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a b s t r a c t

The direct impacts of anthropogenic habitat loss on fauna have attracted considerable
global research focus. However, it is not only these overt impacts of human activities that
are contributing to the global biodiversity crisis. Other disturbances, such as artificial light,
anthropogenically generated noise, dust, vibrations, and physical visual disturbances (e.g.,
foreign objects such as Unmanned Aerial Vehicles - UAVs) may be subtle or indirect, yet
capable of creating significant impacts to fauna. These disturbances have previously been
termed ‘enigmatic impacts’, suggesting they may be difficult to quantify or address. While
there has been little research focus towards the mitigation or remediation of these impacts
in conservation and restoration planning, a growing body of literature demonstrates that
they can be disruptive and damaging to animal populations at multiple spatial and tem-
poral scales. Here, we present a global review of the empirical evidence for disturbances
(excluding direct habitat loss) that result from anthropogenic activities, developments, and
industries, which are deleterious to the natural ecology of fauna species or communities.
Although the impacts of disturbances such as vibrations and visual disturbances on fauna
have attracted little research focus, disturbances created by human activities are clearly
capable of causing significant disruptions and adverse impacts to fauna. Understanding
how such disturbances impact fauna is critical to returning functional and biodiverse fauna
communities to landscapes and environments that have been impacted or degraded by
human activities.
© 2021 The Author(s). Published by Elsevier B.V. This is an open access article under the CC

BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Anthropogenic activities have affected over 75% of the world’s terrestrial ecosystems and few areas remain ecologically
pristine (Sanderson et al. 2002; Watson et al. 2016). The continued, and rapidly increasing, use of natural resources is
resulting in significant environmental change and habitat destruction globally (Dobson et al. 1997; Tilman et al. 2001;
Sanderson et al. 2002; Sih et al. 2010; Watson et al. 2016; Cross et al. 2020). Habitat loss is a leading global threat to
biodiversity, driving substantial rates of species extinctions (May and Tregonning, 1998; Kerr and Deguise 2004; Fischer and
Lindenmayer 2007). Habitat and landscape alteration have been the focus of much conservation research (Fazey et al. 2005;
Fischer and Lindenmayer 2007), and their impacts on fauna have beenwell studied across a range of ecosystems (Fardila et al.
2017). However, it is not only these overt impacts of human disturbances that are threatening ecological functioning and
biodiversity. Human activities affect ecosystems at vastly broader scales than the immediate removal of vegetation from
landscapes for infrastructure or agricultural and urban development (e.g., Coffin 2007; Balmford et al. 2009; Kight and
Swaddle 2011).

Human activities inevitably create other types of disturbances that may be subtle, indirect, and unintentional, yet are
capable of propagating over large spatiotemporal scales to represent significant impacts for faunal populations and com-
munities (Raiter et al. 2014). Such disturbances encompass a diverse array of effectors including anthropogenic noise, artificial
light, vibrations, visual disturbance (e.g., from foreign objects), dust, and contamination (Kight and Swaddle 2011; Manfrin
et al. 2017; Fettermann et al. 2019; McClelland et al. 2019). These can result in a range of cryptic, complex, and potentially
cascading impacts to ecosystems (Keller and Largiad�er 2003; Dixon et al. 2007; Raiter et al. 2014). For example, noise
pollution generated by vehicle traffic and heavy machinery use can disrupt communication and mating behaviour (e.g.,
Verzijden et al. 2010; Injaian et al. 2018a), and light pollution can disrupt activity periods and foraging behaviour of a range of
fauna (e.g., Titulaer et al. 2012; Lewanzik and Voigt 2017). Dust deposition and heavy metal contamination of soil and water
through run-off can result in bioaccumulation of heavy metals in animals through consumption of contaminated plants or
other animals, significantly impacting fitness, physiology, and eliciting stress responses (Green and Larson 2016; Shah et al.
2018; Caballero-Gallardo et al. 2018). These may even arise from direct disturbances to ecosystems, for example a loss of
genetic connectivity and diversity through fragmentation and habitat loss. These not only directly impact habitats imme-
diately surrounding disturbances, but likely cause significant adverse impacts at considerable distances from anthropogenic
activities (Vistnes and Nellemann 2001; Benítez-L�opez et al. 2010). Furthermore, impacts can potentially erode populations
subtly until they reach a threshold beyond which they are no longer viable and rapidly decline.

These disturbances have previously been termed ‘enigmatic impacts’, as they may be difficult to detect, quantify, or
attribute, and their effects may be cumulative, offsite, or cryptic (Raiter et al. 2014). Such terminology implies difficulty in
their interpretation, and Raiter et al. (2014) suggest that these disturbances are subsequently likely to ‘slip under the radar’ in
environmental impact assessments. While, as Raiter et al. (2014) propose, these disturbances may be poorly considered in a
restoration and conservation context, a growing body of literature demonstrates how the drivers and consequences of these
disturbances can disrupt the diversity, abundance, fitness, and behaviour of numerous fauna (e.g., Choi et al. 2009; Thomas
et al. 2016; Cabrera-Cruz et al. 2019). Furthermore, expanding research has demonstrated that the deleterious results from
disturbances stem from sources already understood in a conservation context, including population genetics, animal phys-
iology, and ecotoxicology (K€ohler and Triebskorn 2013; Hing et al. 2016). While the mechanisms and outcomes are often
familiar, the stimuli that trigger these responses tend to be poorly researched, lending the unexpected nature to these effects.

Here, we present a global review of the empirical evidence for anthropogenic disturbance that affect the behaviour,
physiology, mortality, genetics, abundance, or diversity of vertebrate and invertebrate fauna. For the purposes of this review,
we include any anthropogenically generated disturbance (excluding direct habitat loss) where the industry resulting in the
disturbance is stated. We aim to determine whether, i) these disturbances generated by industry or developments have been
empirically detected and quantified in terms of their impact to fauna, ii) whether there is evidence that these types of dis-
turbances individually or interactively damage fauna communities, and iii) whether current research considers mitigation
and management of secondary disturbances.

