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Climate change increases the need to control range-extending species, which adversely impact their recipient ecosystem. Increasing populations
of resident predators may be effective to counter such range-extension, but only if they consume the novel invaders at sufficient rates. In
South-East Australia, poleward range-extending Longspined Sea Urchins (Centrostephanus rodgersii) are causing catastrophic ecological habitat
transition to extensive urchin barrens. Tasmanian native Southern Rock Lobster (Jasus edwardsii) is a potential predator that could control
further urchin expansion. Experimental feeding trials showed that range-extending Longspined Sea Urchins are the least preferred prey choice
for Southern Rock Lobsters (3.8% predation events), when compared to three local species: abalone, urchins, and snails (36.6, 32.6, and 27%).
Interestingly, habitat origin and naivete of lobsters to urchins affected urchin consumption with 85% being consumed by lobsters originating from
urchin barrens. Low predation rates on Longspined Sea Urchin suggest that resident lobsters are unlikely to control further barren expansion
unless a behavioural shift occurs. Results imply that potential control of Longspined Sea Urchins by Southern Rock Lobsters has previously been
overestimated. Additional control methods are needed to safeguard ecological communities and important commercial stocks from this climate
change-induced, range-extending pest species.
Keywords: naive predator, non-native prey, predator–prey, range shift, rock lobster, species redistribution, Tasmania, urchin barrens.

Introduction

Globally, climate change is causing shifts in species distri-
bution, with novel species in new areas damaging native
ecosystems, often with negative consequences for the human
livelihoods that depend upon them (Pecl et al., 2017; Pinsky
et al., 2020). An example is the Longspined Sea Urchin (Cen-
trostephanus rodgersii), extending its distributional range
poleward from the east coast of mainland Australia to Tas-
mania. The movement of these urchins into Tasmanian waters
dramatically threatens the marine ecosystem by transforming
large areas of biodiverse kelp forests into over-grazed, unpro-
ductive urchin barrens unsuitable to support up to 150 na-
tive species including commercially important species such as
the Southern Rock Lobster (Jasus edwardsii) and the Black-
lip Abalone (Haliotis rubra; Johnson et al., 2005; Ling, 2008).
Conversion of reef to barren on the east coast of Tasmania is
estimated to be increasing at a rate of ∼10.5% a year, (Ling
and Keane, 2018), it is critical that potential control measures
are identified and their efficacy assessed.

The destructive transformation from kelp forest to urchin
barrens by sea urchins is often attributed to a loss of their
natural predators [e.g. by over-fishing or disease (Sheppard-
Brennand et al., 2017; Burt et al., 2018)]. For example, in
their native coastal habitat in New South Wales (NSW),
Longspined Sea Urchins (C. rodgersii) are able to create and
maintain extensive barrens in areas of low population levels
of their natural predators. The Eastern Rock Lobster (Sag-
mariasus verreauxi) and Eastern Blue Grouper (Achoerodus
viridis) both prey on C. rodgersii in NSW, but overfishing of

these predatory species has allowed increased urchin barren
formation (Byrne and Andrew, 2013). However, in this case,
C. rodgersii have invaded Tasmanian waters due to ocean
warming, leaving many of their native sub-tropical predators
behind. An equivalent predator in Tasmania, the Southern
Rock Lobster (J. edwardsii), is known to be an opportunistic,
generalist predator, consuming a broad range of prey includ-
ing Shortspined Sea Urchins (Heliocidaris erythrogramma),
Blacklip Abalone (H. rubra), and other invertebrates as part
of their natural diet (Guest et al., 2009). J. edwardsii have
also been observed to consume the invasive Longspined Sea
Urchins (C. rodgersii; Ling et al., 2009a; Ling and Johnson,
2012), which has led to various studies considering lobster
predation in Tasmania and its potential to halt urchin in-
vasions (Johnson et al., 2005; Ling et al., 2009a). However,
recent research suggests that in the wild, the predicted rate
at which lobsters prey on Longspined Sea Urchins is insuffi-
cient to stem increasing urchin populations (Ling and Keane,
2021), yet the reasons for this discrepancy remain unclear. Day
et al. (2021) recently showed that Longspined Sea Urchins (C.
rodgersii) were not as popular as Shortspined Sea Urchins (H.
erythrogramma) in the diet of Eastern Rock Lobsters (S. ver-
reauxi) in NSW. This concept of prey preference leads into the
motivation for this study.

There is an evolutionary advantage for native preda-
tors to learn to prey on non-native prey species (Carlsson
et al., 2009), however, differences in the behaviour, size, and
sex of individual predators can lead to different responses
to novel, non-native species (Pintor and Byers, 2015). In
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Tasmania, South-East Australia, Southern Rock Lobsters have
been shown to have the capacity to prey on Longspined
Sea Urchins in the wild in caged experiments and wild diet
studies (Ling et al., 2009a; Redd et al., 2014), but how
different-sized lobsters from different habitats (e.g. extensive
urchin barren habitat vs. kelp-dominated reef) with varying
degrees of urchin-naivete (i.e. awareness of urchins in the
wild) will respond to the range-extending species is yet to be
investigated.

