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Abstract— Electromagnetic fields (EMFs) can affect avian reproductive biology and physiology, so exposure to them has
become a concern. The purpose of this review is to summarize current research on EMFs and avian reproduction. Various
reproductive processes, like sperm quality, egg production, and embryo development, have been shown to be affected by EMFs.
In addition, EMFs can affect avian hormones. However, we don't know exactly how EMFs do this. This review highlights the
need for more research on EMFs and avian reproduction.
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1. Introduction

Modern society is increasingly exposed to electromagnetic
fields (EMFs). There are a lot of things that generate EMFs,
including power lines, electrical appliances, wireless devices,
and communication technologies, like mobile phones and Wi-
Fi routers. While EMFs are generally safe for human health,
concerns have been raised about their impact on wildlife,
especially avian reproduction biology and physiology [1].

In ecosystems, birds play a critical role, like pollination, seed
dispersal, and pest control. The reproductive success of birds
is crucial to their survival and ecological function. It has been
suggested that exposure to EMFs may negatively affect avian
reproduction in several studies [2]-[4].

This review provides a comprehensive overview of the current
research on the effects of EMFs on avian reproductive biology
and physiology. We'll look at EMFs' effects on sperm quality,
egg quality, embryo development, and hormone regulation.
Additionally, we'll discuss how EMFs work, as well as the
health implications and risks associated with bird exposure to
EMFs.

2. Related Work

Researchers have discovered some important things about
electromagnetic fields (EMFs) and avian reproduction. EMFs
have been studied for their effects on avian reproductive
behaviour, fertility, hatching success, and offspring
development. There's evidence that EMFs influence courtship
behaviour, mating success, sperm quality, egg production,
embryo survival, and juvenile health. Potential contributors
include oxidative stress, hormonal disruption, and circadian
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rhythm disruption. Methodological challenges and research
gaps still exist, though. Methods should be refined, long-term
effects investigated, and mitigation strategies explored in
future studies. The impact of EMFs on avian reproduction is
crucial for conservation and management efforts.

3. Methods

3.1 The search strategy and inclusion/exclusion criteria:

To find relevant studies, we searched the literature up to 2021.
"Avian reproduction”, "electromagnetic fields", "sperm
quality", "egg production”, "embryo development”, and
"hormonal regulation" were some of the terms used in the
search. Additionally, we searched the reference lists of
relevant articles to find more studies [5], [6].

All studies included in this review were published in English,
conducted in live birds, evaluated the effects of EMFs on
avian reproduction, reported empirical data, and published in
peer-reviewed journals. The review excluded studies that
didn't meet these criteria.

3.2 Extraction and analysis of data:

Two independent reviewers extracted data from each study
using a standardized form. Among the data extracted were
study design, sample size, bird species, EMF exposure
characteristics  (frequency, intensity, duration), and
reproductive outcomes. Any discrepancies were resolved by
consensus between the two reviewers [7], [8].

After the data was extracted, we synthesized and analysed it
narratively to identify patterns and trends. Additionally, we
assessed the quality of the included studies using the
Cochrane Risk of Bias tool, which assesses the risk of bias in
randomized controlled trials.
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4. EMFs and avian reproduction:

Several studies have reported adverse effects of EMFs on
various aspects of avian reproduction, including sperm
production and quality, egg development, and hormonal
regulation.

4.1 Quality of sperm:

Several bird species, including domestic fowl, quails, and
sparrows, have been found to exhibit reduced sperm maotility,
viability, and morphology when exposed to EMFs [9]-[11].
EMFs can cause oxidative stress in sperm cells, which can
damage the membrane and reduce antioxidant capacity
(Ibrahim, 2020).

4.2 Quality and production of eggs:

EMF exposure has also been found to affect egg production
and quality in birds. The number of eggs laid by hens exposed
to electromagnetic fields has been reported to decrease [12]-
[14]. Quails and chickens have also been shown to have
decreased egg weight, shell thickness, and hatchability when
exposed to electromagnetic fields [13], [15]. These effects
may be due to disturbances in hormonal regulation and
oxidative stress [16].

4.3 Development of embryos:

It is also possible for EMF exposure during embryonic
development to negatively affect avian reproduction. The
effects of electromagnetic fields on chickens and quail
embryos have been demonstrated to reduce hatchability,
increase embryonic mortality, and result in developmental
abnormalities. There are several possible causes for these
effects, including disruption of gene expression, DNA
damage, and oxidative stress [17].