2. Methods

2.1. Literature search

We conducted a comprehensive search of the peer-reviewed literature assessing the impacts of any form of disturbance
generated by anthropogenic activities on fauna globally. We excluded studies of the direct effects of habitat loss, but included
those assessing the secondary impacts resulting from habitat loss (e.g., genetic isolation through habitat fragmentation).
Separating the two, however, is difficult as both are contributory to the other (Ewers and Didham 2006). For example,
contamination of watercourses with heavymetals or petrochemicals might represent a direct habitat loss for aquatic biota, as
those watercourses may no longer be capable of supporting aquatic fauna communities. To terrestrial fauna communities,
however, a reduction of the quality of water resources, rather than a complete loss of habitat, might be considered a secondary
impact. For the purposes of this review, we included all literature assessing a form of anthropogenic disturbance (excluding
direct habitat loss) where the industry or development resulting in the disturbance was reported. Other forms of anthro-
pogenic ecosystem degradation that impact fauna, but do not directly state the industry generating the disturbance were
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excluded (e.g., marine plastic pollution: Galgani and Loiselle 2021). We used three databases to compile the literature: Google
Scholar (last searched October 31st, 2020), Scopus (all documents including secondary documents, last searched October 31st,

2020), and Web of Science (all databases and years (1972e2020), last searched October 31st, 2020). We obtained additional
references from the bibliographies of published literature. All empirical, peer-reviewed journal publications were included,
while review papers were excluded after the inclusion of relevant primary literature from bibliographies. The final database
comprised 449 publications.

To understand the entirety of how a disturbance threatens fauna, it is critical to determine the mechanism of the threat
(e.g., type of disturbance), and the source of the disturbance (Balmford et al. 2009). As such, our literature search was con-
structed to incorporate three broad criteria. The first criterion was a broad context that sought to capture only research into
degradation resulting from human activity (search terms comprised any combination of ‘anthropogenic’, ‘enigmatic’, or
‘indirect’, AND ‘impact’, ‘disturbance’, or ‘effect’). The second attempted to capture the broadest array of potential effectors of
such impacts on animals (encompassing the terms ‘noise’, ‘dust’, ‘light’, ‘vibration’, ‘contamination’, or ‘habitat fragmentation’,
AND ‘animal’, ‘fauna’, ‘vertebrate’, or ‘invertebrate’). Finally, the third aimed to expand the array of applied contexts and
effectors under whose auspices the research may have been conducted or published (including the terms ‘agriculture’, ‘ur-
banisation’, ‘mining’, ‘tourism’, ‘fishery’, ‘marine’, ‘aviation’, ‘roads’, ‘wind turbines’, ‘factory’, ‘forestry’, or ‘construction’).
Literature were sorted by publication date, origin of study, target taxa, type of industry, and type of disturbance (e.g., noise,
air/dust, contamination, vibration, visual interference-foreign objects, light, or secondary habitat loss).

Finally, we attempted to identify whether the existing literature addresses the importance of considering these distur-
bances in mitigation and management planning. Successful conservation hinges both on understanding how anthropogenic
disturbances impact fauna, and understanding the goals of conservation, the actions required to meet goals, and how con-
servation outcomes can be improved (Salafsky et al., 2002). While complex, understanding these issues at the highest feasible
level will assist in the design, development, and implementation of successful mitigation and conservation efforts (Margoluis
et al. 2009).

As such, publications were assigned one of three study classes: ‘research only’, those that reported research findings with
no commentary on management or conservation implications; ‘management needed’, those that identified a need for con-
servation, management, or mitigation strategies from research findings; and ‘management proposed’, those that examined or
proposed methods of management or mitigation of the studied disturbances. The discussion section of all papers was
searched for the keywords ‘mitigation’, ‘management’, ‘conservation’, ‘restoration’, or ‘rehabilitation’. Publications were
assigned ‘research only’ if searches returned no results, ‘management needed’ if the publication discussed or mentioned a
need for mitigation, conservation, or management strategies, and ‘management proposed’ if the publication proposed or
presented examples of one or more methods for mitigation and management of disturbances.

Studies were first grouped based upon their geographic location (both continent and regional location), industry, and type
of disturbance, to identify any regional or industry-type biases. We then grouped studies based upon the target fauna group
and taxa to identify the extent to which assessments of the impacts of disturbances on ecosystems considered fauna. Finally,
we assessed whether publication date, study location or industry exhibited any association with type of disturbance, target
fauna groups or taxa. Eight variables were included in analyses: (1) publication date, (2) continent of study, (3) origin of study
(countries or oceans), (4) target group (vertebrate, invertebrate, or both), (5) target taxa, (6) type of industry, (7) type of
disturbance, and (8) type of study (e.g., behaviour, physiology and fitness, genetics). Studies assessing the impact of air quality
or particulate matter (dust) were grouped into the disturbance category ‘air/dust’, and those assessing any form of
contamination by heavy metal (i.e., through runoff or contamination of water sources) were grouped into ‘contamination’.
Publications assessing any impact on the physiology or health of fauna, including studies of bioaccumulation, contamination,
or mortality, were grouped into one category (mortality and physiology). All anthropogenically made linear structures such as
roads and railways were assigned to the group ‘linear infrastructure’. Wind farms were included in the industry type group
‘energy production’. Publications were grouped by decade (1971e1980,1981e1990,1991e2000, 2001e2010, and 2011e2020)
to determine if there were any differences in publication output over time. Pearson’s Chi-square tests were employed to
analyse differences between all categorical variables, using the R3.4.4 statistical environment (R Core Team 2016)..

3. Results

3.1. Overview

The 449 included publications presented the impacts of disturbances on fauna from 11 industry or development types,
most commonly urbanisation (121 publications, 26.9%), linear infrastructure (105 publications, 23.4%), and marine industries
(80 publications, 17.8%). The impacts frommultiple industries were presented in 27 publications (6%). Studies reported seven
effectors of disturbance, most commonly the impact of anthropogenic noise (188 publications, 41.8%), followed by secondary
habitat loss (92 publications, 20.5%), artificial light (82 publications, 18.3%), contamination (40 publications, 8.9%), visual
interference (e.g., foreign objects such as UAVs or anthropogenic structures; 14 publications, 3.1%), dust or air pollution (14
publications, 3.1%), and vibration (2 publications, 0.4%). The response of fauna to multiple effectors were considered in 17
publications (3.8%). Of those that assessed multiple forms of disturbance, most assessed the impacts of two disturbances (15
publications), with six publications assessing the impact of both noise and vibration, five assessing anthropogenic noise and
artificial light, and one each assessing vibration and contamination, air pollution and noise, light and secondary habitat loss,
3
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and noise and secondary habitat loss. The remaining two studies assessed three effectors each: contamination, noise, and
light, and noise, light, and secondary habitat loss.