The abundance of Southern Rock Lobster on Tasmania’s
East Coast is currently extremely low due to overfishing (the
current stock is at a level between 8.5 and 16% of the unfished
biomass), and causing local Tasmanian government to imple-
ment population rebuilding strategies for both fishery stock
enhancement and increased predatory pressure on Longspined
Sea Urchins [see report: DPIPWE (2018)]. The rebuild objec-
tives provide rationale to assess predatory impact and preda-
tory efficacy of rock lobsters on range-extending Longspined
Sea Urchins in comparison to other local invertebrates. If we
are to rely on the Southern Rock Lobster to decrease the threat
of urchin barren formation, we must first understand its nat-
ural predation behaviour before we can estimate its effective-
ness in combating invasive urchins.

Here, using single- and multi-choice feeding experiments,
we assess the effectiveness of lobsters as a predatory control
of Longspined Sea Urchin in Tasmania and estimate the poten-
tial rate of urchin removal from the ecosystem. Specifically, we
examine (1) whether predatory Southern Rock Lobsters show
a preference for the range-extending Longspined Sea Urchins
in comparison to three local invertebrate prey species. (2) We
investigate whether predator size plays a role in the rate of pre-
dation of different prey species, with larger lobsters expected
to prey on Longspined Sea Urchins and local prey species more
frequently than smaller lobsters as they are better able to phys-
ically "handle" the urchin’s wider spine canopy (Andrew and
MacDiarmid, 1991; Pederson and Johnson, 2006; Ling et al.,
2009a). (3) Finally, we hypothesize that habitat, and there-
fore urchin-naivete, influences the likelihood of resident lob-
sters predating on Longspined Sea Urchins, with lobsters from
urchin barrens expected to be more accustomed to prey on
Longspined Sea Urchins.

Methods

In situ observations of predation are limited by time availabil-
ity for underwater observations of natural events, and become
increasing challenging when the behaviour of both predator
and prey is nocturnal. In order to accurately quantify prey-
preference and rate of consumption, we conducted tank-based
experiments at the Institute for Marine and Antarctic Studies
(IMAS) Taroona laboratory.

Experimental design

Captive feeding experiments were designed to test differences
in feeding rate with regards to four factors: “prey species”
(four levels), “lobster size class” (three levels), “lobster habi-
tat” (two levels), and “trial type” (two levels). Initial exper-
imental trial design was based on Dumas et al. (2013) and
modified for species and factors of interest in Tasmania. Repli-
cate lobsters were taken across sizes (10 per size class) and
habitat (total 30 per habitat).

Sample size

To ensure enough replicates for statistical significance, we con-
ducted a power analysis [sample size of six, to reach 86%
power at p = 0.05 error, using effect size of 0.8 from Dumas
et al. (2013)]. To further increase confidence we rounded up
to 10 replicates per size class, per site.

Lobsters were split into three size classes: small [carapace
length (CL) < 110 mm], medium (CL 110–140 mm), and
large (CL > 140 mm). This was to represent likely important
Longspined Sea Urchin predators (large; Ling et al., 2009a);
lobsters accessible to the fishery but less effective predators
(medium); and those not accessible to the fishery (legally un-
dersize) and assumed less effective predators of Longspined
Sea Urchins (small). We aimed for a 50:50 ratio of both sexes,
but this was not always achieved within a size class—it was
particularly difficult to obtain sufficient large females at the
time of collection. However, post-experimental analysis con-
firmed sex did not influence likelihood of predation events (see
results).

Lobster collection and sites

A total of 42 lobsters were collected during two potting events
in the Elephant Rock Research Reserve (St Helens, North-East
Tasmania) during December 2020 and the Crayfish Point Re-
search Reserve (Taroona, South-East Tasmania) during Jan-
uary 2021. Potting was conducted by methods similar to Redd
et al. (2014). Additional lobsters (n = 18) were collected by
SCUBA divers around the same time to complete size class
requirements. An interrupted trial meant one lobster was re-
moved from analysis. Elephant Rock is an extensive urchin
barren, which has been completely grazed by Longspined Sea
Urchins such that no kelp is present, hence in this study, lob-
sters from “urchin barren”habitat represent lobsters that have
been exposed to Longspined Sea Urchins in the wild for sev-
eral decades. Crayfish Point is an ungrazed, rocky reef habi-
tat, with no C. rodgersii, hence in this study, lobsters from
“kelp habitat” represent lobsters totally naive to Longspined
Sea Urchins. Both sites are scientific no-take research areas.

Tank setup

Lobsters were transported in damp hessian sacks to semi-
outdoor, flow-through tanks with untreated sea water in
aquaria facilities at IMAS Taroona, with each individual put
into its own tank covered by mesh to prevent escape. Large
lobsters were kept in 212-l tanks (40 cm × 82 cm diameter),
while small and medium lobster were held in 78-l tanks (38 ×
32 × 64 cm2). All tanks had concrete floor and plastic walls,
no shelter was provided for lobsters or prey. Although all prey
species were able to climb the walls of the tanks, the water
level and mesh ensured they were always within reach of the
lobsters. Following expert advice and pilot trial result, lobsters
were acclimated in their trial tank for 4 d before beginning
feeding trials. Pilot acclimation trials were run in the weeks
preceding with an individual subjected to the same collection
and transportation process. Video recording was used to as-
sess when the new arrival first started feeding (< 48 h after
arrival).

