
Journal Pre-proof

Macroecotoxicology: challenges and opportunities to study broad-scale biodiversity
patterns under the effect of microplastics contamination

Gabriel M. Moulatlet, Daniela M. Truchet, Mariana V. Capparelli, Fabricio Villalobos,
Natalia S. Buzzi

PII: S2468-5844(23)00067-3

DOI: https://doi.org/10.1016/j.coesh.2023.100507

Reference: COESH 100507

To appear in: Current Opinion in Environmental Science & Health

Received Date: 6 July 2023

Revised Date: 14 August 2023

Accepted Date: 28 August 2023

Please cite this article as: Moulatlet GM, Truchet DM, Capparelli MV, Villalobos F, Buzzi NS,
Macroecotoxicology: challenges and opportunities to study broad-scale biodiversity patterns under
the effect of microplastics contamination, Current Opinion in Environmental Science & Health, https://
doi.org/10.1016/j.coesh.2023.100507.

This is a PDF file of an article that has undergone enhancements after acceptance, such as the addition
of a cover page and metadata, and formatting for readability, but it is not yet the definitive version of
record. This version will undergo additional copyediting, typesetting and review before it is published
in its final form, but we are providing this version to give early visibility of the article. Please note that,
during the production process, errors may be discovered which could affect the content, and all legal
disclaimers that apply to the journal pertain.

© 2023 Elsevier B.V. All rights reserved.

https://doi.org/10.1016/j.coesh.2023.100507
https://doi.org/10.1016/j.coesh.2023.100507
https://doi.org/10.1016/j.coesh.2023.100507


1 
 

Macroecotoxicology: challenges and opportunities to study broad-scale biodiversity patterns 1 

under the effect of microplastics contamination  2 

Gabriel M. Moulatlet1, Daniela M. Truchet2, Mariana V. Capparelli3,*, Fabricio Villalobos1, 3 

Natalia S. Buzzi4,5 4 

1Red de Biología Evolutiva, Instituto de Ecología, A.C., Carretera Antigua a Coatepec 351. C.P. 5 

91073, Xalapa, Veracruz, Mexico 6 

2Instituto de Investigaciones Marinas y Costeras (IIMyC, CONICET), Facultad de Ciencias 7 

Exactas y Naturales, Universidad Nacional de Mar del Plata (UNMdP), Dean Funes 3350, 8 

B7602AYL Mar del Plata, Argentina 9 

3Estación El Carmen, Instituto de Ciencias del Mar y Limnología, Universidad Nacional 10 

Autónoma de México, Carretera Carmen-Puerto Real km 9.5, C. P 24157 Ciudad del Carmen, 11 

Campeche, Mexico 12 

4Instituto Argentino de Oceanografía (IADO), Universidad Nacional del Sur (UNS), CCT- 13 

CONICET, Camino La Carrindanga, km 7.5, Edificio E1, B8000FWB Bahía Blanca, Buenos 14 

Aires, Argentina 15 

5Departamento de Biología, Bioquímica y Farmacia, Universidad Nacional del Sur (UNS), San 16 

Juan 670, Bahía Blanca, Buenos Aires, Argentina 17 

*correspondence to marivcap@gmail.com 18 

  19 

Jo
urn

al 
Pre-

pro
of

mailto:marivcap@gmail.com


2 
 

Abstract 20 

Despite several advances in the field of ecotoxicology, the implication of the effects of xenobiotics 21 

on species’ macroecological responses can only be inferred. Almost a decade ago Beketov & Liess 22 

(2012)[1] called for the integration of the fields of ecotoxicology and macroecology as a way to 23 

unravel the global impacts of environmental pollution on biodiversity patterns. In this mini-review, 24 

we dig into the literature from the last three years on the responses of marine invertebrates to 25 

microplastics (MPs) as a study case to assess the challenges and opportunities for the 26 

emergingfield of macroecotoxicology. We discuss 1) to what extent the recent studies on the 27 

marine invertebrate  species responses to MPs have applied the principles of macroecotoxicology 28 

and 2) how macroecotoxicology can be used to evaluate the shifts in expected species diversity 29 

patterns,  and so to define priorities for investigating global effects of MPs on marine invertebrate 30 

species. 31 

Keywords: ecotoxicology, environmental gradients, macroecology, species interactions, traits 32 