4.4 Regulation of hormones:

It is also possible for EMFs to affect the hormonal regulation
of avian reproduction. The effects of EMFs on testosterone,
estrogen, and progesterone levels in male and female birds
have been demonstrated in studies. The effects may be related
to disruption of the hypothalamic-pituitary-gonadal axis and
oxidative stress [16].

According to these findings, avian reproductive processes
may be significantly impacted by EMF exposure. Further
research is necessary to fully understand how electromagnetic
fields exert their effects on birds, as well as to assess the
potential risks associated with their exposure to
electromagnetic fields.

5. Effects of EMFs on Avian Reproduction:

It is still unclear how EMFs affect avian reproduction. Based
on the available research, several hypotheses have been
proposed.

5.1 Oxidative Stress:

Oxidative stress is one possible mechanism. As a result of
EMF exposure, reactive oxygen species (ROS) can be
produced in cells, resulting in oxidative damage to cellular
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components such as proteins, lipids, and DNA [18], [19]. A
number of studies have demonstrated that exposure to EMFs
can increase oxidative stress markers in avian tissues,
including sperm, ovaries, and embryos (lbrahim, 2020).
Observed effects of EMFs on avian reproductive processes,
including decreased egg and sperm quality, may be explained
by this oxidative stress.

5.2 Hormonal Disruption:

In addition, hormonal regulation may also be disrupted. It has
been shown that EMFs affect the hypothalamus-pituitary-
gonadal (HPG) axis, which controls the production of sex
hormones [16]. It has been demonstrated that EMFs can
reduce plasma levels of testosterone, estrogen, and
progesterone in avian species, suggesting that EMFs may
interfere with the HPG axis's function. EMFs may disrupt
hormone regulation, resulting in decreased sperm motility and
egg production observed in birds.

5.3 Genotoxicity:

The effects of EMFs on avian reproduction may also be
exerted by genotoxicity. As a result of exposure to EMFs,
DNA damage and chromosomal abnormalities have been
observed in avian cells [20]. It is possible that this
genotoxicity contributes to the observed negative effects of
EMFs on avian reproductive processes, including decreased
embryo development and hatchability.

In general, these proposed mechanisms provide insight into
how electromagnetic fields may affect reproductive processes
in birds. Further research is required, however, in order to
fully understand the mechanisms by which EMFs exert their
effects and to assess the potential risks associated with EMF
exposure in birds.

5.4 Health Implications and Potential Risks:

A full understanding of the potential risks associated with
EMF exposure on avian reproduction is not yet available. It
has been suggested, however, that exposure to
electromagnetic fields may negatively affect the health of
avian species.

6. A DECLINE IN
SUCCESS

REPRODUCTIVE

Reduced reproductive success is one of the main health
consequences of EMF exposure in birds.

EMF exposure has been linked to decreased sperm quality,
decreased egg production, and decreased embryo development
and hatchability [21], [22]. As a result of these effects, avian
populations may be adversely affected, particularly in
situations when species are already experiencing reproductive
difficulties.

6.1 Behavioural Changes:

Avian species may also exhibit behavioural changes as a
result of EMF exposure. Researchers found that exposure to
EMFs caused European robins to become disoriented and
unable to navigate. Studies have shown that exposure to
EMFs may alter the feeding and breeding behaviour of birds
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[9], [22]. Bird populations may be adversely affected by these
behavioural changes, particularly when habitat loss or other
environmental stresses are already present.

6.2 Potential Risks:

It is not fully understood how long-term exposure to EMFs
might affect the health of avian species, but some studies have
suggested that they may have negative health implications.
According to one study on Japanese quail, chronic exposure to
EMFs resulted in DNA damage and a decrease in antioxidant
capacity [23]. Studies have suggested that chronic exposure to
EMFs may increase the risk of cancer and other health
problems [24].

It is essential to further research and consider the potential
health implications and risks associated with EMF exposure
on avian reproduction. As a result, it is necessary to
understand the potential impacts of EMFs on avian
populations in order to develop effective strategies for
mitigating these risks.

7. Future Research Directions:

There is still much to understand about the effects of EMF
exposure on avian reproduction, despite the fact that research
on this topic has increased in recent years. Further
investigation is necessary in several key areas.