Prey collection

Longspined Sea Urchins (C. rodgersii), and local invertebrates:
Shortspined Sea Urchins (H. erythrogramma), Wavy Periwin-
kles (Lunella undulata) and Blacklip Abalone (H. rubra) were
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collected on SCUBA from local reef sites on the Tasman Penin-
sula when required for trials. We chose prey species, which
matched the described diet of J. edwardsii (Edmunds, 1996),
and which have commercial importance for fisheries in Tasma-
nia. Prey were collected from both incipient barrens (where C.
rodgersii exist but have not yet formed extensive barrens) and
reef to avoid differences in prey preference associated with
habitat-specific prey quality (Eurich et al., 2014). Prey were
collected across a range of sizes (see Supplementary file 1) to
satisfy lobster:urchin size ratio limits, described in Ling et al.
(2009a), to ensure variation in the size of individual prey did
not impact its vulnerability to predation by lobsters. Prey were
kept in holding tanks prior to being introduced to lobsters dur-
ing feeding trials.

Throughout this paper, we use common names for these
urchin species to emphasise the morphological differences be-
tween Longspined Sea Urchins (C. rodgersii) and Shortspined
Sea Urchins (H. erythrogramma), which are critical to the ob-
jectives of the study.

Trials

Two types of feeding trials were used:

(1) No Choice trials—lobsters offered only one prey species
throughout the trial to determine rate of consumption
when no other species are available.

(2) Choice trials—lobsters offered all four prey species si-
multaneously to determine rates of consumption when
other prey options are available.

Feeding trials were conducted over a 5-week schedule. Ev-
ery lobster completed four No Choice trials (one for each prey
type) and one Choice trial. These trials happened in a ran-
dom order for each individual lobster, constrained by field-
work opportunities to collect more prey. A post-experiment
test of randomness confirmed no effect of previous trial species
on feeding rate in subsequent trial (p = 0.07, df = 3258, and
F = 2.3647, see Supplementary file 2). All trials took place
between December 2020 and April 2021.

Trials ran over four consecutive days, with a 3-d starvation
period prior to and between each trial. On the first day of the
trial period, prey items were measured, counted, and weighed,
with the size of prey items given dependent on the size class
of each lobster and number of prey dependant on the prey
size. Prey animals would always be supplied in excess of one
and would fill approximately 20% of tank area to control for
"chance of discovery" (Dumas et al., 2013).

During subsequent trial days, lobsters would be checked
once in the morning and once in the evening to avoid excessive
disturbance, but allow for relatively constant replacement of
consumed prey items. For any prey items that had been killed,
remains would be removed from the tank, weighed, measured,
and discarded. Anything consumed was replaced with a sim-
ilar sized individual of the same species. On the final day of
the trial, surviving prey items would be removed from lobster
tanks, counted, and weighed. Lobsters would then enter the
3-d starvation period before the next trial.

Data analysis and statistical methods

In total, two approaches were taken for data analysis to ad-
dress specific questions of interest. First, we followed the pro-
tocol outlined by Fletcher et al. (2005), splitting the results
into binomial presence–absence of predation events (Figure 1

and Table 1), which allowed calculation of factors influencing
the likelihood of a predation event occurring. Second, to de-
termine the likelihood of a predation event and the presence
of any preferences towards prey species, we applied a multi-
nomial modelling approach described by Venables and Ripley
(2002), which included the number of predation events as an
additional factor (Table 2).

All analysis was executed in R (R Core Team, 2021) and
RMarkdown file is available in the supplementary files. A gen-
eralized linear mixed effect model (GLMER) was fit as follows
using the “lme4” package (Bates et al., 2015): glmer(formula
= Eaten ∼ Trial Species ∗ Habitat + Trial Type + (1 | Lob-
ster ID) + (1 | Trial Week), family = binomial). Lobster ID
and trial week were included as random effects in the model
to account for inherent differences in lobster behaviour and
as randomised trial order was not controlled. Lobster habitat,
trial species, and trial type were included as categorical fixed
effects. Lobster size class, sex, and all factor interactions ex-
cept species∗habitat were removed from the model following
model parsimony improvement using the dropterm function
in package “MASSextra” (Venables, 2021). Post hoc t-tests
were used to visualize comparisons between levels within fac-
tors (Table 1).

Results

We conducted 295 feeding trials with 59 lobsters over 5
months and found that Longspined Sea Urchins were the least
preferred prey by Southern Rock Lobsters, relative to three lo-
cal prey species.

Higher preference for local prey

A total of 29 lobsters from kelp habitat and 30 from urchin
barren habitat consumed 703 prey individuals, of which
36.6% were Blacklip Abalone, 32.6% were Shortspined Sea
Urchin, 27% were Wavy Periwinkle, and only 3.8% were
Longspined Sea Urchin.