Studies presenting behavioural responses of fauna to disturbance were over-represented in the database (235 publica-
tions, 52.3%, c2 ¼ 260.51, d.f. ¼ 3, P < 0.001), with fewer studies assessing mortality or physiological responses (98 publi-
cations, 21.8%), changes in species abundance, richness, or density (78 publications, 17.4%), and impacts upon genetics (8
publications, 1.8%). The remaining 27 studies assessed multiple types of responses (6%), with 21 assessing physiology/mor-
tality and behaviour, five assessing physiology/mortality and species diversity/abundance, and one study assessing both
behaviour and species diversity/abundance. The majority of publications presented data on vertebrates (393 publications,
87.5%), predominantly mammals (164 publications) and birds (122 publications). Only slightly over 10% of studies (50
publications) presented data on invertebrates, and only six publications (1.3%) considered both invertebrates and vertebrates.
3.2. Year and origin of publication

Nearly three-quarters of all studies had been published within the last decade (326 publications, c2 ¼ 848.47, d.f. ¼ 4,
P < 0.001; Fig. 1a), and publication output increased steadily over that period (Fig. 1b). Publications originated from 65
regional locations (e.g., countries, islands or oceans), with representation from all seven continents (Fig. 2). Only three
publications presented data from multiple continents. Excluding publications not stating a specific study location (six pub-
lications), therewas a strong geographic bias toward Europe and North America (c2¼ 401.68, d.f.¼ 6, P < 0.001). Themajority
of North American literature originated from the United States (108 publications). Almost half (30 locations, 46.2%) of all
recorded study locations resulted in only a single report assessing the disturbances of anthropogenic activities on fauna, with
just 11 locations producing 10 or more publications (16.9%).

Disturbances generated by urbanisation (121 publications, 26.9%), linear infrastructure (105 publications, 23.4%), and
marine industries (80 publications, 17.8%) were the primary focus of the literature (c2 ¼ 480, d.f. ¼ 10, P < 0.001; Table 1).
Publications were significantly more likely to assess the impacts of anthropogenic noise on fauna than any other disturbance
effector (188 publications, 41.8%, c2 ¼ 419.44, d.f. ¼ 6, P < 0.001), with the impacts of secondary habitat loss (92 publications,
20.5%) and artificial light (82 publications, 18.3%) on fauna the next most common forms of disturbance assessed. Few
publications assessed the impacts of visual disturbances such as foreign objects (14 publications, 3.1%), or vibration (2
publications, 0.4%) on fauna.
3.3. Fauna

Publications predominantly reported responses of vertebrate fauna to disturbances (393 publications, 87.5%; c2 ¼ 461.99,
d.f. ¼ 1, P < 0.001). Only 50 (11.1%) publications assessed invertebrate responses, and six (1.3%) publications assessed the
responses of both vertebrate and invertebrate fauna. Much of the literature for both invertebrate (c2 ¼ 41.10, d.f. ¼ 5,
P < 0.001) and vertebrate studies (c2 ¼ 335.37, d.f. ¼ 6, P < 0.001) originated from Europe, and vertebrate fauna were equally
Fig. 1. Number of publications assessing the impacts of disturbances on fauna (invertebrates and vertebrates) by publication decade (A; n ¼ 449) and by year
within the last decade (B; n ¼ 326). The dotted line in Fig. 1b represents the linear trend line fitted to publication output over time.
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Fig. 2. Heat map of publications presenting data from terrestrial biomes assessing the disturbances of anthropogenic activities on fauna. Total publication
numbers by continent are shown for A) North America, B) South America, C) Europe, D) Africa, E) Asia, F) Australasia (including New Zealand), and G) Antarctica.
Source industry and disturbance effectors.
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common targets in North American studies. Globally, insects were the primary focus for invertebrate publications (16 pub-
lications, 38.1%), and assessments of vertebrate responses favoured mammals (169 publications, 40.3%) and birds (122
publications, 30%). Mammals and birds were the primary focus for assessments across all industries and disturbance types,
apart from those assessing impacts generated by the forestry industry (c2 ¼ 14, d.f. ¼ 11, P ¼ 0.233), or those assessing the
impacts of vibration on fauna (c2 ¼ 10, d.f. ¼ 11, P ¼ 0.530), which had small sample sizes (n ¼ 4 and n ¼ 2, respectively). A
summary of the literature for impacts to fauna resulting from each type of disturbance can be found in Table S2 (Supple-
mentary Material).

3.4. Research objective

Almost half of all publications reported empirical evidence without direct mention to conservation, management, or
mitigation implications (216 publications, 48.5%). Over half of the remaining studies (122 publications) provided one or more
suggestions for mitigation or management strategies for the particular disturbance assessed (Table 1), while 107 publications
(46.7%) recognised there was a need for management or mitigation. Of the research that offered potential management and
mitigation solutions, the majority focused upon linear infrastructure (37 publications, 30.3%), urbanisation (31 publications,
25.4%), and marine industries (16 publications, 13.1%; c2 ¼ 158.85, d.f. ¼ 10, P < 0.001).

Papers that provided management implications were biased towards the impacts of secondary habitat loss (46 publica-
tions, 37.7%), noise (44 publications, 36.1%), and artificial light (25 publications, 20.5%; c2¼ 133.095, d.f.¼ 5, P < 0.001). These
papers overwhelmingly favoured assessments for vertebrate responses (114 publications, 93.4%; c2 ¼ 92.10, d.f. ¼ 1,
P < 0.001), with mammal (48 publications, 45.3%) and bird species (36 publications, 34%) the main target of studies
(c2 ¼ 72.58, d.f. ¼ 4, P < 0.001), excluding those assessing multiple targets. Few studies offering management or mitigation
strategies targeted invertebrate species (8 publications, 0.7%), and there was no apparent bias towards a particular group
(c2 ¼ 2.29, d.f. ¼ 4, P ¼ 0.683). The majority of the literature which sought to provide suggestions for management or
mitigation strategies originated in North America (46 publications, 37.7%), Europe (36 publications, 29.5%), or Australasia (23
publications, 18.9%; c2 ¼ 81.20, d.f. ¼ 5, P < 0.001).

