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During feeding and burrowing, many epibenthic and infaunal animals bioturbate sediments and form a range of traces called lebensspuren (German for ‘life traces’), defined as any type of sedimentary structure produced by a living organism. During a 2020 survey along western Australia in the Gascoyne Marine Park, a distinct trace was observed several times, identical to the ‘spider trace’ observed in a 2007 survey along eastern Australia, over 4000 km away. The purpose of this brief note is to document and describe the occurrence of this unique and distinctive type of lebensspuren and to discuss ways in which similar observations may be effectively shared to increase our understanding of deep-sea biology.
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Introduction

Although our understanding of the deep sea largely remains in the exploratory stage, technological advances have resulted in a surge of deep-sea surveys over the past few decades, often underpinned by high-resolution imagery, targeted sampling collection, and accessible data (Przeslawski and Christenhusz, 2022). These surveys have yielded new species and an improved understanding of deep-sea ecology and anthropogenic impacts, but they have also highlighted knowledge gaps such as those related to lebensspuren (Vecchione and Bergstad, 2022).

During feeding and burrowing, many epibenthic and infaunal animals bioturbate sediments and form a range of traces called lebensspuren (German for ‘life traces’), defined as any type of sedimentary structure produced by a living organism (Ewing and Davis, 1967). Lebensspuren include simple burrows, trails, and mounds, as well as more distinctive traces such spirals and starbursts, some of which are clearly associated with a particular taxon (Anderson et al., 2011). They can be used as a coarse proxy for deep-sea biodiversity and productivity in areas dominated by unconsolidated sediments in which organisms tend to be smaller, infaunal, or less abundant than those from shallower waters or hard substrates (Przeslawski et al., 2012; Miguez-Salas et al., 2020). Due to the low disturbance in many deep-sea environments, these traces can persist for years (e.g. Jamieson et al., 2022).

During a 2020 survey in the Gascoyne Marine Park in western Australia, a distinct trace was observed several times, identical to the ‘spider trace’ observed in a 2007 survey along eastern Australia, over 4000 km away (Przeslawski et al., 2012). The purpose of this brief note is to document and describe the occurrence of this unique and distinctive type of lebensspuren and to discuss ways in which similar observations may be effectively shared to increase our understanding of deep-sea biology.



Methods

Observations were made from imagery acquired from two surveys: 1) a reconnaissance survey led by Geoscience Australia in 2007 to the Lord Howe Rise along the eastern Australian continental margin (TAN0713) and 2) a survey led by the Western Australian Museum in 2020 to the Cape Range and Cloates canyons along the western Australian continental margin (Figure 1).




Figure 1 | Location and abundances of spider traces observed along (A) the Australian margin, including from (B) high-resolution ROV imagery (western margin, presence only) and (C) towed imagery (eastern margin, presence and absence). Spider trace abundance represents the average number of traces observed per image at a given station. Bathymetry from Geoscience Australia’s 250 m grid.



Imagery from the western survey was collected from October to November 2007 using a towed deep-water video system on the R.V. Tangaroa. Still images were acquired at 15-second intervals 1-2 m above the seabed. Images were quantitatively annotated, with a series of constraints placed on the analytical techniques to standardise image analysis among stations (see Dundas and Przeslawski, 2009 for details).

Imagery from the eastern survey was collected in March 2020 using the ROV SuBastien from the R.V. Falkor. The majority of imagery was acquired with exploratory movements (i.e. highly variable altitude and speed). We only observed four ‘spider traces’ described in this study from one exploratory dive (ROV340) in which it was opportunistically detected using the 4K resolution of the ROV. Three pushcores were deployed directly over spider traces at a single site (~3886 m depth) to attempt the collection and characterisation of the organisms that made them.



Results

A very distinctive trace was observed in imagery from both the eastern and western Australian margin surveys. The sedimentary structure was morphologically similar across both locations and included two small circular openings (~3 mm diameter) slightly off centre of a shallow mound of sediment. Radiating out from the mound were 6-8 furrowed lines (~10 mm wide, ~100 mm long, based on three traces observed in western margin) oriented in a distinctive pattern that make the entire structure resemble a stylised spider (Figure 2A, B).




