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REVIEWER COMMENTS

Reviewer #1 (Remarks to the Author):

This is a very important paper with significance that extends well beyond SE Australia. 

Collapses of complex ecosystems often surprise managers and the scientists studying them. 

Ling and Keane effectively apply contemporary theories on ecosystem forecasting to 

document conditions leading to, and foretelling, the collapse of Tasmanian kelp forest 

ecosystems. The authors describe a trophic cascade, in which fisheries induced declines of 

large rock lobster predators and warming ocean temperatures facilitate the expansion of 

sea urchins that graze down kelp forests. The resulting "barren" state has low productivity, 

is species depauperate and has reduced commercial value. 

The Ling and Keane study illustrates well some of the warning signs of collapse for complex 

marine ecosystems. This is the first study I've seen that documents changes in in kelp-

deforested "barren" patches in both space and time. While our changing climate is 

unmanageable at decadal time scales, some of the human-induced changes to local marine 

food webs can be reversed relatively rapidly and thus prevent incipient barren patches from 

becoming sea urchin barren stable states. 

The authors describe a viable plan for identifying and reversing the kelp forest ecosystem 

from becoming a barren state. Sea urchin gonads (roe) are a highly valued food so 

harvesting sea urchins would be a practical solution. However, this is most viable where 

barren patches are surrounded by kelp which they define as "incipient barrens" (e.g., Fig. 

1C). The importance of taking management actions during this early warning phase is that 

once kelp forests are entirely overgrazed, sea urchins do not die but they reabsorb their 

gonads and thus lose their economic value for sea urchin harvesting. 

This study is relevant globally as kelp forests are declining world-wide (Filbee-Dexter and 

Scheibling 2014). Such declines often result from the loss of sea urchin predators (Steneck et 

al 2004, Norderhaug et al 2014). Ling and Keane suggest that fisheries management can 

improve kelp forest ecosystems and maintain a desirable stable state. There is evidence for 

this thesis in the Northern Hemisphere where the combination of sea urchin harvesting and 



invertebrate predators released from fishing pressure maintained the preferred kelp forest 

alternative stable state (Steneck et al 2013). 

The authors point out that warming seas not only improve conditions for sea urchin larvae, 

but also facilitate changes in the species composition of algal communities. This too has 

been observed globally with species of foliose macroalgae replacing kelp species. This 

creates ecosystems with greater carrying capacity and ecosystem services than the crustose 

coralline dominated "sea urchin barren" state. 

Readers should understand that the authors do not think the climate-driven aspect of this 

paper can be managed directly. This study is on the indirect effects of climate change. So, it 

differs from the well documented decline of coral reefs following acute warming events. 

There is no way to manage or mitigate ocean warming impacts on coral reefs. However, kelp 

forest ecosystems are different because it is possible to identify "incipient states" of change 

for management actions to be applied at an ecosystem scale with relatively rapid results. 

Literature cited 

Filbee-Dexter, K. and Scheibling, R.E., 2014. Sea urchin barrens as alternative stable states of 

collapsed kelp ecosystems. Marine ecology progress series, 495, pp.1-25. 

Norderhaug, K.M., Christie, H., Pedersen, M.F. and Fredriksen, S., 2014. Predators of the 

destructive sea urchin Strongylocentrotus droebachiensis on the Norwegian coast. Marine 

Ecology Progress Series, 502, pp.207-218. 

Steneck, R.S., Graham, M.H., Bourque, B.J., Corbett, D., Erlandson, J.M., Estes, J.A. and 

Tegner, M.J., 2002. Kelp forest ecosystems: biodiversity, stability, resilience and future. 

Environmental conservation, 29(4), pp.436-459. 

Steneck, R.S., Leland, A., McNaught, D.C. and Vavrinec, J., 2013. Ecosystem flips, locks, and 

feedbacks: the lasting effects of fisheries on Maine's kelp forest ecosystem. Bulletin of 

Marine Science, 89(1), pp.31-55. 



Reviewer #2 (Remarks to the Author):

This is well-written and interesting manuscript that explores the poleward extension of a 

sea urchin grazer and resulting incipient barrens as an early warning sign of climate change-

driven ecosystem collapse. I found the manuscript technically sound and the results 

compelling, although I provide a few considerations for the authors below. Overall, I believe 

this research will be of interest to the field, but its broader significance may be limited only 

in the sense that urchin barrens are well-documented as a driver of ecosystem collapse, and 

they have been repeatedly linked to climate change-driven perturbations such as marine 

heatwaves, declines in macroalgae, and loss of predators. However, it is particularly 

interesting that the incipient barrens described in this study are the result of the range 

extension of a dominant reef grazer. My main comments are therefore to consider the 

generality of incipient barrens as early warning signs and whether the warning is specific to 

the extension of a grazer into novel habitats. I provide several thoughts on this below. 

Major comments: 

-The ms suggests that incipient barrens have the potential to deforest half of eastern 

Tasmanian reefs (like 182) within coming decades. While this is certainly a possibility, sea 

urchin barrens have been documented around the world at the spatial magnitude of meters 

to hundreds of kilometers (reviewed in Filbee-Dexter and Scheibling 2014). Some persist for 

only a season and others have persisted for many decades. In my opinion, understanding 

the environmental and ecological contexts that explain the likelihood of incipient barrens 

persisting and expanding is the fundamental link needed to explain when and why incipient 

barrens are an early warning sign. 

-It is interesting that in this system ecosystem collapse was due to the poleward expansion 

of a particular grazer species (C. rodgersii) into novel habitat. Perhaps the early warning sign 

is not just the emergence of incipient barrens, but specifically incipient barrens formed by a 

particular species in novel habitat. If this is correct, please emphasize this in the manuscript. 

It is not just range extensions or redistribution of grazers with specific thermal affinities, but 

barrens have been documented globally and attributed to native grazers as well. The 

authors mention the inclusion of the native sea urchin as a covariate, but if it is indeed the 



case that these barrens are driven by the extension of C. rodgersii and not the native 

species, then this should be emphasized. This could be supported with the addition of 

density of the native species in Figure 2C or as a supplementary figure. 

-Unless I am missing something, why not consider the total absolute density of both the 

native urchin and also C. rodgersii? It looks like they are treated independent in Table SI5. It 

would be interesting to see a plot of the baseline and temporal densities of both species 

over time. 

Line 122 – I recommend removing ‘resistance and resilience’ unless the authors provide 

some specific definitions for these terms as context, along with carefully defined statistical 

tests. Briefly, I interpret resistance and resilience as ecosystem-level responses where 

resistance is the capacity of a system to maintain community structure (or functioning, 

depending on goals) despite a perturbation, and resilience is both resistance to- and 

recovery from-perturbation (sensu Bates et al. 2019). Perhaps there is a different 

interpretation in this system, but please provide clear definitions of these terms if they are 

retained. 

The ms uses the terms ‘phase-shift’ and ‘stable state’ in a few different places. It seems that 

‘phase-shift’ is used to describe the changes here, which I think is correct, but as a reader it 

would be helpful to see this defined. Dudgeon et al. 2010 define a stable state as a novel 

configuration that persists after the environmental conditions return to what they were 

before a perturbation, which is not the same of a phase shift. I think the terms are used 

correctly here, but line 109 uses “phase shift” and 115 uses “alternative states.” 

Perhaps I missed this, but I don’t see how the critical ‘tipping points’ were derived other 

than an approximation from Figure 2C. I looked up reference 17 but I don’t see a mention of 

the tipping points included here. The authors have the data to quantitatively derive these 

tipping points. The way I have seen this done (and recommend) is that a discriminant 

analysis is first used to assign each replicate (quadrat or site) a binary value (1 = barren, 0 = 

forest) based on several predictors (substrate type, algal cover, depth, etc.) and this 

becomes the response for a logistic regression. The logistic regression is then performed 



using urchin density as the predictor and the tipping point thresholds are the density values 

at which it becomes likely (50%, 80%, 95%, whatever probability you choose) that the 

system with shift to barren or return to forest. The challenge with the recovery arrow is it 

depends on replicates where barrens were observed transitioning to forests. Without that, 

it is just a single tipping point based on correlative observations between kelp density and 

urchin density. Please consider this type of a model to identify the tipping points and 

whether there are sufficient ‘reverse-shift’ replicates to identify the reverse-shift threshold. 

Minor comments: 

I am curious about kelp cover over time. Without a plot of the time series of kelp cover it is 

difficult to assess whether increases in urchin density proceed kelp loss or just amplify 

macroalgae declines that are the result of already poor environmental conditions. I am not 

sure whether these data are available since the study used two discrete time periods, but in 

order to really attribute barren expansion as a driver of kelp loss (which completely makes 

sense), it requires a temporal component. Otherwise it is correlative and kelp loss could 

have preceded increases in urchin density, or led to emergence from refuge. 

Line 69-72 – this is really interesting that C. rodgersii are so prevalent! 

Line 77 – do lobsters prey on C. rodgersii specifically, or would this be a novel species 

interaction? 

Line 127 – It is not just the effect of absolute abundance but also change in grazer behavior. 

Some highly forested areas can maintain high densities of cryptic passively-grazing sea 

urchins, so it is the behavioral emergence from refuge resulting from resource availability 

(decline in macroalgae due to warming) that can feedback to influence declines (Smith & 

Tinker 2022, Karatayev et al. 2021). In Figure 2A it looks like the mid latitude sites had 

historically high densities relative to the north and south (with the exception of St. Helens) 

and also the relatively highest densities after 2016. Were these deep sites with large 

boulders? It looks here that the pattern is the same, just amplified. I.e., sites with historically 

high densities of urchins continued to have the relatively highest densities. 



Lines 140-142 – the difference in slopes seems to be heavily influenced by two or three 

quadrats in the 01/02 period with high kelp cover despite high urchin densities (blue points, 

Figure 2C), but there is clearly less kelp at lower urchin densities in the 2016/17 period. It 

would be worthwhile to at least compare the slopes after remove those two or three 

extreme quadrats. 

Line 289-129 – please parenthetically include the error associated with these means. 

Figures: 

Figure 1. Love this figure! However “Barrens patch size” is difficult to read. Please make the 

text black. 

Figure 2. In a) there was clearly an increase in the mean density between periods, but there 

was an even more pronounced increase in the range across replicate quadrats with a 

skewness towards a wider density range above the mean. This is an interesting result that 

could suggest underlying patch-level dynamics. In a and b) please increase the transparency 

of the filled area and show the datapoints. c) the reverse shift arrow is difficult to see. 

Please change the color or make it darker. Also, I know that the tipping point arrows are 

approximate, but where these approximated by visual inspection or using a quantitative 

approach? Unless I am missing something, I don’t see how the 2.2 and 0.36 thresholds were 

determined. Please see my comment about the discriminant analysis and consider whether 

the recovery arrow is appropriate depending on the number of replicates where true 

recovery was observed. If recovery was not observed, then hysteresis is speculative and the 

relationship between kelp cover and urchin density should be represented by a single line or 

curve (single tipping point for forward and reverse shifts). 

Figure 3. Please add the datapoints and make the filled area more transparent so that we 

can see them. I would reorder from bottom to top: flat rock, small boulders, large boulders. 

Figure 4. Please add text indicating the patch size to each facet to remind us the extent of 



‘small’ ‘medium’ and ‘large’. 
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Reviewer #3 (Remarks to the Author):

Summary: 

Shifting environmental conditions are redistributing species across the globe. This study 

focuses on a range expansion of a sea urchin native to Australia to kelp forests off the coast 

of eastern Tasmania. Replicate surveys conducted across 13 sites and 15 years apart are 

described. These include diver surveys of urchin, lobster, and abalone abundance, and 

percent cover of substrate, including barren. Additionally, the authors conducted similar 

video surveys of planar cover of total urchin barrens and of different barren sizes in order to 

show the evolution of small incipient barrens (a starting condition) to large and continuous 

barrens that represent a state shift in the system. The authors found that incipient barrens 

increased through time, especially in northeastern and eastern Tasmania (southeastern 



Tasmania showed few urchins and barrens). The authors also showed how increases in the 

abundance in urchins was associated with disproportionally increased barren area. Deeper 

areas of reef with large boulders were associated with greater urchin abundance and there 

were negative associations between urchin abundance and the predatory lobster. The 

authors conclude with a discussion of using these early warning signals to initiate further 

research, partnerships, and ecosystem defense strategies. 

General comments: 

Overall, I thought this was a well written and timely study worthy of publication. The two 

most important results from the study, in my opinion, are the data showing the temporal 

progression of urchin abundance and barren cover/size across space and the clear change in 

slope between barren area and urchin density between the two time points, implying a non-

linear relationship. I did have some comments on how to improve the manuscript and 

reproducibility. 

First, I have some trouble with the authors stating that barren cover may increase to 50% by 

2029. I understand that this is an extrapolation on the measured barren expansion rate 

between the two survey dates. I also feel that the authors intuition is likely correct, 

especially considering that there are multiple stressors that are all trending towards a more 

hostile environment for kelp. However, I am not sure the data support this conclusion when 

viewed in a different way. First, we start with looking at sites 1 – 9, defined as eastern 

Tasmania by the authors. From the planar barren data in Supp Data 3, the site with a highest 

urchin barren area in the 2001-2002 surveys (Site 2; St Helens) had a mean urchin barren 

area of ~23%. In the later surveys in 2016-2017, it had a mean urchin barren area of ~42.5%, 

representing an increase of just under 20% in 15 years. All of the other sites had vastly lower 

barren areas in the 2001-2002 surveys, and sites 1, 3, 4, 8, and 9 all has less than 10% barren 

area in the 2016-2017 surveys (with site 5 having just over 10% and site 6 and 7 having 

about 17.5%). It could be that there are non-linearities in the rate of barren expansion that 

are not being considered when observing the early stages of barren formation (i.e., is there 

a greater rate of barren expansion when moving from 0% to 10% than from 20% to 50%) at 

sites using only two time points. While I personally believe the authors may be correct (due 



to both increases in urchin abundance and temperature in this system, along with personal 

experience observing urchin barrens in other areas of the world), I would caution the 

authors to word these statements carefully. Additionally, while the authors do state that 

eastern Tasmania only covers sites 1 – 9 (and not the southern sites 10 – 13 where little 

barren cover has been observed in the data presented), there is a chance that people will 

interpret these findings as the entire eastern coast of Tasmania. Another reason to be as 

clear as possible when stating these predictions in the manuscript. 

