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Abstract: The physical properties of coastal sediments have been found to be very influential in determining the 

distribution, density, and function of burrowing marine invertebrates. Sediment grain size, sorting, porosity, 

permeability, and substrate stability affect the capability of animals to dig burrows, access food, maintain adequate 

physiological status, and minimize environmental stress. Differences in the values of the aforementioned 

characteristics can produce either favorable or unfavorable conditions for bivalves, polychaetes, and burrowing crabs 

in intertidal and coastal environments. This work presents a study into the effect that the physical characteristics of 

coastal sediment grains have on the distribution of burrowing marine invertebrates. It employs a limited secondary 

review of relevant scientific literature to accomplish this objective. Sediment grain size influences burrowing 

efficiency and the distribution of organisms; however, sediment stability, hydrodynamics, and burial or contamination 

may alter these relations. Sediment irrigation, biogeochemical cycling, and the functioning of the ecosystem are the 

ecological aspects related to burrowing activities considered in the study. Sediment characteristics should be 

considered when assessing coastal habitats and when implementing coastal habitat restoration efforts. 
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I. Introduction 

Sediments along the coasts are habitats for various communities of marine invertebrates such as 

bivalves, polychaetes, and burrowing crabs. Physical features of the substrate determine the ability of such 

organisms to survive, move, feed, and reproduce in these sedimentary habitats. Grain size is one of the 

physical features of coastal sediments that plays a critical role in determining the compactness, porosity, 

and permeability of the sediments, among other physical constraints. 

The distribution of burrowing marine invertebrates is affected by the interaction of both the properties 

of the sediment and the environment. Fine sediments have the capability to hold water and organic material, 

while coarse sediments tend to offer larger pores with different drainage properties. However, neither is 

preferred since substrate suitability varies among organisms due to their physiological needs and burrowing 

habits. Different organisms that have varying physical and behavioral traits can thus have varied reactions 

to similar sediment environments. 

Burrowing activities have also played an important role in shaping the physical and biological features 

of coastal sediments. They affect the texture of the sediments, water movement, and microbial interaction 

with organic material in the sediments. Hence, the spatial distribution of burrowing activity may help give 

insight into environmental stress or other information about the environment. This connection between 

burrowing behavior and sedimentary properties is important for understanding coastal ecology and the 

geologic record (Dashtgard, 2011). 

Whereas past investigations have considered individual species and the nature of sediments, the 

conclusions are scattered among various taxonomic categories and different areas of investigation. It is 

necessary to consider all of these factors together to determine how the grain morphology combines with 

other properties of the sediments and the environment to affect the distribution of the burrowing species. 
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This research paper is hence a review of scientific literature regarding the effect of physical parameters 

of coastal sediments on the distribution of burrowing marine invertebrates. The aims of this research are to 

evaluate the effects of physical parameters on burrowing efficiency, make comparisons of different 

invertebrate species' responses to different sediments, and determine environmental factors that affect 

sediment-invertebrate interactions and the ecological importance of such interactions. 

The rest of the paper is arranged as follows. In section 2, there is a review of the relationship between 

sediment properties and burrowing marine invertebrates. In section 3, the method of the secondary research 

is provided. In section 4, the findings of the thematic review are presented. In section 5, there is an analysis 

of the importance of these results for ecology. Section 6 provides the conclusions and directions for future 

research. 

II. Literature Review 

Sediment Grain Size and Bivalve Burrowing 

The size of the sediment grains will affect the physical state that is found in the sediments by burrowing 

bivalves. This will affect the burrowing capacity of the bivalves since the arrangement of the grains will be 

a form of resistance to movement through the sediments. 

The study done using two different Donax species has shown that sediment grain size plays an important 

role in burrowing capability, thus the need for the substrate characteristics to match specific behavioural 

needs of the species (Nel et al., 2001). Another similar study carried out using Donax trunculus species 

focused on how sediment grain size affected burrowing, growth, and metabolism, which showed that the 

substrate characteristics affect not only movement but physiological performance as well (De la Huz et al., 

2002). These findings establish that sediment suitability should be evaluated through both behavioural and 

biological responses. 

