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Globally, key predators such as lobsters are thought to control urchins. In south-eastern Australia, the role of Sagmariasus verreauxi (eastern rock lobster) as a key predator of the native urchin Centrostephanus rodgersii (long-spined urchin) has been questioned while the sympatric Heliocidaris erythrogramma (short-spined urchin) may be eaten more frequently. To test this, we tethered and filmed 100 urchins (50 C. rodgersii and 50 H. erythrogramma) outside of a lobster den over 25 nights to identify predators and quantify predation rates, time to feeding onset and handling time. Sagmariasus verreauxi exhibited very low predation rates (4%), despite being filmed walking past urchins repeatedly whereas Heterodontus galeatus (crested horn shark) was the main predator (45%). Predation rates by all predators (lobsters and sharks) were influenced primarily by tethering night but not urchin size or species. Predation increased throughout the study and while H. erythrogramma and C. rodgersii were eaten at similar rates, there was a trend for lobsters to eat H. erythrogramma and sharks to eat C. rodgersii. Feeding onset had no significant predictors though large C. rodgersii took longer to handle during feeding for both predators. Importantly, sharks readily consumed 25 C. rodgersii up to 121 mm Test Diameter (TD) while lobsters only ate one C. rodgersii (58 mm TD). These findings, although from only one test location, provide important insights into the species eating urchins and highlight the potential significance of overlooked predators such as H. galeatus.
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1 Introduction

Lobsters are considered to be key urchin predators and have been linked with reduced urchin densities in many places around the world (Scheibling, 1996; Shears and Babcock, 2003; Lafferty, 2004; Pederson and Johnson, 2006; Kawamata and Taino, 2021). As such, there is an assumption that lobsters regulate urchin numbers (Pederson and Johnson, 2006; Babcock et al., 1999; Edgar et al., 2009; Day et al., 2021; Smith et al., 2022, 2023; Peleg et al., 2023). Regulating urchin numbers via predator control is thought to be a method of limiting urchin grazing effects on macroalgae, preventing the formation of “barrens”. Barrens are bare-rock areas denuded of macroalgae (Ling et al., 2009; Filbee-Dexter and Scheibling, 2014) and are represented in the mosaic of habitats on temperate rocky reefs (Underwood et al., 1991; Kingsford and Byrne, 2023). Predatory control of urchins by lobsters has been quantitatively demonstrated in South Africa (Blamey and Branch, 2012; Blamey et al., 2013), Japan (Kawamata and Taino, 2021) and Tasmania (Pederson and Johnson, 2006). In south eastern Australia, New South Wales (NSW) barrens attributed to the native species Centrostephanus rodgersii (long-spined urchin) and to a lesser extent Heliocidaris erythrogramma (short-spined urchin) are naturally occurring and have remained stable over the last 40 years though it is suggested barrens may have increased in southern NSW (Andrew and Underwood, 1989; Barrett et al., 2008a, b; Glasby and Gibson, 2020; Kingsford and Byrne, 2023). Unlike other places in the world (Kawamata and Taino, 2021) NSW barrens persist even with lobster population recovery to 34% of unfished biomass since past overfishing (Montgomery and Liggins, 2013; Woodings et al., 2021). However, it remains uncertain whether the current extent of C. rodgersii barrens occurred due to a paucity of predators (Evans et al., 2017; Layton et al., 2020) or whether barrens represent a natural ecological state (Kingsford and Byrne, 2023) as it is difficult to re-imagine historic lobster populations.

Recent tethering experiments in the same region suggested S. verreauxi consumed few (~ 30%) C. rodgersii and H. erythrogramma (Day et al., 2023a). This differed to the Palinurids Jasus edwardsii in Tasmania (Pederson and Johnson, 2006; Ling et al., 2019) and Palinurus japonicus in Japan (~ 90%) (Kawamata and Taino, 2021). Importantly, dissections of lobster gut contents showed C. rodgersii was present in only 1 – 2% of wild S. verreauxi guts (1%, N = 115 Day et al., 2021; 2%, N = 125 J Day unpublished data). These results have brought the potential for S. verreauxi to control C. rodgersii into question, highlighting the need to consider other predators. Sagmariasus verreauxi frequently moves between nearshore coastal and deep water environments, are highly mobile inshore and can spend portions of their lives in deep offshore waters where urchins are not present (Jeffs et al., 2013) so their impact on local urchin populations may be less than lobsters with smaller home ranges like J. edwardsii and P. japonicus (Pederson and Johnson, 2006; Ling et al., 2019; Kawamata and Taino, 2021). Given urchin tethers are generally placed in open environments where predators encounter them by chance during foraging (Boada et al., 2015; Pederson and Johnson, 2006; Ling et al., 2019; Day et al., 2023a) and S. verreauxi can avoid ingesting urchin spines during feeding (Day et al., 2021), the recent tethering experiments and gut contents (Day et al., 2021, 2023a) might not have provided an accurate predation rate compared with other work (Pederson and Johnson, 2006; Ling et al., 2019; Kawamata and Taino, 2021). It is expected that predation rates would increase if encounters for lobsters and tethered urchins were guaranteed and lobsters were not disturbed or handled (Day et al., 2021; Smith et al., 2022). This could be achieved by placing tethered urchins within the vicinity of an inhabited “den” where lobsters and other predators congregate, where the density of lobsters is higher than generally encountered in nearshore NSW.