My other concern is with the data files that accompany the manuscript. I found a few 

discrepancies (or edits) that need to be addressed before publication. First, in Figure 2, n is 

defined as 1730 for the 2001-2002 surveys and 1727 for the 2016-2017 surveys, but the 

data file contains 1600 for both. I see the data files says (in the sheet name) that ‘no sand’ 

has been truncated. This may lead to the discrepancy and must be addressed. I found the 

stated statistics in the figure to be nearly identical. Second, using the planar urchin barren 

cover I found sites 1 – 9 to have 3.22% barren cover in the 2001-2002 surveys and 12.72% in 

the 2016-2017 surveys. Similar to what is stated in the paper but different (it may also lead 

to a slightly different rate of change for your extrapolation). Maybe I am looking at the 

wrong data, but others may do the same. Third, I was a bit confused on the proportion of 

barren sizes in the planar barren area data sheet. I think these data need more explanation 

in the manuscript so that readers can analyze these data correctly. These are the three that 

were most apparent in my analysis of the data and there may be others, so I think a careful 

reanalysis of the data provided is warranted. 

Specific comments: 

Define the abbreviation for New South Wales (NSW) in paragraph three of the introduction. 

Misspelling of ‘survey’ in the acknowledgments. 



Reviewer #4 (Remarks to the Author):

This paper shows an extensive amount of kelp and sea urchin data collected in Tasmania, 

comparing 2001/2002 and 2016/2017. The authors stress the current increases in urchin 

barren cover in warming coastal zones (poleward). Besides, they focus on the potential for 

early-warnings of a catastrophic shift towards complete urchin barrens, by monitoring 

incipient spatial patterns. 

As a theoretical ecologist, I’m not familiar with the field methods used, so I won’t be able to 

comment on these. I will focus on the link to the theory made by the authors, and the 

interpretation on the data in the context of alternative stable states and early warning. 

First of all, I’m impressed by the richness of the data. I’m not completely convinced of the 

entire line of reasoning, and the support by the data. I would like to share my thoughts on 

this, and some suggestions below. 

Firstly, I miss a discussion on the scale of the theoretical dynamics and the data. Are the 

observed patterns assumed to be stable, or unstable transient states where small incipient 

patches with high numbers of urchins slowly expand into the kelp? In the last case, is the 

early warning not actually the start of the (maybe slow) collapse? Or in the first case, how 

catastrophic is the collapse then? A reference is made to Rietkerk et al, but any discussion 

on the scale of the described feedbacks, the scale of the tipping points, and the scale of the 

data is lacking. 

One of the first points made in the paper, is that the kelp-sea urchin system has alternative 

stable states, and shows catastrophic shifts at a certain level of urchin cover. This data 

seems to support this, although it is not completely clear to me at what scale (see first 

point) (if I understand correctly 50m). To illustrate the hypothesized existence of alternative 

stable states, it would be insightful to illustrate the frequency distribution vertically next to 

Fig. 2c, to show bimodality in the data. 

The authors draw two arrows in Figure 2c indicating tipping points. I understand that these 

levels are based on earlier research, but since they have no relation to the data studied 

itself, the drawn trajectories give the reader a bit of a false idea of a directional change. I 

would suggest to draw actual observed trajectories by drawing arrows for each of the sites 

between the two observation periods. 

It is unclear to me how Figure 3 relates to the main point of the paper. Maybe I miss 

something, and could it just be stressed a bit more. 



How the data is presented at the moment, I don’t see that mapping patches and patch sizes 

would help for early warning. How do the patch sizes compare to urchin barren cover? Can 

results from Figure 2 and patch sizes as measured in Figure 4 be compared? Can actually 

urchin barren cover be used as an early warning sign, where simply the occurrence of 

patches is the first warning (so from 0 to >0% cover), or is there more information in the 

patch sizes measured? For instance, does cover stay the same, but patches become larger at 

sites where there are more urchins? This could easily be shown in a plot, and helps the 

reader to convince the usefulness of looking at patches and patch sizes in particular. 

Overall, I think the link between theory and data can be strengthened more to convince the 

reader. Also, the bridge to actual early warning signs (cover? patches?) needs some 

consideration. Furthermore, I think with some adaptions, it can become a rich paper, 

discussing an important question, whether (the increase of / occurrence of) incipient 

patches can be used as warning signs of systemic kelp collapse. 



REVIEWER COMMENTS 

Reviewer #1 (Remarks to the Author): 

4DEO EO 8 V<NY EILKNP8JP L8L<N WEPD OECJE?:8J:< PD8P <XP<J;O W<HH 9<YKJ; 3& "UOPN8HE8` $KHH8LO<O K=

:KILH<X <:KOYOP<IO KB<J OUNLNEO< I8J8C<NO 8J; PD< O:E<JROPO OPU;YEJC PD<I` -EJC 8J; ,<8J<

<><:RV<HY 8LLHY :KJP<ILKN8NY PD<KNE<O KJ <:KOYOP<I =KN<:8ORJC PK ;K:UI<JP :KJ;ERKJO H<8;EJC PK]
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k98NN<Jk OP8P< D8O HKW LNK;U:RVEPY] EO OL<:E<O ;<L8UL<N8P< 8J; D8O N<;U:<; :KII<N:E8H V8HU<`
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PDUO LN<V<JP EJ:ELE<JP 98NN<J L8P:D<O =NKI 9<:KIEJC O<8 UN:DEJ 98NN<J OP89H< OP8P<O`

4D< 8UPDKNO ;<O:NE9< 8 VE89H< LH8J =KN E;<JR=YEJC 8J; N<V<NOEJC PD< G<HL =KN<OP <:KOYOP<I =NKI
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omnph`

4D< 8UPDKNO LKEJP KUP PD8P W8NIEJC O<8O JKP KJHY EILNKV< :KJ;ERKJO =KN O<8 UN:DEJ H8NV8<] 9UP 8HOK

=8:EHEP8P< :D8JC<O EJ PD< OL<:E<O :KILKOERKJ K= 8HC8H :KIIUJER<O` 4DEO PKK D8O 9<<J K9O<NV<;
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9< I8J8C<; ;EN<:PHY` 4DEO OPU;Y EO KJ PD< EJ;EN<:P <><:PO K= :HEI8P< :D8JC<` 3K] EP ;E><NO =NKI PD< W<HH
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9<:8UO< EP EO LKOOE9H< PK E;<JR=Y kEJ:ELE<JP OP8P<Ok K= :D8JC< =KN I8J8C<I<JP 8:RKJO PK 9< 8LLHE<; 8P

8J <:KOYOP<I O:8H< WEPD N<H8RV<HY N8LE; N<OUHPO`

-EP<N8PUN< :EP<;



'EH9<<-%<XP<N] ,` 8J; 3:D<E9HEJC] 2`&`] omnq` 3<8 UN:DEJ 98NN<JO 8O 8HP<NJ8RV< OP89H< OP8P<O K=

:KHH8LO<; G<HL <:KOYOP<IO` .8NEJ< <:KHKCY LNKCN<OO O<NE<O] qvr] LL`n-or`

/KN;<ND8UC] ,`.`] $DNEOR<] )`] 1<;<NO<J] .`'̀ 8J; 'N<;NEGO<J] 3`] omnq` 1N<;8PKNO K= PD< ;<OPNU:RV<

O<8 UN:DEJ 3PNKJCYHK:<JPNKPUO ;NK<98:DE<JOEO KJ PD< /KNW<CE8J :K8OP` .8NEJ< &:KHKCY 1NKCN<OO

3<NE<O] rmo] LL`omt-onu`

3P<J<:G] 2`3`] (N8D8I] .`)`] #KUNMU<] #`+`] $KN9<S] %`] &NH8J;OKJ] +`.`] &OP<O] +`"` 8J; 4<CJ<N] .`+`]

ommo` ,<HL =KN<OP <:KOYOP<IO_ 9EK;EV<NOEPY] OP89EHEPY] N<OEHE<J:< 8J; =UPUN<` &JVENKJI<JP8H

:KJO<NV8RKJ] ovgqh] LL`qps-qrv`

3P<J<:G] 2`3`] -<H8J;] "`] .:/8UCDP] %`$` 8J; 68VNEJ<:] +`] omnp` &:KOYOP<I AELO] HK:GO] 8J; =<<;98:GO_

PD< H8ORJC <><:PO K= ?OD<NE<O KJ .8EJ<jO G<HL =KN<OP <:KOYOP<I` #UHH<RJ K= .8NEJ< 3:E<J:<] uvgnh]

LL`pn-rr`

Author reply:  

Reviewer #1 recognises the importance of this research and strongly endorses the 

manuscript. IK QE= @K9I M9O9DO9ME L> ;LJJ=KQP] we note that Reviewer #1 highlights that 

our manuscript focusses on IL;9I 9;RLKP QE9Q ;9K := Q9H=K QL O=<U;= QE= OFPH L> climate 

change. 7EFI= W= QEFKH FQ FP FJMLOQ9KQ QL 9;Q IL;9IIY] W= 9IPL QEFKH FQ FP ;OFR;9I QL Q9H= DIL:9I

9;RLKP to reduce emissions. In our revised version we have added text and a reference in the 

@K9I M9O9DO9ME QL =JME9PFP= the PYK=ODY :=QW==K DIL:9I 9K< IL;9I ;IFJ9Q= ;E9KD= 9;RLK.  

The second last sentence of the manuscript now reads: “'UOQE=OJLO=] it recognises the 

UOD=KQ K==< QL aILLH UMPQO=9Jb QL ;LJ:9Q QE= ;IFJ9Q=-challenges ahead] which will 

eventuate =V=K UK<=O P;=K9OFLP L> FJJ=<F9Q= =JFPPFLKP O=<U;RLKP DFV=K ;LJJFT=< DIL:9I

warming32. 

32 *1$$] sqsr_ 3UJJ9OY >LO 1LIF;YJ9H=OP` *K_ $IFJ9Q= $E9KD= sqsr_ 4E= 1EYPF;9I

3;F=K;= #9PFP` $LKQOF:UQFLK L> 7LOHFKD (OLUM * QL QE= 3FXQE "PP=PPJ=KQ 2=MLOQ L>

the Intergovernmental Panel on Climate Change [Masson-%=IJLQQ=] 6` 1`] =Q 9I`

g=<P`hi` $9J:OF<D= 5KFV=OPFQY 1O=PP] $9J:OF<D=] 5KFQ=< ,FKD<LJ 9K< /=W 8LOH] /8]

53"] MM` t~ts] <LF_rq`rqrxezxyrqqzrvxyzw`qqr`

Reviewer #2 (Remarks to the Author): 

4DEO EO W<HH-WNES<J 8J; EJP<N<ORJC I8JUO:NELP PD8P <XLHKN<O PD< LKH<W8N; <XP<JOEKJ K= 8 O<8 UN:DEJ

CN8Z<N 8J; N<OUHRJC EJ:ELE<JP 98NN<JO 8O 8J <8NHY W8NJEJC OECJ K= :HEI8P< :D8JC<-;NEV<J <:KOYOP<I

:KHH8LO<` * =KUJ; PD< I8JUO:NELP P<:DJE:8HHY OKUJ; 8J; PD< N<OUHPO :KIL<HHEJC] 8HPDKUCD * LNKVE;< 8

=<W :KJOE;<N8RKJO =KN PD< 8UPDKNO 9<HKW` 0V<N8HH] * 9<HE<V< PDEO N<O<8N:D WEHH 9< K= EJP<N<OP PK PD<

?<H;] 9UP EPO 9NK8;<N OECJE?:8J:< I8Y 9< HEIEP<; KJHY EJ PD< O<JO< PD8P UN:DEJ 98NN<JO 8N< W<HH-

;K:UI<JP<; 8O 8 ;NEV<N K= <:KOYOP<I :KHH8LO<] 8J; PD<Y D8V< 9<<J N<L<8P<;HY HEJG<; PK :HEI8P<

:D8JC<-;NEV<J L<NPUN98RKJO OU:D 8O I8NEJ< D<8PW8V<O] ;<:HEJ<O EJ I8:NK8HC8<] 8J; HKOO K=

LN<;8PKNO` )KW<V<N] EP EO L8NR:UH8NHY EJP<N<ORJC PD8P PD< EJ:ELE<JP 98NN<JO ;<O:NE9<; EJ PDEO OPU;Y 8N<

PD< N<OUHP K= PD< N8JC< <XP<JOEKJ K= 8 ;KIEJ8JP N<<= CN8Z<Ǹ .Y I8EJ :KII<JPO 8N< PD<N<=KNe to 

:KJOE;<N PD< C<J<N8HEPY K= EJ:ELE<JP 98NN<JO 8O <8NHY W8NJEJC OECJO 8J; WD<PD<N PD< W8NJEJC EO OL<:E?:

PK PD< <XP<JOEKJ K= 8 CN8Z<N EJPK JKV<H D89EP8PO` * LNKVE;< O<V<N8H PDKUCDPO KJ PDEO 9<HKW`



Author reply: 

2=VF=W=O ns F<=KR@=P that the capacity of urchins to drive ecosystem collapse which is 

indeed well =PQ9:IFPE=< in the literature and which I reviewed and compiled DIL:9I M9T=OK in 

sqrv (Reference #4 - Ling =Q 9I` (IL:9I O=DFJ= PEFC <YK9JF;P L> ;9Q9PQOLMEF; P=9 UO;EFK

overgrazing. 1DEHKOKLDE:8H 4N8JO8:RKJO K= PD< 2KY8H 3K:E<PY #_ #EKHKCE:8H 3:E<J:<O txq]

sqrtqswz gsqrvh. )LW=V=O] QE= PM9R9I =XMO=PPFLK L> M=K<FKD =;LPYPQ=J collapse has not 

:==K O=MLOQ=< >LO urchins or indeed rarely for other ecological systems and none as an 

indicator of a climate change related collapse. *K LUO =X9JMI=] QE= 9MM=9O9K;= L> FK;FMF=KQ

:9OO=KP 9K< MOLDO=PPFLK QL I9OD= P;9I= ;LII9MP= FP QE= ;OFR;9I @K<FKD L> QE= PQU<Y 9K<

forewarning of extensive ecosystem collapse <OFV=K :y climate change. The generality of our 

@K<FKDP is that change in patchiness L> E9:FQ9QP ;9K := 9 V=OY O=9I FK<F;9QLO L> ;IFJ9Q= <OFV=K

FJM9;QP 9K< QE9Q F<=KR@;9RLK 9K< JLKFQLOFKD L> FK;FMF=KQ PM9R9I >=9Qures can provide an 

early-warning system of collapse.   