4. Discussion

Sufficient evidence is available in the literature to identify that the impacts of anthropogenically generated disturbances
are not poorly understood (although some disturbances are clearly better understood than others are), nor are their impacts
5



Table 1
Number of publications assessing the impact of disturbances generated by human development and industries on fauna. Number of study continents, animal
groups, and publications providing research only, detailing the need for conservation and management, or providing methods for mitigation and
management are given for each disturbance and industry. Publication totals exclude papers for which studies originate from multiple regions, or those
assessing multiple animal groups. A full list of the publications used in this review are provided in Tables S1 and S3 (Supplementary Material). *Indicates that
papers are a subset of those that indicate a need for conservation or management strategies. **Indicates a category containing one or more papers where
article access was unable to be gained.

Effectors Industries No.
Publications

No.
continents

No.
Animal
groups

Research
Only

Management
needed

Management
proposed*

Air/Dust (n ¼ 14, 3.1%) Factory/Construction
Linear Infrastructure
Mining/Metal works
Urbanisation
Multiple

1 (7.1%)
1 (7.1%)
8 (57.1%)
3 (21.4%)
1 (7.1%)

1
1
4
2
1

1
1
4
1
1

0
1
8
3
1

1
0
0
0
0

0
0
0
0
0

Contamination (n ¼ 38, 8.5%) Agriculture
Energy production
Linear Infrastructure
Mining/Metal works
Munitions
Urbanisation
Multiple

4 (10.5%)
2 (5.3%)
4 (10.5%)
15 (39.5%)
1 (2.6%)
10 (26.3%)
2 (5.3%)

3
2
2
6
1
4
2

3
1
4
6
1
5
1

2
2
3
12
0
9
2

2
0
1
3
1
1
0

0
0
0
1
1
0
0

Light (n ¼ 82, 18.3%) Agriculture
Energy production
Linear Infrastructure
Marine
Urbanisation
Multiple

2 (2.4%)
1 (1.2%)
1 (1.2%)
2 (2.4%)
73 (89%)
3 (3.7%)

2
1
1
1
6
3

1
1
1
1
9
2

1
0
0
2
39
0

1
1
1
0
34
3

0
1
1
0
21
2

Noise (n ¼ 188, 41.8%) Aviation
Energy production
Factory/Construction
Linear Infrastructure
Marine
Mining/Metal works
Tourism
Urbanisation
Multiple

7 (3.7%)
15 (8%)
12 (6.4%)**
43
(22.9%)**
74
(39.4%)**
6 (3.2%)
4 (2.1%)
18 (9.6%)
9 (4.8%)

4
3
3
6
5
3
3
4
3

2
2
3
4
7
3
2
5
3

2
10
2
19
37
4
0
11
4

5
4
8
23
36
2
4
7
5

3
3
6
9
15
0
2
3
3

Secondary Habitat Loss
(n ¼ 92,
20.5%)

Agriculture
Aviation
Energy production
Forestry
Linear Infrastructure
Marine
Mining/Metal works
Tourism
Urbanisation
Multiple

3 (3.3%)
1 (1.1%)
3 (3.3%)
4 (4.3%)
54 (58.7%)
3 (3.3%)
1 (1.1%)
3 (3.3%)
10 (10.9%)
10 (10.9%)

3
1
2
3
6
2
1
2
4
3

2
1
2
3
5
3
1
2
3
3

2
0
2
3
10
0
0
0
2
1

1
1
1
1
44
3
1
3
8
9

1
1
0
1
27
1
1
2
6
6

Vibration (n ¼ 2, 0.5%) Factory/Construction
Multiple

1 (50%)
1 (50%)

1
1

1
1

0
1

1
0

1
0

Visual (n ¼ 14, 3.1%) Aviation 14 (100%) 4 2 8 6 3

Multiple (n ¼ 20, 4.5%) Energy production
Factory/Construction
Linear Infrastructure
Marine
Mining/Metal works
Urbanisation
Multiple

3 (15%)
3 (15%)
2 (10%)
1 (5%)
3 (15%)
7 (35%)
1 (5%)

2
1
1
1
2
4
1

1
3
1
1
2
4
1

1
2
0
1
3
5
1

2
1
2
0
0
2
0

0
0
0
0
0
1
0
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on fauna unquantifiable. We identified 469 publications from ecosystems on all seven continents assessing the impact of
some form of anthropogenically generated disturbance on fauna. Many provide empirical evidence that these disturbances
have numerous and significant influences on the abundance, physiology, fitness, behaviour, and species composition of fauna
communities. However, a clear bias is evident in the international literature towards the study of anthropogenic noise and
artificial light on fauna behaviour, primarily in the context of urbanisation and vehicle traffic along linear infrastructure and
shipping routes. Concerningly, the impacts on fauna of these disturbances appear to be largely overlooked in the context of
environmental restoration and conservation, as was proposed by Raiter et al. (2014). Additionally, comparatively few studies
6
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examining disturbances address the need for conservation or management strategies, providing no or few suggestions for
potential mechanisms by which their impacts on fauna might be mitigated or managed. Generally, mitigation and man-
agement mechanisms were proposed largely in the context of linear infrastructure, urbanisation, and marine industries, and
overwhelmingly to address the impacts of secondary habitat loss, noise, and artificial light.

Anthropogenic noise and artificial light are pervasive sources of disturbance in urban areas, and pose considerable threats
to fauna in these environments (Newport et al. 2014). Over half of the world’s population live in urbanised environments,
with development and supporting transport infrastructure expanding rapidly and continuously to accommodate population
growth (Turner et al. 2004; Garden et al. 2006). Indeed, the urban environment is one of the few environments expanding
globally (Miller and Hobbs 2002; Dearborn and Kark 2010). With continued urban growth and infrastructure development, it
is unsurprising that the impact of urban disturbances on fauna has received considerable research interest. However, despite
there being evidence for other effectors of anthropogenic disturbances such as contamination, foreign objects, and vibration
having clear and significant impacts on fauna physiology, behaviour, and mortality (e.g., Roux and Marra 2007; Wang et al.
2014; Caballero-Gallardo et al. 2018; Rümmler et al. 2018; McClelland et al. 2019), these disturbances have received
comparatively little research focus. Generally, however, it is noteworthy that the output of studies assessing disturbances of
human industries on fauna has increased rapidly within the last decade.
4.1. Dominant vectors of secondary disturbances