Larger urchins can be more difficult prey to handle than smaller ones due to their longer spines, and this may deter some predators from feeding or cause them to avoid urchins completely. Once larger than ~ 120 mm TD, C. rodgersii is thought to experience little predation (Edgar et al., 2009; Ling and Johnson, 2012; Ling, 2013) and across its natural NSW range, body sizes of > 100 mm TD are typical (Andrew and Underwood, 1989; Andrew and Byrne, 2007; Day et al., 2023a). While lobsters in NSW have been reported to eat large C. rodgersii (up to ~ 98 mm TD, Day et al., 2021) other predators such as Achoerodus viridis (eastern blue groper) and potentially Chrysophyrus auratus (pink snapper) effectively handle large C. rodgersii (> 100 mm TD, Day et al., 2023a). However, both species have shown historical stock declines in NSW due to overfishing (Stewart et al., 2010; Young et al., 2014; Kingsford and Byrne, 2023). The main fish predator of C. rodgersii in NSW is thought to be A. viridis (Andrew, 1999; Layton et al., 2020; Day et al., 2023a) because it is known for removing urchins from their holes and turning them over to feed (Andrew, 1993, 1999) in a similar fashion to lobsters (Ling and Johnson, 2012; Day et al., 2021; Kawamata and Taino, 2021). Although C. auratus is abundant in New Zealand (Denny et al., 2004; Jones, 2013; Shears and Babcock, 2002; Balemi and Shears, 2023), it does not seem to control C. rodgersii (Balemi and Shears, 2023) and possibly prefers to prey on smaller, native species (Babcock et al., 1999; Jones, 2013; Schiel et al., 2018). While C. auratus is also present in Tasmania due to a recent southward range extension (Morgan et al., 2018; Wolfe, 2021), they only occur in low densities and are therefore unlikely to exert trophic control of C. rodgersii (Smith et al., 2023). Smaller teleosts like Acanthopagrus australis, Ophthalmolepis lineolatus, Notolabrus gymnogenis and Pictilabrus laticlavius (Morton et al., 2008; Puskic and Coghlan, 2021) have also been found with urchin spines in their guts and Gymnothorax prasinus has shown interest in C. rodgersii remains in Baited Remote Underwater Video (BRUV) studies (Wraith, 2007) and whole urchins in tethering experiments (Day et al., 2023a). Invertebrate predators including the cephalopods Sepia and Octopodes species have also been speculated to eat C. rodgersii because octopus can eat urchins (Ambrose, 1986) and both species interact with tethered C. rodgersii (Day et al., 2023a) but neither have been observed feeding. Compared to other parts of south east Australia it is likely that some level of “trophic redundancy” (Eisaguirre et al., 2020) exists in NSW with multiple predators providing similar functional roles. However, some predators may potentially be more important than others as seen in other urchin-dominated systems (Trowbridge et al., 2019; Eisaguirre et al., 2020).

Tethering experiments involve removing urchins from their protective holes and restraining them from returning to record rates of urchin predation (Boada et al., 2015; Pederson and Johnson, 2006; Ling et al., 2019; Kawamata and Taino, 2021; Day et al., 2023a). This is meant to simulate conditions where C. rodgersii is more vulnerable for predation, similar to when urchins leave their holes at night to graze macroalgae (Byrne and Andrew, 2020). In recent experiments conducted in NSW, the shark Heterodontus portusjacksonii (Port Jackson shark) was observed readily feeding on large C. rodgersii > 100 mm TD (Day et al., 2023a) although the frequency and timing of these events were not quantified, which is a limitation of traditional tethering methods (Baker and Waltham, 2020). Previously, there had been speculation that H. portusjacksoni ate C. rodgersii based on its dentition (Powter et al., 2010), gut contents (McLaughlin and O’Gower, 1971) and fatty-acid stable isotopes (Beckmann et al., 2013; Hoopes et al., 2020). Given the similar dentition and tough skull of the sympatric crested horn shark (Heterodontus galeatus) it is also anticipated that H. galeatus preys on C. rodgersii. These sharks are frequently observed in and around lobster dens in south east Australia, often cohabiting with other sharks and S. verreauxi. Both H. portusjacksoni and H. galeatus are reported with bright, purple-stained mouths which is thought to result from C. rodgersii predation (Taylor, 1972; Elliott and Bounds, 1987; Powter et al., 2010) because C. rodgersii carries purple dye within its tissues. Other Chondrichthyans like Batoid stingrays are also suggested to eat urchins (Grun, 2016; Day et al., 2023a). However, there are no recorded instances of feeding or the characteristic purple dye and urchin spines in Batoid guts like there are in Heterodontus species (McLaughlin and O’Gower, 1971; Taylor, 1972; Elliott and Bounds, 1987; Powter et al., 2010). Restraining urchins from returning to their holes and filming predator-prey interactions without manipulating predators (Day et al., 2021; Smith et al., 2022) would provide empirical evidence of the species that eat urchins and the extent to which urchins survive due to size refugia (Edgar et al., 2009; Ling and Johnson, 2012; Ling, 2013).

In this study, we use an orthogonal arrangement of filmed urchin tethers to determine predators of the barrens-forming urchins C. rodgersii and H. erythrogramma and to record predation rates. We used a single study site with habitats representative of rocky reefs occurring in temperate NSW waters because we chose to do more rigorous temporal sampling rather than focusing on spatial replication. The site was an S. verreauxi lobster den within Wollongong, NSW, and was selected as lobsters and other potential predators are abundant at this location and urchins are naturally available. Caution is warranted to extrapolating beyond the experimental region of a single lobster den used here as lobsters and other urchin predators can show differences at the level of sites and individuals (Day et al., 2021, 2023a; Byrnes and Brown, 2016) and predation near a lobster den is likely not representative for broader NSW. We considered that if lobsters regularly eat urchins, then placing tethered urchins at multiple entrances of a lobster den would ensure encounters, resulting in high rates of urchin predation. Our experiments occurred under natural conditions, with the caveat that we had removed urchins from their crevices and made them more available for feeding. We expected that smaller urchins would experience more predation than larger urchins, be eaten sooner and take less time to handle.