.8FKN :KII<JPO_

-4D< IO OUCC<OPO PD8P EJ:ELE<JP 98NN<JO D8V< PD< LKP<JR8H PK ;<=KN<OP D8H= K= <8OP<NJ 48OI8JE8J N<<=O

gHEG< nuoh WEPDEJ :KIEJC ;<:8;<O` 7DEH< PDEO EO :<NP8EJHY 8 LKOOE9EHEPY] O<8 UN:DEJ 98NN<JO D8V< 9<<J

;K:UI<JP<; 8NKUJ; PD< WKNH; 8P PD< OL8R8H I8CJEPU;< K= I<P<NO PK DUJ;N<;O K= GEHKI<P<NO

gN<VE<W<; EJ 'EH9<<-%<XP<N 8J; 3:D<E9HEJC omnqh` 3KI< L<NOEOP =KN KJHY 8 O<8OKJ 8J; KPD<NO D8V<

L<NOEOP<; =KN I8JY ;<:8;<O` *J IY KLEJEKJ] UJ;<NOP8J;EJC PD< <JVENKJI<JP8H 8J; <:KHKCE:8H :KJP<XPO

PD8P <XLH8EJ PD< HEG<HEDKK; K= EJ:ELE<JP 98NN<JO L<NOEORJC 8J; <XL8J;EJC EO PD< =UJ;8I<JP8H HEJG

J<<;<; PK <XLH8EJ WD<J 8J; WDY EJ:ELE<JP 98NN<JO 8N< 8J <8NHY W8NJEJC OECJ`

Author reply: 

We agree that UO;EFK :9OO=KP V9OY LK 9 O9KD= L> PU:-metres to rqP L> HFILJ=QO= scales 

around the world. 4E=Y 9IPL V9OY 9Q 9 O9KD= L> Q=JMLO9I P;9I=P` 3J9II=O :9OO=KP are much 

JLO= I9:FI=] =XM9K<FKD LO PEOFKHFKDe <FP9MM=9OFKD] compared to larger :9OO=KP M9Q;E=P. 

";OLPP JUIRMI= P;9I=P] PM9R9I 9K< Q=JMLO9I V9OF9RLK FK :9OO=KP M9Q;E=P does] in large part]

relate to environmental and ecological contexts] WEF;E FP WEY W= FK;IU<=< depth and 

PU:PQO9QUJ 9P =XMIF;FQ >9;QLOP FK LUO 9K9IYPFP 9K< MO=P=KQ9Ron of M9T=OKP L> :9OO=KP 9;OLPP

Tasmania. Our projected :9OO=KP cover of UM QL vq} L> =9PQ=OK 49PJ9KF9K O==> :Y sqtqP] is 

MLPPF:I= :9P=< on QE= <FPQOF:URLK L> reef depths 9K< PU:PQO9Q= QYM=P 9;OLPP QE= ;L9PQ` Sea 

urchins and sea urchin :arrens also relate to <F?=O=KQ PM9R9I P;9I=P gPFQ=P 9K< PU:-sites) and 

;LOO=I9Q=] =FQE=O MLPFRV=IY LO K=D9RV=IY WFQE other reef species gF`=`] K=D9RV= ;LOO=I9RLK

WFQE FK;O=9PFKD IL:PQ=O 9:UK<9K;=h] PUMMI=J=KQ9OY 49:I= v.      

-*P EO EJP<N<ORJC PD8P EJ PDEO OYOP<I <:KOYOP<I :KHH8LO< W8O ;U< PK PD< LKH<W8N; <XL8JOEKJ K= 8

L8NR:UH8N CN8Z<N OL<:E<O g$` NK;C<NOEEh EJPK JKV<H D89EP8P` 1<ND8LO PD< <8NHY W8NJEJC OECJ EO JKP FUOP

PD< <I<NC<J:< K= EJ:ELE<JP 98NN<JO] 9UP OL<:E?:8HHY EJ:ELE<JP 98NN<JO =KNI<; 9Y 8 L8NR:UH8N OL<:E<O EJ

JKV<H D89EP8P` *= PDEO EO :KNN<:P] LH<8O< <ILD8OEZ< PDEO EJ PD< I8JUO:NELP` *P EO JKP FUOP N8JC< <XP<JOEKJO

KN N<;EOPNE9URKJ K= CN8Z<NO WEPD OL<:E?: PD<NI8H 8@JER<O] 9UP 98NN<JO D8V< 9<<J ;K:UI<JP<;

CHK98HHY 8J; 8SNE9UP<; PK J8RV< CN8Z<NO 8O W<HH` 4D< 8UPDKNO I<JRKJ PD< EJ:HUOEKJ K= PD< J8RV< O<8

UN:DEJ 8O 8 :KV8NE8P<] 9UP E= EP EO EJ;<<; PD< :8O< PD8P PD<O< 98NN<JO 8N< ;NEV<J 9Y PD< <XP<JOEKJ K= $`



NK;C<NOEE 8J; JKP PD< J8RV< OL<:E<O] PD<J PDEO ODKUH; 9< <ILD8OEZ<;` 4DEO :KUH; 9< OULLKNP<; WEPD

PD< 8;;ERKJ K= ;<JOEPY K= PD< J8RV< OL<:E<O EJ 'ECUN< o$ KN 8O 8 OULLH<I<JP8NY ?CUN<`

-5JH<OO * 8I IEOOEJC OKI<PDEJC] WDY JKP :KJOE;<N PD< PKP8H 89OKHUP< ;<JOEPY K= 9KPD PD< J8RV< UN:DEJ

8J; 8HOK $` NK;C<NOEE\ *P HKKGO HEG< PD<Y 8N< PN<8P<; EJ;<L<J;<JP EJ 489H< 3*r` *P WKUH; 9< EJP<N<ORJC PK

O<< 8 LHKP K= PD< 98O<HEJ< 8J; P<ILKN8H ;<JOER<O K= 9KPD OL<:E<O KV<N RI<`

Author reply: 

/9RV= UO;EFKP )<HEK:E;8NEO <NYPDNKCN8II8 9O= KLQ L:P=OV=< QL >LOJ :9OO=ns on the open 

coast of eastern Tasmania] :UQ O9QE=O QE=Y >==< LK <OFC 9ID9= 9ILKD QEFP moderately exposed 

;L9PQIFK= WE=O= J9;OL9ID9I MOL<U;RLK FP EFDE (-FKD =Q 9I` sqrq^ P== >UII O=>=O=K;= :=ILW). For 

QEFP O=9PLK] QLQ9I UO;EFK <=KPFQY FP FK9MMOLMOF9Q= 9P 9 MO=<F;QLO L> LV=ODO9ZFKD across the 

study region 9K< QEUP PM=;F=P K==< QL := H=MQ P=M9O9Q= >LO 9K9IYP=P` 4L ;I9OF>Y QEFP] W= E9V=

included this statement in the .<PDK;O P=;RLK 9K< 9<<=< reference to the study which 

details this phenomenon.  

/LQ9:IY] QE= ME=KLJ=KLK L> MLI=W9O< MOLM9D9RLK L> cE9KD= FK PM9R9I M9T=OKFKD is 

evidently a general phenomenon for reef ecosystems given that E=O:FVLOY FP much higher in 

tropical systems. Ongoing warming of temperate reefs WFII IFH=IY P== FK;O=9PFKD impacts of 

E=O:FVLO=P via the MLI=W9O< <FO=;RLK with alter9RLK FK patchiness of reefs E9:FQ9QP IFH=IY

<OFV=K :Y the phenomenon of cQOLMF;9IFZ9RLKd gsee 6=OD=P =Q 9I` sqru^ O=>=O=K;= nz FK

manuscript).  

Reference added: -FKD] 3`%`] *::LT] 3`] 39K<=OPLK] +`$`] sqrq` 2=;LV=OY L> ;9KLMY-forming 

J9;OL9ID9= >LIILWFKD O=JLV9I L> QE= =KFDJ9R; DO9ZFKD P=9 UO;EFK )<HEK:E;8NEO

erythrogramma. +KUNJ8H K= &XL<NEI<JP8H .8NEJ< #EKHKCY 8J; &:KHKCY 395] rtv-14w gsqrqh`

-EJ< noo – * N<:KII<J; N<IKVEJC aN<OEOP8J:< 8J; N<OEHE<J:<b UJH<OO PD< 8UPDKNO LNKVE;< OKI< OL<:E?:

;<?JERKJO =KN PD<O< P<NIO 8O :KJP<XP] 8HKJC WEPD :8N<=UHHY ;<?J<; OP8ROR:8H P<OPO` #NE<AY] * EJP<NLN<P

N<OEOP8J:< 8J; N<OEHE<J:< 8O <:KOYOP<I-H<V<H N<OLKJO<O WD<N< N<OEOP8J:< EO PD< :8L8:EPY K= 8 OYOP<I PK

I8EJP8EJ :KIIUJEPY OPNU:PUN< gKN =UJ:RKJEJC] ;<L<J;EJC KJ CK8HOh ;<OLEP< 8 L<NPUN98RKJ] 8J;

N<OEHE<J:< EO 9KPD N<OEOP8J:< PK- 8J; N<:KV<NY =NKI-L<NPUN98RKJ gO<JOU #8P<O <P 8H` omnvh` 1<ND8LO

PD<N< EO 8 ;E><N<JP EJP<NLN<P8RKJ EJ PDEO OYOP<I] 9UP LH<8O< LNKVE;< :H<8N ;<?JERKJO K= PD<O< P<NIO E=

PD<Y 8N< N<P8EJ<;`

Author reply: 

We appreciate QEFP MLFKQ :Y 2=VF=W=O ns] W= E9V= QE=O=>LO= PFJMIF@=< QEFP P=;RLK :Y

del=Rng the terms as suggested. The sentence now simply reads_ c4EUP] W= 9IPL =XMILO=

J=;E9KFPJP L> UO;EFK FKV9PFLK 9K< LV=ODO9ZFKD O=PM=;RV=IY >LO <F?=O=KQ 9:FLR; gF`=`] O==>

PU:PQO9QUJ QYM=Pe<=MQEh 9K< :FLR; ;LV9OF9Q=P gF`=`] MO=<9QLOY PMFKY IL:PQ=OP MIUP ;LJM=RKD

K9RV= UO;EFKP 9K< 9:9ILK= 9:UK<9K;=Ph d̀

4D< IO UO<O PD< P<NIO aLD8O<-ODEBb 8J; aOP89H< OP8P<b EJ 8 =<W ;E><N<JP LH8:<O` *P O<<IO PD8P aLD8O<-

ODEBb EO UO<; PK ;<O:NE9< PD< :D8JC<O D<N<] WDE:D * PDEJG EO :KNN<:P] 9UP 8O 8 N<8;<N EP WKUH; 9< D<HL=UH

to s<< PDEO ;<?J<;` %U;C<KJ <P 8H` omnm ;<?J< 8 OP89H< OP8P< 8O 8 JKV<H :KJ?CUN8RKJ PD8P L<NOEOPO

8B<N PD< <JVENKJI<JP8H :KJ;ERKJO N<PUNJ PK WD8P PD<Y W<N< 9<=KN< 8 L<NPUN98RKJ] WDE:D EO JKP PD<



O8I< K= 8 LD8O< ODEB` * PDEJG PD< P<NIO 8N< UO<; :KNN<:PHY D<N<] 9UP HEJ< nmv UO<O cLD8O< ODEBd 8J;

nnr UO<O c8HP<NJ8RV< OP8P<O d̀

Author reply: 

4EOLUDELUQ QE= J9KUP;OFMQ 9K< FK MOFLO WLOHP] * strictly adhere to the terminology used :Y

3;E=?=O et al as presented in their seminal review of concepts and terminology on phase-

PEFCP FK sqq1 (3;E=?=O et al` $9Q9PQOLMEF; PEFCP FK =;LPYPQ=JP` /8PUN< 413] vzr-vzw gsqqrh). 

";;LO<FKDIY] * O=>=O QL ME9P=-PEFC 9P 9 QO9KPFRLK FK =;LPYPQ=J PQ9Q= 9K< 9 <FP;LKRKULUP

‘catastrophicb ME9P= PEFC 9P one that results in an l9IQ=OK9RV= PQ9:I= PQ9Q=l with hysteresis 

(Fig. 1c. Sch=?=O =Q 9I` sqqrh` On lFK= rrv of our manuscript] W= explicitly used the term 

c9IQ=OK9RV= PQ9:I= PQ9Q=d 9P LMMLP=< QL c9IQ=OK9RV= PQ9Q=d] QE= I9Q=O which doesKbQ

necessitate that a catastrophic phase-PEFC has occurred unless the word ‘PQ9:I=b FP FK;IU<=<`

We have reviewed our use of terminology and maintain that it is consistent with that <=@K=<

:Y 3;E=?=O =Q 9I sqqr`

1<ND8LO * IEOO<; PDEO] 9UP * ;KJbP O<< DKW PD< :NER:8H aRLLEJC LKEJPOb W<N< ;<NEV<; KPD<N PD8J 8J

8LLNKXEI8RKJ =NKI 'ECUN< o$` * HKKG<; UL N<=<N<J:< nt 9UP * ;KJbP O<< 8 I<JRKJ K= PD< RLLEJC LKEJPO

EJ:HU;<; D<N<` 4D< 8UPDKNO D8V< PD< ;8P8 PK MU8JRP8RV<HY ;<NEV< PD<O< RLLEJC LKEJPO` 4D< W8Y * D8V<

O<<J PDEO ;KJ< g8J; N<:KII<J;h EO PD8P 8 ;EO:NEIEJ8JP 8J8HYOEO EO ?NOP UO<; PK 8OOECJ <8:D N<LHE:8P<

gMU8;N8P KN OEP<h 8 9EJ8NY V8HU< gn z 98NN<J] m z =KN<OPh 98O<; KJ O<V<N8H LN<;E:PKNO gOU9OPN8P< PYL<]

8HC8H :KV<N] ;<LPD] <P:`h 8J; PDEO 9<:KI<O PD< N<OLKJO< =KN 8 HKCEOR: N<CN<OOEKJ` 4D< HKCEOR:

N<CN<OOEKJ EO PD<J L<N=KNI<; UOEJC UN:DEJ ;<JOEPY 8O PD< LN<;E:PKN 8J; PD< RLLEJC LKEJP PDN<ODKH;O

8N< PD< ;<JOEPY V8HU<O 8P WDE:D EP 9<:KI<O HEG<HY grmy] umy] vry] WD8P<V<N LNK989EHEPY YKU :DKKO<h

PD8P PD< OYOP<I WEPD ODEB PK 98NN<J KN N<PUNJ PK =KN<OP` 4D< :D8HH<JC< WEPD PD< N<:KV<NY 8NNKW EO EP

;<L<J;O KJ N<LHE:8P<O WD<N< 98NN<JO W<N< K9O<NV<; PN8JOERKJEJC PK =KN<OPO` 7EPDKUP PD8P] EP EO FUOP 8

OEJCH< RLLEJC LKEJP 98O<; KJ :KNN<H8RV< K9O<NV8RKJO 9<PW<<J G<HL ;<JOEPY 8J; UN:DEJ ;<JOEPY` 1H<8O<

:KJOE;<N PDEO PYL< K= 8 IK;<H PK E;<JR=Y PD< RLLEJC LKEJPO 8J; WD<PD<N PD<N< 8N< OU@:E<JP aN<V<NO<-

ODEBb N<LHE:8P<O PK E;<JR=Y PD< N<V<NO<-ODEB PDN<ODKH;`

Author reply: 