7.1 The mechanism of action is as follows:

There is a need for further research into the mechanisms by
which EMFs affect avian reproduction. Several studies have
suggested possible mechanisms, such as oxidative stress and
hormonal imbalances [22], [23], but more research is needed
to fully understand how EMFs affect avian reproduction.

7.2 The following are the exposure limits:

The exposure limits for avian species are another area that
requires further investigation. At present, most exposure limits
for EMFs are based on considerations of human health and
may not be applicable to avian species [25]. There is a need
for more research in order to determine safe exposure limits
for avian species and to create guidelines for mitigating
potential risks associated with exposure to EMFs.

7.3 Effects specific to specific species:

EMF exposure also affects avian reproduction in species-
specific ways. Research is needed to understand how different
species may be affected by EMFs. It is also possible that some
species may be more susceptible to EMF exposure due to
other environmental stressors or habitat loss, and more
research is needed to better understand these interactions.

7.4 The long-term effects include:

A longer-term study of EMF exposure on avian reproduction
is needed. Although most studies have looked at short-term
effects, chronic exposure to EMFs may have long-term effects
on avian populations.

A lot remains to be understood about how EMF exposure

affects bird reproduction. A full understanding of the risks and
effective strategies to minimize them require further research.
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8. Discussion

Electromagnetic fields (EMFs) can affect avian reproduction
significantly. Changes in hormone levels and behavior can

occur, as well as changes in fertility and offspring
development. A variety of mechanisms affect avian
reproduction, including  oxidative  stress, hormonal
imbalances, and altered gene expression.
Table 1: EMF studies on avian reproduction
Avian EMF
Study Species Source Findings
Altered courtship
Balmori House Power behavior
(2004) sparrows lines and reduced
mating success
Decreased sperm
Everaert & Various quality, reduced
- EMF - -
Bauwens bird ovarian function,
(2007) species exposure and egg
production
Altered
incubation
behavior,
Fernie et al. Tree EMF decrea_sed
hatchling
(2012) swallows | exposure .
survival, delayed
growth, and
impaired immune
function

Although there's a lot of research on the effects of EMFs on
avian reproduction, there's still more to be done. For example,
it's unclear how different species may be affected by EMFs
over time and how chronic exposure to EMFs may affect
populations. We need guidelines for mitigating the risks
associated with EMF exposure.

9. Conclusion

In recent years, a lot of research has been done on
electromagnetic fields (EMFs) and avian reproduction. EMFs
can have a significant impact on bird reproduction in this
comprehensive review. In avian species, EMF exposure
affects hormones, behaviour, fertility, and offspring
development.

The effects of EMFs on avian reproduction may be caused by
a number of mechanisms. Oxidative stress, hormonal
imbalances, and gene expression changes are some of them.
There are still a lot of questions about the effects of EMFs on
avian reproduction, but the evidence suggests that human
activities that emit EMFs should be more cautious.
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Table 2;: EMFs and Avian Reproduction: Potential
Mechanisms

Mechanism Description

Increased oxidative damage and

Oxidative stress decreased antioxidant defenses

Hormonal Disruption of hormone levels and
imbalances reproductive processes

Gene expression | Altered expression of genes involved
changes in reproduction

EMF exposure can affect wildlife conservation and
management. As human populations grow and electronic
devices and infrastructure become more widespread, it's
important to consider how EMFs affect wildlife, including
avian species.

Ultimately, this review highlights the need for more research
in this area and guidelines to reduce avian species' exposure to
EMFs. Thus, we'll be able to better protect and preserve these
important ecosystem components.

Data Availability

Various primary sources were used in this research article,
including scientific papers, research studies, and relevant
literature about avian reproduction and electromagnetic fields.
The specific data sources used in this study are cited
throughout the article. Researchers used reputable, peer-
reviewed sources to make sure the data was accurate and
reliable. Interested researchers can access the data and
replicate the findings presented in this research article by
referring to the references. There's a lot of information in the
cited publications about the methods, results, and analyses. It's
important to note that data availability may vary depending on
the source and their data sharing policies. For additional data
or clarification about a study, researchers should consult
individual publications and contact the authors directly.

Researchers who want to do more research on electromagnetic
fields and avian reproduction can design their own studies,
collect relevant data, and contribute to the growing body of
research on electromagnetic fields and avian reproduction.
The article provides an overview of the existing literature on
the topic, and the primary data sources cited in the article are
useful resources for further research and analysis.
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