2 Materials and methods



2.1 Study location

Our study was conducted in Wollongong, New South Wales (34.42488°S, 150.8931°E; Figure 1A) on the southeast coast of Australia (Figure 1B). The study location contains a large, known lobster den which is estimated to regularly house > 20 large S. verreauxi including some individuals of up to > 180 mm CL until approximately December each year when most lobsters will have migrated offshore or further along the coast (Jeffs et al., 2013; Day, 2020; J Day pers obs). Other putative urchin predators including the fishes A. viridis, C. auratus, O. lineolatus, sharks H. portusjacksonii, H. galeatus and Orectolobus maculatus and cephalopods O. tetricus, Sepia apama and S. plangon as well as the scavengers N. gymnogenis, P. laticlavius and G. prasinus are often present within the den and surrounds, as well as the occasional sub-adult J. edwardsii and Panulirus spp. lobster of up to ~ 115 mm CL (Day et al., 2023a; J Day pers obs). Lobsters are nocturnal foragers (Jeffs et al., 2013; Day et al., 2021) and the study location was chosen because it allowed repeated safe access at sunrise and dusk for the divers. The den is ~ 5 – 8 m deep and has four entrances orientated at approximately North, East, South and West (Figures 1C–G). Although we only sampled urchin predation at one location in this study, we do so because this location has consistently high densities of eastern rock lobsters which should provide the best opportunity to observe lobster predation. In many other reef areas on the NSW coastline, the low density levels of lobsters may miss urchin predation in tethering experiments due to lobsters not occurring in that section of reef. At the location used in this study, lobsters were frequently observed and observed in high densities. The location also provided a safe location to present urchins to assess predation rates. We realize that the lack of spatial replication reduces the generality of our findings, but our aim here is to quantify urchin predation rates at a site where we would expect high rates of predation due to the high densities of lobsters (a best case scenario) to measure this potential ecosystem function. It also provides an opportunity to more naturally assess urchin predation than in comparison with laboratory studies and assess influence of urchin size and species in an area these species naturally occur at a wide range of urchin sizes. We selected this location as we knew that S. verreauxi and C. rodgersii would be abundant and that it contained a typical mix of habitats representative of contemporary temperate seascapes in SE Australia (Underwood et al., 1991; Kingsford and Byrne, 2023). Rather than undertaking a spatially replicated experiment (with increased risk to divers) we opted to undertake rigorous temporal sampling at this one location where we were confident that predation would occur. This provided an opportunity to intensively assess urchin predation by S. verreauxi with none of the typical human interference associated with lobster feeding experiments (Mayfield et al., 2001; Day et al., 2021; Smith et al., 2022). The urchins C. rodgersii and H. erythrogramma as well as sympatric non-barrens forming species H. tuberculata and Phyllacanthus parvispinus were present within the den and concealed during daylight. The den is situated within a diverse mosaic of rocky macroalgae, bare rock and cunjevoi (“sea-squirt”) habitats which are characteristic of NSW rocky reefs, i.e., the barrens-mosaic and fringe habitats described by Underwood et al. (1991). Rocky macroalgae patches contained the brown macroalgae Ecklonia radiata and Phyllospora comosa. The bare rock areas consisted of the articulated coralline algae Amphiroa anceps and Corallina officinalis as well as smaller fleshy macroalgae like Ulva, Padina, Lobophora, Zonaria sp. and Asparagopsis species. The top of the den and surroundings had small fleshy macroalgae, turban snails Lunella and Astralium species and crabs Guinusia chabrus. The ascidians Pyura praeputalis and P. gibbosa were present. Adjacent to the reef mosaic were areas of sand and seagrass meadows dominated by Zostera and Halophila species. The urchins C. rodgersii and H. erythrogramma were present everywhere except in seagrass, sand and shallow cunjevoi. Densities of C. rodgersii were shown to be below the barrens-forming threshold of ~ 6 – 8 individuals/m2 (Andrew and Byrne, 2007; Ling et al., 2019) by previous surveys in the experimental area (Day et al., 2023a) and other previously surveyed dense C. rodgersii barrens (i.e. areas with 1 – 2 individuals/m2) were situated > 500 m away and by multiple headlands.




Figure 1 | Location of (A) tethering units or “blocks” 1 – 4 where Centrostephanus rodgersii (shown black) and Heliocidaris erythrogramma (shown purple) were tethered at four entrances to the one lobster den (shown with “den”) situated within Wollongong harbor and (B) the orientation of Wollongong on the South East coast (shown with a red “x”) of New South Wales (shown with “NSW”). Block positions 1 – 4 are shown (C–G), with the top and approximate center of the lobster den shown in (G).






2.2 Urchin tethering and filming

To tether urchins, we used methods previously employed by Day et al. (2023a) to attach single C. rodgersii and H. erythrogramma to wire brackets weighted with concrete blocks. Tethering units consisted of a concrete block (Supplementary Figure S1.1A) attached to a piece of 60 x 1200 mm galvanized wire mesh with 50 x 50 mm panels. Panels were attached to the blocks using rope (5 mm diameter) and brackets constructed from steel wire (2 mm diameter). GoPro camera mounts were fitted to the top of the blocks using marine glue. To illuminate the tethered urchins a red-filtered light was fitted into a torch housing constructed from PVC pipe (10cm diameter) (Supplementary Figure S1.1B). A red-filtered light was used because Palinurid lobsters are sensitive to the white light spectrum and red-filtered lights have been used successfully in past night field studies using lobsters (Booth, 2001; Derby et al., 2001; Weiss et al., 2008; Day et al., 2021). GoPro ‘Hero 11 black’ cameras were set to take one photo every minute for ~ 12 hours (or until the battery ran out > 12 hours) from approximately sunset until sunrise using GoPro Labs firmware (https://community.gopro.com/s/article/GoPro-Labs?language=en_US). To standardize the hours and night cover each urchin would be tethered for, we were careful to tether urchins only at sunset which was approximately 6 – 7pm each evening as per daylight savings. Red-filtered lights were “Big Blue VL8000PTC” dive torches which had a piece of “Sun Tuf” red acrylic cut to the diameter of the torch lens and attached to the front using waterproof tape (Supplementary Figure S1.1C). Torches were cycled to the medium (4000 lumen) brightness light setting to provide ~ 12 hours of red light. Urchins were tethered using ~ 8 cm lengths of monofilament fishing line (15 kg tensile strength) to keep them within range of the light sources and camera frame. If the field of view was obstructed during feeding (e.g. by particulates or macroalgae) the footage was disregarded, and this occurred six times. The likely predator was inferred from the feeding remains left on tethers (Day et al., 2023a) but this was not included in analysis. Camera footage from each night was compared with field results recorded the next morning with four possible outcomes: H. erythrogramma (Supplementary Figure S1.1D) or C. rodgersii (Supplementary Figure S1.1E) urchin insides eaten with the test intact, urchin insides eaten with the test cracked or whole urchin absent (Supplementary Figure S1.1F) or the urchin insides not eaten with the test intact and the urchin still present. The presence of lobsters or other putative urchin predators like sharks or large fishes in the den was verified by sighting them or taking a photo using an iPhone 11 and “Wee-Fine WHF05” submersible housing. Observations of lobsters (Supplementary Figure S1.2) and sharks (Supplementary Figure S1.3) were undertaken each morning because we considered that observing or taking photos closer to sunset could disturb them (Booth, 2001; Derby et al., 2001; Weiss et al., 2008; Day et al., 2021). The presence of “urchin-fall”, i.e., identifiable remains of urchins (Day et al., 2023a; Supplementary Figure S1.4) was also recorded around the den vicinity for the duration of the experiment (Online Supplementary Material S1; Experimental Design). Field observations were recorded on a dive slate each morning when the cameras and lights were retrieved after being deployed overnight for < 24 hours.