7= QE9KH QE= O=VF=W=O >LO F<=KR>YFKD QEFP =OOLO FK referencing that was not updated within 

QE= @DUO= ;9MRLK during prior edits of the PU:JFT=< J9KUP;OFMQ. 4E= <=OFV9RLK L> QE=

RMMFKD MLFKQP FP >OLJ reference #4 in the manuscript] KLQ rx` 4EFP =OOLO E9P :==K O=;R@=< FK

the revised manuscript. We agree that dually =PRJ9RKD LV=ODO9ZFKD 9K< H=IM O=;LV=OY

RMMFKD MLFKQP FP =PP=KR9I 9K< QEFP E9P :==K 9 ;LO= O=P=9O;E >L;UP` 4E= O=V=OP= RMMFKD-point 

FP 9IPL =PRJ9Q=< FK 2=> u`

.EJKN :KII<JPO_

* 8I :UNEKUO 89KUP G<HL :KV<N KV<N RI<` 7EPDKUP 8 LHKP K= PD< RI< O<NE<O K= G<HL :KV<N EP EO ;E@:UHP PK

8OO<OO WD<PD<N EJ:N<8O<O EJ UN:DEJ ;<JOEPY LNK:<<; G<HL HKOO KN FUOP 8ILHE=Y I8:NK8HC8< ;<:HEJ<O PD8P

8N< PD< N<OUHP K= 8HN<8;Y LKKN <JVENKJI<JP8H :KJ;ERKJO` * 8I JKP OUN< WD<PD<N PD<O< ;8P8 8N<

8V8EH89H< OEJ:< PD< OPU;Y UO<; PWK ;EO:N<P< RI< L<NEK;O] 9UP EJ KN;<N PK N<8HHY 8SNE9UP< 98NN<J

<XL8JOEKJ 8O 8 ;NEV<N K= G<HL HKOO gWDE:D :KILH<P<HY I8G<O O<JO<h] EP N<MUEN<O 8 P<ILKN8H :KILKJ<JP`

0PD<NWEO< EP EO :KNN<H8RV< 8J; G<HL HKOO :KUH; D8V< LN<:<;<; EJ:N<8O<O EJ UN:DEJ ;<JOEPY] KN H<; PK

<I<NC<J:< =NKI N<=UC<`



Author reply: 

*K;O=9P= FK :9OO=KP ;LV=O E9P :==K <O9J9R; QEOLUDE Rme] ELW=V=O LUQPF<= L> QE= DO9Z=<

areas ;9UP=< :Y FK;UOPFLK L> $<JPNKOP<LD8JUO] QE=O= E9P :==K a slight increase in H=IM ;LV=O

overall. This counter-FKQUFRV= phenomenon is the result of a PEFCFKD dominance hierarchy of 

H=IM PM=;F=P WFQEFK 49PJ9KF9K H=IM :=<P] WE=O=:Y QE=O= E9P :==K major local loss of surface 

;9KLMY >LOJFKD DF9KQ H=IM >LO=PQP in Tasmania g>LOJ=< :Y .8:NK:YORO LYNE=<N8] +LEKPLK =Q 9I`

sqrrh] and compensatory increase in lower-lying canopy species of &:GHKJE8 N8;E8P8 and 

1DYHHKOLKN8 :KIKO8] that are more tolerant to warming and lower nutrient coastal 

;LK<FRLKP] WFQE :LQE L> QE=P= J9;OL9ID9I PM=;F=P increasing FK ;LV=O :Y rt} 9K< rw}

O=PM=;RV=IY (P== 3UMMI=J=KQ9OY 49:I= sh. 4EFP ;E9KDFKD L> ;LJMLPFRLK FK 49PJ9KF9 H=IM

:=<P FP QE= >L;UP L> 9 PU:P=NU=KQ J9KUP;OFMQ =X9JFKFKD ME9P=-PEFCP FK H=IM QYM=P` It is 

certainly true to say that in the case of giant H=IM QE9Q H=IM ILPP=P have preceded increase in 

urchin 9:UK<9K;= 9;OLPP JU;E L> =9PQ=OK 49PJ9KF9] :UQ JLPQ L> QE= PFDK9I L> ILPP FK DF9KQ

H=IM L;;UOO=< :=>LO= QE= coast-WF<= UO;EFK PUOV=YP ;LJJ=K;=< FK sqqreqs`

4EFP FP ;I=9OIY PQ9Q=< FK QE= J9KUP;OFMQ LK jruy-rvv_

“/LQ9:IY] QE= LV=ODO9ZFKD ;LII9MP= L> H=IM ;LV=O W9P ;LUKQ=O QL 9K LV=O9II FK;O=9P= FK H=IM

;LV=O LUQPF<= L> O==> 9O=9P DO9Z=< :Y UO;EFKP] WFQE H=IM ;LV=O LK KLK-grazed reef in eastern 

49PJ9KF9 FK;O=9PFKD >OLJ sqqreqs QL sqrwerx <U= QL ;LJM=KP9QLOY QEF;H=KFKD FK ;LV=O L>

lower-lying warm-QLI=O9KQ PRMFQ9Q= PM=;F=P gF`=`] &:GHKJE8 N8;E8P8 & 1DYHHKOLKN8 :KIKO8) in 

QE= 9:P=K;= L> PUO>9;=-;9KLMY DF9KQ H=IM >LO=PQP g>LOJ=< :Y .8:NK:YORO LYNE=<N8) which 

declined (Table SI2)d

-EJ< sv-to – PDEO EO N<8HHY EJP<N<ORJC PD8P $` NK;C<NOEE 8N< OK LN<V8H<JP[

Author reply: 

8=P] QEFP PM=;F=P L> P=9 UO;EFK FP V=OY MO=V9I=KQ 9K< 9 H=Y PQOU;QUOFKD ;LJMLK=KQ L> O==>

ecosystems across south-=9PQ=OK "UPQO9IF9` 4E= EUD= =;LILDF;9I OLI= MI9Y=< :Y QEFP UO;EFK

across New South Wales represents a serious and ongoing threat] 9K< FQ FP QE= FK;O=9PFKD

MO=V9I=K;= L> FK;FMF=KQ :9OO=KP QE9Q FP PLUK<FKD QEFP =9OIY-warning across the poleward 

range-extension region.  

-EJ< tt – ;K HK9OP<NO LN<Y KJ $` NK;C<NOEE OL<:E?:8HHY] KN WKUH; PDEO 9< 8 JKV<H OL<:E<O EJP<N8:RKJ\

Author reply: 

8=P] E=O= W= O=>=O QL MOFLO <=P;OFMQFLK 9K< NU9KQF>F;9QFLK L> IL:PQ=OP 9P MO=<9QLOP L> $. 

NK;C<NOEE gF`=`] O=>=O=K;= nrv - Ling et al 1/"3 sqqz).

-EJ< not – *P EO JKP FUOP PD< <><:P K= 89OKHUP< 89UJ;8J:< 9UP 8HOK :D8JC< EJ CN8Z<N 9<D8VEKǸ 3KI<

DECDHY =KN<OP<; 8N<8O :8J I8EJP8EJ DECD ;<JOER<O K= :NYLR: L8OOEV<HY-CN8ZEJC O<8 UN:DEJO] OK EP EO PD<

9<D8VEKN8H <I<NC<J:< =NKI N<=UC< N<OUHRJC =NKI N<OKUN:< 8V8EH89EHEPY g;<:HEJ< EJ I8:NK8HC8< ;U< PK

W8NIEJCh PD8P :8J =<<;98:G PK EJAU<J:< ;<:HEJ<O g3IEPD l 4EJG<N omoo] ,8N8P8Y<V <P 8H` omonh`



Author reply: 

/LQ= QE9Q 9P 9K L:IFD9Q= P;O9MMFKD E=O:FVLO=] >LO9DFKD :=E9VFLUO L> QE= P=9 UO;EFK

$<JPNKOP<LD8JUO NK;C<NOEE O=J9FKP PUOMOFPFKDIY @X=< ;LJM9O=< QL 3PNKJCYHK:<JPNKR; urchins 

of the northern E=JFPME=O= LO FK<==< QE= K9RV= )<HEK:E;8NEO <NYPDNKCN8II8 in Tasmania 

(see reference #24 in the manuscript - 'IUH=P =Q 9I` sqrsh` 7EFI= ILW PUMMIY L> <OFC 9ID9= WFII

PEFC :=E9VFLUO9I PWFQ;EFKD >OLJ :=KFDK QL 9;RV= DO9ZFKD >LO LQE=O UO;EFK PM=;F=P] the 

L:IFD9Q= P;O9MMFKD JL<= L> $` NK;C<NOEE 9MM=9OP I9OD=IY FK<=M=K<=KQ L> <OFC 9ID9I PUMMIỲ

*J 'ECUN< o" EP HKKGO HEG< PD< IE; H8RPU;< OEP<O D8; DEOPKNE:8HHY DECD ;<JOER<O N<H8RV< PK PD< JKNPD 8J;

OKUPD gWEPD PD< <X:<LRKJ K= 3P` )<H<JOh 8J; 8HOK PD< N<H8RV<HY DECD<OP ;<JOER<O 8B<N omns` 7<N<

PD<O< ;<<L OEP<O WEPD H8NC< 9KUH;<NO\ *P HKKGO D<N< PD8P PD< L8S<NJ EO PD< O8I<] FUOP 8ILHE?<;` *`<`]

OEP<O WEPD DEOPKNE:8HHY DECD ;<JOER<O K= UN:DEJO :KJRJU<; PK D8V< PD< N<H8RV<HY DECD<OP ;<JOER<O`

Author reply: 

While there is an overall decliK= FK QE= 9:UK<9K;= L> $<JPNKOP<LD8JUO across the east coast 

L> 49PJ9KF9K >OLJ KLOQE QL PLUQE] and there E9P :==K DO=9Q=PQ FK;O=9P= FK UO;EFK 9:UK<9K;=

9K< LV=ODO9ZFKD LK <==M :LUI<=O O==>] QE= proximity of PFQ=P QL QE= W9OJ &9PQ "UPQO9IF9K

$UOO=KQ FP QE= ;EF=> <OFV=O L> IL;9I UO;EFK 9:UK<9K;= 9ILKD QE= =9PQ ;L9PQ (see reference #14 - 

-FKD =Q 9I` sqqz ($#h` 2=VF=W=O ns FP ;LOO=;Q FK F<=KR>YFKD QE9Q sites with high urchin 

9:UK<9K;= FK QE= FKFR9I PUOV=Y period ;LKRKU=< QL E9V= EFDE UO;EFK 9:UK<9K;= FK QE=

second survey M=OFL<] :UQ WEF;E E9< ;LKRKU=< QL :UFI< FK 9:UK<9K;= QEOLUDE RJ=` To 

=JME9PFP= QEFP >=9QUO=] W= E9V= 9IPL pointed to the nil ‘3FQ= :Y 4FJ=b FKQ=O9;RLK =?=;Q] F`=`]

QE= =?=;Q L> RJ= on incO=9P= FK UO;EFK 9:UK<9K;= occurred consistently across a3FQ=Pb̀

To emphasise these points] QE= O=PUIQP have :==K =<FQ=< to include clarifying statements in 

M9O=KQE=P=P] QEe relevant P=;RLK now read: 

“)LW=V=O] 9:UK<9K;= L> QE= O9KD=-extending urchin was uK=V=K 9Q QE= jsq HJ PFQ=-scale 

g;EF=BY O=I9Q=< QL QE= MOLXFJFQY QL QE= &9PQ "UPQO9IF9K $UOO=KQ14h] 9 >=9QUO= WEF;E M=OPFPQ=<

QEOLUDE RJ= gKFI PFQ= :Y RJ= FKQ=O9;RLK =?=;Qh] and FK;O=9P= FK 9:UK<9K;= V9OF=<

PFDKF@;9KQIY 9Q QE= IL;9I js HJ PU:PFQ=-scal= g49:I= 3*r9h d̀

14 -FKD] 3`] +LEKPLK] $`] 2F<DW9Y] ,`] )L:<9Y] "` m )9<<LK] .` $IFJ9Q=-driven range 

=XQ=KPFLK L> 9 P=9 UO;EFK_ FK>=OOFKD >UQUO= QO=K<P :Y 9K9IYPFP L> O=;=KQ MLMUI9QFLK

dynamics. (HK98H $D8JC< #EKHKCY 15] xrz-xtr gsqqzh`

-EJ<O nqm-nqo – PD< ;E><N<J:< EJ OHKL<O O<<IO PK 9< D<8VEHY EJAU<J:<; 9Y PWK KN PDN<< MU8;N8PO EJ

PD< mnemo L<NEK; WEPD DECD G<HL :KV<N ;<OLEP< DECD UN:DEJ ;<JOER<O g9HU< LKEJPO] 'ECUN< o$h] 9UP PD<N<

EO :H<8NHY H<OO G<HL 8P HKW<N UN:DEJ ;<JOER<O EJ PD< omnsent L<NEK;` *P WKUH; 9< WKNPDWDEH< PK 8P H<8OP

:KIL8N< PD< OHKL<O 8B<N N<IKV< PDKO< PWK KN PDN<< <XPN<I< MU8;N8PO`





"HOK] * GJKW PD8P PD< RLLEJC LKEJP 8NNKWO 8N< 8LLNKXEI8P<] 9UP WD<N< PD<O< 8LLNKXEI8P<; 9Y VEOU8H

EJOL<:RKJ KN UOEJC 8 MU8JRP8RV< 8LLNK8:D\ 5JH<OO * 8I IEOOEJC OKI<PDEJC] * ;KJbP O<< DKW PD< o`o

8J; m`ps PDN<ODKH;O W<N< ;<P<NIEJ<;` 1H<8O< O<< IY :KII<JP 89KUP PD< ;EO:NEIEJ8JP 8J8HYOEO 8J;

:KJOE;<N WD<PD<N PD< N<:KV<NY 8NNKW EO 8LLNKLNE8P< ;<L<J;EJC KJ PD< JUI9<N K= N<LHE:8P<O WD<N<

PNU< N<:KV<NY W8O K9O<NV<;` *= N<:KV<NY W8O JKP K9O<NV<;] PD<J DYOP<N<OEO EO OL<:UH8RV< 8J; PD<

N<H8RKJODEL 9<PW<<J G<HL :KV<N 8J; UN:DEJ ;<JOEPY ODKUH; 9< N<LN<O<JP<; 9Y 8 OEJCH< HEJ< KN :UNV<

gOEJCH< RLLEJC LKEJP =KN =KNW8N; 8J; N<V<NO< ODEBOh`

Author reply: 

4EFP FP 9 :LX WEFPH=O MILQ WE=O=:Y QE= <9Q9 FP PUJJ9OFP=< :Y PELWFKD J=<F9K V9IU= MIUP QE=

UMM=O 9K< ILW=O NU9ORI=P L> QE= <9Q9 FK<F;9Q=< :Y UMM=O ILW=O =<D=P L> :LX O=PM=;RV=IY]

WEFPH=OP FK<F;9Q= QE= UMM=O gsv}h 9K< ILW=O gsv}h =XQ=KQP L> QE= <9Q9] WFQE <LQP

O=MO=P=KRKD LUQIF=OP :=YLK< QE=P= =XQ=KQP` "P PU;E] 9IQ=OFKD QO9KPM9O=K;Y WFII KLQ PELW

9<<FRLK9I <9Q9 MLFKQP 9P PUDD=PQ=<` "II <9Q9 ;LUI< := shown; ELW=V=O] QE= :LX WEFPH=O <9Q9

summaries are much easier to interpret given the clouds of data across 13 sites surveyed in 2 

RJ= M=OFL<P =9;E` 4E=O=>LO=] W= E9V= KLQ 9IQ=O=< QE= :LX WEFPH=O MILQ`

2=V=OP= PEFC 9OOLW E9P :==K =<FQ=< QL FK;O=9P= VFPF:FIFQY 9K< FP KLW P9J= <9OH=O PE9<= 9P

M=O >LOW9O< PEFC arrow. 