Analysis of the presence–absence data showed a significant
effect of prey species, habitat, and trial type on the likeli-
hood of a predation event occurring (Table 1). Abalone was
the most popular prey of choice, followed by Shortspined Sea
Urchin then periwinkle, all of which were consumed nearly
an order of magnitude more frequently then Longspined Sea
Urchins (Figure 1 and Table 1). Predation events were signif-
icantly more common during No Choice trials compared to
Choice trials across all prey species (p < 0.001; Table 1). There
was no significant effect of lobster habitat overall, but preda-
tion events of Longspined Sea Urchins were significantly more
common in lobsters from urchin barren habitat than lobsters
from kelp habitat (Figure 1 and Table 1; p < 0.05). Sex and
size class did not explain likelihood of predation occurring.
Results show that predation events were primarily on local
species and not the Longspined Sea Urchin (Figure 1). A total
of 65% of predation events occurred at night, compared to
only 35% during the day.

In most cases, lobsters would catch abalone off the tank
wall and fully consume their soft body parts, leaving an intact
shell behind, occasionally chips were found around the edges
of the shell. Periwinkle shells were often left, mostly intact, but
with chips around the entrance and operculums were not con-
sumed. Shortspined Sea Urchin tests were found with a hole in
the position of the Aristotle’s lantern. Longspined Sea Urchin

hjauman
Sticky Note
None set by hjauman

hjauman
Sticky Note
MigrationNone set by hjauman

hjauman
Sticky Note
Unmarked set by hjauman



1356 J. E. Smith et al.

Figure 1. Number of total predation events for each prey type by all 59 Southern Rock Lobsters across all 295 experimental trials. Lobster habitat is
shown in colour: “Kelp Habitat” lobsters are naive to Longspined Sea Urchins, “Urchin Barren” lobsters are accustomed to Longspined Sea Urchins in
the wild. Significance bars show evidence of differences between prey species (horizontal) and between habitat (vertical) (p-values: ∗∗∗ < 0.001,
∗∗ < 0.01, and ∗ < 0.05) determined by GLMER in Table 1. Silhouettes indicate prey species [not to scale, Hawkey (2008); Kraeer and Van
Essen-Fishman (2008)].

Table 1. Generalized Linear Mixed Effect Model (GLMER) results on predation data (i.e. likelihood of predation event occurring). "Longspined" and "Short-
spined" refer to respective urchin species. Post hoc t-tests were used to visualize comparisons between levels within factors (linear hypotheses). Asterisks
indicate p-values values: ∗∗∗ < 0.001, ∗∗ < 0.01, and ∗ < 0.05.

GLMER (binomial) Estimate Std. Error z value Pr( > |z|) Interpretation
Linear hypotheses

Species:
Longspined—Abalone == 0 −4.5196 0.7041 −6.419 8.23E-10 ∗∗∗ Longspined < Ab
Shortspined—Abalone == 0 −0.4321 0.4626 −0.934 0.35 Shortspined = Ab
Periwinkle—Abalone == 0 −1.2595 0.4584 −2.747 0.018 ∗ Periwinkle < Ab
Shortspined—Longspined == 0 4.0875 0.6824 5.99 1.05E-08 ∗∗∗ Shortspined > Longspined
Periwinkle—Longspined == 0 3.2601 0.6559 4.97 2.67E-06 ∗∗∗ Periwinkle > Longspined
Periwinkle—Shortspined == 0 −0.8274 0.4398 −1.881 0.12 Periwinkle = Shortspined
Trial type:
Choice—No Choice == 0 −0.9213 0.2579 −3.572 0.000354 ∗∗∗ Choice < No Choice
Habitat:
Longspined:Barren 1.825276 0.821324 2.222358 0.026259 ∗ Longspined Sea Urchin predations

were more often by barren
lobsters

test remains were often in multiple pieces as if the lobster had
to crack them open.

Average number of prey consumed per day

During No Choice trials, lobsters consumed the local prey
species at a far greater rate than the range-extending
Longspined Sea Urchin. However, when given a choice of
prey, barren lobsters showed a slight trend in preference for
the local prey options (Figure 2, dark bars), with abalone the
prey of choice, followed by Shortspined Sea Urchin and finally

periwinkle. This difference in local prey species consumption
rates was not significant in either trial type and the interaction
was removed from the model (see Table 1).

The maximum consumption rate of Longspined Sea
Urchins seen in our trials was by lobsters collected from urchin
barrens during No Choice trials, where urchins were con-
sumed at a rate of 0.175 (± SE 0.12) per day (Figure 2),
which translates to approximately 64 (± SE 44) Longspined
Sea Urchins per year per lobster (this is an extrapolation of
multiplying by 365). Comparatively, only nine Longspined
Sea Urchins per year would be predated on by barren
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Table 2. A multinomial model was fitted to the count data. This table gives estimated probabilities of predation events of each prey species for lobsters
in each habitat, size class, and trial type based on our trials.

