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Gut contents analysis of Sagmariasus verreauxi

Fig. S1. We took (a) carapace measurements from lobster specimens using Vernier callipers to the nearest 0.1 mm. We
measured lobsters dorsally from the posterior growth margin to (b) the middle-notch enlargement of the antennae. This
measurement is more accurate for lobsters since the typically used rostrum measurement shows greater variation between
individuals (Annala et al. 1980).
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Fig. S2. Sex of lobsters is determined by observing the different gonopore arrangement between (a) Female and (b) Male
individuals. However, gonopore placement can be irregular in lobsters (Linnane et al. 2015) so other sex characteristics
should also be used. Swimmerets are (b) smaller in Males (Minagawa and Higuchi 1997) and females possess (c) a rear

claw whereas (d) males do not (Schram et al. 2003).
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Fig. S3. Dissection methodology: (a) and (b) Opening lobsters to gain access to (c) the cardiac stomach. A layer of (d) and
(e) black gut integument is removed and discarded. (f) A wet stomach weight is taken, (g) the stomach is opened and
flushed with water, (h) and (i) gastroliths are visible and these are removed from the emptied stomach (Haley et al. 2011).
(j) The stomach is blotted dry and weighed. Stomach items are (k) sorted and (I) weighed. Where material was (m) sighted

in the anal tract of dissected lobsters (n) this was included as gut contents material (Hyslop 1980, Williams 1981).
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Fig. S4. Moult stages of dissected lobsters; (a) A pre-moult lobster showing a hard epicuticle (outer layer), a tough
exocuticle (middle layer) and a soft endocuticle (base layer) (Tarsitano et al. 2006). (b) A soft-shelled (‘post-edycsal’)
lobster showing a soft epicuticle, a soft exocuticle and a fragile endocuticle (Aiken 1980). (c) A post-moult lobster showing
a toughened epicuticle, a soft exocuticle and a soft endocuticle. (d) A lobster showing no moult-stage; characterised by a
hard epicuticle, a tough exocuticle and a soft endocuticle. In all cases the pyloric stomach (second stomach of lobsters) and
hepatopancreas (liver) appear analogous to one another, and as in previous work (Thamotharan 1994) these were not
distinguished during dissections.
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Table S1. Taxonomic classifications of urchin parts found in the gut contents of lobsters based on spine morphometrics

We identified C. rodgersii and H. erythrogramma parts in the stomachs of lobsters based on shared and discrete characteristics of spine shape, spine hue, root

hue (the base of spines), presence of dye and presence of tip coloration. Our ability to distinguish between these urchin species is confirmed by 10 blind

identification trials using a dissecting microscope at 6-18 x magnification, returning a 100% success rate

Urchin species Spine shape

Spine hue

Root hue

Dye Tip colour

C. rodgersii Elongate pointed, squat pointed, squat lobiform
H. erythrogramma  Elongate pointed, elongate lobiform, squat pointed

Purple, brown, black, deep red
Green, purple, brown, white, grey

Brown, yellow, purple Present Not present
Yellow, green, purple, white, grey  Not Present  Present

Table S2. Taxonomic classifications of (a) other hard parts and (b) non-hard parts based on morphometrics taken from the literature (Watson 1965,
Lawry 1967, Novikoff and Holtzman 1970, Byrne and Hendler 1988, Rowan 1989, Wilkie 1992, Hoek et al. 1995, Zrzavy and Stys 1997, Tsakiris et al.
2004, Penney et al. 2007, Bownes et al. 2008, Clements et al. 2008, Witten et al. 2010, Thuy and Stéh 2011, Haug et al. 2012, Williams 2017, Ab Lah et

al. 2019)

All observations were made using a dissecting microscope at 6—32x magnification

Character 1

Character 2

Character 3

Character 4

(a) Other hard parts
Mollusc
Gastropod
Echinoid
Crustacean
Polychaete
Ophiuroid

Teleost

(b) Non-hard parts
Detritus

Algae

Soft Prey

Other

Pink/blue inner, dark outer
Mixed colours

Urchin spine hue
Manipulative appendages
Chaetae present

Dorsal test plating

Fine, ray-like structure

Biogenic origin
Green/red/brown pigments
Nematode body pores

Egg structures present

Few shell ‘whorls’

Many shell ‘whorls’
Urchin spine morphology
Locomotive appendages
Cirri present

Ventral Ambulacral zone
Slightly translucent

Flocculated

Organelles present
Organs present

Plastic Pollution present

Fibrous hairs present
Fibrous hairs absent
Test ossicles present
CaCO; based
Segmented body
Tube feet present
CaCOs3 based

NA

Plant cell wall present
Animal cell wall present
NA

Nacre present
Nacre present
Test pores present
Na

Na

NA

NA

NA
NA
NA
NA
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Fig. S5. Two separate detections of (a) many and (b) few urchin spines, identified to originate from H. erythrogramma.
These examples consist of (a) urchin spines measuring ~2—3 mm and (b) tiny spines <2 mm in size. We identified urchin

parts at 6-24x magnification and field of view ranged from 9.5 to 2.0 mm. Please see Fig. S6 (r) for a scale bar in (a).
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Fig. S6. Urchin hard parts, showing (a) to (n) positive identifications of H. erythrogramma found in the gut contents across
a range of fragment sizes, (0) positive identification of C. rodgersii spines, (p) to (r) three instances where urchin parts
exclusively were found in the guts, (s) and (t) fragments of urchin test with ossicles and pores visible (Pederson and Johnson
2006; Pederson and Johnson 2008; Ebert 2013), (t) tentative 1D as H. erythrogramma, (u) and (v) degraded test fragments

with ossicles and pores visible, no ID possible (Fell 1949).
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1.425 mm