Sediment Characteristics and Polychaete Distribution 

Polychaete worms inhabit many different sedimentary substrates along coastlines but employ different 

modes of burrowing depending on the type of worm and its habitat. The grain size of the substrate may 

affect the difficulty of penetration and the creation and maintenance of a burrow. 

The study of Perinereis aibuhitensis was conducted on the correlation between the grain size of 

substrates, burrowing and distributional features showing how significant the sediment texture can be for 

the spatial distribution of this polychaete (Sun et al., 2019). This implies that the compatibility of the 

sediments depends on the species and grain size should be taken into account along with other factors. 

Sediment Characteristics and Burrowing Crabs 

Burrowing crabs are an essential part of intertidal coastal ecosystems. The burrows serve as a habitat 

and shape sediment structure, while distribution of burrows could indicate changes in the properties of the 

substrate. Burrow formation and stabilization depend on sediment moisture content, composition and 

stability. 

The study carried out at coastal sites regarding the effect of sediments on the density of burrows of 

ocypodoid crabs shows that the characteristics of sediments are important for the distribution of burrowing 

crabs (Saher et al., 2018). The density of the burrows can thus be used as an indicator in ecology when 

taken together with other factors such as those of the sediments. 

Sediment Disturbance and Habitat Suitability 

Alterations in sediment may influence the suitability of coastal habitats to support burrowing 

invertebrates. Coastal projects such as beach nourishment and sediment deposition may involve the use of 

sediments with different grain size characteristics compared to the natural habitat. There have been 
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instances where fine-grained beach fills have posed restrictions on the burrowing activities of beach 

invertebrates (Viola et al., 2014). 

The impact of sediment burial is also manifested by the change in the substrate depth, oxygen levels, 

and access to the sediment surface. The reaction of estuarine benthic invertebrates to burial depends on the 

mobility and adaptability of those (Hinchey et al., 2006). The obtained results imply that sediment 

disturbance needs to be taken into account along with sediment grain size. 

Burrowing and Sediment Ecosystem Functioning 

Physical and biological processes by which burrowing animals affect coastal sediment systems include 

the creation of pathways within sediments for water flow and the modification of the sediment oxygen 

status and microbial interactions with organic matter (Kristensen & Kostka, 2005). 

Hydrodynamic parameters also have an effect on the formation of benthic communities within new 

sediments of the marine environment. This is because wave action may have a role to play in the stability 

of the sediments, their re-distribution and colonization process, thereby affecting the conditions for the 

settlement of invertebrate communities (Hewitt et al., 2003). 

Chemical and Structural Influences on Burrowing 

The sediment suitability is not solely based on particle size. The chemicals may alter the behavior of the 

organisms despite no change in the physical characteristics of the sediment. The study on copper 

contamination in estuarine and coastal invertebrates observed a disturbance in burrowing activity in both a 

polychaete and bivalve species (Bonnard et al., 2009). 

Sediment erodibility is also dependent on the interplay of sediment properties, biological processes, and 

habitat structures in the vicinity. Differences in these parameters may affect sediment stability and the ease 

with which they are physically eroded (Joensuu et al., 2018). This clearly indicates the necessity of carrying 

out an integrated study of sediment texture and other parameters. 

III. Research Methodology 

Research Design 

This research employs a secondary research approach through a selective review and comparison of 

existing scientific publications. The study focuses on the correlation between the properties of coastal 

sediments and the patterns of distribution and burrowing behavior of marine invertebrates. There was no 

field collection of samples, experimental work in laboratories, recruiting of participants, or any biological 

observations. The results of the research were obtained through an analysis and comparison of the provided 

scientific publications. 

Literature Selection and Analytical Approach 

Eleven peer-reviewed scientific papers were analyzed in the review. These scientific works include the 

studies of bivalves, polychaetes, burrowing crabs, and also other aspects of benthic ecology. The literature 

was analyzed taking into consideration its relation to the subject such as grain size of sediment, properties 

of substrate, ability to burrow, distribution of organisms, sediments disturbance, and environmental 

stresses. 