Introduction 33 

In the Anthropocene, environmental pollution directly and significantly threatens biodiversity, 34 

affecting cellular to community levels. Among the existent pollutants, microplastics (MPs, ˂ 5 35 

mm) are ubiquitous to all ecosystems at high concentrations [2,3], and their ingestion and 36 

accumulation affect species’ ecological functions [4–6]. The available information about MPs has 37 

skyrocketed in the past decades, and the knowledge of species responses to their effects has also 38 

increased [7,8]. Ecotoxicology has provided scientific information through studies of xenobiotics' 39 

fate and adverse effects. Current ecotoxicological methods are mainly based on assessing toxicity 40 

measured by biomarkers, which are measurable effects of contaminants on individuals, 41 

populations, and communities, applied in the field and the laboratory [9]. The broad ecotoxicology 42 

field can also evaluate the potential effects of MPs at ecosystem levels, but in a more complex and 43 

often challenging way [10]. On one hand, a bottom-up approach (sensu [1]), which uses individual 44 

effects to reach conclusions about ecosystem effects, may fail to find common patterns across 45 

spatial and temporal scales. On the other hand, comprehensive patterns resulting from individual 46 

responses can become relevant to ecosystem management and conservation [11]. 47 

Jo
urn

al 
Pre-

pro
of



3 
 

Species’ responses to environmental contamination tend to be complex due to the effects of 48 

multiple stressors and intra- and interspecific interactions among species [12]. Therefore, 49 

understanding the effect of contaminants on overall biodiversity patterns, such as spatial gradients 50 

in taxonomic richness, functional traits, and phylogenetic diversity, requires investigating the 51 

variability in species’ responses to stressors over large geographical and temporal scales under a 52 

cross-taxonomic comparative approach. Such approach is the basis of macroecology, which is 53 

devoted to studying ecological systems' emergent statistical regularities (i.e., patterns), mainly 54 

regarding species diversity, abundance, and geographic distribution [13]. The most common aspect 55 

of macroecology is using large ecological datasets, statistical methods, and biodiversity theory to 56 

study spatial and temporal patterns governing the diversity and distribution of species from 57 

regional to global scales [14]. The overarching goal of macroecology is to derive general principles 58 

underlying the structure and function of ecological systems [15–17]. Thus, applying a 59 

macroecological approach to ecotoxicology can help describe and explain how contaminants 60 

systemically affect species diversity and distribution patterns. The search for emerging patterns of 61 

the responses of various species to contamination would represent the “top-down” approach to 62 

ecotoxicology previously suggested by [1]. Because contamination is one of the main drivers of 63 

species distribution patterns in the Anthropocene, and extensive data are available on 64 

contamination, several research opportunities exist to integrate ecotoxicology with macroecology 65 

to reach conclusions on a macro-scale. Indeed, the time is ripe for macroecotoxicology [1,18] to 66 

help answer the central questions of ecotoxicology.   67 

Traditional macroecological patterns include: 1) spatial patterns of diversity (e.g., latitudinal 68 

diversity gradient), 2) frequency distributions of ecological traits (e.g., geographic range size, 69 

abundance, body size), 3) spatial (and temporal) variation of ecological traits (i.e., ecogeographical 70 

rules [Marquet, 2009]), and, more recently, 4) geographic and environmental variation (dynamics) 71 

of species interactions [20]. A similar endeavor in describing and explaining 72 

macroecotoxicological patterns can bring us closer to mitigating or even preventing the effects of 73 

contaminants by identifying common patterns across species that can inform us about the overall 74 

impact of pollutants on biodiversity (Figure 1). So far, however, ecotoxicological assessments still 75 

need to be made available for most species to derive macroecotoxicological patterns. 76 
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 77 