Our study was conducted over 25 non-consecutive nights with 100 urchins (50 C. rodgersii and 50 H. eyrthrogramma) from September 14th until November 1st in 2023. Tethering occurred on successive nights on 12 occasions while on 15 occasions there was a gap of 2 – 7 nights due to rough weather preventing access or filming. Urchins were collected by hand via snorkeling at 2 – 5 m depth in nearshore environments. To standardize the potential of urchins as prey we only used urchins collected locally from dense macroalgal habitat, as past work has suggested that urchins taken from barrens are less attractive prey (Eurich et al., 2014; Smith et al., 2023). Since roe maturation can affect the rates that lobsters eat urchins (Eurich et al., 2014) the experiment was designed to give the best chance of C. rodgersii carrying plentiful roe, shown by Gonad Index (GI) which peaks in approximately September (King et al., 1994) with breeding ending after November, causing GI to decrease (Bentley et al., 1998). Since spawning regimes can vary between locations along the NSW coast (King et al., 1994; Bentley et al., 1998) we dissected 20 additional C. rodgersii and H. erythrogramma collected from within the study site at the approximate start (September 2023) and end (November 2023) of the experiments (N = 40 urchins total) to verify whether GI changed during the experimental period. Any uneaten tethered urchins were also retrieved and dissected for GI analysis each day for comparison (Online Supplementary Material S2; Gonad Index Analysis). Sagmariasus verreauxi are reported to molt their carapaces during seasonal inshore habitation (Jeffs et al., 2013) and this was an important consideration because molting has affected feeding on urchins by other lobsters (Mayfield et al., 2000; Ziegler et al., 2004). However, recent work undertaken in NSW showed no effect of molt stage on the presence of urchin parts in S. verreauxi guts with urchin parts found in both pre- and post-molt lobsters (Day et al., 2021). Photos were catalogued to identify predators and feeding events (Supplementary Material S3; Feeding Images) and notable photo sequences were turned into videos (Supplementary Material S4; Urchin Videos). On one occasion two tethering units were damaged during a storm and had an additional wire mesh bracket added for support.

To guarantee lobsters would encounter tethered C. rodgersii and H. erythrogramma, urchins were placed at four entrances to the lobster den, with the blocks numbered 1 – 4 (Figures 1C–G). Urchins were restricted within camera view to ensure that predators could be identified. To ensure randomly dispersed sizes and species of urchins, treatments were randomized across the nights so that all blocks received all treatments. We searched for urchins each day according to predetermined size bins of 20 mm which were randomized before the experiment started to determine the order of treatments (Supplementary Table S1.1, Supplementary Figure S1.5). The size of each collected urchin was recorded to the nearest millimeter (mm) using vernier calipers before tethering urchins at sunset. This design allowed urchins to be presented orthogonally four at a time (two C. rodgersii and two H. erythrogramma) across their naturally occurring size range, with C. rodgersii attaining larger body sizes > 100 mm TD compared to H. erythrogramma (Cook and Vanderklift, 2011; Day et al., 2023a) (Supplementary Figure S1.5). For logistical simplicity urchins were denoted as “small” or “large” once measured. Based on previous surveys within the experimental area (Day et al., 2023a) small and large C. rodgersii or H. erythrogramma were defined as being below and above the cutoff points of 80 mm and 70 mm TD for each species, respectively (Supplementary Table S1.1, Supplementary Figure S1.5).

In the laboratory, GoPro photo sequences were reviewed to identify predation and the identity of predators. Predation was recorded when a lobster or fish was eating an urchin or appearing in-frame with the urchin feeding remains visible or the urchin gone thereafter (Kawamata and Taino, 2021). These events occurred frequently, though instances of predators investigating or moving past tethered urchins without feeding were also recorded. Because one photo was taken per minute, we were able to ascertain periods for “feeding onset” (how many minutes it took tethered urchins to be attacked) and “predator handling” (how long it took to eat an urchin) when a feeding event was recorded, based on the number of images recorded. To calculate feeding onset, the number of images from when the tethered urchin was placed on benthos until a predator was seen to feed were counted (Lester and Harmsen, 2002; Kawamata and Taino, 2021). To calculate handling time, the number of images that the predator was present in and observed feeding until the urchin was eaten were counted (Kawamata and Taino, 2021). For lobsters this included time spent turning urchins over and feeding from the ventral surface (Day et al., 2021), while for potential shark or fish predators it included time spent attacking and chewing urchins, with chewing indicated by similar forceful head and gill slit movements after engulfing urchins or urchin remains as reported for H. portusjacksoni eating shark eggs (Powter and Gladstone, 2008). When lobsters were clearly visible in side-profile on cameras, body sizes were estimated. This was achieved by comparing the number of steel mesh links closest to the body with the whole length of the animal, with each mesh link being 50 mm in diameter. Therefore, lobsters of ~ 100 mm and ~ 150 mm CL would span approximately two and three links, whereas a ~ 125 mm CL lobster would span approximately two and a half links. When predators exited frame and re-appeared we assessed whether they were the same or different individuals based on their physical features. Predator identity was determined by observing body and head shape, distinctive patterning and general coloration for invertebrates, fish, and sharks, respectively (McLaughlin and O’Gower, 1971; Powter and Gladstone, 2008; Jeffs et al., 2013). We identified sharks primarily based on head shape and coloration, with crested H. galeatus showing a high crest and vague body patterning while H. portusjacksoni has a lower crest and strong patterning. Coloration was a factor because the in-situ nature of our experiment meant that a range of lighting and visibility conditions were possible, and in some cases the patterning on the shark bodies was clearer than others. We checked our identification of sharks to species with local experts in a double-blind test. Size of lobsters within the den was estimated based on extensive experience with lobsters on south east Australian reefs (Day et al., 2021, 2023a, b, Day et al., 2024). We chose to estimate lobster size when observing them within the den as handling lobsters may cause significant disturbance (Day et al., 2021; Smith et al., 2022).