'ECUN< p` 1H<8O< 8;; PD< ;8P8LKEJPO 8J; I8G< PD< ?HH<; 8N<8 IKN< PN8JOL8N<JP OK PD8P W< :8J O<<

PD<I` * WKUH; N<KN;<N =NKI 9KSKI PK PKL_ A8P NK:G] OI8HH 9KUH;<NO] H8NC< 9KUH;<NO`

Author reply: 

"<<FKD L> individual data points W9P 9T=JMQ=< :UQ J9FKQ9FKFKD @DUO=P 9P :LX WEFPH=O

summary plots of the data were much cleaner and easier to interpret. We have reordered 

QE= M9K=IP 9P O=NU=PQ=<] F`=`] M9K=IP E9V= :==K re-ordered >OLJ I9OD= :LUI<=OP QL PJ9II

:LUI<=OP QL B9Q OL;H which :=T=O 9IFDKs WFQE <=P;OFMRLK L> O=PUIQP FK Q=XQ. TE9KHs to the 

Reviewer #2 >LO MF;HFKD QEFP up.  

'ECUN< q` 1H<8O< 8;; P<XP EJ;E:8RJC PD< L8P:D OEZ< PK <8:D =8:<P PK N<IEJ; UO PD< <XP<JP K= aOI8HHb

aI<;EUIb 8J; aH8NC<b̀

Author reply: 

"P O=NU=PQ=<] M9Q;E PFZ=P >LO =9;E FK;FMF=KQ :9OO=KP patch type have :==K 9<<=< QL the 

Figure 4 ;9MRLK`

2<=<N<J:<O EJ N<OLKJO<_

'EH9<<-%<XP<N] ,`] l 3:D<E9HEJC] 2` &` gomnqh` 3<8 UN:DEJ 98NN<JO 8O 8HP<NJ8RV< OP89H< OP8P<O K=

:KHH8LO<; G<HL <:KOYOP<IO` .8NEJ< <:KHKCY LNKCN<OO O<NE<O] qvr] n-or`



,8N8P8Y<V] 6̀ "`] #8OG<S] .` -`] ,UODJ<N] %` +`] 3D<8NO] /` 4̀ ] $8O<HH<] +` &`] l #K<TC<N] $` gomonh` (N8Z<N

9<D8VEKUN :8J N<CUH8P< H8NC<fO:8H< L8S<NJEJC K= :KIIUJEPY OP8P<O` &:KHKCY -<S<NO] oqgvh] nvnt-

nvov`

3IEPD] +` (`] l 4EJG<N] .` 4̀ gomooh` "HP<NJ8RKJO EJ PD< =KN8CEJC 9<D8VEKUN K= 8 LNEI8NY :KJOUI<N

;NEV< L8P:D PN8JOERKJ ;YJ8IE:O EJ 8 P<IL<N8P< NK:GY N<<= <:KOYOP<I` &:KHKCY -<S<NO] orguh] nuot-

nupu`

#8P<O] "` &`] $KKG<] 2` 3`] %UJ:8J] .` *`] &;C8N] (` +`] #NUJK] +` '̀ ] #<J<;<T-$<::DE] -`] ``` l 3PU8NP-

3IEPD] 2` %` gomnvh` $HEI8P< N<OEHE<J:< EJ I8NEJ< LNKP<:P<; 8N<8O 8J; PD< a1NKP<:RKJ 18N8;KXb̀

#EKHKCE:8H $KJO<NV8RKJ] ops] pmr-pnq`

Reviewer #p g2<I8NGO PK PD< "UPDKNh_

3UII8NY_

3DEBEJC <JVENKJI<JP8H :KJ;ERKJO 8N< N<;EOPNE9URJC OL<:E<O 8:NKOO PD< CHK9<` 4DEO OPU;Y =K:UO<O KJ 8

N8JC< <XL8JOEKJ K= 8 O<8 UN:DEJ J8RV< PK "UOPN8HE8 PK G<HL =KN<OPO K> PD< :K8OP K= <8OP<NJ 48OI8JE8`

2<LHE:8P< OUNV<YO :KJ;U:P<; 8:NKOO np OEP<O 8J; nr Y<8NO 8L8NP 8N< ;<O:NE9<;` 4D<O< EJ:HU;< ;EV<N

OUNV<YO K= UN:DEJ] HK9OP<N] 8J; 898HKJ< 89UJ;8J:<] 8J; L<N:<JP :KV<N K= OU9OPN8P<] EJ:HU;EJC 98NN<J`

";;ERKJ8HHY] PD< 8UPDKNO :KJ;U:P<; OEIEH8N VE;<K OUNV<YO K= LH8J8N :KV<N K= PKP8H UN:DEJ 98NN<JO 8J;

K= ;E><N<JP 98NN<J OEZ<O EJ KN;<N PK ODKW PD< <VKHURKJ K= OI8HH EJ:ELE<JP 98NN<JO g8 OP8NRJC :KJ;ERKJh

PK H8NC< 8J; :KJRJUKUO 98NN<JO PD8P N<LN<O<JP 8 OP8P< ODEB EJ PD< OYOP<I` 4D< 8UPDKNO =KUJ; PD8P

EJ:ELE<JP 98NN<JO EJ:N<8O<; PDNKUCD RI<] <OL<:E8HHY EJ JKNPD<8OP<NJ 8J; <8OP<NJ 48OI8JE8

gOKUPD<8OP<NJ 48OI8JE8 ODKW<; =<W UN:DEJO 8J; 98NN<JOh` 4D< 8UPDKNO 8HOK ODKW<; DKW EJ:N<8O<O EJ

PD< 89UJ;8J:< EJ UN:DEJO W8O 8OOK:E8P<; WEPD ;EOLNKLKNRKJ8HHY EJ:N<8O<; 98NN<J 8N<8` %<eper areas 

K= N<<= WEPD H8NC< 9KUH;<NO W<N< 8OOK:E8P<; WEPD CN<8P<N UN:DEJ 89UJ;8J:< 8J; PD<N< W<N< J<C8RV<

8OOK:E8RKJO 9<PW<<J UN:DEJ 89UJ;8J:< 8J; PD< LN<;8PKNY HK9OP<Ǹ 4D< 8UPDKNO :KJ:HU;< WEPD 8

;EO:UOOEKJ K= UOEJC PD<O< <8NHY W8NJEJC OECJ8HO PK EJER8P< =UNPD<N N<O<8N:D] L8NPJ<NODELO] 8J;

<:KOYOP<I ;<=<JO< OPN8P<CE<O`

Author reply: 

No reply comments or changes to the manuscript in reply to these summary ;LJJ=KQP :Y

Reviewer #3] LQE=O QE9K to say Reviewer #3 presents an accurate summary and clear 

comprehension of some of the H=Y >=9QUO=P L> QE= O=P=9O;E. 7= QE9KH 2=VF=W=O #3 for their 

RJ= 9K< =?LOQ FK O=viewing and helping us clarify our manuscript WE=O= F<=KR@=<. 

(<J<N8H :KII<JPO_

0V<N8HH] * PDKUCDP PDEO W8O 8 W<HH WNES<J 8J; RI<HY OPU;Y WKNPDY K= LU9HE:8RKJ` 4D< PWK IKOP

EILKNP8JP N<OUHPO =NKI PD< OPU;Y] EJ IY KLEJEKJ] 8N< PD< ;8P8 ODKWEJC PD< P<ILKN8H LNKCN<OOEKJ K=

UN:DEJ 89UJ;8J:< 8J; 98NN<J :KV<NeOEZ< 8:NKOO OL8:< 8J; PD< :H<8N :D8JC< EJ OHKL< 9<PW<<J 98NN<J

8N<8 8J; UN:DEJ ;<JOEPY 9<PW<<J PD< PWK RI< LKEJPO] EILHYEJC 8 JKJ-HEJ<8N N<H8RKJODEL` * ;E; D8V<

OKI< :KII<JPO KJ DKW PK EILNKV< PD< I8JUO:NELP 8J; N<LNK;U:E9EHEPY`

Author reply: 



7= QE9KH 2=VF=W=O nt >LO QE=FO =K;LUO9DFKD PUJJ9OY 9K< 9T=KRLK QL <=Q9FI FK EFDEIFDERKD

suggeste< FJMOLV=J=KQP] which are addressed in full :=ILW and within the revised 

manuscript.   

'ENOP] * D8V< OKI< PNKU9H< WEPD PD< 8UPDKNO OP8RJC PD8P 98NN<J :KV<N I8Y EJ:N<8O< PK rmy 9Y omov` *

UJ;<NOP8J; PD8P PDEO EO 8J <XPN8LKH8RKJ KJ PD< I<8OUN<; 98NN<J <XL8JOEKJ N8P< 9<PW<<J PD< PWK

OUNV<Y ;8P<O` * 8HOK =<<H PD8P PD< 8UPDKNO EJPUERKJ EO HEG<HY :KNN<:P] <OL<:E8HHY :KJOE;<NEJC PD8P PD<N<

8N< IUHRLH< OPN<OOKNO PD8P 8N< 8HH PN<J;EJC PKW8N;O 8 IKN< DKORH< <JVENKJI<JP =KN G<HL` )KW<V<N] *

8I JKP OUN< PD< ;8P8 OULLKNP PDEO :KJ:HUOEKJ WD<J VE<W<; EJ 8 ;E><N<JP W8Y` 'ENOP] W< OP8NP WEPD

HKKGEJC 8P OEP<O n – v] ;<?J<; 8O <8OP<NJ 48OI8JE8 9Y PD< 8UPDKNO` 'NKI PD< LH8J8N 98NN<J ;8P8 EJ

3ULL %8P8 p] PD< OEP< WEPD 8 DECD<OP UN:DEJ 98NN<J 8N<8 EJ PD< ommn-ommo OUNV<YO g3EP< o^ 3P )<H<JOh

D8; 8 I<8J UN:DEJ 98NN<J 8N<8 K= iopy` *J PD< H8P<N OUNV<YO EJ omns-omnt] EP D8; 8 I<8J UN:DEJ

98NN<J 8N<8 K= iqo`ry] N<LN<O<JRJC 8J EJ:N<8O< K= FUOP UJ;<N omy EJ nr Y<8NO` "HH K= PD< KPD<N OEP<O

D8; V8OPHY HKW<N 98NN<J 8N<8O EJ PD< ommn-ommo OUNV<YO] 8J; OEP<O n] p] q] u] 8J; v 8HH D8O H<OO PD8J

nmy 98NN<J 8N<8 EJ PD< omns-omnt OUNV<YO gWEPD OEP< r D8VEJC FUOP KV<N nmy 8J; OEP< s 8J; t D8VEJC

89KUP nt`ryh` *P :KUH; 9< PD8P PD<N< 8N< JKJ-HEJ<8NER<O EJ PD< N8P< K= 98NN<J <XL8JOEKJ PD8P are not 

9<EJC :KJOE;<N<; WD<J K9O<NVEJC PD< <8NHY OP8C<O K= 98NN<J =KNI8RKJ gE`<`] EO PD<N< 8 CN<8P<N N8P< K=

98NN<J <XL8JOEKJ WD<J IKVEJC =NKI my PK nmy PD8J =NKI omy PK rmyh 8P OEP<O UOEJC KJHY PWK RI<

LKEJPO` 7DEH< * L<NOKJ8HHY 9<HE<V< PD< 8UPDKNO I8Y 9< :KNN<:P g;U< PK 9KPD EJ:N<8O<O EJ UN:DEJ

89UJ;8J:< 8J; P<IL<N8PUN< EJ PDEO OYOP<I] 8HKJC WEPD L<NOKJ8H <XL<NE<J:< K9O<NVEJC UN:DEJ 98NN<JO

EJ KPD<N 8N<8O K= PD< WKNH;h] * WKUH; :8URKJ PD< 8UPDKNO PK WKN; PD<O< OP8P<I<JPO :8N<=UHHY`

Author reply: 

We appreciate the ;9URLK9OY comments from Reviewer #3 regarding MOLG=;RLKP L> :9OO=KP

;LV=O :Y sqsz` 4EFP ;9I;UI9RLK is :9P=< LK QE= ;LJMLUK<FKD O9Q= L> FK;O=9P= M=O Y=9r 

FKQ=OMLI9Q=< >OLJ QE= ;E9KD= L:P=OV=< over the rv-year period] 9V=O9D=< 9;OLPP PFQ=P 1-z. It 

was performed to provide a gauge as to the MLQ=KR9I scale and immediacy of the threat of 

LV=ODO9ZFKD :9P=< LK QE= monitoring data at hand. "P PU;E W= >==I QE=O= FP V9IU= FK O=Q9FKFKD

QEFP ;9I;UI9RLK 9K< KLQ= QE9Q 9P 2=VF=W=O nt PUDD=PQP] there appears QL := KLK-IFK=9OFR=P at 

play in the UO;EFK MLMUI9RLK FK;O=9P= 9K< =XQ=KQ L> LV=ODO9ZFKD 9ILKD QE= ;L9PQIFK=` 4E9Q FP]

in contrast QL QE= O=I9RV=IY PQ9:I= UO;EFK <=KPFR=P WFQEFK QE= KLOQE=9PQ 9Q QE= 3FQ= s 3Q`

Helens] where most 9V9FI9:I= O==> PU:PQO9Q= gM9OR;UI9OIY <==M :LUI<=O E9:FQ9Qh E9P :==K

already overgrazed] QE= UO;EFK MLMUI9RLK =IP=WE=O= E9P PELWK DO=9Q=O O=I9RV= ;E9KD=

;LKPFPQ=KQ WFQE QE= KLRLK L> 9K =XMIL<FKD MLMUI9RLK <YK9JF;.  