Figure 1. Flowchart diagram  employed to obtain the literature used in this mini-review. The upper 78 

plots (a, b, c and d) illustrate how diversity (taxonomic, functional [traits] or interactions 79 

[represented in networks]) affected by MPs contamination could potentially deviate from the 80 

expected macroecological patterns. In species networks, the red X marks indicate the break of links 81 

between species, while the missing nodes (blue dots) represent the loss of species in a network. 82 

In this mini-review, we used as a study case the recent literature on the ecotoxicological responses 83 

of marine invertebrates (90 studies retrieved from Google Scholar, Web of Science and Scopus 84 

databases from 2020 to 2023; Figure 1, Supplementaty Material) to identify patterns that emerge 85 

from individual studies, and that could be used for macroecotoxicological approximations. The 86 

search strings were (“plastic*” OR “microplastic*” OR “micro plastic*” OR “microplastic*” OR 87 

“MP”) AND (“inverbrates*”) AND (“marine*” OR “estuarine*” OR “beach*”) AND (“effects” 88 

OR “responses”). We chose marine invertebrates because these are a sentinel group of species to 89 

study MPs [21], highly vulnerable to anthropogenic stressors [6], because MPs bioaccumulation 90 

can lead  to negative impacts on their multiple bio-ecological processes [18,22,23,24] and due to 91 

the  large number of studies reported on the presence and effects of MPs. Moreover, they play a 92 

crucial role in historical toxicological studies because of their wide range of tolerances to 93 
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environmental stress, feeding type, and life strategies. Based on our mini-review, we also discussed 94 

the opportunities and challenges of deriving macroecotoxicological patterns from existing data. 95 

Spatial patterns of diversity 96 

These are amongst the most studied patterns in macroecology. The classic emerging pattern is the 97 

Latitudinal Diversity Gradient (LDG), describing an increase in species richness from the 98 

temperate (higher latitudes) to the tropical regions (lower latitudes) for most taxa studied so far 99 

[25,26]. A similar pattern emerges along elevational gradients, with species richness increasing 100 

towards lower elevations. Still, other patterns also emerge along elevation, such as peaks at mid-101 

elevations and low-elevation plateaus [27]. Several mechanisms have been proposed to explain 102 

these patterns, from ecological to evolutionary ones, including climatic (e.g., temperature) controls 103 

on species’ distributions and richness, with more species existing in favorable (e.g. warm and 104 

humid) conditions [28]. 105 

It has been shown that contamination may exert a similar effect to temperature and other climatic 106 

conditions in constraining species distributions [29] and, thus, perhaps, in determining local 107 

species richness. However, determining how much of the species diversity gradient might be 108 

affected by MPs pollution is complex [30,31] because species responses to pollutants can be 109 

context-dependent [32], and related to their metabolic variation across latitudes. As many 110 

contaminants are more bioavailable at lower latitudes, where more species richness and diversity 111 

exist, this could potentially lead to more species being affected by contamination [18].  112 

Opportunities in macroecotoxicology for the study of marine invertebrates can come from the use 113 

of the ecotoxicological information showing how MPs contamination affect species responses 114 

(e.g., dispersal, migration, and establishment) that would alter the LDG, both due to the toxicity 115 

as well as to physical vectors and whether local extinction/colonization patterns could be 116 

associated with this and or with a combination of several contaminants. Our review identified 117 

studies indicating that the development and motility of marine invertebrates at the larval stages 118 

(which will determine the possibilities of dispersion and colonization of habitats) can be negatively 119 

affected by MPs pollution [33,34]; that MPs and plastics contamination reduce the local richness 120 

of macro and micro invertebrates on an intertidal shore and of benthic communities in mesocosms 121 

conditions [35]; and that MPs lowered metabolic levels [24,36], affecting species capacities to 122 
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reproduce [24] and feed [37]. Accordingly, there is ample evidence that contamination is a 123 

mechanism that affects species diversity and thus potentially its latitudinal gradient, but no study 124 

has investigated this potential effect on LDG to date. Based on this evidence, our expectation is 125 

that the potential reduction of marine invetebrate species richness via local extirpation would be 126 

higher at low latitudes resulting in a shallower LDG with lower differences between the diversity 127 

of tropical and temperate regions (Figure 1a). Still, supporting data is necessary to verify how the 128 

latitudinal diversity gradient would actually be affected by increasing pollution. 129 