Fig. S7. Other hard parts, including (a) and (b) bivalve shell, Mytilus sp. (Penney et al. 2007; Bownes et al. 2008) (a) and
(b), mixed bivalve and gastropod shell including L. undulata and L. torquata (Clements et al. 2008; Williams 2017; Ab
Lah et al. 2019) (c) to (1), unidentified bivalve (m), an Ostrea sp. fragment (Hickman 1972; Arakawa 1990) (n) to (o)
Unidentified gastropod.
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Fig. S8. Other hard parts, including (a) to (d) decapod crustacean appendages (Haug et al. 2012, Zrzavy and Stys 1997),
(e) and (f) appendages and (g) and (h) spines of polychaetes (Lawry 1967; Tsakiris et al. 2004), (i) to (k) Ophiroidean
appendages and ambulacral plating of ophiuroideans (Matsumoto 1915; Wilkie 1992; Byrne et al. 1998; Thuy and Stéh
2011), (1) small appendage believed to have come from a small crustacean, (m) and (n) teleost fish bones (Pierce et al.

1991; Witten et al. 2010), (o) a piece of plastic fishing wire found in one lobster.
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Fig. S9. Non-hard parts including various algal phyla, such as (a) to (c) calcareous red algae (Rhodophyta), (d) to (k) brown
algae (Phaeophyceae) and (I) and (m) green algae (Chlorophyta) (Rowan 1989; Hoek et al. 1995). Detrital matter of both
(n) animal and (o) plant origin (n) often co-occurred with algae (Melack 1985; O’Rorke et al. 2014).
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Fig. S10. Non-hard parts, including (a) soft nematode prey with gut matter and body wall pores visible (Watson 1965;
Novikoff and Holtzman 1970), (b) empty nematode body wall, (c) to (d) unidentified soft matter believed to be of animal
origin and (f) flocculated egg matter (Juinio and Cobb 1992; Smith et al. 2004).

Table S3. Model candidates examining the carapace length (Length), sex, Gut Fullness Index (GFI) and
moult stage (Moult) on the probability of urchins being found within the stomach contents of lobsters
using the Akaike information criterion corrected for small sample sizes (AlICc)

This table shows all GLMM models with the most parsimonious model (lowest AICc and highest weight)
shown first. All models include location as a random effect

Model df. AICc AAICc Weight Marginal R> Conditional R?
~Length + GFI 4 9199 0 0.45 0.35 0.63
~Length + Sex + GFlI 5 935 1.48 0.22 0.36 0.65
~Length + GFI + Moult 5 9394 195 0.17 0.35 0.62
~Length + Sex + GFI + Moult 6 95.44  3.46 0.08 0.36 0.65
~GFlI 3 96.69 4.7 0.04 0.22 0.56
~Sex + GFlI 4 98.46 6.47 0.02 0.23 0.58
~GFI + Moult 4 9872 6.73 0.02 0.22 0.56
~GFI + Sex + Moult 5 1005 223 0.01 0.22 0.57
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Urchin feeding trials using the eastern rock lobster (Sagmariasus verreauxi)

A * =S TI0NE

Fig. S11. Our ocean mesocosms consisted of (a) adapted recreational lobster pots covered with 2- x 2-cm plastic mesh to
prevent predation by octopus and we used (b) LIFEGUARD+ brand waterproof lights and GoPro HERO3/HERO5 models
attached with cable ties to observe lobster feeding. Before starting trials, we conditioned mesocosms (c) in seawater and

allowed algae to accumulate on structures.

Table S4. Data table for 14 overnight feeding trials undertaken within ocean mesocosms
Carapace Length (CL, mm) denotes the size of lobsters and Test Diameter (TD, mm) denotes the size of prey
urchins. Trials ran for a maximum of 14 days. Where feeding was observed the trial was terminated. Eight

trials used H. erythrogramma whereas six trials used C. rodgersii

Feeding CL Duration TD  Feeding Species

trial (mm) (days) (mm) observed
1 125 14 45  No H. erythrogramma
65 No H. erythrogramma
2 115 14 49 No H. erythrogramma
70 No H. erythrogramma
3 105 1 44 Yes H. erythrogramma
58 No H. erythrogramma
4 132 1 65  Yes H. erythrogramma
45  Yes H. erythrogramma
5 85 1 67  Yes H. erythrogramma
43  No H. erythrogramma
6 90 11 42 Yes H. erythrogramma
65 No H. erythrogramma
7 89 14 49 No H. erythrogramma
41  No H. erythrogramma
8 89 14 64 No H. erythrogramma
47  No H. erythrogramma
9 85 2 95  Yes C. rodgersi
40 No C. rodgersii
10 90 3 98  Yes C. rodgersii
43  No C. rodgersii
11 106 14 90 No C. rodgersii
29 No C. rodgersii
12 111 14 108 No C. rodgersii
38 No C. rodgersii
13 108 14 40 No C. rodgersii
111 No C. rodgersii
14 115 14 48 No C. rodgersii
105 No C. rodgersii
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Fig. S12. Lobsters were observed to (a) eat urchins from the ventral surface, (b) use the forelegs to turn urchins over and
(d) remove the feeding appendage of urchins (‘Aristotle’s lantern’) (Mayfield et al. 2001). Alternatively, some lobsters (b)

showed no interest in the offered urchins and did not feed for the 14-day period.
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