupancy was insignificant between high and low fly pressure pens (Welch’s
t-test, df = 17.92, p = 0.7158) (Figure 2.10). In a similar manner, the maximum grid occupancy
was significantly higher in high fly pressure pens than in low fly pressure pens for both July
(Welch’s t-test, df = 28.57, p = 0.0083) and August (Welch’s t-test, df =49.03, p = 0.0104). The
maximum occupancy was not found to be significantly different in February when no fly activity
was present (Welch’s t-test, df = 17.85, p = 0.153) (Figure 2.11). The range between minimum

and maximum occupancy was also significant for the months of July (Welch’s t-test, df = 30.88,
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p = 0.0024) and August (Welch’s t-test, df = 57.90, p = 0.0007), indicating that there was less
even distribution of cattle between the grids during summer months. In February, the range of

occupancy was found to be insignificant (Welch’s t-test, df = 23.54, p = 0.7058) (Figure 2.12).

Stable fly impact on cattle resting

The proportion of cattle standing compared to lying down was evaluated between high
and low fly pressure pens at Sites 1 and 3.

At Site 1, significantly more cattle were standing when sampled in July (Welch’s t-test,
df=20.33, p=0.0399) and August (Welch’s t-test, df = 25.93, p = 0.0303) in high fly pressure
pens compared to low pressure pens (Figure 2.13). In the absence of fly activity, no significant
differences were seen in December (Welch’s t-test, df = 24.08, p = 0.076) and February (Welch’s

t-test, df = 25.69, p = 0.5104).

At Site 3, significantly more cattle were marked as standing in July (Welch’s t-test, df =
37.39, p =0.0081); however, this was not seen in August (Welch’s t-test, df = 50.27, p = 0.4838)
in high fly pressure pens compared to low pressure pens (Figure 2.14). In the absence of fly
activity, no significant differences were seen in February between high and low fly pressure pens

(Welch’s t-test, df = 17.95, p = 0.6208).

Impact of stable fly activity on cattle feeding behavior

Cattle feeding was measured as the proportion of cattle at the feed bunk at the time of the

drone footage being taken at sites 1 and 3 between high and low fly pressure groups.
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At site 1, in the months of July (Mann Whitney test, p = 0.0356) and August (Welch’s t-
test, df = 25.54, p = 0.0026), significantly more cattle were at the feed bunk in low fly pressure
pens than in high fly pressure pens. This was not observed during December (Welch’s t-test, df =
19.88, p = 0.9229) and February (Welch’s t-test, df = 25.76, p = 0.9567) where no significant
difference was observed between groups (Figure 2.15).

At site 3, during the months of July (Welch’s t-test, df = 40.26, p = 0.5969) and August
(Welch’s t-test, df = 50.03, p = 0.8884), there was no significant difference in the number of
cattle at the feed bunk between low and high fly pressure pens. In February, in the absence of fly
pressure significantly more cattle were at the feed bunk in low pressure pens although no fly
activity was present (Welch’s t-test, df = 17.01, p = 0.0336). (Figure 2.16).

At site 3, using trail camera footage, significantly more visits were made to the feed bunk
in the low fly pressure pen compared to the high fly pressure pen (Welch’s t-test, df =38.51, p =
0.0034). The average number of visits per hour was also higher in the low fly pressure pen
compared to the high pen (Table 2.3). The average events per hour over the entire day for the
three days were higher in the low fly pressure pen (125.6, SD = 135.73) compared to the high fly
pressure pen (48.35, SD = 75.60). The high fly pressure pen showed two feeding attempt peaks
while the low pen had more consistent feeding attempts occurring throughout the daytime hours.
For both pens the first feeding peak occurs at 0700 hours after the first feed delivery, this falls

rapidly afterward until approximately 1900 hours when stable fly activity ceases (Figure 2.17).