Frequency of ecological traits 130 

The patterns in the frequency of species traits across ecosystems indicate community structure. 131 

Some studies have pointed out that the frequency distribution of ecological traits has changed (e.g., 132 

flattening the distribution of body sizes given the extinction of large species) due to anthropogenic 133 

effects, such land use conversion [38–40]. Widespread contamination can potentially have the 134 

same effect as other anthropogenic factors, as it has been demonstrated to negatively affect animal 135 

traits, such as reducing body size [41,42].  136 

Opportunities in macroecotoxicology include investigating how MPs contamination can be related 137 

to the frequency distribution of species functional traits within assemblages. Species traits related 138 

to MPs accumulation or physiological and biochemical effects can reveal the species’ 139 

characteristics that would make them vulnerable to this contaminant [43]. Our review indicates 140 

that, in the case of crustaceans, smaller species, burrowers, swimmers, and omnivores tend to 141 

accumulate more MPs [18,22,44]. For benthic invertebrates, omnivores and deposit feeders were 142 

the most affected species [24], and their performance traits (e.g., mortality and reproduction) were 143 

as affected as the functional traits (e.g., feeding and behavior) [5]. Moreover, a reduction in body 144 

size of lobster species due to MPs exposure has been reported [45]. Based on these evidences, our 145 

expectation is that the frequency of species traits of an assemblage exposed to MPs contamination 146 

may shift from the expected under natural conditions. Specifically, a reduction in the trait 147 

frequency should be observed in polluted areas (Figure 1b), altough the magnitude of such 148 

frequency change requires supporting data to be tested. 149 

Temporal and spatial dynamics of functional traits 150 
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Functional traits can vary in space and time, exhibiting macroecological patterns such as 151 

ecogeographic rules. These rules include geographic patterns such as increasing species’ body 152 

sizes towards low-temperature environments (usually high latitudes) and range sizes towards high 153 

latitudes, known as Bergmann’s and Rapoport’s rules, respectively [46]. Recently, it has been 154 

shown that human pressures might help to predict current geographic range sizes [47] and that the 155 

high degree of human modification of natural ecosystems has primarily impacted the species-156 

environment relationship [39] For instance, the mammalian body mass is lower closer to human 157 

settlements or in recently converted agricultural areas. Hence, it is likely that temporal and spatial 158 

dynamics of functional traits are also being affected by contamination [48,49].  159 

Opportunities in macroecotoxicology include investigating how MPs contamination may affect 160 

species traits (e.g., body size) at both temporal and spatial scales. For other aquatic taxonomic 161 

groups such as fishes, MPs effects have been associated with an overall decrease in growth and 162 

body size [50]. Still, to date, such information is not yet available for marine invertebrates. 163 

Nevertheless, invertebrates may suffer a reduction in energy budgets when affected by MPs [37], 164 

which could lead to negative changes in the frequency of common traits related to growth, 165 

reproduction and dispersal.Consequently, trait diversity in polluted areas should differ from more 166 

pristine areas. Therefore, knowing or analyzing how pollution affects macroecological 167 

ecogeographic rules is an opportunity for studies in macroecotoxicology. Specifically, along 168 

latitutinal gradients, we especulate that trait diversity will decrease when compared to the expected 169 

pattern if marine invertebrate species’ responses to MPs contamination is taken into account 170 