No Choice trials Choice trials
Habitat Size class Abalone Longspined Shortspined Periwinkle Abalone Longspined Shortspined Periwinkle

Sea Urchin Sea Urchin Sea Urchin Sea Urchin

Kelp Habitat Large 0.12 0.02 0.4 0.46 0.19 0 0.45 0.35
Medium 0.23 0.02 0.32 0.44 0.34 0 0.34 0.31

Small 0.5 0.01 0.28 0.21 0.62 0 0.25 0.13
Urchin Barren Large 0.22 0.1 0.39 0.28 0.34 0.03 0.43 0.21

Medium 0.38 0.09 0.28 0.24 0.53 0.02 0.29 0.16
Small 0.65 0.06 0.2 0.09 0.77 0.01 0.17 0.05

Figure 2. Average number of total predation events per lobster per day during experimental trials for each prey type, in No Choice Trials and Choice
Trials. Lobster habitat is shown in colour: “Kelp Habitat” lobsters are naive to Longspined Sea Urchins, “Urchin Barren” lobsters are accustomed to
Longspined Sea Urchins in the wild. Bars represent standard error.

lobsters when given a choice of other prey, representing a 90%
decrease in Longspined Sea Urchin predation events when
lobsters have alternative prey options (Figure 2). In reef lob-
sters naive to Longspined Sea Urchins, only 14 Longspined
Sea Urchins would be predated per lobster per year dur-
ing No Choice situations—an 85% decrease in predation
events compared to barren lobsters, and only four urchins
would be consumed per year by a reef lobster with a choice
of prey.

Comparatively, barren lobsters during No Choice trials ate
abalone at a rate of 0.69 (± SE 0.24) per day (Figure 2). At this
rate, approximately 252 (± SE 87) abalone would be predated
upon per year per lobster. During Choice trials, however, this
reduces to 198 (± SE 80) abalone per year. In reef lobsters,
the rate during Choice trials was 144 (± SE 58) abalone per
lobster per year.

Shortspined Sea Urchin predation rates were very similar
across lobsters from both habitats during Choice Trials: reef
lobsters ate Shortspined Sea Urchins at a rate of 0.34 (± SE
0.14) per day and barren lobsters at 0.34 (± SE 0.17) per day.
For periwinkles during Choice Trials, reef lobsters ate at a rate
of 0.29 (± SE 0.2) per day and barren lobsters at 0.13 (±
SE 0.09) per day. Data on predation rates can be found in
Supplementary file 3.

Probability of lobster predation on different prey
species

A multinomial model was fitted according to Venables and
Ripley (2002) to calculate the expected predation values ac-
cording to the raw count data (Table 2). Results are similar
to the binomial fit (Table 1), in that the three native species
are predated on at substantially higher rates compared to
Longspined Sea Urchins across all groupings of lobsters. Lob-
ster size had the greatest effect on prey species consumption,
with trial type and habitat having a minor effect on the prob-
ability of prey species being consumed (Table 2). Smaller lob-
sters were more likely to eat abalone than medium or larger
lobsters, while the inverse was observed for periwinkles. There
was a fivefold increase in the probability of a lobster from a
barren consuming Longspined Sea Urchins compared to lob-
sters from kelp habitat. Small lobsters from barrens were half
as likely to consume Longspined Sea Urchins than medium or
large lobsters (Table 2).

Centrostephanus-specific predation events

A total of 27 Longspined Sea Urchin predation events were
recorded during all 295 trials (Figure 3). Of those 27 events,
85% of the Longspined Sea Urchins were consumed by
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Figure 3. All Longspined Sea Urchin predation events observed in this study (27 observations). Size of urchin and size of lobster are shown on y- and
x-axes, respectively. Lobster habitat is shown in colour: “Kelp Habitat” lobsters are naive to Longspined Sea Urchins, “Urchin Barren” lobsters are
accustomed to Longspined Sea Urchins in the wild. Black solid line shows linear regression of this data. Red dashed line shows previous study
lobster:urchin theoretical physical limit of predation (Ling et al., 2009a). Blue dashed line shows 60% of this limit defined previously as the upper limit of
observed predation events in situ (Ling et al., 2009a).

lobsters from barren habitat compared to only 15% by reef
lobsters. Furthermore, 91% of those urchins killed by bar-
ren lobsters were predated during No Choice trials. Our ob-
servations fitted well within theoretical physical limits de-
fined by Ling et al. (2009a), and follow a similar trend of
larger lobsters eating larger urchins (Figure 3). It must be
noted that all lobsters were offered urchins and other prey
within these physical limits (red line) so as to not reduce
the chance of predation by limited accessibility. We found
that small lobsters (CL < 110 mm) can and do prey on
small Longspined Sea Urchins in aquaria. We understand that
we observed the smallest lobster (99 mm CL) predation of
Longspined Sea Urchin (40 mm test diameter) on record, with
the previous smallest lobster being 110 mm CL (Ling et al.,
2009b).

Individual lobsters

Only 14 of 59 lobsters were responsible for the 27 Longspined
Sea Urchin predation events across all trials. Predation events
were recorded for 33% of barren lobsters and 14% of reef
lobsters. A total of five large lobsters were responsible for
half (n = 14) of all predation events, while six medium lob-
sters and three small lobsters accounted for the remaining nine
and four predation events, respectively. In 63% of the trials
in which a lobster predated on Longspined Sea Urchins (n =
16), only one urchin was eaten, in 25% two were eaten. Only
two lobsters ate more than two Longspined Sea Urchins, both
were large barren lobsters in No Choice trials—one ate four
urchins and one ate five. Only 7% of barren lobsters predated
on Longspined Sea Urchins during Choice trials, compared to
one reef lobster out of 29 (3%). Comparatively, for local prey
species: 87% of all barren lobsters ate abalone, 66% ate Short-
spined Sea Urchin, and 47% ate periwinkle. For reef lobsters
90% ate abalone, 86% ate Shortspined Sea Urchin, and 66%
ate periwinkle.