2.3 GLM modeling

We used Generalized Linear Models (GLMs) to test whether rates of predation would be greater for C. rodgersii than H. erythrogramma and whether small compared to large urchins would be eaten more frequently or with greater feeding onset and handling time. This was an important consideration, because lobsters have shown different feeding responses for urchins based on size and species in the past (Gnanalingam and Butler, 2018; Day et al., 2021, 2024). Interactions between urchin size and species were tested because we wanted to know whether effects would be general or idiosyncratic to a specific size or species of urchin. We also included the night that urchins were presented to test for effects of tethering night because lobsters (Jeffs et al., 2013; Day et al., 2021) and their co-predators (McLaughlin and O’Gower, 1971; Powter and Gladstone, 2008) can be highly mobile in NSW over September to November when the experiment was undertaken, meaning the presence of putative urchin predators and associated predation rates could change over consecutive nights. We validated the models by using the “DHARMa” package (Hartig, 2022) which showed non-significant dispersion after five outliers for “handling time” > 10 minutes were removed. One outlier occurred for lobsters eating C. rodgersii (48mm TD; 53 minutes handling time) and H. erythrogramma (79mm TD; 60 minutes handling time) whereas three occurred with sharks eating C. rodgersii (68, 105 and 120mm TD; 17, 12 and 15 minutes handling time). We suspect these outliers occurred because in the absence of rock refugia, urchins may occasionally have been able to wedge themselves into the metal grates of the tethering apparatus which could have made it harder for predators to dislodge and eat them. GLMs for predation rates used a binomial distribution with tethered urchins being eaten (1) or not eaten (0), while models for feeding onset and handling time assumed a gamma distribution and all models were structured using a log-link. “Size” and “night” were run as continuous variables whereas “species” was a factor. There was not strong collinearity between continuous predictors of urchin size and tethering night (Pearson’s correlation, r < 0.4).

Models were constructed using the “glmmTMB” package (Brooks et al., 2017) with statistical significance computed via likelihood ratio tests (LRTs) using the “Anova” function in the “car” package (Fox and Weisberg, 2019). Predictions and standard errors for the likelihood of urchins to be eaten as well as onset and handling periods were generated using the “predict” function in the “glmmTMB” package (Brooks et al., 2017). All statistical analyses and plots were developed using the statistical program R (R Core Team, 2021) and the associated packages mentioned above as well as “lme4” (Bates et al., 2015), “ggplot2” (Wickham, 2016) and “dplyr” (Wickham et al., 2023).





3 Results



3.1 In-situ observations

We recorded known and potential urchin predators within the den on the majority (80%) of inspections. Between two and ten S. verreauxi were sighted on 17 occasions (68% of site visits; Supplementary Figure S1.2) while one to six Heterodontus species were sighted on 15 occasions (60% of site visits; Supplementary Figure S1.3). This was confirmed by sighting predators on multiple cameras at once and counting them at different den positions during morning inspections. Large wrasses and juvenile snappers were sighted around the experimental area but were not present within the den. Smaller teleosts, including A. australis and G. prasinus and the wrasses O. lineolatus, N. gymnogenis and P. laticlavius were generally present around the den but were not counted. Heterodontus spp. sharks co-occurred with lobsters in the den on 14 occasions (48% of site visits) and there were five instances (20% of site visits) where only lobsters were sighted and three instances (12% of site visits) where we only saw sharks. There were four occasions (16% of site visits) where sharks were sighted within the den and did not eat urchins, and this occurred 13 times (52% of site visits) for lobsters. Conversely, there were 10 occasions (40% of site visits) where sharks were not sighted in the den at the morning but were recorded eating tethered urchins that night, but this never occurred for lobsters. Urchins co-occurred with predators on all occasions as there were multiple C. rodgersii present within the den (Supplementary Figures S1.2A–C). Many large, hard-shelled lobsters were sighted within the den at the start and during the experiment. A molted carapace of one small lobster was also encountered at the den surrounds at the start of the experiment (Supplementary Figures S1.2F). There were signs of urchin fall identified as H. erythrogramma around the vicinity and on top of the den (Supplementary Figures S1.4A–C). Some urchin tests were degraded which prohibited identification (Supplementary Figures S1.4 D, E). No C. rodgersii urchin fall was recorded.

Out of the 100 tethered urchins 55 were eaten (55%). However, six feeding events (6%) were disregarded and not analyzed due to camera obstruction. In total, 49 tethered urchins were eaten (49%): Four were eaten by lobsters (4%) and 45 by Heterodontus species (45%). Lobsters tended to eat small urchins, eating three H. erythrogramma (x̄ = 70 ± 5 mm TD, 61 – 79 mm TD) and one C. rodgersii (48 mm TD) over the course of the experiment. Lobsters ate only one large H. erythrogramma > 70 mm TD (79 mm TD) and no large C. rodgersii > 80 mm TD. In comparison, Heterodontus species ate 25 C. rodgersii (x̄ = 87 ± 5 mm TD, 32 – 121 mm TD) and 20 H. erythrogramma (x̄ = 65 ± 5 mm TD, 29 – 93 mm TD) which included 15 large C. rodgersii (x̄ = 105 ± 3 mm TD, 82 – 121 mm TD) and 9 large H. erythrogramma (x̄ = 84 ± 2 mm TD, 72 – 93 mm TD). There were 24 uneaten C. rodgersii (24%) and 27 H. erythrogramma (27%). One disregarded feeding event strongly suggested lobster predation of a small H. erythrogramma (58 mm TD) indicated by an urchin eaten with insides removed and the test intact (Day et al., 2021, 2023a).