/LQ9:IY] :=YLK< QE= <9Q9 MO=P=KQ=< FK QE= ;UOO=KQ J9KUP;OFMQ] P9JMIFKD L> O==>P FK the 

south-east of Tasmania FK sqsress gPFQ= zh E9P O=V=9I=< 9 <LU:IFKD L> urchin densities within 

QE= M9PQ v-Y=9OP] WE=O=9P QE= MLMUI9QFLK MO=VFLUPIY QLLH rv-years to <LU:I= >OLJ gsqqreqs

to sqrwerxh^ =NU9QFKD QL 9 QOFMIFKD FK population increase in the most recent years. Intensive 

E9OV=PQFKD 9K< ;UIIFKD 9;QFVFQF=P E9V= :==K <FO=;Q=< QL QEFP 9O=9 to mitigate the explosion of 

urchins. Follow-up modelling research] UPFKD 9 ;LJ:FK9QFLK L> fisheries catch data and 

changes in urchin densities on the reef] is partitioning the effectiveness of urchin harvest in 

mitigating the accelerating population increase and O9MF< FK;O=9P= L> FK;FMF=KQ :9OO=KP

formation (e.g.] Fig. 4a] PFQ= z).  

We appreciate the :OL9< K9QUO= L> our projection] and note the cautionary words of 

2=VF=W=O nt] and have therefore >UOQE=O NU9IF>F=< QEe statement FK NU=PQFLK] WEF;E KLW



reads: “*K;O=9P= FK :9OO=KP =NU9Q=< QL 9K =XM9KPFLK O9Q= L> rq`v} M9] WFQE MOLG=;QFLK L> QEFP

UKJFQFD9Q=< O9Q= FK<F;9QFKD :9OO=KP ;LV=O FP MLFP=< QL FK;O=9P= QL jvq} FK =9PQ=OK 49PJ9KF9

(sites 1-zh 9P PLLK 9P QE= Y=9O sqsz] ;LKPFPQ=KQ WFQE QE9Q L:P=OV=< IL;9IIY 9Q St. Helens (site 

sh 9K< 9P L:P=OV=< FK /37rw.d

";;ERKJ8HHY] WDEH< PD< 8UPDKNO ;K OP8P< PD8P <8OP<NJ 48OI8JE8 KJHY :KV<NO OEP<O n – v g8J; JKP PD<

OKUPD<NJ OEP<O nm – np WD<N< HESH< 98NN<J :KV<N D8O 9<<J K9O<NV<; EJ PD< ;8P8 LN<O<JP<;h] PD<N< EO 8

:D8J:< PD8P L<KLH< WEHH EJP<NLN<P PD<O< ?J;EJCO 8O PD< <JRN< <8OP<NJ :K8OP K= 48OI8JE8` "JKPD<N

N<8OKJ PK 9< 8O :H<8N 8O LKOOE9H< WD<J OP8RJC PD<O< LN<;E:RKJO EJ PD< I8JUO:NELP`

Author reply: 

7= QE9KH 2=VF=W=O nt >LO QEFP P9D= 9<VF;= 9IPL` 4L QEFP =K<] W=bV= 9<<=< =XMIF;FQ J=KRLK L>

sites 1-z QL QE= PQ9Q=J=KQ L> MOLG=;RLK L> :9OO=KP =XM9KPFLK O9Q= (see reply to NU=OY

FJJ=<F9Q=IY 9:LV=h.  

.Y KPD<N :KJ:<NJ EO WEPD PD< ;8P8 ?H<O PD8P 8::KIL8JY PD< I8JUO:NELP` * =KUJ; 8 =<W ;EO:N<L8J:E<O

gKN <;EPOh PD8P J<<; PK 9< 8;;N<OO<; 9<=KN< LU9HE:8RKJ` 'ENOP] EJ 'ECUN< o] J EO ;<?J<; 8O ntpm =KN PD<

ommn-ommo OUNV<YO 8J; ntot =KN PD< omns-omnt OUNV<YO] 9UP PD< ;8P8 ?H< :KJP8EJO nsmm =KN 9KPD` * O<<

the ;8P8 ?H<O O8YO gEJ PD< OD<<P J8I<h PD8P aJK O8J;b D8O 9<<J PNUJ:8P<;` 4DEO I8Y H<8; PK PD<

;EO:N<L8J:Y 8J; IUOP 9< 8;;N<OO<;` * =KUJ; PD< OP8P<; OP8ROR:O EJ PD< ?CUN< PK 9< J<8NHY E;<JR:8H`

Author reply: 

7= QE9KH 2=VF=W=O nt >LO MF;HFKD UM LK QEFP <iscrepancỳ 8es] the <F?=O=K;= FK KUJ:=O L>

NU9<O9QP W9P <U= QL QE= O=JLV9I L> NU9<O9QP <LJFK9Q=< :Y P9K< in the dataset “Data SItb. 

4E= @DUO= E9P :==K O=MILT=< >LO ;LKPFPQ=K;Y WFQE K�rwqq >LO :LQE PUOV=Y M=OFL<P] WFQE

trends in each period remaining largely unchanged >LIILWFKD O=JLV9I L> rtq 9K< rsx P9K<

<LJFK9Q=< NU9<O9QP >OLJ sqqreqs 9K< sqrwerx O=PM=;RV=IY. 4E9KHP 9D9FK QL Reviewer #3 

>LO EFDEIFDERKD QEFP <FP;O=M9K;Y`

3<:KJ;] UOEJC PD< LH8J8N UN:DEJ 98NN<J :KV<N * =KUJ; OEP<O n – v PK D8V< p`ooy 98NN<J :KV<N EJ PD<

ommn-ommo OUNV<YO 8J; no`toy EJ PD< omns-omnt OUNV<YO` 3EIEH8N PK WD8P EO OP8P<; EJ PD< L8L<N 9UP

;E><N<JP gEP I8Y 8HOK H<8; PK 8 OHECDPHY ;E><N<JP N8P< K= :D8JC< =KN YKUN <XPN8LKH8RKJh` .8Y9< * 8I

HKKGEJC 8P PD< WNKJC ;8P8] 9UP KPD<NO I8Y ;K PD< O8I<`

Author reply: 

The experimental design used to present and analyse the data is a fully hierarchical PM9R9I

design with site means calculated from mean of 3 PU:-PFQ=P M=O PFQ=] WFQE PU:-site means 

;9I;UI9Q=< >OLJ J=9K L> u QO9KP=;QP M=O PU:-site] WFQEFK =9;E RJ= M=OFL<. &PRJ9Q=P L>

UO;EFK <=KPFQY LO M=O;=KQ9D= ;LV=O L> :9OO=KP QE=O=>LO= <F?=O PIFDEQIY depending on whether 

all data are averaged versus the correct averaging within each PM9R9IIY hierarchical level of 

QE= <=PFDK` 2=VF=W=O nt ;9I;UI9Q=P J=9KP WFQEFK =9;E M=OFL< :Y MLLIFKD 9;OLPP 9II PM9R9I

P;9I=P L> QE= P9JMIFKD <=PFDK] 9P LMMLP=< QL ;9I;UI9RKD J=9KP WFQEFK 9 M9OR;UI9O PM9R9I

P;9I= :=>LO= esRJ9RKD V9OF9:FIFQY 9Q QE= I=V=I 9:LV=` 4L PUMMI=J=KQ QE= PM9R9I EF=O9O;EF;9I



<=PFDK 9P <=Q9FI=< FK QE= .=QEL<P] W= KLW =XMIF;FQIY PQ9Q= ELW QE= J=9KP >LO UO;EFKP 9K<

:9OO=KP M=O;=KQ9D=P 9O= ;9I;UI9Q=< FK QE= O=PUIQP QL J9H= QEFP ;I=9O=Ò

That is] lines ~134-1ty in the Results now reads: “";OLPP QE= O=DFLK L> O9KD=-extension (sites 

1-rth] <FV= PUOV=YP QL ry J <=MQE O=V=9I=< QE= range-=XQ=K<FKD UO;EFKPb 9:UK<9K;= QL

increase siDKF@;9KQIY >OLJ 9K 9V=O9D= <=KPFQY L> q`rq g�q`qv 3&^ K�rt PFQ=Ph QL q`ry g�q`qw 3&]

K�rt PFQ=Ph FK<FVF<` J-2 >OLJ sqqreqs QL sqrwerx gFig. 2a; Table SI1; with site means 

calculated hierarchically from the J=9K L> t PU:-PFQ=P M=O PFQ=] WFQE PU:-site means 

;9I;UI9Q=< >OLJ J=9K L> u QO9KP=;QP M=O PU:-PFQ= WFQEFK =9;E RJ= M=OFL<h”. 

4DEN;] * W8O 8 9EP :KJ=UO<; KJ PD< LNKLKNRKJ K= 98NN<J OEZ<O EJ PD< LH8J8N 98NN<J 8N<8 ;8P8 OD<<P` *

PDEJG PD<O< ;8P8 J<<; IKN< <XLH8J8RKJ EJ PD< I8JUO:NELP OK PD8P N<8;<NO :8J 8J8HYZ< PD<O< ;8P8

:KNN<:PHY`

Author reply: 

We have ;I9OF@=< QE= ;9I;UI9RLKP L> QE= MI9K9O :9OO=K cover percentage in the Methods 

P=;RLK. The data header for the overall MI9K9O :9OO=KP cover data has also :==K =XQ=K<=< QL

=XMI9FK ELW QE= ;9I;UI9RLK FP J9d= >OLJ QE= u :9OO=KP QYM=P` The header now reads: 

“Overall_MI9K9OfM=O;=KQf:9OO=KP g;9I;UI9Q=< :Y PUJJFKD 9II :9OO=KP QYM=P 9C=O JUIRMIYFKD

=9;E QYM= :Y JF<-MLFKQ MOLMLORLKP L> q`zsv] q`wsv] q`tq 9K< q`rq >LO ;LKRKULUP :9OO=KP

9K< I9OD=] J=<FUJ 9K< PJ9II FK;FMF=KQ M9Q;E=P O=PM=;RV=IYhd̀

These are the three th8P W<N< IKOP 8LL8N<JP EJ IY 8J8HYOEO K= PD< ;8P8 8J; PD<N< I8Y 9< KPD<NO] OK *

PDEJG 8 :8N<=UH N<8J8HYOEO K= PD< ;8P8 LNKVE;<; EO W8NN8JP<;`

Author reply: 

7= QE9KH 2=VF=W=O nt >LO QE=FO <=Q9FI=< =XMILO9RLK L> LUO @DUO=P 9K< 9PPL;F9Q=< <9Q9 @I=P`

"P <=Q9FI=< 9:LV=] We have reviewed and trimmed the data in Fig. 2c :Y O=JLVFKD NU9<O9QP

<LJFK9Q=< :Y P9K< PU;E QE9Q QE= <9Q9P=Q FP 9II PNU9O= WFQE QE9Q MO=P=KQ=< FK QE=

9;;LJM9KYFKD <9Q9 @I=` "P such] W= E9V= KLW 9;EF=V=< consistency for this dataset 

throughout the manuscript. We have also O=FQ=O9Q=< QE= EF=O9O;EF;9I PM9R9I <=PFDK WFQEFK QE=

results WEF;E KLW :=T=O supplements QE9Q <=Q9FI=< FK QE= .=QEL<P P=;RLK`

3L<:E?: :KII<JPO_

%<?J< PD< 899N<VE8RKJ =KN /<W 3KUPD 78H<O g/37h EJ L8N8CN8LD PDN<< K= PD< EJPNK;U:RKJ`

Author reply: 

'FX=<` 4E9KHs to Reviewer #3.  

.EOOL<HHEJC K= aOUNV<Yb EJ PD< 8:GJKWH<;CI<JPO`

Author reply: 

Fixed. 4E9KHs to Reviewer #3. 