Discussion

Southern Rock Lobsters are known to be opportunistic, gen-
eralist predators but little work has been done to quantify
their diet proportions. Guest et al. (2009) found that urchins,
periwinkles, and ascidians accounted for much of their diet
along with other invertebrates, but that importance of food
items varied spatially. In this study, we advance the knowl-
edge on the prey preference of spiny lobsters on commercial
species of interest in South-East Australia and address their
importance as a predator of invasive Longspined Sea Urchins.
Our laboratory-based prey preference experiments demon-
strate that the range-extending Longspined Sea Urchins are
not the prey of choice for Tasmanian Southern Rock Lob-
sters. Predation rates on local prey species were much higher
for all sizes of lobster from both habitats during Choice and
No Choice trials. Predation of Longspined Sea Urchin by lob-
sters from kelp habitat where Longspined Sea Urchins are
not present was negligible, suggesting a potential effect of
naivete in these lobsters. Therefore, despite the assumption
that large lobsters are the primary predators of Longspined
Sea Urchins (Ling et al., 2009a), control of urchins by re-
building local lobster populations in reef environments is un-
likely to stop the formation of new urchin barrens and other
control methods will be required. Further to this, lobsters
prey on local species at substantially higher rates and as lob-
ster biomass increases, decreases in abundance of these na-
tive species is expected before an impact on Longspined Sea
Urchin populations is observed. A slight trend in preference
during the Choice trials was seen, where lobsters appear to
prey on abalone at a higher rate than other species when of-
fered a choice of all the prey species. On healthy reefs with
greater prey options, increased lobster densities could, there-
fore, prove more of a threat to local invertebrate species,
such as the abalone and Shortspined Sea Urchin, than an ef-
fective control of the Longspined Sea Urchin (Barrett et al.,
2009).
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Low predation rates on novel, range-extending species
in the wild may arise due to a lack of prey familiarity,
with native predators required first to recognize novel prey
and then to learn “how to handle” the novel food sources
(Carlsson et al., 2009). This naivete and lack of “handling
skills” may explain why lobsters in our trials preferred lo-
cal species over Longspined Sea Urchin [see Pintor and Byers
(2015)], and why the majority of observed Longspined Sea
Urchin predation events were by lobsters collected from an
established (multidecadal) Longspined Sea Urchin barren, i.e.
lobsters that were accustomed to urchins in the wild. A to-
tal of two large barren lobsters in No Choice trials con-
sumed Longspined Sea Urchins at a higher rate than all
other lobsters (four and five urchins each during the trial pe-
riod), which could imply a learned behaviour in these par-
ticular individuals compared to others, which may be yet
to master the predatory “skills” required to consume the
Longspined Sea Urchins. Lobsters from kelp habitat, which
had never encountered Longspined Sea Urchins in the wild
were responsible for only four predation events, suggesting
lobsters have the ability to learn to prey on novel species,
but the timescale on which this behaviour is learned is un-
certain (Carlsson et al., 2009). Further to this, the predation
of Longspined Sea Urchins by lobsters from urchin barrens
were often only during No Choice trials, suggesting an “only
when desperate” or exploratory response. A recent study by
Day et al. (2021), however, found Eastern Rock Lobsters (S.
verreauxi) in New South Wales preferred Shortspined Sea
Urchins over Longspined Sea Urchins despite long-term ex-
posure to both species on local barrens, suggesting naivete
of Longspined Sea Urchins may not be solely responsible for
driving the preference for local prey species we found in this
study.

The Optimal Foraging Theory suggests that predators will
target prey with the most reward and least energetic cost
(Pyke, 2019). Optimal foraging may also limit the feeding ca-
pacity of Southern Rock Lobsters [and their eastern relatives
(Day et al., 2021)] on Longspined Sea Urchins, potentially ex-
plaining the observed preference in this study. Energetic gain
provided by an accessible Longspined Sea Urchin may not
be worth the energetic output needed to capture, handle, and
digest the individual urchins. Given their morphological dif-
ferences, handling of Longspined Sea Urchins is likely to be
more energetically expensive and less time efficient compared
to Shortspined Sea Urchins, thus increasing the risk of preda-
tion for the predator itself and ultimately decreasing the en-
ergetic worth of the urchin (Tegner and Levin, 1983; Selden
et al., 2017). Further, the energetic value gained through con-
sumption of a Longspined Sea Urchin could be less than that
of individuals of other species when compared to the energetic
demand of predation. Longspined Sea Urchins mature at a test
diameter of ∼40–60 mm (King et al., 1994), thus the lack of
nutritionally rich gonad in immature urchins may limit the at-
tractiveness of these smaller, more accessible individuals. Al-
ternatively, abalone, the most popular prey species in our tri-
als, may provide more nutritional and digestible content than
other species, may be more easily accessible, or both. Further
research into the nutritional energetics of these prey species
would allow the factors driving prey preferences in barren
and reef lobsters to be identified. Differences associated with
habitat-specific prey qualities, which have been previously ob-
served in spiny lobsters (Eurich et al., 2014), are unlikely to
be an important factor driving the prey preferences observed

in this study as all prey species were collected from similar
habitats.