3.2 Camera observations

We observed multiple sharks (up to six per day) and lobsters (up to 10 per day) within the den and surrounds from September to November of 2023 and this led to 45 feeding events with sharks but only four with lobsters. All lobsters were identified as S. verreauxi (Figures 2A–F) and most sharks as H. galeatus, with at least four different lobsters and six different sharks observed to feed (Figures 2G–L, Supplementary Figures S3.1.1-S3.1.4). One shark was tentatively identified as H. portusjacksoni based on body patterning (Figure 2G). On four other occasions, both lobsters and sharks were recorded on camera travelling past tethered urchins and not feeding. This occurred three times with C. rodgersii and once with H. erythrogramma for lobsters (Supplementary Figures S3.1.5A–S3.1.5C) and sharks (Supplementary Figures S3.1.5D–S3.1.5F) on different nights. Lobster eye-shine within the den and visible antennas on top of the den were seen on four and three other occasions where no feeding occurred, respectively, resulting in 11 occasions where lobsters were seen on camera but showed no interest in tethered urchins. There was no discernible effect of urchin roe maturation, which decreased for both C. rodgersii and H. erythrogramma over the experimental period while predation increased (Supplementary Figure S2.1, Supplementary Table S2.1). Lobsters recorded feeding on camera appeared to be ~ 100 – 125 mm CL though individuals estimated to be > 150 mm CL were sighted in the den on inspections (Supplementary Figure S1.2). Predator feeding fluctuated throughout the experiment with lobsters and sharks feeding at the beginning, but only sharks feeding at the end. Overall, C. rodgersii was eaten more often (26%) than H. erythrogramma (23%). Sharks showed a preference for C. rodgersii (25%) over H. erythrogramma (20%) while lobsters preferred to eat H. erythrogramma (3%) over C. rodgersii (1%). Up to three individuals of the shark Orectolobus maculatus were sighted inhabiting the den on seven inspections (28% of nights) and an individual appeared on camera once. While O. maculatus often co-occurred with H. galeatus and S. verreauxi they were not recorded eating any tethered urchins. The cephalopod S. plangon and various small fishes including Parma unifasciata, Ostorhinchus limenus and N. gymnogenis were seen to inspect tethered urchins but did not feed (Supplementary Figure S3.1.6). There were eight small fish species seen feeding on urchin remains left by larger predators (Supplementary Figure S3.1.7) including N. gymnogenis (Supplementary Figures S3.1.7A, B), Scobinichthys granulataus (Supplementary Figure S3.1.7B), A. strigatus (Supplementary Figures S3.1.7C, D), Eviota sp. (Supplementary Figure S3.1.7D), P. microlepis (Supplementary Figures S3.1.7E, F), Acanthistius ocellatus (Supplementary Figures S3.1.7F, H), Microcanthus strigatus (Supplementary Figure S3.1.7G) and Pictilabrus laticlavius (Supplementary Figure S3.1.7I). Individuals of the fishes C. auratus and A. viridis were observed within the vicinity sporadically but never appeared on cameras, and no fishes were observed attacking tethered urchins. Intact urchin tests left by lobsters provided noticeably greater opportunity for scavengers (Supplementary Figures S3.1.7 A–F) compared to fragments left by sharks (Supplementary Figures S3.1.7 G–I) because lobsters left more remains.




Figure 2 | Predators feeding on tethered urchins including (A, B) Sagmariasus verreauxi attacking small Centrostephanus rodgersii, (C) small H. erythrogramma, (D–F) large H. erythrogramma by turning urchins over to feed from the ventral surface, as well as (G–I) Heterodontus species attacking large C. rodgersii from the dorsal surface and (J, K) H. erythrogramma from the dorsal and ventral surfaces while (L) shows a shark completely engulfing a small H. erythrogramma urchin. Images (G–L) depict shark feeding events that occurred approximately at sunset directly after urchins were tethered. H. portusjacksonii was tentatively identified in (G) while (H–L) were positively identified as H. galeatus..






3.3 Predator behavior

The tethering of urchin species outside a lobster den with many S. verreauxi lobsters present revealed substantially low rates of urchin predation by lobsters, whereas Heterodontus sharks were responsible for most predation events. Sharks appeared to feed voraciously with vigorous head movements (Supplementary Videos S4.1, S4.3), attacking urchins from dorsal or lateral surfaces and consuming them quickly compared to lobsters which were more careful and methodical (Supplementary Video S4.2), turning urchins over to feed and hence taking longer to eat them.

One C. rodgersii that had its tether broken while being attacked by a shark was also not eaten, surviving until morning by escaping onto a nearby rock (Supplementary Video S4.4). This suggests either that sharks are only willing to expend a limited amount of energy on eating urchins or that tethering urchins makes them significantly more attractive prey, even compared to similar sized urchins sitting on nearby rocks.

On eight occasions sharks commenced feeding directly before cameras were attached to the block (Supplementary Figure S3.1.4), necessitating hand filming using a GoPro (Supplementary Video S4.1). In contrast, lobsters ceased feeding on tethered urchins mid-way through the experiment even though lobsters and non-tethered urchins were present within the den (Supplementary Figure S1.3) while sharks continued to feed. The abundance of predators did not change appreciably throughout the experiment as sharks and lobsters were present throughout, though predators did change den positions frequently. Intraspecific competition was observed once each for lobsters (night 5, Supplementary Video S4.2) and sharks (night 14, Supplementary Video S4.3). We did not record any competition, predation or scavenging by A. viridis or C. auratus though they were present within the general area. We confirm prior suggestions that various small teleosts including Notolabrus sp. and Parma sp. scavenge urchin remains left by larger predators.




3.4 GLM modeling

Urchin predation was only significantly correlated with tethering night (LRT, X21 = 12.09, P = < 0.001) and there was no significant difference in predation rate between urchin species (LRT, X21 = 0.01, P = 0.979; Table 1A). Contrary to our predictions there was also no effect of urchin size on predation rates (LRT, X21 = 0.63, P = 0.427; Table 1A) as urchins of all sizes were eaten. The likelihood of C. rodgersii of any size being eaten increased from 21.5 ± 10% to 79.2 ± 10.3% from “night 1” to “night 25” and for H. erythrogramma these values were 19.7 ± 10.7% to 77.4 ± 11.2% (Figure 3A). We were not able to analyze shark and lobster predators separately due to the extremely low instances of lobster predation (4%) recorded throughout the experiment.


Table 1 | Likelihoods Ratio Testing (LRT) for Generalized Linear Models (GLMs) for (A) urchin predation (whether urchins were eaten or not), (B) feeding onset (time for urchins to be attacked) and (C) handling time (time for urchins to be consumed).






Figure 3 | Predicted values from Generalized Linear Models (GLMs) for (A) urchins eaten (%) (B) feeding onset (time to start feeding on urchins) and (C) handling time (how long it took urchins to be consumed). Outcomes in (A) are shown as a percentage across all trials while (B, C) are expressed as minutes. Urchin species in (A, C) are shown by different colors and the shaded areas of the plot represent standard error around the predicted mean.



Feeding onset from tethering to urchin consumption were generally shorter for sharks (1 – 587 minutes, x̄ = 104 minutes ± 20 minutes, n = 45) compared to lobsters (32 – 549 minutes, x̄ = 165 minutes ± 121 minutes, n = 4) although the latter had fewer observations for comparison. Some sharks initiated feeding immediately upon urchin tethering at sunset (~ 6:00 – 7:00 pm), while others delayed feeding for up to ~ 10 hours (~ 4:00 – 5:00 am). We found no effect of urchin size (LRT, X21 = 0.36, P = 0.547), species (LRT, X21 = 0.50, P = 0.479) or night (LRT, X21 = 3.15, P = 0.076) on feeding onset (Table 1B). It was notable, however, that there was a non-significant trend for feeding onset to become quicker as the experiment progressed, with feeding onset decreasing from 265 ± 160 minutes to 68.1 ± 35 minutes from “night 1” to “night 25” (Figure 3B).

