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Marine Policy
This paper reviews the current data available regarding the predicted natural macroalgal biomass on tropical coral reef systems. It is a short review that identifies the problem with determining the baseline "natural" state to which marine management should aspire. This is a common problem throughout nature conservation and resource management; what state should a site be in and how do you assess this to set targets for management purposes. The manuscript finishes, prior to a short conclusions section, by comparing this problem to the same issue in other ecosystems. This is the basic problem with this paper: it identifies and briefly reviews a known problem, but then offers no solution. The paper adds nothing to current knowledge and is a simplistic, albeit interesting, short summary of the issue. As such it simply does not justify publication as it lacks novelty, substance and impact. This is demonstrated by the uninformative, over simplistic and inconclusive abstract. I therefore recommend rejection as unsuitable for this journal.

Marine Ecology Progress Series

note the manuscript was submitted as an opinion piece

Reviewer # 2  This MS puts forward the thesis that “natural” levels of macroalgae on “healthy” reefs, or pre-human, pristine reefs, may have been higher than some think, and that the field may be dominated by Caribbean thinking. This is basically an idea, and not a new one, that has been pumped and padded into a possible paper. It fails on several counts.
Gertrude Stein one said, of Oakland: “there is no there, there.” One gets a similar feeling reading this MS. There are no new data, and there are no new ideas-other than the suggestion, far from new, that macroalgal levels may have been higher in the past. As an Introduction to an NSF proposal, it might serve. As a paper in a major marine journal-no. Not even close. The whole MS can be summed up in one sentence: “Early Caribbean surveys may have missed algae, and we think-by analogy with some Pacific reefs-that baseline values may be higher than thought.”

The early part of the MS is an overview of some of the early work in the Caribbean-and here the authors are plainly guilty of suggesting lack of competence of early researchers. They spend some time discussing the algal lawns cultivated by damselfish, yet seem not to realize that damselfish numbers are a reflection of the very overfishing they suggest dominates reef dynamics in the Caribbean. Damselfish territories observed in 1977 may be irrelevant to baseline algae values.

They then verge into the simply annoying, with statements such as “Divers performing benthic surveys have a diminished ability to detect such macroalgae hidden from above.” (p. 5). The assertion is that the algae were there all along, and that death of Acropora only now reveals them. These statements contain two hidden assumptions, one incorrect and one insulting to those pioneers who were there before us. One, they assume that a majority of early Caribbean reef surveys were run in Acropora stands. Given the limited extent of this genus, even 60 years ago, this is plainly not true-and authors have not gone into the original works to winkle out transects done on massives and in Acropora stands. Second: do they really think that early researchers were so dumb they could have ignored benthic cover by macroalgae of, say, 40%? This section of the MS comes very close to a bunch of guys in 2012 pushing an idea by downgrading the work of people working 40-50 years ago.

I have just finished going through some early literature. The first paper I can find on benthic reef transects is Risk’s work in the VI’s. This was all done on massive corals, and algae are not mentioned. 

The discussion of hurricanes is interesting, but hardly relevant. Hurricanes have been around a long time. What may have changed is the response to them.

There is then discussion of seaweed levels on quasi-pristine Pacific reefs. I have no problem with this, except that I want to see the figure relating seaweed abundance to upwelling intensity at each of these islands.

Then there is some extraneous discussion, along the lines of every reef is different, and there are many factors involved.

The final section, “Lessons from other systems”, is padding.

I don’t work in this field, and have little interest in it. But on reading this MS, I found myself wondering, how could authors have done a better job? And they could have done a better job by suggesting ways to approach this problem of shifting algal baselines. As I say, I have zero interest in this field, but I set myself a limit, and in 5 minutes thought of the following:

1. look for the presence of macroalgae in sediments, by looking for obligate associates, especially some forams. Could relate to present values, then determine past ones-as has been done in the search for some species of deep-water corals, that have specific associates.

2. the pigments preserve in sediments, and are distinct from planktonic pigments.

3. ditto some of the isotopes, especially 34S.

I am sure these authors could come up with many more ways to approach this problem-and there may even be supporting data out there somewhere. Someone has to look at otoliths in the record…

In short, authors could have given us a useful piece of work. They could have said “Look, we have this idea, and if we are right then management needs to know. Here are some possible ways to find out.”

But they didn’t.

Reviewer # 3  Bruno et al. argue that the “pristine” baseline used with respect to macroalgal cover in reefs (low values), as has been held by many scientists, is not correct. They indicate that the error comes from the fact that most reef scientists started working in the Caribbean in the 1970’s when algal cover was “abnormally” low. They argue that that was due to bias in sampling, that algal cover was high but not recorded, and finally, they compare Caribbean reefs with “quasi-pristine” Pacific reefs, implying that that algal cover in the Caribbean should be high.