Anthropogenic noisewas themost broadly and commonly studied category of impact vector. Anthropogenically generated
noise represents a global threat to fauna (Slabbekoorn and Ripmeester 2007; Kight and Swaddle 2011; Newport et al. 2014),
being typicallymuch louder and occurring with greater rate than natural noises fromwind or water (Kight and Swaddle 2011;
Newport et al. 2014). Particularly, we found many studies assessing road noise in urban areas (e.g., Yoshida et al. 1997; Li et al.
2002; Murthy et al. 2007), reporting diverse impacts on mating, communication, and foraging behaviour (Verzijden et al.
2010; Kern and Radford 2016; Injaian et al. 2018), species diversity and abundance (Wiącek et al. 2015; Khanaposhtani
et al. 2019), and fitness and physiology (Crovo et al. 2015; Injaian et al. 2018). Traffic networks are vast and growing glob-
ally, and are a significant source of anthropogenic noise (Siemers and Schaub 2010).

Noise pollution is not limited to linear infrastructure and vehicle traffic, however. For example, boating noise has attracted
increasing attention and has been tentatively linked to the disruption of migratory behaviour of marine mammals (Nowacek
et al. 2007). Research is lacking into the impacts of noise on fauna from other industries that also generate substantial noise
pollution, such as mining or oil and gas extraction (Rylander et al. 1974; Blickley et al. 2012; Shannon et al. 2016), and aviation
(Newport et al. 2014). Noise from extractive or aviation industries is clearly capable of significantly disrupting the behaviour
and activity of numerous fauna taxa (e.g., Burger 1981; Wolfenden et al. 2019), and greater study of the impacts from these
industries could yield valuable data. Similar future study should better elucidate the impact of vibrations on fauna. Vibration
and noise are intrinsically linked, as vibrations themselves can create airborne noise (Talty 1998), and there is evidence that
vibrations from human activities may significantly influence fauna behaviour and physiology, particularly those relating to
auditory senses and acoustic behaviours (Wang et al. 2014; Caorsi et al. 2019).

Artificial lighting is ubiquitous throughout urbanised landscapes, with usage rapidly growing globally (H€olker et al. 2010;
Davies et al. 2013; Robert et al. 2015). The majority (66%) of literature examining artificial light did so in the context of urban
environments. Artificial light can impact the behaviour of bird species by altering sleep patterns (Raap et al. 2015, 2018),
activity periods (Borchard and Eldridge 2014), and changing foraging behaviours (Dupont et al. 2019), and can trigger changes
to breeding biology including breeding site selection, breeding periods and success, and hatchling behaviour (Raap et al. 2016;
Russ et al. 2017). Furthermore, the spatial scale of light pollution can be difficult to quantify because it potentially affects fauna
by linking at a global scale. Many animal migrations are undertaken nocturnally (e.g., Able 1970; Feng et al. 2006; Alerstam
et al. 2011), and although visual cues are clearly important it remains unclear exactly what navigational cues are required
(Warrant and Dacke 2010). Where migrations take place at a global scale, light pollution may be influential across a large
number of jurisdictions, and may cause effects in ecosystems far beyond the source of the effector if, for example, a species
critical to the seasonal patterns of the ecosystem does not arrive reliably (e.g., Gibson et al. 2018). Despite the overwhelming
focus on noise impacts from urban areas, many industries are likely responsible for analogous impacts with which they are
currently unfamiliar.

Habitat loss and land use change not only directly affects ecosystems through removal of habitat for fauna, but also have
numerous secondary impacts such as a loss of genetic diversity or connectivity through decreased ability for animals to
disperse across landscapes (Keller and Largiad�er 2003; Ewers and Didham 2006; Dixon et al., 2007). Fragmentation of
habitats may also increase mortality risks of animals attempting to cross between habitat patches separated by roads or
development (Cuyckens et al. 2016; Delgado et al. 2018; Hastings et al., 2019), or contribute to population reductions through
facilitating illegal poaching and greater wildlife trade through increased access provided by road networks (Raiter et al. 2014).
Fragmentation may also exaggerate or facilitate the impacts of predator species (Dawson et al. 2018), and habitat frag-
mentation may be particularly deleterious for rare species and short-range endemics which are typically restricted to spe-
cialised habitats and may face higher risks of extinction (Işik 2011; Spinozzi et al. 2012; Cross et al. 2020). Similar to patterns
in the literature assessing the impacts of noise and light, the majority of studies examining secondary impacts of habitat loss
on fauna were undertaken in the context of linear infrastructure or urbanisation. While the intertwined effects of habitat loss
7
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and habitat fragmentation are complex and difficult to disentangle (Mortelliti et al. 2010, 2012), we propose future studies
should attempt to consider their impacts in a much broader range of ecological contexts.

The ecological impacts of dust and air quality on vegetation are relatively well studied. For example, particulate matter
generated by human activities can reduce the photosynthetic ability of plants, erode leaf cuticles, and increase leaf necrosis
(e.g., Farmer 1992; Rahul and Jain 2014), and dust deposition can negatively influence productivity of plants through
contamination (Kov�a�r 1990). However, comparatively little is known about how dust impacts upon fauna communities. Air-
borne, soil-borne and water-borne contaminants likely pose significant risks to the fitness and physiology of fauna com-
munities, via ingestion of contaminated vegetation or water, inhalation of particulates, or bioaccumulation through trophic
levels (Erasmus and De Villiers 1982; Dogra et al. 1984; Llacuna et al. 1993; Zocche et al. 2010; Lettoof et al. 2020). Bio-
accumulation and contamination by heavy metals may be chronically deleterious to wildlife, altering physiology, elevating
stress, and ultimately resulting in increasedmortality or a reduction of fitness in numerous fauna species (e.g., Lourenço et al.,
2011; Green and Larson 2016; Lettoof et al. 2020). These effects can be realised over very large spatio-temporal scales; for
example, air-borne particles of up to 30 mm can be dispersed distances of up to 3000 km from the source disturbance (Tsoar
and Pye 1987; Field et al. 2010).