There was a non-significant difference in prey handling time between urchin species (LRT, X21 = 3.57, P = 0.059) and urchin size (LRT, X21 = 3.73, P = 0.053) and there was no effect of night (LRT, X21 = 0.21, P = 0.644) (Table 1C, Figure 3C).





4 Discussion

Despite tethering urchins outside of a den to ensure lobsters would encounter them, lobsters appeared generally uninterested in urchins across a range of sizes. This was unexpected because lobsters including S. verreauxi have been reported to prefer eating small urchins (Kintzing and Butler, 2014; Day et al., 2021, 2024; Smith et al., 2023). Past feeding trials (Gnanalingam and Butler, 2018; Day et al., 2021, 2024; Smith et al., 2022) and tethering experiments (Day et al., 2023a) have suggested that some lobsters can be reluctant to eat urchins, despite their predatory capability at various body sizes (Day et al., 2021, 2024) while in other studies lobsters ate urchins voraciously (Provost et al., 2017; Kawamata and Taino, 2021). Compared to lobsters, Heterodontus species readily ate tethered urchins up to 121 mm TD with no apparent feeding limitation, and large C. rodgersii required approximately equal handling effort (~ 4 minutes) compared to H. erythrogramma (~ 3 minutes). These findings are consistent with prior suggestions about Heterodontus species being urchin predators (McLaughlin and O’Gower, 1971; Andrew, 1999; Powter et al., 2010; Beckmann et al., 2013; Hoopes et al., 2020; Day et al., 2023a). Therefore, our study site of a lobster den in Wollongong, NSW may avail of diverse urchin predators and hence might not be as reliant on lobsters controlling urchins as has been suggested (Ling et al., 2009; Ling and Johnson, 2012; Evans et al., 2017; Layton et al., 2020).

Although more urchins were eaten as the experiment progressed, feeding on tethered urchins occurred at all times of night and early morning. It was notable that the cessation of lobster feeding seemed to coincide with the approximate start of shark feeding (nights 4 – 7) which continued for the remainder of the study period, suggesting potential interspecific competition. Interspecific competition provides another potential explanation for the large positive change in likelihoods of urchins being eaten over the duration, particularly for C. rodgersii which sharks appeared to eat readily. This is similar to previous feeding trials involving S. verreauxi and J. edwardsii, where S. verreauxi was consistently (80% of cases) outcompeted for food resources (Twiname et al., 2022). It is crucial to note the abundance of preferred lobster prey such as mollusks T. torquata, L. undulata and A. tentiformis (Day et al., 2021; Smith et al., 2022) which were present around and on top of the den during the experiment. Hence, although competition may have influenced the results (Twiname et al., 2022) the most straightforward explanation for the low rates of lobster feeding observed is that S. verreauxi simply prefers to consume items other than urchins. However, fishing pressure has affected the availability of lobster prey items in the past, changing rates of feeding on urchins (Guenther et al., 2012; Eddy et al., 2014) and this could have affected our results since S. verreauxi is a fished resource (Montgomery and Liggins, 2013; Woodings et al., 2021). In a previous feeding trial study conducted with the lobsters P. guttatus and P. argus and the urchin Diadema antillarum which is a relative of C. rodgersii, urchins showed a negative response to proximate cues of the keen urchin predator P. guttatus and no response to the more hesitant urchin predator P. argus (Kintzing and Butler, 2014). Our observation of multiple C. rodgersii within and around the S. verreauxi lobster den and little tethered urchin predation by lobsters here and in previous experiments (Day et al., 2023a) may suggest that C. rodgersii may not view S. verreauxi as a threat. Previous studies with J. edwardsii suggest that C. rodgersii size refuge from predation could be the reason urchins persist in the presence of lobsters (Ling and Johnson, 2012; Smith et al., 2023). More recent studies with S. verreauxi where small lobsters ate large C. rodgersii with no apparent size limitation, eating significantly more urchins than larger lobsters (Day et al., 2021, 2024) make this seem unlikely for S. verreauxi.

In four instances, sharks could not be identified on camera due to environmental conditions and light backscatter and these could have been H. portusjacksoni rather than H. galeatus. Although both sharks have the dentition and tough heads to handle large urchins (McLaughlin and O’Gower, 1971; Andrew, 1999) it is crucial to acknowledge that while they were present in Wollongong during our experiment, H. galeatus is fewer in number and has a less extensive southern distribution than H. portusjacksoni (McLaughlin and O’Gower, 1971). Therefore, results would likely differ outside of the location we tested. Unlike other urchin predators whose populations have fluctuated significantly over time (Ling et al., 2009; Ling and Johnson, 2012; Evans et al., 2017; Layton et al., 2020), Heterodontus species have remained stable across their range (Walker and Gason, 2007; Braccini et al., 2009) and both H. portusjacksoni (http://www.iucnredlist.org/details/39334/0) and H. galeatus (https://www.iucnredlist.org/species/41824/68625634) are listed as ‘least concern’ under IUCN red list criteria. It has been speculated that Heterodontus species may have been impacted by commercial fishing operations historically (Andrew and Byrne, 2007) but they are a hardy species that show survival rates > 96% when caught in nets (Reid and Krogh, 1992) and like S. verreauxi (Jeffs et al., 2013) are seasonally abundant across the study region (Reid and Krogh, 1992; Powter and Gladstone, 2008; Smoothey et al., 2016) meaning predators can show different abundances latitudinally. There is also the potential for animal habits at the level of individuals to play a role in rates of feeding on tethered urchins, and individual preferences have been reported for H. portusjacksonii in the past (Byrnes and Brown, 2016).