Thematic Classification 

Literature was divided into four major analysis dimensions: physical properties of sediments,                

organism-specific responses for burrowing, environmental changes, and ecological effects. Physical 

properties consist of grain size, structure of particles, porosity, permeability, and sediment stability. 

Organism-specific responses comprise the burrowing potential, burrowing density, habitat selection, and 

physiology. Environmental changes include waves, burial, beach replenishment, and chemical pollution. 
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The last dimension deals with irrigation of sediments, bio-geochemical processes, and benthic habitat 

functions. 

The methodology of organization and interpretation of literature is illustrated by figure 1. 

 

Figure 1: Methodological Framework for Reviewing the Influence of Coastal Sediment Grain 

Characteristics on Burrowing Marine Invertebrate Distribution 

IV. Results and Thematic Findings 

Influence of Grain Size on Burrowing Performance 

Sediment grain size is highlighted in the literature review as one of the critical variables affecting the 

performance of burrowing in coastal marine invertebrates. Grain size and its distribution have an impact on 

the resistance that the organism will face when burrowing or moving through the sediment. The bivalves 

and polychaetes can react in different ways to varying grain sizes. 

Coarse and fine sediments lead to varied hydrological and mechanical environments. The coarse 

sediments usually have bigger spaces between their particles, while fine sediments have smaller spaces and 

higher cohesion. This results in varied drainage, compaction of the sediments, and the energy needed to dig 

through them. The applicability of the grains will depend on the organisms and the environment. 

Differences Among Invertebrate Groups 

According to the analyzed research papers, sediment properties affect various taxonomic groups via 

different biological processes. The bivalves are impacted due to the resistance experienced during 

burrowing and substrate properties that affect their stability. The polychaetes are impacted due to the 

substrate properties in relation to their locomotion and burrow construction process. The burrowing crabs 

are impacted based on the physical properties of the sediments. 
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These dissimilarities imply that a single grain-size requirement for sediments is inadequate for all 

burrowing organisms. The reactions of individual species are necessary to understand the distribution 

patterns of benthic organisms. Evaluations of habitats need to make such a distinction among different 

taxonomic groups instead of making them equal to each other. 

Effects of Sediment Disturbance and Environmental Stress 

Sediment disturbance is capable of changing the connection between grain characteristics and the 

distribution of the organisms. Beach nourishment and sediment deposition result in the presence of 

materials whose physical qualities are different from the initial ones. It will make the habitat for organisms 

worse because of reduced burrowing suitability. Also, sediment burial in large amounts can make it hard 

for organisms to reach the surface. 

Environmental stress can also have an impact on burrowing behavior. Chemical pollution may affect 

the behavior of animals, while wave action will help in the redistribution of the particles. Thus, it becomes 

clear that the assessment of the grain size of the sediments needs to be done in the context of the 

environmental stresses. 

Ecological Consequences of Burrowing Activity 

Burrowing behavior is part of the ecological function of coastal sediments. Burrows enhance water 

exchange between the sediment and the environment above it, affect oxygen distribution, and establish 

microhabitats for microbial populations. Such behavior affects organic matter decomposition and nutrient 

dynamics in benthic ecosystems. 

Burrower abundance and their distribution can, as a result, impact the structure and processes within the 

ecosystem. If there is any decrease in the number of burrowers, then such a decrease may impact the process 

of irrigation of the sediments and biological alteration of the sediments. Burrow distribution does not only 

have implications for the existence of the species but also for sedimentary ecosystem functioning. 

Summary of Sediment–Organism Relationships 

The key relationships found through the literature review are summarized in table 1. The table describes 

the major sediment properties and their possible impacts on the burrowers and their ecosystem as a whole. 