Impact of stable fly activity on cattle Feed Efficiency and Average Daily Gain

At site 1, the feed efficiency of four age and sex matched pens in high or low fly pressure

areas was compared. Pens had a similar number of cattle, but days on feed were slightly

31



different, having a difference in close-out dates by approximately 8 days between the two
groups. The average feed efficiency in high fly pressure pens was 6.270 (SD = 0.2744) compared
to 6.061 (SD =0.102) in low fly pressure pens, with a difference of 0.209 between the two
groups (Table 2.4), although this was not statistically significant (Welch’s t-test, df = 3.841, p =
0.2303). Based on data collected from this site, a 0.2 difference in feed efficiency was estimated
to represent $35.00 per head per 187 days on feed. With an average head count in high fly
pressure pens of 177 this difference in feed efficiency can be roughly equated to $644,000 in lost

value (Table 2.4).

Impact of feed bunk location relative to stable fly pressure in high fly pressure pens

At site 2, the proportion of pen space occupied was measured between the Near and Far
groups which were both in high fly pressure areas. The differences in bunching behavior are in
relation to the orientation of feed bunk in either group, with the Near group being pushed away
from the feed bunk and the Far group being pushed onto the feed bunk.

In July, cattle in the Near group congregated in grid blocks (A-C), which were closer to
the feed bunk (Figure 2.18 A). Cattle in the Far group pens congregated in grid blocks (A-C),
which were also along the feed bunks but opposite to the side of the pen nearest to vegetation
(Figure 2.18 B). This was also seen in August, although the same trend between groups is less
visible (Figure 2.18 C and D). In February when fly activity ceased, cattle were evenly
distributed throughout the pen grids in both groups (Figure 2.18 E and F).

Differences in pen grid space occupancy between near and far groups were compared
during the summer months to February, when fly activity ceased. In July, the near group’s

minimum occupancy was significantly lower than in February (Welch’s t-test, df = 9.216, p =
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0.0001), as was the far group’s (Welch’s t-test, df = 11.26, p = 0.0031). In August, the near
group’s minimum was not significantly different from that in February (Welch’s t-test, df =
19.61, p = 0.0667), however, the Far groups were significantly different (Welch’s t-test, df =
15.55, p =0.0339) (Figure 2.19). In July, the maximum occupancy for both Near (Welch’s t-test,
df=24.71, p=0.0001) and Far (Welch’s t-test, df = 27.13, p = 0.0002) groups was significantly
higher than the same groups in February. This difference was not seen in the maximum
occupancy between the Near (Welch’s t-test, df = 17.52, p = 0.749) groups in August; however,
the Far groups did show a significant difference (Welch’s t-test, df =26.01, p = 0.0237) (Figure
2.20). Again, in July, both near (Welch’s t-test, df = 24.78, p = 0.0001) and far (Welch’s t-test, df
=20.57, p=0.20.57) groups showed significantly different ranges of occupancy when compared
to February. Similarly to previous August results, however, the Near groups did not show any
significant differences in range of occupancy compared to the same groups in February (Welch’s
t-test, df = 18.35, p = 0.4063), while the Far group’s range of occupancy was significantly
different (Welch’s t-test, df = 23.84, p = 0.0105) (Figure 2.21). A summary of these values is
given in Table 2.5 below. Together, these results indicate bunching conditions happening in pens
during summer but not in winter.

Also recorded at site 2, two feed bunk locations were compared to determine if the
location of the feed bunk relative to the fly pressure could improve cattle feeding behavior. In the
first group (n = 17 pens) the feed bunk was directly adjacent to the stable fly resting habitat and
were called the “Near” group. In the second group (n = 20), the feed bunk was on the opposite
end of the pen relative to stable fly resting habitats and called the ‘Far” group. In July, fewer
cattle were counted at the feed bunk in the Near group, although this was not statistically