2=VF=W=O nu g2=J9OHP QL QE= "UQELOh_

4DEO L8L<N ODKWO 8J <XP<JOEV< 8IKUJP K= G<HL 8J; O<8 UN:DEJ ;8P8 :KHH<:P<; EJ 48OI8JE8] :KIL8NEJC

ommneommo 8J; omnseomnt` 4D< 8UPDKNO OPN<OO PD< :UNN<JP EJ:N<8O<O EJ UN:DEJ 98NN<J :KV<N EJ

W8NIEJC :K8OP8H ZKJ<O gLKH<W8N;h` #<OE;<O] PD<Y =K:UO KJ PD< LKP<JR8H =KN <8NHY-W8NJEJCO K= 8

:8P8OPNKLDE: ODEB PKW8N;O :KILH<P< UN:DEJ 98NN<JO] 9Y IKJEPKNEJC EJ:ELE<JP OL8R8H L8S<NJO`

"O 8 PD<KN<R:8H <:KHKCEOP] *bI JKP =8IEHE8N WEPD PD< ?<H; I<PDK;O UO<;] OK * WKJbP 9< 89H< PK :KII<JP

KJ PD<O<` * WEHH =K:UO KJ PD< HEJG PK PD< PD<KNY I8;< 9Y PD< 8UPDKNO] 8J; PD< EJP<NLN<P8RKJ KJ PD< ;8P8

EJ PD< :KJP<XP K= 8HP<NJ8RV< OP89H< OP8P<O 8J; <8NHY W8NJEJC`

'ENOP K= 8HH] *bI EILN<OO<; 9Y PD< NE:DJ<OO K= PD< ;8P8` *bI JKP :KILH<P<HY :KJVEJ:<; K= PD< <JRN< HEJ<

K= N<8OKJEJC] 8J; PD< OULLKNP 9Y PD< ;8P8` * WKUH; HEG< PK OD8N< IY PDKUCDPO KJ PDEO] 8J; OKI<

OUCC<ORKJO 9<HKW`

'ENOPHY] * IEOO 8 ;EO:UOOEKJ KJ PD< O:8H< K= PD< PD<KN<R:8H ;YJ8IE:O 8J; PD< ;8P8` "N< PD< K9O<NV<;

L8S<NJO 8OOUI<; PK 9< OP89H<] KN UJOP89H< PN8JOE<JP OP8P<O WD<N< OI8HH EJ:ELE<JP L8P:D<O WEPD DECD

JUI9<NO K= UN:DEJO OHKWHY <XL8J; EJPK PD< G<HL\ *J PD< H8OP :8O<] EO PD< <8NHY W8NJEJC JKP 8:PU8HHY PD<

OP8NP K= PD< gI8Y9< OHKWh :KHH8LO<\ 0N EJ PD< ?NOP :8O<] DKW :8P8OPNKLDE: EO PD< :KHH8LO< PD<J\ "

N<=<N<J:< EO I8;< PK 2E<PG<NG <P 8H] 9UP 8JY ;EO:UOOEKJ KJ PD< O:8H< K= PD< ;<O:NE9<; =<<;98:GO] PD<

O:8H< K= PD< RLLEJC LKEJPO] 8J; PD< O:8H< K= PD< ;8P8 EO H8:GEJC`

Author reply: 

7= QE9KH 2=VF=W=O nu >LO E=IMFKD UP QL :=T=O IFKH theory to our empirical data. The 

L:P=OV=< M9T=OK L> increasing incipient grazed :9OO=KP patches :Y QE= FKV9<FKD UO;EFK is 

most certainly currently an UKPQ9:I= transient state 9P QE= UO;EFK MLMUI9RLK undergoes 

MLMUI9RLK =XMILPFLK. 7= UP= QE= Q=OJ aFK;FMF=KQb QL J=9K: “:=DFKKFKD QL E9MM=K LO

<=V=ILMd. Theses :9OO=KP M9Q;E=P 9O= :=;LJFKD JLO= KUJ=OLUP 9K< =XM9K<FKD FKQL QE=

H=IM] WFQE L:P=OV=< ;L9I=P;=K;= L> FK;FMF=KQ M9Q;E=P I=9<FKD QL IL;9I H=IM ;LII9pse. To help 

;I9OF>Y QEFP] 9 PQ9Q=J=KQ QL QEFP =?=;Q E9P KLW :==K 9<<=< QL QE= J9KUP;OFMQ 9Q IFK= rrq-113: 

“*K;FMF=KQ :9OO=KP O=MO=P=KQ 9 QO9KPF=KQ PQ9Q= MOLDO=PPFKD >OLJ PJ9II DO9Z=<-patches (1 m2

P;9I=h QE9Q :=;LJ= JLO= KUJ=OLUP 9K< ;L9I=P;= QL UIRJ9Q=IY ;LII9MP= H=IM and form 

=XQ=KPFV= :9OO=KP grq]qqq - r]qqq]qqq J2 P;9I=h 9P UO;EFK 9:UK<9K;= IL;9IIY FK;O=9P=P gFig. 

1a-d).d

4E= P;9I= L> QE= PQU<Y FP FK<F;9Q=< :Y QE= PM9R9IIY EF=O9O;EF;9I P9JMIFKD <=PFDK] P9JMI=< rv

Y=9OP 9M9OQ] WEF;E F<=KR@=P QE= UO;EFK MLMUI9RLK FK;O=9P= 9K< FK;O=9PFKD MO=P=K;= L>

FK;FMF=KQ :9OO=KP M9Q;E=P 9;OLPP QE= =9PQ=OK 49PJ9KF9K O=DFLK :=FKD FKV9<=< :Y QE= UO;EFK`

4E= PM9R9I P;9I=P L> QE= WELI= =9PQ=OK 49PJ9KF9 ;L9PQ gjsvq HJh] PFQ=P WFQEFK QEFP ;L9PQ grt

siQ=P PM9;=< =V=OY jsq HJ 9ILKD QE= ;L9PQh] PU:-PFQ=P WFQEFK PFQ=P gPM9;=< =V=OY j s HJh] 9K<

FK<FVF<U9I QO9KP=;QP gPM9;=< =V=OY jsqq Jh] WFQE :9P= P;9I= L> v J2 NU9<O9QP L;;UOOFKD WFQEFK

=9;E QO9KP=;Q] FP J9<= =XMIF;FQ FK QE= .=QEL<P` 4L ;I9OF>Y QEFP] QE= PM9R9IIY EF=O9O;EF;9I K9QUO=

L> QEFP =XM=OFJ=KQ9I <=PFDK FP KLW 9IPL O=FQ=O9Q=< WFQEFK QE= @OPQ J=KRLK L> O=PUIQP QL ;I9OF>Y

P;9I=P L> FKV=PRD9RLK 9K< UIRJ9Q=IY QE= L:P=OV=< ;LII9MP=] 9K< =9OIY W9OKFKD PFDKP L>

M=K<FKD ;LII9MP=] 9;OLPP QE= ;L9PQ` The P;9I= L> UO;EFK :9OO=KP is shown in the snapshot of 

:9OO=KP patch-size <FPQOF:URLK across the Tasmanian east coast is shown in Fig. 1.  



To further clarify QE= QO9KPFQLOY <YK9JF;P L> QE= FK;FMF=KQ :9OO=KP] QE= Fig. 1c&d ;9MRLK

now reads: “;h 3;E=J9R; L> QE= PM9R9I M9T=OK L> =;LPYPQ=J ;LII9MP= >OLJ H=IM >LO=PQP QL

UO;EFK :9OO=KP VF9 FKQ=OJ=<F9Q= ‘FK;FMF=KQ :9OO=KPb] WEF;E =XM9K< 9K< ;L9I=P;= 9P UO;EFK

<=KPFQY FK;O=9P=P 9;OLPP O==>P` g<h 3;E=J9R; L> L:P=OV=< ;IFJ9Q=-<OFV=K PM9R9I M9T=OK

>LOJ9RLK FK QE= MLI=W9O< <FO=;RLK^ >LIILWFKD >OLJ :LTLJ QL QLM MOLVF<=P 9 PM9;=-for-

RJ= PU:PRQURLK L> QE= MOL;=PP L> ;LII9MP= >OLJ H=IM :=<P QL =XQ=KPFV= :9OO=KP VF9

9MM=9O9K;= 9K< UIRJ9Q=IY ;L9I=P;=K;= L> FK;FMF=KQ :9OO=KP 9P QE= LV=ODO9ZFKD RMMFKD-

point in urchin density is increasingly exceeded.d

0J< K= PD< ?NOP LKEJPO I8;< EJ PD< L8L<N] EO PD8P PD< G<HL-O<8 UN:DEJ OYOP<I D8O 8HP<NJ8RV< OP89H<

OP8P<O] 8J; ODKWO :8P8OPNKLDE: ODEBO 8P 8 :<NP8EJ H<V<H K= UN:DEJ :KV<Ǹ 4DEO ;8P8 O<<IO PK OULLKNP

PDEO] 8HPDKUCD EP EO JKP :KILH<P<HY :H<8N PK I< 8P WD8P O:8H< gO<< ?NOP LKEJPh gE= * UJ;<NOP8J;

:KNN<:PHY rmIh` 4K EHHUOPN8P< PD< DYLKPD<OEZ<; <XEOP<J:< K= 8HP<NJ8RV< OP89H< OP8P<O] EP WKUH; 9<

EJOECDQUH PK EHHUOPN8P< PD< =N<MU<J:Y ;EOPNE9URKJ V<NR:8HHY J<XP PK 'EC` o:] PK ODKW 9EIK;8HEPY EJ

PD< ;8P8`

Author reply: 

"P PQ9Q=d in the ;9MRLK >LO 'FD` s;] QE= P;9I= L> NU9<O9QP FP v m2. "P PUDD=PQ=< :Y 2=VF=W=O

nu] W= E9V= FIIUPQO9Q=< QE= =XFPQ=K;= L> 9IQ=OK9RV= PQ9:I= PQ9Q=P :Y KLW FK;IU<FKD 9

>O=NU=K;Y <FPQOF:URLK g9OO9KD=< V=OR;9IIYh LK QE= OFDEQ-hand side of Fig. 2c] WEF;E PELWP

FK;O=9PFKD :FJL<9IFQY QEOLUDE RJ=` 7= QE9KH 2=VF=W=O nu >LO QEFP PUDD=PRLK which now 

:=T=O IFKHP the QE=LOY L> 9IQ=OK9RV= PQ9:I= PQ9Q=P to QE= LV=ODO9ZFKD ;LII9MP= L> H=IM :=<P

that is underway. 

4D< 8UPDKNO ;N8W PWK 8NNKWO EJ 'ECUN< o: EJ;E:8RJC RLLEJC LKEJPO` * UJ;<NOP8J; PD8P PD<O< H<V<HO 8N<

98O<; KJ <8NHE<N N<O<8N:D] 9UP OEJ:< PD<Y D8V< JK N<H8RKJ PK PD< ;8P8 OPU;E<; EPO<H=] PD< ;N8WJ

PN8F<:PKNE<O CEV< PD< N<8;<N 8 9EP K= 8 =8HO< E;<8 K= 8 ;EN<:RKJ8H :D8JC<` * WKUH; OUCC<OP PK ;N8W

8:PU8H K9O<NV<; PN8F<:PKNE<O 9Y ;N8WEJC 8NNKWO =KN <8:D K= PD< OEP<O 9<PW<<J PD< PWK K9O<NV8RKJ

L<NEK;O`

Author reply: 

4EFP FP ;LOO=;Q] QE= <O9WK IFK=P O=MO=P=KQ QE= ;LKQO9PRKD >LOW9O< gLV=ODO9ZFKDh 9K< O=V=OP=

gH=IM O=;LV=OYh RMMFKD-points derived from prior study (manuscript reference #4 – Ling et al. 

sqrvh. 4E= FJMLOQ9K;= L> QEFP @DUO= FP QL PELW QE= ;LII9MPFKg (steepening) O=I9RLKPEFM

:=QW==K H=IM 9K< urchin deKPFQY] WEF;E FP ;LKPFPQ=KQ WFQE QE= MOFLO ;FQ=< O=P=9O;E 9K<

concepts of ;LII9MP=] F`=`] ;9Q9PQOLMEF; ME9P= PEFC g9C=O 3;E=?=O =Q 9I sqqr EFDEIFDEQ=< 9:LV=

in reply to Reviewer #2). 7EFI= W= 9MMO=;F9Q= QE= PUDD=PRLK L> <O9WFKD QO9G=;QLOF=P

:=QW==K everY :IU= 9K< O=< <LQ QL PELW FK<FVF<U9I QO9KPFRLKP QEOLUDE RJ=] QE= NU9<O9Q

data (averaged at v m2) 9O= KLQ M=O>=;QIY @X=< FK PM9;= :=QW==K RJ= M=OFL<P] E=K;= while 

W= ;9K PELW QE= LV=O9II ;E9KD= FK O=I9RLKPEFM] FK<FVF<U9I NU9<O9QP may not represent the 

exact same space. We have therefore KLQ 9T=JMQ=< QL IFKH =9;E 9K< =V=OY NU9<O9Q.  

*P EO UJ:H<8N PK I< DKW 'ECUN< p N<H8P<O PK PD< I8EJ LKEJP K= PD< L8L<Ǹ .8Y9< * IEOO OKI<PDEJC] 8J;

:KUH; EP FUOP 9< OPN<OO<; 8 9EP IKN<`



Author reply: 

Figure t MOLVF<=P FJMLOQ9KQ K9QUO9I EFPQLOY FK>LOJ9RLK 9:LUQ QE= <=MQEP 9K< O==> PU:PQO9Q=

types where th= WF<=PMO=9< ;LII9MP= QL :9OO=KP E9P L;;UOO=<] or is impending] 9;OLPP

eastern Tasmania. 4E9Q FP] QE= Dreatest increase of urchin MLMUI9RLK and overgrazing 

impacts DO=9Q=PQ FK <==M=O W9Q=O LK :LUI<=O <LJFK9Q=< O==>P` 7FQELUQ QEFP MO9;R;9I

FK>LOJ9RLK] 9MMIF=< =?LOQP QL JFRD9Q= H=IM =;LPYPQ=J ;LII9MP= WLUI< := JFPDUF<=<`

We stress this point on lines ~12y-132] Where we state: “If early-warning signals are 

UIRJ9Q=IY <=Q=;Q9:I=] QE=K HKLWFKD ELW QL 9;Q] :=>LO= FQ FP QLL I9Q=] FP ;LKRKD=KQ LK

UK<=OPQ9K<FKD JFRD9RKD =;LILDF;9I ;FO;UJPQ9K;=P` 4EUP] W= 9IPL =XMILO= J=;E9KFPJP L>

UO;EFK FKV9PFLK 9K< LV=ODO9ZFKD O=PM=;RV=IY >LO <F?=O=KQ 9:FLR; gF`=`] O==> PU:PQO9QUJ

QYM=Pe<=MQEh 9K< :FLR; ;LV9OF9Q=P gF`=`] MO=<9QLOY PMFKY IL:PQ=OP MIUP ;LJM=RKD K9RV=

UO;EFKP 9K< 9:9ILK= 9:UK<9K;=Ph d̀

)KW PD< ;8P8 EO LN<O<JP<; 8P PD< IKI<JP] * ;KJbP O<< PD8P I8LLEJC L8P:D<O 8J; L8P:D OEZ<O WKUH;

D<HL =KN <8NHY W8NJEJC` )KW ;K PD< L8P:D OEZ<O :KIL8N< PK UN:DEJ 98NN<J :KV<N\ $8J N<OUHPO =NKI

'ECUN< o 8J; L8P:D OEZ<O 8O I<8OUN<; EJ 'ECUN< q 9< :KIL8N<;\

$8J 8:PU8HHY UN:DEJ 98NN<J :KV<N 9< UO<; 8O 8J <8NHY W8NJEJC OECJ] WD<N< OEILHY PD< K::UNN<J:< K=

L8P:D<O EO PD< ?NOP W8NJEJC gOK =NKI m PK {my :KV<Nh] KN EO PD<N< IKN< EJ=KNI8RKJ EJ PD< L8P:D OEZ<O

I<8OUN<;\ 'KN EJOP8J:<] ;K<O :KV<N OP8Y PD< O8I<] 9UP L8P:D<O 9<:KI< H8NC<N 8P OEP<O WD<N< PD<N<

8N< IKN< UN:DEJO\ 4DEO :KUH; <8OEHY 9< ODKWJ EJ 8 LHKP] 8J; D<HLO PD< N<8;<N PK :KJVEJ:< PD<

UO<=UHJ<OO K= HKKGEJC 8P L8P:D<O 8J; L8P:D OEZ<O EJ L8NR:UH8Ǹ

Author reply: 

" :9OO=KP M9Q;E FP <=@K=< 9P 9 P=;RLK L> O==> WE=O= 9II QE= H=IM within the patch E9P :==K

grazed away :Y UO;EFKP O=PUIRKD FK :9O=-OL;H LO =K;OUPRKDe @I9J=KQLUP 9ID9I >LOJP (as seen 

FK FJ9D=P L> :9OO=KP patches WFQEFK QE= J9KUP;OFMQ] =`D`] 'FD. 4am: insets). So] the 

M=O;=KQ9D= ;LV=O L> H=IM WFQEFK 9 :9OO=KP M9Q;E FP q}] ;LKV=OP=IY QE= M=O;=KQ9D= ;LV=O L>

:9OO=KP WFQEFK 9 :9OO=KP M9Q;E FP rqq}` 4E9Q FP] QE= ;LV=O L> H=IM gq}h LO :9OO=KP grqq}h

WFQEFK 9 :9OO=KP M9Q;E stays QE= P9J=] :UQ M9Q;E=P :=;LJ= I9OD=O 9Q PFQ=P WE=O= QE=O= 9O=

more urchins and K=FDE:LUOFKD patches start coalescing to form larger scale features.  