Energetics and optimal foraging is likely to interact with
predator size and the accessibility of prey to predators. For
example, large lobsters are expected to predate at a higher
rate than smaller lobsters due to higher energetic demands and
enhanced predation ability (Andrew and MacDiarmid, 1991;
Pederson and Johnson, 2006). This held true for predation of
Longspined Sea Urchins, Shortspined Sea Urchins, and peri-
winkles, which was positively correlated with lobster size, but
in this study we found the opposite for abalone, which had a
higher predation rate in small lobsters. This unexpected result
may be due to differences in the accessibility (i.e. ease of pre-
dation) of each prey species across size classes. For example,
smaller periwinkles appear to have stronger shells relative to
larger periwinkles, which may make predation more energet-
ically expensive for smaller lobsters (J. Smith, pers. obs.). Fur-
ther, the abductor muscle in abalone that provides a means of
holding onto the substrate is much stronger in larger abalone,
and shell thickness of larger abalone is greater, thus the ener-
getics associated with extracting larger abalone from the sub-
strate are likely to be higher than for smaller abalone. This
could indicate a cost-benefit interaction between lobster size
and type of prey species.

Although we observed trends with lobster size and amount
of prey eaten, size class of lobster did not greatly affect the
likelihood of a consumption event occurring for any species in
our trials. Lack of competition in isolated experimental tanks
meant all lobsters had equal opportunity to predate; in the
wild, larger lobsters would likely out-compete smaller ones
during predatory conflict. Lobsters were also only provided
with prey of sizes they could physically attack (Andrew and
MacDiarmid, 1991; Ling et al., 2009a), ruling out the possi-
bility that prey animals were inaccessible to the lobsters due
to size or spine length. In the wild, it is likely that smaller
individuals of all prey species would be cryptic and less avail-
able to lobster predators, meaning smaller lobsters cannot find
as many accessible prey items as easily as the larger lobsters,
which are able to prey on larger, emergent animals (Ling et al.,
2009a). However, both Longspined Sea Urchins and Southern
Rock Lobsters are nocturnally active, which may provide a
window of opportunity for small lobsters to prey on small
urchins in the wild (Byrne and Andrew, 2013).

Despite being the least popular prey species, Longspined
Sea Urchins were predated on by all size classes of lobster.
Until now, it was thought that primarily large lobsters (CL >

140 mm) actively prey on emergent Longspined Sea Urchins,
with the presence of Longspined Sea Urchin in small lobster
faecal samples assumed to be acquired through scavenging of
other predation events (Redd et al., 2014). Biomass estimates
for lobster control in Tasmania exclude smaller predators for
this reason, but our results suggest lobsters of size 99–140 mm
can contribute to predation of Longspined Sea Urchins, albeit
at a lower rate. Lobsters of all size classes should, therefore,
be included in total biomass counts when assessing stock re-
building targets for urchin control.

Predatory control of Longspined Sea Urchin
barrens in Tasmania

Southern Rock Lobsters were first shown to be capable of
predating on Longspined Sea Urchins in the early 2000s,
and subsequently a long-term management plan to rebuild
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lobster numbers for urchin control and fisheries production
was established (Ling and Johnson, 2012; DPIPWE, 2018).
This management plan suggests that reduced fishing pres-
sure would allow lobster densities to recover, in turn in-
creasing urchin predation and limiting the habitat shift from
kelp habitat to overgrazed urchin barrens. Yet, a recent
study showed the rate of urchin barren expansion inside a
30-year-old marine reserve was the same as that on adjacent
unprotected reefs (Perkins et al., 2020), despite discrete and
unsanctioned urchin culling by recreational divers and com-
mercial operators within the reserve (J. Keane, pers. obs.).
Lobsters have, however, been shown to limit barren expan-
sion inside a closed-fishery area where urchin densities were
low and into which large lobsters were translocated to in-
crease predator density (Ling and Keane, 2021). While our re-
sults confirm that lobsters will and do prey on Longspined Sea
Urchins, predatory behaviour varies between lobster habitat
and size classes, and therefore, rebuilding predator numbers
may not be universally effective for minimizing urchin barren
expansion.

Rebuilding lobster density by reduced lobster fishing will
only be effective in halting urchin barren expansion if lobsters
actively prey on the Longspined Sea Urchins in non-barren
environments. Extrapolated estimates of lobster predation on
Longspined Sea Urchins in no-take, closed fishery sites (Ling
et al., 2009a; Johnson et al., 2013), suggests a rate of ∼43–
108 urchins killed a year per lobster (see Supplementary Table
S1). Although these extrapolations contain uncertainty, they
suggest that lobsters from urchin barrens, with no other prey
choice could consume Longspined Sea Urchins at a rate of
up to ∼64 (± SE 44) urchins a year, fitting within the previ-
ous calculated range (Ling et al., 2009a; Johnson et al., 2013;
Supplementary Table S1). However, we found a decrease of
90% in predation of these urchins by barren lobsters when
offered a choice of alternative prey species. Furthermore, our
results from reef lobsters show a much lower predation rate,
∼3 Longspined Sea Urchins per lobster per year. Wild pre-
dation rates are likely to be lower again as diversity of prey
choice increases. These results imply lobsters may be much
less effective at controlling urchins than previously thought,
which is in line with a recent study that found experimental
increases in lobster densities had no impact on urchin popula-
tions or barrens cover on extensive urchin barrens (Ling and
Keane, 2021).