significant (Welch's t-test, df = 35.00, p = 0.1118). In August, significantly fewer cattle were
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seen at the feed bunk in the Near group (Welch’s t-test, df = 20.52, p = 0.0423). Due to weather
conditions, no sampling took place in December, although in February, the Near group showed
more cattle at the feed bunk (Welch’s t-test, df = 17.57, p = 0.0427), which showed a general
reversal in the observed trend when no fly pressure was present (Figure 2.22). These results
indicate that cattle in the Near group are at the feed bunk less often than those in the far group,

which are pushed towards their feed bunk due to the fly pressure in the summer months.
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Figure 2.5. Heat map showing the average proportion of the total cattle population occupying
each grid in high and low fly pressure group pens at Site 1. Low fly pressure pens are shown in
panels A (July), C (August), E (December), and G (February). High fly pressure pens are shown
in panels B (July), D (August), F (December), and H (February). Panel I shows the standard grid

pattern for each pen.
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Figure 2.6. Minimum occupancy (%) of cattle in low (blue) and high (orange) fly pressure pens

at Site 1.
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Figure 2.7. Maximum occupancy (%) of cattle in low (blue) and high (orange) fly pressure pens

at Site 1.
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Figure 2.8. Range of occupancy (%) of cattle in low (blue) and high (orange) fly pressure pens

at Site 1.
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Table 2.1. Grid A-I occupancy for periods of fly activity (July and August) and no fly activity

(December and February) at Site 1. Values are expressed as mean (standard deviation).

July

August

Pen occupancy
%

Low (n=13 pens)

High (n=15 pens)

Low (n=13 pens)

High (n=15 pens)

Min 5.41 (1.273) 0.21 (0.474) 5.65 (1.129) 2.03 (2.005)
Max 18.49 (2.652) 34.82 (8.865) 19.02 (2.707) 30.81 (6.449)
Range 13.09 (2.690) 34.61 (9.243) 13.37 (3.047) 28.78 (7.891)

December

February

Pen occupancy
%

Low (n=13 pens)

High (n=1S5 pens)

Low (n=13 pens)

High (n=15 pens)

Min 6.07 (0.824) 4.11 (1.579) 5.39 (2.116) 4.84 (1.767)
Max 18.31 (2.201) 21.48 (5.686) 17.69 (2.988) 18.67 (2.662)
Range 12.25 (2.728) 17.36 (6.766) 12.30 (4.549) 13.84 (3.973)
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Figure 2.9. Heat map showing the average proportion of the total cattle population occupying
each grid in high and low fly pressure group pens at Site 3. Low fly pressure pens are shown in
panels A (July), C (August), and E (February). High fly pressure pens are shown in panels B

(July), D (August), and F (February). Panel I shows the standard grid pattern for each pen.
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Figure 2.10. Minimum pen grid occupancy (%) of cattle in low (blue) and high (orange) fly

pressure pens at Site 3.

July August February
* %
100+ 1001 100
- - * 80
> 80 by 80 )
g = S
S 60— © 60— a 60
o o ]
5 3 2 ns
8 a4 S 407 s 41 I
° ° - 2 C g Sl X ° g
= o 20 ,ﬁ‘ 204 v Lt
0 I T 0 T T 0 ' '
o o & &
& & S S o2 &?
& & & & & &
& & Q¢ Q¢ Q Q
& & A3 & &
X o 04‘ \Q \’o @Q
N ‘Z‘\\Q . B

Figure 2.11. Maximum pen grid occupancy (%) of cattle in low (blue) and high (orange) fly

pressure pens at Site 3.
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Figure 2.12. Range of pen grid occupancy (%) of cattle in low (blue) and high (orange) fly

pressure pens at Site 3.

Table 2.2. Grid A-I occupancy for periods of fly activity (July and August) and no fly activity

(February) at Site 3. Values are expressed as mean (standard deviation).