Figure 2 | Spider traces observed from the western Australian margin (3886 m depth) with (A) ROV camera zoomed out with horizontal arrows showing spider traces, (B) ROV camera zoomed in, (C) pushcore showing possible tendrils extending into sediment, and (D) deployed pushcore with vertical arrow showing sediment plume. Red scale bars represent 100 mm.



On the eastern margin we were able to quantify abundance and distribution because image annotation was targeted on lebesspuren (Przeslawski et al., 2012). Spider traces were locally abundant (Figure 1B), and multiple spider traces were often observed in single images, up to 8 traces in a single image at Station 21 (transect start: 161.480117, -26.572017). The trace was recorded from depths 977-2150 m (Figure 3), representative of the depth range over which the camera was deployed. There is some indication that traces on the eastern margin are more abundant at intermediate depths (Figure 3), but sample sizes were too low to empirically test this. This is likely due to other environmental factors than depth since the western margin traces were found at 3886 m depth.




Figure 3 | The relationship between depth and spider traces from the Eastern margin. Each dot represents a towed video transect, and only those transects from which >50 still images were acquired were included. Two transects had no spider traces observed.



The three pushcores collected over the spider traces in the western margin revealed possible tendrils extending beneath the sediment immediately after collection (Figure 2C). In several deployments, sediment plumes were expelled >10 cm from the trace when the tube was pushed into the sediment (Figure 2D), suggesting a possible interconnected network of tunnels beneath the surface. Unfortunately, only one core was intact upon retrieval at the survey, and when this was examined there were no obvious organisms. The sediment was foraminiferal ooze typical of deep-sea plains, with no hard structures or detectable burrows beneath the surface.



Discussion

Observations such as those described here highlight the limited understanding we have of deep-sea biology, particularly for infauna. Many deep-sea investigations rely on imagery which has advanced by leaps and bounds in recent years (Durden et al., 2016). Nevertheless, deep-sea imagery rarely allows for the detection of infauna (but see Mizuno et al., 2022), and we are instead reliant on direct surface detections of infauna during reproduction or feeding (Ohta, 1984), or indirectly via lebensspuren.

To further complicate matters, lebensspuren are commonly preserved as trace fossils, which are then named according to their unique shapes or perceived origin, with no relationship to the actual organism that made them (Gingras et al., 2008). Notably, I have been unable to find any record of a trace fossil resembling the spider trace, suggesting that it is either not conducive to fossilisation or that the organism forming it may be evolutionarily recent or adopting a recent behaviour.

The spider trace is almost certainly biogenic, but its origin remains a mystery. Based on inferences and observations from other lebensspuren (see catalogues in Przeslawski et al., 2012; Bell et al., 2013), the spider trace may represent two burrow entries on a small mound raised from sub-surface biogenic activity, surrounded by radiating feeding explorations. Based on its occurrence along continental margins separated by thousands of kilometres, it is highly likely that the spider trace occurs elsewhere, and it may be that unpublished images have been collected showing the organisms responsible for it. However, without a central repository for lebensspuren occurrences and, more importantly, images capturing their origin, these are not accessible or discoverable. Existing platforms such as iNaturalist or the Ocean Biodiversity Information System (OBIS) may offer a relatively easy way to do this with a designated group for lebensspuren images, but community participation and expert involvement will be essential. In addition, it would be useful to have an endorsed standardised list of lebensspuren types to include in imagery annotation schemes. An Australian imagery annotation system (CATAMI, Althaus et al., 2015) includes lebensspuren as identified in (Przeslawski et al., 2012) and has been successfully applied to several studies (Bell et al., 2013; Beaman et al., 2016; Durden et al., 2020), but this scheme is not global or comprehensive in relation to lebensspuren.
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