A source of contamination and bioaccumulation that was surprisingly absent from studied literature was that of toxins
released into the environment by agriculture. Despite several well-known examples of population decline and ecological
cascades resulting from agricultural pest control or veterinary agents such as DDT (e.g., Carson 1962) or diclofenac (e.g., Oaks
et al. 2004), contamination and bioaccumulation of these toxins appears to have received little research attention as a vector
of secondary effect. Given the broad use of similar chemical agents outside of agriculture (i.e. glyphosate herbicides in weed
management; Giesy et al. 2000), we suggest this is likely an important disconnect for future studies to remedy.

One notable emerging disturbance not considered by Raiter et al. (2014) are visual disturbances from non-natural objects
such as Unmanned Aerial Vehicles (UAVs). UAVs likely disrupt the behaviours of many marine, terrestrial, and avian fauna
(e.g., Lyons et al. 2017; Fettermann et al. 2019; Brunton et al. 2019), although the type and intensity of these disruptions
appears to be highly idiosyncratic. Studies provide evidence of direct impacts from UAV operation to animal mortality and to
altered behaviours (e.g., Dolbeer 2010; Lyons et al. 2017; Fettermann et al. 2019; Brunton et al. 2019), but it remains unclear
how pervasive these effects are and the quantitative conservation threat they represent in different ecosystems and at various
spatiotemporal scales.

5. Conclusions

The impact of anthropogenically generated disturbances on fauna has attracted considerable research attention, partic-
ularly in terms of the impacts of noise and artificial light. These impacts have been studied across a range of industries and
fauna, across numerous contexts, although some impacts, such as vibrations or visual disturbances, remain largely under-
studied. However, disturbances clearly are capable of creating significant adverse impacts to community dynamics, behav-
iour, and physiology of diverse fauna from a range of trophic levels (e.g., Roux and Marra 2007; Slabbekoorn and Ripmeester
2007; Kight and Swaddle 2011; Wang et al. 2014; Lacoeuilhe et al. 2014; Robert et al. 2015). There does not appear to be a
knowledge gap on these topics, although mechanisms for their mitigation and remediation appear infrequently considered.

If no knowledge gap exists, then why is there a perception of difficulty in the detection or quantification of these dis-
turbances? Firstly, it is clear that many effectors have beenwell-studied in the context of one particular avenue of impact (i.e.,
the impacts of light pollution being overwhelmingly studied in the context of urbanisation). The other element that our
literature review identified was how these disturbances are poorly understood in a restoration and conservation context. It is
unclear whether this stems from a lack of realisation of the potential disturbances created by anthropogenic activities, a lack
of funding, or as proposed by Raiter et al. (2014), because it may be ‘convenient or politically expedient to ignore them from a
development perspective’. Understanding how these disturbances impact fauna is critical, both to effectively conserving biota
in remnant ecosystems and to returning functional and biodiverse fauna communities through ecological restoration to
landscapes and environments that have been impacted or degraded by development (Raiter et al. 2014). Many of the effects
identified in the literature illuminate the mechanisms by which the disturbances influence processes dictating the structure
and function of animal population and communities, yet few offer specific suggestions for their mitigation or management.
Failure to recognise the ecological impacts resulting from human development and industry risks creating complex, lasting
deleterious impacts on the integrity, resilience and functioning of natural ecosystems. These impacts will likely accelerate the
already alarming rates of species declines and extinctions being witnessed globally. Our review supports the apparent
disconnect between those examining the impacts stemming from anthropogenic activity and communication of the impli-
cations of these impacts to industry and land managers responsible for their mitigation and management (Robinson 2006;
Cook et al. 2013). In a world where the human impacts of climate change, land use change, and biodiversity loss are accel-
erating, delays in the communication of understanding to regulators, policy makers, and practitioners are unaffordable
(Martin et al. 2012). It is critical we continue to expand empirical research into the diverse and complicated disturbances of
human influence on animal populations, and on ecosystems more broadly, but it is vital that these findings are presented
clearly and pragmatically so they may be better incorporated into ecological restoration and conservation biology.
Declaration of competing interest
8



S.L. Cross, A.T. Cross, S. Tomlinson et al. Global Ecology and Conservation 26 (2021) e01500
The authors declare that they have no known competing financial interests or personal relationships that could have
appeared to influence the work reported in this paper.

Acknowledgements

The authors thank the anonymous reviewer and editor for their helpful and thorough critique of the manuscript. This
research was supported by the Australian Research Council Industrial Transformation Training Centre for Mine Site Resto-
ration (ICI150100041). The views expressed herein are those of the authors and are not necessarily those of the Australian
Government or the Australian Research Council.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.org/10.1016/j.gecco.2021.e01500.

Funding

This research was supported by the Australian Research Council Industrial Transformation Training Centre for Mine Site
Restoration (ICI150100041).

References

Able, K.P., 1970. A radar study of the altitude of nocturnal passerine migration. Bird-Banding 41, 282e290.
Alerstam, T., Chapman, J.W., B€ackman, J., Smith, A.D., Karlsson, H., Nilsson, C., Reynolds, D.R., Klaassen, R.H., Hill, J.K., 2011. Convergent patterns of long-

distance nocturnal migration in noctuid moths and passerine birds. Proc. Biol. Sci. 278, 3074e3080.
Balmford, A., Carey, P., Kapos, V., Manica, A., Rodrigues, A.S., Scharlemann, J.P., Green, R.E., 2009. Capturing the many dimensions of threat: comment on

Salafsky et al. Conserv. Biol. 23, 482e487.
Benítez-L�opez, A., Alkemade, R., Verweij, P.A., 2010. The impacts of roads and other infrastructure on mammal and bird populations: a meta-analysis. Biol.

Conserv. 143, 1307e1316.
Blickley, J.L., Patricelli, G.L., 2010. Impacts of anthropogenic noise on wildlife: research priorities for the development of standards and mitigation. J. Int. Law

and Wildlife Pol. 13, 274e292.
Borchard, P., Eldridge, D.J., 2014. Does artificial light influence the activity of vertebrates beneath rural buildings? Aust. J. Zool. 61, 424e429.
Brunton, E., Bolin, J., Leon, J., Burnett, S., 2019. Fright or flight? Behavioural responses of kangaroos to drone-based monitoring. Drones 3, 41.
Burger, J., 1981. Behavioural responses of Herring Gulls Larus argentatus to aircraft noise. Environ. Pollut. Ecol. Biol. 24, 177e184.
Caballero-Gallardo, K., Wirbisky-Hershberger, S.E., Olivero-Verbel, J., de la Rosa, J., Freeman, J.L., 2018. Embryonic exposure to an aqueous coal dust extract

results in gene expression alterations associated with the development and function of connective tissue and the hematological system, immunological
and inflammatory disease, and cancer in zebrafish. Metall 10, 463e473.