July
Pen occupancy % | Low (n=22 pens) | High (n=23 pens)
Min 4.70 (2.317) 1.82 (2.214)
Max 19.83 (6.233) 30.15 (16.257)
Range 15.13 (7.841) 28.33 (17.392)
August
Pen occupancy % | Low (n=21 pens) | High (n=34 pens)
Min 4.00 (1.741) 1.70 (1.722)
Max 21.67 (4.121) 26.57 (9.344)
Range 17.67 (5.355) 24.87 (10.357)
February
Pen occupancy % | Low (n=10 pens) | High (n=10 pens)
Min 5.36 (2.008) 5.68 (1.882)
Max 20.87 (4.643) 17.90 (4.234)
Range 15.51 (6.171) 12.22 (5.655)
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Figure 2.13. Proportion of cattle standing in low (blue) and high (orange) fly pressure pens in

July (A), August (B), December (C), and February (D) at Site 1.
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Figure 2.14. Proportion of cattle standing in low (blue) and high (orange) fly pressure pens in

July (A), August (B), and February (C) at Site 3.
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Figure 2.15. Proportion of cattle at feed bunk in low (blue) and high (orange) fly pressure pens

in July (A), August (B), December (C), and February (D) at Site 1.
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Figure 2.16. Proportion of cattle at feed bunk in low (blue) and high (orange) fly pressure pens

in July (A), August (B), and February (C) at Site 3.

Table 2.3. Table of summary statistics of events to the feed bunk between high and low fly

pressure pens over three days at Site 3. Values are expressed as mean (standard deviation).

Low High
Events/Hour Day 1 Day 2 Day 3 Day 1 Day 2 Day 3
Minimum 0 0 0 0 0 0
Maximum 257 405 452 319 258 265
53.83 163.58 159.38 30.33 53.75 60.96
Mean (81.530) (141.848) (148.427) (69.111) (72.929) (83.744)
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Figure 2.17. Hourly visits to the feed bunk by cattle in the high fly pressure pen (orange) and the

low (blue) fly pressure pen at Site 3.

Table 2.4. Pen performance data from four age and sex matched pens in high or low fly pressure

zones at Site 1. Values are expressed as mean (standard deviation).

Feed efficiency Low High
Head per pen 173.5 (31.06) 181.5 (20.07)
Intake wt. (Ibs.) 771.16 (60.42) 759.1 (52.61)
Closeout wt. (Ibs.) 1550 (18.32) 1564 (40.30)
Days on feed 187 (15.7) 196.7 (13.34)
Feed to gain ratio 6.061 (0.102) 6.27 (0.2744)
Average daily gain 4.05 (0.03) 3.92 (0.16)
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Figure 2.18. Heat maps of pen space occupancy between Near (left) and Far (right) groups at
Site 2, shown in percentage, in grids A-I in July (A, B), August (C, D), and February (E, F);

legend for pen grid squares for Near group (I) and Far group (J) in heat maps.
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Figure 2.19. Minimum pen grid occupancy (%) of cattle in Near (left) and Far (right) groups in

July and August (orange) compared to February (blue) at Site 2.
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Figure 2.20. Maximum pen grid occupancy (%) of cattle in Near (left) and Far (right) groups in

July and August (orange) compared to February (blue) at Site 2.

50



ok 3k 3k ok

60— 60
* % %k %
) )
c 40 — c 40
© @
e g
Q0 . 7] -
S 2 o S 2 e
B‘?‘ L ] . < L ] BE _‘:._
... a0
0 I I 0 T T
5"\* o"‘d » S
"b* L ‘3\ \0@
¥ <® < «°
quz} Qfo‘
60 60
*
] ns >
e 40 § 40~
[1+]
2 | s |
§ * 3 e et (X
O 50d - °*° O 20- tee
32 20 bl e —l':.—
L ™ [ ] e ®
L ]
0 T T 0 ! !
N
‘).-} S @,ﬁ: o’d
O & ® o
A <@ 8 <©
& B & @
éﬁ