Table 1: Major Relationships Between Coastal Sediment Characteristics and Burrowing Marine 

Invertebrates 

Sediment or 

environmental factor 
Influence on burrowing organisms Potential ecological significance 

Grain size 
Affects penetration, movement and 

burrow construction 

Influences species distribution and 

habitat suitability 

Particle sorting 
Modifies substrate uniformity and pore 

arrangement 

Affects sediment structure and 

physical stability 

Porosity and permeability 
Influences water movement and sediment 

conditions 

Modifies oxygen exchange and 

sediment processes 

Sediment stability Determines the persistence of burrows Influences habitat continuity 

Sediment burial 
Can restrict movement and access to the 

surface 

May alter benthic community 

composition 

Wave activity 
Redistributes particles and modifies 

substrate conditions 

Influences colonization and habitat 

stability 

Chemical contamination 
Can interfere with normal burrowing 

behaviour 

Creates additional environmental 

stress 

Biological burrowing 

activity 
Modifies sediment structure and irrigation Influences biogeochemical interactions 
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As is shown in table 1, grain size is a significant factor in habitat suitability, but its influence is associated 

with other physical, chemical, and biological characteristics. Thus, the distribution of the burrowers can be 

best explained by the analysis of the sediment conditions and the environment. 

V. Discussion 

From the literature review above, it is evident that there exists a direct relationship between sediment 

characteristics in terms of grain size and the presence or burrowing behavior of marine invertebrates. The 

grain size determines the mechanical characteristics of the sediments, such as packing and resistance to 

penetration. All these can influence the ability of an organism to be able to dig its burrow or not. The 

reactions of bivalves, polychaetes, and burrowing crabs vary depending on the biological adaptations. 

These results also reveal that sediment grain size alone is insufficient to account for the distribution of 

burrowing organisms since porosity, permeability, sediment stability, and hydrodynamics all affect the 

physical environment in which these organisms reside. Burial by sediments, beach replenishment, and 

chemical pollution are other elements that affect the habitat quality of organisms. It is possible that these 

environmental factors interact to create varied biological reactions despite the similar grain sizes in the 

sediments. 

There are burrowing animals that have effects on the sediment environment where they live. Burrowing 

helps in promoting sediment and water exchanges. This interaction shows that the sediment conditions 

influence the organisms and the organisms influence the conditions of the sediment at the same time. The 

importance of this interaction lies in the fact that it applies to the coastal ecosystem. 

In terms of management, the placement or redistribution of sediments through coastal engineering 

processes should be assessed based on biological acceptability. Beach nourishment and sediment 

substitution projects should look into the compatibility of the new sediments based on the ability of the 

organisms to burrow. In monitoring projects, the integration of burrow densities, species distribution, and 

sediment characteristics will offer a better indicator of benthic habitat condition compared to just using the 

size of the sediment grains alone. 

There are some limitations in this review. First of all, the review is based on the analysis of a limited 

number of articles provided by the researcher. Second of all, the reviewed papers were conducted in relation 

to different species, different geographical locations, and different experimental conditions, which means 

that there can be no comparison between all results of the reviewed articles. There is no quantitative                 

meta-analysis conducted as well since there is no information about any comparable measurements. 

VI. Conclusion 

Coastal sediment grain properties can affect the occurrence and burrowing capability of marine 

invertebrates. Grain size affects the resistance of the substrate, grain structure, and the physical parameters 

necessary for the formation of burrows. Studies on the topic show that bivalves, polychaetes, and burrowing 

crabs have different responses depending on their biological and environmental adaptations. Other factors 

include stability of the sediments, porosity, permeability, wave action, burial and chemical pollution. 

Importance of Sediment-Organism Interactions in EcologyThe ecological importance of                        

sediment-organism interactions is not restricted to the spatial distribution of individual organisms. Their 

burrowing behavior affects the irrigation of sediments, their physical structure, and biogeochemical 

processes involved. Thus, coastal benthic ecosystem functions depend on interactions between organisms 

and sediments. Assessment of coastal habitats should take into account properties of sediments, burrowing 

needs of individual organisms, and environmental stress. Future research should focus on standardization 

of sediment analysis methods and comparative analysis in different coastal habitats. 
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