Potential artefacts of experimental procedures, like predators becoming attuned to experiment conditions, is a key factor to consider in ecological studies as it could cause feeding rates to change or increase (Minello, 1993; Boada et al., 2015; Heinrich et al., 2022). In this study, there was a significant increase in feeding rate as the trials progressed but no increase in the time taken for feeding onset, suggesting that sharks may have become attuned to the experiments and eaten more urchins over the progressive nights, though they did not start feeding sooner. In previous studies in Tasmania, increased feeding rates over time have suggested that predators were naïve to C. rodgersii (Smith et al., 2022). However, in NSW predators are exposed to C. rodgersii at various life stages and would not be considered naïve (Andrew, 1993, 1999; Day et al., 2021; Kingsford and Byrne, 2023). Since this experiment was intensively temporally rather than spatially replicated, it could also be that repeated human-induced behaviour had an impact, similar to when divers feed urchins to fishes. Hence, there is a need for the present study to be replicated spatially and temporally outside of the area used here to test whether the results we report are general or site-specific. Future tethering experiments should have greater temporal separation than the 25 nights our trial went for, of which 12 nights were non-consecutive. Separating individual trials by a week or more could prevent animals becoming attuned to repeated experimental treatments (i.e., offerings of food) over time (Underwood and Clarke, 2005). This is an important consideration, as the timing of feeding trials can impact on the tendency of predators to feed (Boada et al., 2015; Day et al., 2024). For example, if predators are recently satiated when they encounter tethered urchins, they may show no interest. Conversely, if predators are hungry and learn that a captive meal arrives at a certain location and time each day, they may show great interest and this may have occurred with the sharks in the current study (Minello, 1993; Boada et al., 2015; Heinrich et al., 2022). Importantly, our repeated tethering experiments could have exacerbated natural intercompetition between lobsters and sharks, in turn leading to low urchin predation rates by S. verreauxi (Twiname et al., 2022). Previous urchin tethering studies have suggested that tethering makes urchins more attractive prey because their bodies are pierced, inducing predation, or increasing detectability through olfactory stimuli (Boada et al., 2015). Previous pilot studies indicated that tethering did not inflate rates of urchin predation by lobsters or induce urchin mortality.

Video footage allows specific urchin predators and the timing and method of their attack to be identified, minimizing potential experimental artefacts (Minello, 1993; Boada et al., 2015; Baker and Waltham, 2020; Kawamata and Taino, 2021). Tethering is often used to assess predation pressure on urchins specifically (Pederson and Johnson, 2006; Boada et al., 2015; Ling et al., 2019; Kawamata and Taino, 2021; Day et al., 2023a). Past NSW tethering work attributes ~ 70% of predation to fish and sharks and only ~ 30% to lobsters (Day et al., 2023a). The absence of video footage in Day et al. (2023a) may have underestimated lobster predation since predator identities (lobster or fish/shark) were determined by observing urchin remains or the absence of remains. This was an important consideration, because while lobsters typically leave characteristic remains of an empty, intact urchin test after feeding (Pederson and Johnson, 2006; Kawamata and Taino, 2021; Day et al., 2021, 2023a) they can also consume urchins entirely leaving little or no remains (Day et al., 2024) which could have been confused with predation by fish or sharks (Day et al., 2023a). In this study using a filmed tethering array, we confirm low rates of urchin predation by S. verreauxi (4%) and moderate to high rates by Heterodontus species (45%). Sharks ate more than half of tethered urchins and handled large C. rodgersii ~ 120 mm TD with none of the apparent feeding limitations shown for other predators (Edgar et al., 2009; Ling and Johnson, 2012; Ling, 2013; Balemi and Shears, 2023; Smith et al., 2023). Previous feeding trials (Day et al., 2021) and tethering experiments (Day et al., 2023a) had the caveats that lobsters and urchins were restrained within mesocosms and on tethers, respectively. Here, we removed urchins from their protective crevices making them more accessible to predators and pierced them, potentially increasing their risk of predation or increasing detectability (Boada et al., 2015). The urchins were then placed near an inhabited lobster den and illuminated with red-filtered light overnight, significantly increasing lobster encounters compared to previous experiments where urchins were tethered in open habitats and were not illuminated (Day et al., 2023a). Despite these manipulations, we report considerably less predation by lobsters than in previous experiments with approximately half (51%) of tethered urchins going uneaten overnight.

Worldwide, the role of lobsters in controlling sea urchins is being reconsidered in some ways because the correlation between lobster predation and environmental phase shifts from macroalgae to barrens can be inconsistent (Ebeling et al., 1985; Garnick, 1989; Elner and Vadas, 1990; Norderhaug and Christie, 2009; Foster and Schiel, 2010; Guenther et al., 2012). In the USA and Canada, the role of Homarus americanus has been revised from a keystone-like predator which controls urchin numbers (Harding et al., 1983; Pringle, 1986) to that of a benthic generalist which eats urchins opportunistically (Elner and Campbell, 1987; Garnick, 1989; Elner and Vadas, 1990; Scheibling, 1996). Since then, many of the changes in macroalgal and urchin populations seen in the USA and Canada have been put down to environmental factors (Sheldon et al., 1982; Garnick, 1989; Elner and Vadas, 1990; Scheibling, 1996) rather than predator control of urchins, though this is only one hypothesis. Similarly in NSW, predator-prey dynamics between urchins and their predators appear more complex than traditionally thought (Ling et al., 2009; Ling and Johnson, 2012; Evans et al., 2017; Layton et al., 2020) and alternative hypotheses regarding environmental factors like storm activity and freshwater influx regulating C. rodgersii populations are increasingly being considered (Andrew, 1991; Edgar et al., 2017; Davis et al., 2023). Concurrent lines of evidence now indicate that the impact of lobsters on urchins in NSW is notably less than reported in Tasmania (Day et al., 2021; Smith et al., 2022; Day et al., 2023a; Smith et al., 2023). Comparatively, rather than consistently acting as a “key” predator it is suggested that J. edwardsii in New Zealand may have exhibited different feeding responses under historic levels of fishing pressure (Eddy et al., 2014). Similarly, in Southern California the influence of fishing lobsters on urchin barrens appears inconsistent (Guenther et al., 2012). For S. verreauxi, we cannot discount on current information that urchins may have had a higher dietary importance for lobsters and other natural predators in unfished ecosystems. If urchins are controlled by predators in NSW, then like other urchin dominated ecosystems this likely occurs with a diverse predator suite (Trowbridge et al., 2019). Here, we describe an overlooked group of urchin predators in Heterodontus species, which have been present long term in south east Australia (Reid and Krogh, 1992; Walker and Gason, 2007; Braccini et al., 2009; Smoothey et al., 2016) and eats C. rodgersii significantly more readily than lobsters with little apparent physical limitation. Importantly, our temporally replicated tethering experiments conducted over 25 non-consecutive nights at one site now need to be spatially replicated across south east Australia to determine how urchin predation rates change at different latitudes where urchin predators could potentially be more varied, abundant, or larger in size.
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