Figure 2.21. Range of pen grid pen occupancy (%) of cattle in Near (left) and Far (right) groups

in July and August (orange) compared to February (blue) at Site 2.
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Table 2.5. Summary of pen occupancy for July, August, and February. This table shows the

occupancy percentage minimums, maximums, and range of occupancy of grid squares A-I

between Near and Far groups at Site 2.
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Figure 2.22. Proportion of cattle at feed bunk at time of recording between Far (blue) and Near

(orange) groups in July (A), August (B), February (C) at Site 2.
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Min 0.13 (0.253) 0.60 (1.143)
Max 40.19 (9.289) 29.25 (5.797)
Range 40.05 (9.426) 28.65 (5.457)
August
Pen occupancy % | Near (n=17 pens) | Far (n=20 pens)
Min 2.94 (1.848) 1.53 (1.940)
Max 21.84 (4.310) 25.77 (5.283)
Range 18.90 (5.723) 24.24 (6.496)
February
Pen occupancy % | Near (n=10 pens) | Far (n=10 pens)
Min 4.34 (1.779) 3.50(2.309)
Max 21.25 (4.748) 21.95 (3.383)
Range 16.91 (5.969) 18.44 (4.748)
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Discussion:

Stable flies are prolific blood-feeding pests of livestock worldwide, resulting in millions
of dollars in loss of production annually although the mechanisms for this loss are often poorly
understood or characterized (Rochon et al. 2021, Taylor et al. 2012). Several studies have
attempted to measure the economic impact of stable fly parasitism, correlating fly burden with a
production metric such as average daily gain or milk yield (Campbel et al. 1987, Wieman et al.
1992). Stable fly burdens can fluctuate both over time and between animals within a herd,
making fly count a snapshot in time of the animal’s overall parasite burden. Additionally, the
current practice of counting flies is time-consuming and labor-intensive, and as a result, not
readily used by a majority of producers. This leaves producers with no data driven method to
decide when to intervene or measure the success of fly mitigation strategies.

Due to the painful bites inflicted by stable flies, cattle under fly pressure exhibit
stereotypic fly aversion behaviors including leg stamping, skin twitching, head tossing, tail
swishing and bunching, referred to collectively as fly worry. This study aimed to determine if fly
worry could be used as a more producer-friendly metric to quantify economic impact and drive
fly mitigation decisions in feedyards. This study quantified cattle behavior in response to stable
fly pressure in three feedyards in western Kansas by designating pens as either high or low fly
pressure. Fly worry behaviors analyzed in this study were cattle bunching, proportion of the
animals in a pen at the feed bunk (as a proxy measure for feeding), and proportion of cattle lying
down or standing (as a proxy measure for resting rumination). The results of this study indicate
that there are multiple significant differences in behavior between these groups, which may be
economically impactful. In age and sex matched pens at Site 1, feed efficiency was negatively

impacted in high fly pressure pens. Due to the low amounts of study pens evaluated in the feed

53



efficiency portion of this study (n =4 per group), there was insufficient power to show a
statistical difference, however, with a larger group size this is likely to occur. Feed efficiency is a
major economic metric important to feedyards, with a lower feed to gain ratio indicating an
animal is better able to convert feed into weight gain. Assuming an example where cattle entered
a feedyard at approximately 7501bs and gained roughly 8001bs to reach a market weight of
1,5501bs, the estimated difference in feed consumption between cattle in high and low fly
pressure pens would be 167.2lbs per head. As such, with an average of 177 head of cattle per
pen, as seen in Site 1 of this study, multiplied by this difference results in 29,594.41bs of
additional feed required per pen in high fly pressure pens. Site 1 contained approximately 65
pens which could be classified as being in high fly pressure zones. This value then totals to a
difference of 961.8 tons of feed between these groups over the summer feeding period, which is
substantial given the current cost of feed procurement.