The Methods P=;RLK E9P :==K =<FQ=< QL clarify this] 9K< includes ;FQ9RLK L> MOFLO O=P=9O;E

<=@KFKD QEFP O=I9RLKPEFM gF`=` 'IUH=P =Q 9I` sqrs – Reference #24 in the manuscript): 

“/LQ= QE9Q 9 :9OO=KP M9Q;E FP 9K 9O=9 L> O==> WE=O= 9II QE= H=IM WFQEFK QE= M9Q;E E9P :==K

;LJMI=Q=IY DO9Z=< 9W9Y :Y UO;EFKP] O=PUIRKD FK :9O=-OL;H LO =K;OUPRKDe @I9J=KQLUP 9ID9I

>LOJP g=`D`] 'FD` u9m: FKP=QPh] F`=`] QE= M=O;=KQ9D= ;LV=O L> H=IM WFQEFK 9 :9OO=KP M9Q;E FP q}]

LO 9IQ=OK9RV=IY rqq} :9OO=K ;LV=Ò "P :9OO=KP M9Q;E=P :=;LJ= I9OD=O] UO;EFK 9:UK<9K;= 9IPL

increases24.d

0V=O9II] * QEFKH QE= IFKH :=QW==K QE=LOY 9K< <9Q9 ;9K := PQO=KDQE=K=< JLO= QL ;LKVFK;= QE= O=9<=Ò

"IPL] QE= :OF<D= QL 9;QU9I =9OIY W9OKFKD PFDKP g;LV=O\ M9Q;E=P\h K==<P PLJ= ;LKPF<=O9RLK`



'UOQE=OJLO=] * QEFKH WFQE PLJ= 9<9MRLKP] FQ ;9K :=;LJ= 9 OF;E M9M=O] <FP;UPPFKD 9K FJMLOQ9KQ

NU=PRLK] WE=QE=O gQE= FK;O=9P= L> e L;;UOO=K;= L>h FK;FMF=KQ M9Q;E=P ;9K := UP=< 9P W9OKFKD PFDKP L>

PYPQ=JF; H=IM ;LII9MP=`

Author reply: 

The actual early warning sign is the appearance of J9KY PJ9II FK;FMF=KQ :9OO=KP M9Q;E=P QE9Q

can coalesce to larger features] which :=;LJ= P=I>-maintaining and are very hard to reverse 

LK;= QE= RMMFKD-point of overgrazing is exceeded across increasingly large scales (see 

Reference #4 FK QE= J9KUP;OFMQ] F`=`] -FKD =Q 9I` sqrvh. "s we show in our long-term PQU<Y] it is 

the appearance of numerous small patches that is the early warning sign. 4L PQO=PP QEFP MLFKQ]

we have now added a concluding statement explaining that QO9;HFng the appearance of these 

patches across space using remote monitoring methods (PU;E 9P QLW=< UK<=OW9Q=O VF<=L]

FK<=M=K<=KQ L> I9:LUOPLJ= and PM9R9IIY O=PQOF;Q=< dive surveys) is a rapid way of mapping 

this worsening MOL:I=J and F<=KR>YFKD where Q9;R;9I =?LOQP QL JFRD9Q= LV=ODO9ZFKD ;LII9MP=

JUPQ := <FO=;Q=< :=>LO= FQ FP QLL I9Q=` Th= >LIILWFKD PQ9Q=J=KQ E9P :==K 9<<=< QL QE=

discussion gIFK= srx-ssqh: “/LQ9:IY] FK ;LJM9OFPLK QL PM9R9IIY O=PQOF;RV= 9K< <=MQE-limited 

<FV= PUOV=YP] QLW=<-video MOLV=< 9K =A;F=KQ P;9I9:I= and cost-=?=;RV= monitoring method 

well-suited to high->O=NU=K;Y PM9R9IIY =XQ=KPFV= P9JMIFKD] which are H=Y ;LKPF<=O9RLKP for 

J9XFJFPFKD <=Q=;RLK L> PM9R9I-M9T=OK->LOJ9RLKP FK<F;9RV= L> FJM=K<FKD =;LPYPQ=J

change.d

To >UOQE=O E=IM :OF<D= QE= QE=LOY QL MO9;R;=] W= 9IPL 9<<=< 9<<FRLKal words in parentheses 

within the concluding paragraph. The fourth last sentence in the conclusion now reads: 

“#=YLK< MO=VFLUP PQU<F=P] W= O=V=9I that early-warning of ecosystem collapse under climate 

;E9KD= ;9K := O=;LDKFZ=< W=II-in-advance :Y ILLHFKD =NU9QLOW9O< >LO PFDKP L> WE9Q QL

=XM=;Q gF`=`] ILLHFKD FK QE= =NU9QLOW9O< <FO=;RLK to <=Q=;Q =J=OD=K;= L> KLV=I PM9R9I

M9T=OK >LOJ9RLKP] P== Fig. 1d).d

7= QE9KH 2=VF=W=O nu >LO QE=FO =K;LUO9DFKD WLO<P 9K< >LO EFDEIFDERKD LMMLOQUKFR=P >LO

FJMOLVFKD QE= IFKH :=QW==K QE=LOY 9K< our data. 



REVIEWERS' COMMENTS

Reviewer #2 (Remarks to the Author):

The revised manuscript is well written and will be an important contribution to the 

literature. The authors thoroughly addressed my major concerns in the revised manuscript. I 

recommend the article for publication after the authorship team addresses the following: 

Line 27 – I believe 50% deforestation by 2030 is possible, but I still feel that this statement is 

somewhat speculative. If this statement is retained in the abstract, I recommend the 

authors qualify it similarly to the text in the body where it appears (e.g., the spatial scale of 

the projected 50% loss of forests is specific to eastern Tasmania). 

Thank you for mentioning in the comments that C. rodgersii is an obligate scraping 

herbivore. This is a very important trait that contrasts the feeding behavior of the native sea 

urchin. As a reader unfamiliar with this system, it would be helpful to know early in the 

paper this important differentiation, especially since northern hemisphere species can 

switch between foraging on detritus vs. grazing on live macroalgae. 

I have a related question about the foraging behavior of C. rodgersii that may warrant some 

further clarification in the main text. Since this species is an obligate scraping herbivore, 

what is the primary mechanism of deforestation of macroalgae? Is it that C. rodgersii 

consumes the holfasts of adults kelps, thereby directly contributing to deforestation? Or is 

do they consume gametophytes or newly recruited kelp and therefore adult kelps are 

unable to be replenished? 

Lines 178-192 – please report summary statistics where ‘significantly’ is used. 

Reviewer #3 (Remarks to the Author):

Thank you for addressing my comments in a clear manner. I would also like yo thank you for 

making the methods used more clear to the reader and addressing the issues with the 

underlying data files.



REVIEWERS' COMMENTS

Reviewer #2 (Remarks to the Author):

+71 A1H8B10 <-=GB/A8?C 8B I1;; IA8F1= -=0 I8;; .1 -= 8<?>AC-=C />=CA8.GD>= C> C71 ;8C1A-CGA1Q +71

-GC7>AB C7>A>G67;K -00A1BB10 <K <-9>A />=/1A=B 8= C71 A1H8B10 <-=GB/A8?CQ % A1/><<1=0 C71 -AD/;1

2>A ?G.;8/-D>= -51A C71 -GC7>AB78? C1-< -00A1BB1B C71 2>;;>I8=6P

Line 27 – % .1;81H1 `\g 012>A1BC-D>= .K ^\_\ 8B ?>BB8.;1O .GC % BD;; 211; C7-C C78B BC-C1<1=C 8B

B><1I7-C B?1/G;-DH1Q %2 C78B BC-C1<1=C 8B A1C-8=10 8= C71 -.BCA-/CO % A1/><<1=0 C71 -GC7>AB @G-;82K

8C B8<8;-A;K C> C71 C1JC 8= C71 .>0K I71A1 8C -??1-AB V1Q6QO C71 B?-D-; B/-;1 >2 C71 ?A>91/C10 `\g ;>BB >2

2>A1BCB 8B B?1/84/ C> 1-BC1A= +-B<-=8-WQ

Author replyP

,1 C7-=: )1H81I1A Y^ 2>A C718A /><<1=CBQ +78B BC-C1<1=C 7-B .11= <>08410 8= C71 -.BCA-/C

-B BG661BC10Q +71 B1=C1=/1 =>I 8=/;G01B <>A1 014=8DH1 <1=D>= >2 C71 A1;1H-=C B?-D-;

B/-;1 C> =>I A1-0P

T$1<>=BCA-D=6 ?>;1I-A0 ?A>6A1BB8>= >2 />;;-?B1 >H1A ]`-K1-ABO 1-A;K I-A=8=6 R8=/8?81=C

.-AA1=BS -A1 =>I I801B?A1-0 -;>=6 `\\ :< >2 />-BC I8C7 ?A>91/D>=B 8=08/-D=6 C7-C 7-;2 >2

-;; :1;? .10B I8C78= C78B A-=61-1JC1=B8>= A168>= I8;; />;;-?B1 .K X^\_\QU

+7-=: K>G 2>A <1=D>=8=6 8= C71 /><<1=CB C7-C C. rodgersii 8B -= >.;86-C1 B/A-?8=6 71A.8H>A1Q +78B 8B

- H1AK 8<?>AC-=C CA-8C C7-C />=CA-BCB C71 21108=6 .17-H8>A >2 C71 =-DH1 B1- GA/78=Q "B - A1-01A

G=2-<8;8-A I8C7 C78B BKBC1<O 8C I>G;0 .1 71;?2G; C> :=>I 1-A;K 8= C71 ?-?1A C78B 8<?>AC-=C

0831A1=D-D>=O 1B?1/8-;;K B8=/1 =>AC71A= 71<8B?71A1 B?1/81B /-= BI8C/7 .1CI11= 2>A-68=6 >=

01CA8CGB HBQ 6A-L8=6 >= ;8H1 <-/A>-;6-1Q

% 7-H1 - A1;-C10 @G1BD>= -.>GC C71 2>A-68=6 .17-H8>A >2 #Q A>061AB88 C7-C <-K I-AA-=C B><1 2GAC71A

/;-A84/-D>= 8= C71 <-8= C1JCQ *8=/1 C78B B?1/81B 8B -= >.;86-C1 B/A-?8=6 71A.8H>A1O I7-C 8B C71 ?A8<-AK

<1/7-=8B< >2 012>A1BC-D>= >2 <-/A>-;6-1N %B 8C C7-C #Q A>061AB88 />=BG<1B C71 7>;2-BCB >2 -0G;CB

:1;?BO C71A1.K 08A1/C;K />=CA8.GD=6 C> 012>A1BC-D>=N (A 8B 0> C71K />=BG<1 6-<1C>?7KC1B >A =1I;K

A1/AG8C10 :1;? -=0 C71A12>A1 -0G;C :1;?B -A1 G=-.;1 C> .1 A1?;1=8B710N

Author replyP

,1 7-H1 =>I /;-A8410 C71 21108=6 <>01 1-A;K >= 8= C71 <-=GB/A8?CQ *1=C1=/1 in the 

%=CA>0G/D>= 108C10 C> A1-0P

“,8C78= C71 /1=CA-; -=0 B>GC71A= '*, =-DH1 A-=61 >2 C. rodgersiiO C78B GA/78= H8- 8CB

>.;86-C1 B/A-??8=6 <>01 >2 21108=6 >= <-/A>-;6-1 8=/;G08=6 />=BG<8=6 7>;02-BCB

-=0 9GH1=8;1 <-/A>-;6-; A1/AG8CBO <-8=C-8=B .-AA1=B >H1A <>A1 C7-= `\g >2 -;;

B7-;;>I A112 ]a -=0 B8<8;-A ;1H1;B >2 >H1A6A-L8=6 -A1 =>I -??-A1=C -C B><1 B8C1B 8=

=>AC71-BC +-B<-=8-QU



&8=1B ]bc-]d^ – ?;1-B1 A1?>AC BG<<-AK BC-DBD/B I71A1 RB86=84/-=C;KS 8B GB10Q

Author replyP

";; BG<<-AK BC-DBD/B -A1 />=C-8=10 I8C78= C71 *G??;1<1=C-AK %=2>A<-D>= />=C-8=10 I8C78=

+-.;1 *%`Q +78B 8B =>I 1J?;8/8C;K BC-C10 8= C71 C1JCQ

)1H81I1A Y_ V)1<-A:B C> C71 "GC7>AWP

+7-=: K>G 2>A -00A1BB8=6 <K /><<1=CB 8= - /;1-A <-==1AQ % I>G;0 -;B> ;8:1 K> C7-=: K>G 2>A <-:8=6

C71 <1C7>0B GB10 <>A1 /;1-A C> C71 A1-01A -=0 -00A1BB8=6 C71 8BBG1B I8C7 C71 G=01A;K8=6 0-C- 4;1BQ

Author replyP

We thank )1H81I1A Y_ 2>A C71 >??>ACG=8CK C> /;-A82K >GA G=01A;K8=6 0-C-Q '> 2GAC71A

/><<1=CQ