Cabrera-Cruz, S.A., Smolinsky, J.A., McCarthy, K.P., Buler, J.J., 2019. Urban areas affect flight altitudes of nocturnally migrating birds. J. Anim. Ecol. 88,
1873e1887.

Caorsi, V., Guerra, V., Furtado, R., Llusia, D., Miron, L.R., Borges-Martins, M., Both, C., Narins, P.M., Meenderink, S.W., M�arquez, R., 2019. Anthropogenic
substrate-borne vibrations impact anuran calling. Sci. Rep. 9, 1e10.

Carson, R., 1962. Silent Spring. Houghton Mifflin Harcourt.
Coffin, A.W., 2007. From roadkill to road ecology: a review of the ecological effects of roads. J. Transport Geogr. 15, 396e406.
Cook, C.N., Mascia, M.B., Schwartz, M.W., Possingham, H.P., Fuller, R.A., 2013. Achieving conservation science that bridges the knowledgeeaction boundary.

Conserv. Biol. 27, 669e678.
Choi, H., Kim, H., Kim, J.G., 2009. Landscape analysis of the effects of artificial lighting around wetland habitats on the giant water bug Lethocerus deyrollei

in Jeju Island. J. Ecol. Field Biol. 32, 83e86.
Cross, A.T., Krueger, T.A., Gonella, P.M., Robinson, A.S., Fleischmann, A., 2020. Carnivorous plant conservation in the age of extinction. Global Ecol. Consrvat..

Online Early. https://doi.org/10.1016/j.gecco.2020.e01272.
Crovo, J.A., Mendonça, M.T., Holt, D.E., Johnston, C.E., 2015. Stress and auditory responses of the otophysan fish, Cyprinella venusta, to road traffic noise. PloS

One 10, e0137290.
Cuyckens, G.A.E., Mochi, L.S., Vallejos, M., Perovic, P.G., Biganzoli, F., 2016. Patterns and composition of road-killed wildlife in northwest Argentina. Environ.

Manag. 58, 810e820.
Davies, T.W., Bennie, J., Inger, R., De Ibarra, N.H., Gaston, K.J., 2013. Artificial light pollution: are shifting spectral signatures changing the balance of species

interactions? Global Change Biol. 19, 1417e1423.
Dawson, S.J., Adams, P.J., Moseby, K.E., Waddington, K.I., Kobryn, H.T., Bateman, P.W., Fleming, P.A., 2018. Peak hour in the bush: linear anthropogenic

clearings funnel predator and prey species. Austral Ecol. 43, 159e171.
Dearborn, D.C., Kark, S., 2010. Motivations for conserving urban biodiversity. Conserv. Biol. 24, 432e440.
Delgado, J.D., Morelli, F., Arroyo, N.L., Duran, J., Rodriguez, A., Rosal, A., del Valle Palenzuela, M., Rodriguez, J.D., 2018. Is vertebrate mortality correlated to

potential permeability by underpasses along low-traffic roads? J. Environ. Manag. 221, 53e62.
Dixon, J.D., Oli, M.K., Wooten, M.C., Eason, T.H., McCown, J.W., Cunningham, M.W., 2007. Genetic consequences of habitat fragmentation and loss: the case of

the Florida black bear (Ursus americanus floridanus). Conserv. Genet. 8, 455e464.
Dobson, A.P., Bradshaw, A.D., Baker, A.�A., 1997. Hopes for the future: restoration ecology and conservation biology. Science 277, 515e522.
Dogra, R.K.S., Shanker, R., Saxena, A.K., Khanna, S., Srivastava, S.N., Shukla, L.J., Zaidi, S.H., 1984. Air pollution: significance of pulmonary dust deposits in

bovine species. Environ. Pollut. Ecol. Biol. 36, 109e120.
Dolbeer, R.A., 2006. Height distribution of birds recorded by collisions with civil aircraft. J. Wildl. Manag. 70, 1345e1350.
Dupont, S.M., Guinnefollau, L., Weber, C., Petit, O., 2019. Impact of artificial light at night on the foraging behaviour of the European Hamster: consequences

for the introduction of this species in suburban areas. Rethinking Ecol. 4, 133e148.
Erasmus, T., De Villiers, A.F., 1982. Ore dust pollution and body temperatures of intertidal animals. Mar. Pollut. Bull. 13, 30e32.
Ewers, R.M., Didham, R.K., 2006. Confounding factors in the detection of species responses to habitat fragmentation. Biol. Rev. 81, 117e142.
Fardila, D., Kelly, L.T., Moore, J.L., McCarthy, M.A., 2017. A systematic review reveals changes in where and how we have studied habitat loss and frag-

mentation over 20 years. Biol. Conserv. 212, 130e138.
Farmer, A.M., 1993. The effects of dust on vegetationda review. Environ. Pollut. 79, 63e75.
Fazey, I., Fischer, J., Lindenmayer, D.B., 2005. What do conservation biologists publish? Biol. Conserv. 124, 63e73.
9

https://doi.org/10.1016/j.gecco.2021.e01500
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref1
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref1
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref2
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref2
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref2
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref2
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref3
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref3
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref3
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref4
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref4
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref4
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref4
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref5
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref5
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref5
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref6
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref6
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref7
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref8
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref8
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref9
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref9
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref9
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref9
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref10
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref10
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref10
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref11
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref11
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref11
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref11
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref12
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref13
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref13
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref14
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref14
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref14
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref14
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref15
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref15
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref15
https://doi.org/10.1016/j.gecco.2020.e01272
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref17
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref17
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref18
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref18
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref18
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref19
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref19
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref19
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref20
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref20
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref20
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref21
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref21
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref22
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref22
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref22
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref23
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref23
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref23
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref24
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref24
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref24
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref25
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref25
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref25
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref26
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref26
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref27
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref27
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref27
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref28
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref28
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref29
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref29
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref30
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref30
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref30
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref31
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref31
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref31
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref32
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref32


S.L. Cross, A.T. Cross, S. Tomlinson et al. Global Ecology and Conservation 26 (2021) e01500
Feng, H.Q., Wu, K.M., Ni, Y.X., Cheng, D.F., Guo, Y.Y., 2006. Nocturnal migration of dragonflies over the Bohai Sea in northern China. Ecol. Entomol. 31,
511e520.