It is likely that this difference in feed efficiency may be a result of several factors, some
of which were captured in this study. Rumination can support normal rumen function by
increasing salivary flow and the buffering capacity of the rumen (Gentry et al. 2016). Because
cattle primarily perform much of their rumination in a recumbent position, reduced lying
behaviors may also reduce the opportunities for resting rumination (Schirmann et al. 2012). In
the present study, fewer cattle were observed lying down in high fly pressure pens, suggesting
that increased fly pressure may have disrupted resting behavior and, potentially, rumination.

At all sites sampled, cattle in high fly pressure zones were found to bunch together more
often than in low fly pressure pens. Bunching can be described as agitated cattle packed together
within touching distance of one another to avoid a common stressor, namely stable fly parasitism

(Figure 2.22). This bunching behavior is known to increase heat stress, significantly impacting

54



cattle gains (Wieman et al. 1992), but may also increase the risk of injury due to aggression,
pushing and other unwanted behaviors such as mounting. The level to which bunching was
observed varied between sites, likely due to differences in fly burdens, which were not quantified
as part of this study. Cattle in high fly pressure pens showed significantly different ranges of grid
pen occupancy, confirming the visual observation that the majority of cattle in high fly pressure
pens were choosing to congregate in a limited number of grid squares. Cattle observed in this
study tended to bunch in pen grid squares which were the furthest from the source of fly
pressure. Due to the location of the feed bunk relative to stable fly resting habitats, in most cases
stable flies were ‘pushing’ cattle off the feed bunk. Fewer cattle were observed at the feed bunk
in high fly pressure pens when sampled, and the trail camera footage suggests that stable fly
pressure may change cattle feeding behaviors. In the high fly pressure pens observed, cattle
feeding occurred in two time bursts, which fell outside the main stable fly period of activity. As
fairly regimented feeders, cattle should be consuming feed throughout the day (Dougherty et al.
1993, Taylor et al. 2012), and this stably fly-induced altered feeding pattern may have important
implications for overall animal health, immunity, and feed efficiency (Schwartzkopf-Genswein
et al. 2004). Having the feed bunk as far as possible from stable fly resting habitats may alleviate
some of this effect. In this study, more animals were observed at the feed bunk in pens where the
feed bunk was on the rail opposite and furthest away from stable fly resting habitats.

This study is, to our knowledge, the first attempt to quantify stable fly losses in feedyards
using animal behavior. One limitation of our study is that samples were only taken once a month,
presenting a snapshot in time. Future studies will focus on incorporating aspects of precision and
digital agriculture. A potential approach to further evaluate this would be automatic drone

images taken over all pens at regular intervals or wearable devices that track animal behavior and
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location. This study indicated differences in feeding behavior of cattle being a result of stable fly
pressure. Feeding and drinking behaviors are closely related in cattle, as restricted water access
can alter meal size, feeding frequency, and overall feed intake (Senn et al. 1996). During data
collection, anecdotal changes in animal behavior regarding water consumption were observed,
though it was not a focus of this study. Future studies should determine if stable fly pressure
impacts the timing and volume of water consumed in feedyards. Cattle require substantially more
water in the summer to remain healthy and maintain good feed efficiency as well as being a
factor in counteracting heat stress. Based on the results of this work, stable fly parasitism has the

potential to significantly impact this and needs to be addressed in feedyard pen design.

Figure 2.23. Overhead view of cattle bunching at Site 3 showing all cattle within close

proximity to each other.
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Conclusions:

This study indicates that cattle fly worry behaviors vary with fly pressure and can be used
to highlight potential areas in feedyards where loss may occur. Cattle bunching is visually
striking and can be seen during routine pen checks easily, making it much more producer-
friendly than current methods which rely on leg fly counts. Using this study, future research can
refine observations of bunching behavior to develop cattle evaluation protocols for fly mitigation
programs. Additionally, results on feeding behavior highlight that stable fly resting habitats

should be incorporated into feedyard design and management decisions.
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