To assess the potential for lobster control of urchin barrens
in the ecosystem, we extrapolated our predation rates further.
With Tasmanian east coast Southern Rock Lobster popula-
tions predicted to have reached 1066 tonnes by 2018 (com-
mercial legal size) and at an average weight of 1 kg per lobster,
we predict that there are approximately 1 million individual
lobsters capable of predating on urchins on the east coast of
Tasmania (DPIPWE, 2018). To stem the invasion of urchins
into kelp habitat, and therefore, reduce the spread of urchin
barrens, lobsters in reef environments would need to prey on
Longspined Sea Urchins at a sufficient rate. Based on the con-
sumption rate of Longspined Sea Urchins by reef lobsters dur-
ing Choice Trials in this study (0–3 Longspined Sea Urchins
lobster−1 year−1), we would expect a predator population size
of 1 million lobsters to consume Longspined Sea Urchins at
between 0 and 3 million individuals per year. Despite this pre-
dation potential, the current annual increase in populations of
emergent Longspined Sea Urchins in eastern Tasmania is pre-
dicted to be ∼0.5 million individuals (Ling and Keane, 2018).

Based on this, urchin recruitment may be up to 3.5 million
individuals year−1, or alternatively, both urchin recruitment
and lobster predation are substantially lower. Considering the
presence of other available prey choices, no enforced starva-
tion periods and the spatial/density distribution of predators
and prey in the wild, three Longspined Sea Urchins per lob-
ster per year is likely a substantial over-estimate and preda-
tion rates are actually closer to lower end of the 0–3 urchins
lobster−1 year−1 range. Therefore, we consider that the po-
tential control of Longspined Sea Urchins by Southern Rock
Lobster predation is overestimated in the literature.

The variation around our estimated predation potential im-
plies that predation trials in a captive environment did not
capture all factors impacting lobster predation on Longspined
Sea Urchins in the wild. Even in very densely populated ar-
eas, lobsters are not reducing Longspined Sea Urchin num-
bers as we would expect from these rates (Perkins et al., 2020;
Ling and Keane, 2021). These extrapolations do not consider
spatial arrangement and density of lobster populations. Fur-
ther, once Longspined Sea Urchins grow larger than lobsters
can physically handle [∼120 mm test diameter, Ling et al.
(2009a)]—they are no longer vulnerable to lobster predation.
Other nutritional sources (e.g. other available prey species),
density and spatial distribution of the lobsters and prey and
large size of emergent urchins could be influencing predation
impact and reducing the efficacy of lobsters as a control of
urchins in Tasmania.

Our findings highlight the need to reassess the current effec-
tiveness of Southern Rock Lobsters as a control mechanism of
Longspined Sea Urchins on the East Coast of Tasmania. Con-
sideration of alternate non-predatory methods, such as diver
harvesting/culling or chemical control (Ling and Keane, 2018;
Keane et al., 2019), is advised with rigorous assessment of
their feasibility. As rock lobster biomass continues to increase
under current harvest strategies, we can expect far greater im-
pact on the abundance of local, commercially important, prey
species than on Longspined Sea Urchins [see Johnson et al.
(2013); Ling and Keane (2018); and Ling and Keane (2021)].

Despite our general conclusions that Southern Rock Lob-
ster predation is unlikely to be an overall effective control
measure for the range-extending Longspined Sea Urchin, areas
with low abundance of native prey species and low density of
Longspined Sea Urchins may be susceptible to enough preda-
tory pressure for lobster control to be influential. In deeper
waters (> 25 m), low density of urchins are capable of forming
extensive barrens due to decreased productivity (kelp growth)
at this depth (Ling and Keane, 2018), while low abundances
of known important lobster prey items also occur. Lobster
population rebuilding strategies focusing on enhancing lobster
abundance in this depth range [e.g. by translocation; DPIPWE
(2018)] may be effective.

Experimental tank studies are primarily limited by the in-
fluence of captivity on animal behaviour (predator and prey),
and such behaviour may differ to behaviour in the wild. For
example, lack of shelter and interference between prey species
could account for behavioural abnormalities. Diet analysis in
wild lobsters, between sizes and habitat type and further stud-
ies on nutritional content and energetic demands during pre-
dation events would be sensible next steps for this research.

Species on the move are having ecological and societal con-
sequences worldwide and species redistributions are expected
to continue for the foreseeable future (Pecl et al., 2017). Here,
we have focused on the role of a local predator in controlling
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a novel, range-extending prey species. Human-driven declines
in local predatory populations (e.g. exploitation by fishing)
can increase invasion success of range-extending pest species
(Carlsson et al., 2009), but here, we show that native predators
will not always actively prey upon a novel range-extending
species. This is especially true if the predator is completely
naive to the novel prey species, as is the case in non-invaded
areas. We have shown the importance of investigating the
effectiveness of native predatory control vs. other control
methods for range-extending pest species, with a particular
focus on the planning and management of commercially im-
portant marine environments.
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