Fettermann, T., Fiori, L., Bader, M., Doshi, A., Breen, D., Stockin, K.A., Bollard, B., 2019. Behaviour reactions of bottlenose dolphins (Tursiops truncatus) to
multirotor Unmanned Aerial Vehicles (UAVs). Sci. Rep. 9, 1e9.

Field, J.P., Belnap, J., Breshears, D.D., Neff, J.C., Okin, G.S., Whicker, J.J., Painter, T.H., Ravi, S., Reheis, M.C., Reynolds, R.L., 2010. The ecology of dust. Front. Ecol.
Environ. 8, 423e430.

Fischer, J., Lindenmayer, D.B., 2007. Landscape modification and habitat fragmentation: a synthesis. Global Ecol. Biogeogr. 16, 265e280.
Galgani, L., Loiselle, S.A., 2021. Plastic Pollution Impacts on Marine Carbon Biogeochemistry. Environ. Pollution, 115598.
Garden, J., McAlpine, C., Peterson, A.N.N., Jones, D., Possingham, H., 2006. Review of the ecology of Australian urban fauna: a focus on spatially explicit

processes. Austral Ecol. 31, 126e148.
Gibson, R.K., Broome, L., Hutchinson, M.F., 2018. Susceptibility to climate change via effects on food resources: the feeding ecology of the endangered

mountain pygmy-possum (Burramys parvus). Wildl. Res. 45, 539e550.
Giesy, J.P., Dobson, S., Solomon, K.R., 2000. Ecotoxicological risk assessment for Roundup® herbicide. In: Reviews of Environmental Contamination and

Toxicology. Springer, New York, NY, pp. 35e120.
Green, A., Larson, S., 2016. A review of organochlorine contaminants in nearshore marine mammal predators. J. Environ. Anal. Toxicol. 6, 370.
Hastings, H., Barr, J., Bateman, P.W., 2019. Spatial and temporal patterns of reptile roadkill in the north-west Australian tropics. Pac. Conserv. Biol. 25,

370e376.
Hing, S., Narayan, E.J., Thompson, R.A., Godfrey, S.S., 2016. The relationship between physiological stress and wildlife disease: consequences for health and

conservation. Wildl. Res. 43, 51e60.
H€olker, F., Moss, T., Griefahn, B., Kloas, W., Voigt, C.C., Henckel, D., H€anel, A., Kappeler, P.M., V€olker, S., Schwope, A., Franke, S., 2010. The dark side of light: a

transdisciplinary research agenda for light pollution policy. Ecol. Soc. 15, 13.
Injaian, A.S., Poon, L.Y., Patricelli, G.L., 2018a. Effects of experimental anthropogenic noise on avian settlement patterns and reproductive success. Behav.

Ecol. 29, 1181e1189.
Injaian, A.S., Taff, C.C., Pearson, K.L., Gin, M.M., Patricelli, G.L., Vitousek, M.N., 2018b. Effects of experimental chronic traffic noise exposure on adult and

nestling corticosterone levels, and nestling body condition in a free-living bird. Horm. Behav. 106, 19e27.
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Wiącek, J., Polak, M., Kucharczyk, M., Bohatkiewicz, J., 2015. The influence of road traffic on birds during autumn period: implications for planning and

management of road network. Landsc. Urban Plann. 134, 76e82.
Wolfenden, A.D., Slabbekoorn, H., Kluk, K., de Kort, S.R., 2019. Aircraft sound exposure leads to song frequency decline and elevated aggression in wild

chiffchaffs. J. Anim. Ecol. 88, 1720e1731.
Yoshida, T., Osada, Y., Kawaguchi, T., Hoshiyama, Y., Yoshida, K., Yamamoto, K., 1997. Effects of road traffic noise on inhabitants of Tokyo. J. Sound Vib. 205,

517e522.
Zocche, J.J., Leffa, D.D., Damiani, A.P., Carvalho, F., Mendonça, R.�A., Dos Santos, C.E.I., Boufleur, L.A., Dias, J.F., de Andrade, V.M., 2010. Heavy metals and DNA

damage in blood cells of insectivore bats in coal mining areas of Catarinense coal basin. Brazil. Environ. Res. 110, 684e691.
11

http://refhub.elsevier.com/S2351-9894(21)00050-0/sref81
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref81
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref82
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref82
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref82
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref83
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref83
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref83
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref83
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref84
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref84
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref84
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref84
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref84
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref85
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref85
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref85
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref86
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref86
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref86
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref87
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref87
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref87
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref87
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref88
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref88
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref88
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref89
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref89
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref89
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref90
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref90
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref91
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref91
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref92
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref92
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref93
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref93
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref93
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref94
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref94
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref95
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref95
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref95
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref96
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref96
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref96
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref97
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref97
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref98
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref98
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref99
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref99
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref100
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref100
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref100
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref101
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref101
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref102
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref102
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref103
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref103
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref103
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref104
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref104
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref105
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref105
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref105
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref105
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref106
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref106
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref106
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref107
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref107
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref107
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref108
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref108
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref108
http://refhub.elsevier.com/S2351-9894(21)00050-0/sref108

	Mitigation and management plans should consider all anthropogenic disturbances to fauna
	1. Introduction
	2. Methods
	2.1. Literature search

	3. Results
	3.1. Overview
	3.2. Year and origin of publication
	3.3. Fauna
	3.4. Research objective

	4. Discussion
	4.1. Dominant vectors of secondary disturbances

	5. Conclusions
	Declaration of competing interest
	Acknowledgements
	Appendix A. Supplementary data
	Funding
	References