(Figure 1c). 171 

Geographic and environmental dynamics of species interactions 172 

Species interactions within ecological networks (e.g., food webs) maintain ecosystem structure 173 

and functionality [51]. By being incorporated into the food webs, MPs may cause disruption of 174 

ecological interactions and thus network structure, as they alter species-prey relationships by 175 

inhibiting prey vigilance behavior [52,53] and species feeding behavior [54]. Indeed, our mini-176 

review shows that it is already known that species of all trophic levels accumulate MPs in food 177 

webs with the presence of marine invertebrates [55,56]. MPs are vectors of other contaminants 178 

adhered to the particles’ surface and can pass through the food chain [57]. Still, the effect of MPs 179 
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on ecological networks depends on the capacity of the different trophic levels to depurate the 180 

particles [58]. Opportunities in macroecotoxicology include investigating how MPs might be 181 

disrupting ecological networks from regional to global geographical scales. Giving the reported 182 

alteration in species interactions due to MPs pollution, we especulate that MPs may lead to network 183 

disruption by the removal of nodes (i.e. species) or the links (i.e. the interaction between two 184 

species) (Figure 1d). Supporting data on observational macroinvertebrates interaction networks 185 

across large geographical areas would help to evaluate their ecological status. 186 

Challenges and future perspectives 187 

Using macroecological approaches with the available ecotoxicological data, global emergent 188 

patterns on species-responses to anthropogenic impacts can be identified and investigated. 189 

However, there are challenges in integrating both disciplines, whose purpose is to detect processes 190 

and large-scale biological patterns crucial for effective conservation and management actions 191 

under the continuous increase in MPs contamination or any other class of contaminants. 192 

Practically, methodological differences in assessing contaminants may lead to differences in their 193 

quantification and detection [4]. If quantifications were based on standardized ranges of MPs in 194 

species, then their effects would be comparable and thus would help to identify spatial patterns of 195 

MPs effect on traits in individual species, among species, and within assemblages. Moreover, the 196 

publication of standardized raw datasets of species-responses is not a common practice in 197 

Ecotoxicology [59]. Data sharing would increase the data available for compiling regional and 198 

continental scale assessments necessary to draw macroecotoxicological patterns, so researchers 199 

should be incentivized to publish primary data rather than just their results whenever possible. 200 

Datasets on marine invertebrate species-responses to MPs in the field are scarce, so significant 201 

knowledge gaps certainly exist and species macroecotoxicological patterns still need to be 202 

detected. As such, in this mini-review we could only speculate about how MPs pollution posibly 203 

shifts expected macroecological patterns of marine invertebrates, thus we acknowledge that 204 

supporting data is necessary to make evaluate such potential shifts on diversity patterns. 205 

In this mini-review, we used marine and coastal invertebrates as a model system since they are an 206 

important sentinel group for detecting environmental changes. However, the framework proposed 207 

in this mini-review could be potentially tested in other species groups with other contaminants 208 
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across geographical scales. By doing that, natural variation across sites (e.g. latitudes) can be 209 

exploited to understand how ecological processes are affected by pollutants [32], as to fulfill the 210 

knowledge gaps related to species diversity patterns in the Anthropocene. It is crucial to understand 211 

whether the effects seen at the species level represent general patterns that can be scaled up into 212 

global patterns. Scaling up these responses is necessary for regional assessments that could be 213 

further used as tools to help guiding conservation actions at mostly relevant scales. We believe 214 

that macroecotoxicology can aid in the detection of such patterns at global scales.  215 

Conclusion 216 

The prevalent effects of MPs contamination in basically all ecosystems makes it necessary to 217 

integrate the knowledge on species-contamination responses in a framework that seeks to 218 

understand how species diversity and distributions patterns are changing (as done by 219 

macroecology). After more than a decade since the call for the integration between ecotoxicology 220 

and macroecology by [1], we now make an urgent call for such integration by showing the 221 

opportunities of such an approach to advance our understanding of the effect of environmental 222 

pollution on biodiversity patterns. In turn, this could help derive additional predictions on such 223 

effects that could help mitigate them. Our literature search on the effects of MPs on marine 224 

invertebrates showed that studies had been largely dedicated to understanding focal species 225 

responses, mostly in laboratory exposure experiments. While the MPs effects are detected at the 226 

species level, the disruption of species performances could be changing global species diversity 227 

patterns. We propose that macroecotoxicology provides a roadmap for such global assessements.  228 

 229 
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