There are several problems with their arguments. First, how can we know if researchers in the 1970’s were bias to sites with extremely low algal cover or that if present they didn’t recorded them. Second, they indicate that below Acropora stands there are more algal lawns as seen in the Western Pacific. In that case, as stated in Line 139: “The luxuriant Acropora stands of the classic descriptions [of Jamican reefs] may therefore be atypical; one extreme of a variable condition.” In other words when there was more Acropora, in the 1970’s, there should have been more algal lawns, but they were not there. To back up the idea that there are more algal lawns under Acropora they include “Figure 1. Association between acroporid corals and macroalgae. (left) Acropora cervicornis thicket from Discovery Bay, Jamaica in 1978. Note thick understory of Dictyota and Amphiroa adjacent to a territory of the threespot damselfish, Stegates planifrons…” I don’t see what they see in that photograph; in the West Pacific pictures (center and left) I can see it. Third, estimating the seaweed baseline for the Caribbean using Quasi-pristine Pacific reefs, is not valid, since they are different. As they very well indicate in Line 185 “The natural state of reefs is also highly context-specific.”

The situation of most coral reefs is critical and in many cases one of the principal causes (or

consequence) of degradation is excessive algal cover, due to overfishing, sea urchin die-off and eutrophication. Once a reef shifts to algal-dominated it is extremely hard to bring it back to a coral-dominated system. A paper like this one will give arguments to people and governments that don’t want to take action to protect the coral reefs, control sewage and stop over-exploitation of the seas. I suggest the paper be rejected because of the contradictions, weak arguments, and possible negative management implications.

Reviewer # 4  The authors assess common assumptions about ‘baselines’ of macroalgae on relatively pristine reef systems and conclude that reefs may not be as low in macroalgal cover as is often assumed. The question is timely as there has been a lot of recent discussion about what constitutes pristine reefs and what these reefs look like. There have been several good broad analyses of coral cover across ocean basins over time but so far no real significant assessments of macroalgae. As a coral reef ecologist, I am happy to see these data although I think the authors could have done more with them as I explain below. Overall I think it could be a good paper with some revision. I think the authors probably set up too much of a straw man argument by assuming that most people take the Caribbean of the 1970’s as the baseline of what coral reefs and macroalgal cover should be like. I don’t think that is the case any more. Most of all, I would also like to see some more in depth analysis of the macroalgal trends and function and groups. I reviewed this paper when it was reviewed at Ecology, and I noticed that it was much the same (identical in many places) to that manuscript. I had many of the same comments on that MS that I point out below.
Specific comments

Lines 122-126 - Tough to evaluate this argument about cascading effects of removing top predators. Most large bodied herbivorous fishes probably are not regulated by predation at the adult stage but at juvenile and settlement stages. 

Line 136-148 – Does anyone really regard the Caribbean of the 1970’s as the ‘prototype’ coral reef anymore? I might have believed that 10-15 years ago but not now. There is too much evidence from more remote places both in the Pacific and the Caribbean that the ‘average’ reef that was written about in the 1970’s was already pretty messed up. It feels like the authors are setting up too much of a straw man here. Do reef scientists still actually believe that Jamaica in the 1960’s and 1970’s was how Caribbean reefs looked historically? I really doubt it.

Lines 155-160 – The authors succumb to the same temptation here than they take authors to task for earlier on – lumping all macroalgae together into one group. This is unfortunate given the large data set that Vroom has. I would really like to see them break out these covers by functional group. Are Halimeda’s dominant within the macroalgae? What about fleshy browns or reds? These analyses would give us more information about what a ‘baseline’ really means. Does it mean lots of calcified greens on reefs with relatively pristine fish biomass and do we only see other algae coming in when we start to fish out these reefs? It just seems to me that the authors could make a more compelling argument about what the baseline for macroalgae really are by doing some more analysis rather than just reposting the figure from Vroom 2011. Doing such analyses would make this MS more useful than just the current opinion piece.

Lines 160-161 – The authors keep pushing the idea that the generally accepted baseline for the Caribbean is 2% macroalgae based on some early surveys of Jamaica in the 1970’s. Again, I don’t really think that this is the pervasive general wisdom in the field.

Lines 224-232 – This pattern of high macroalgal cover on pristine reefs with lots of predators (and also lots of herbivores according to Sandin et al and several of Friedlander’s papers from NWHI) could also result from the macroalgal community being dominated by very unpalatable species such as Halimeda. I would expect other, palatable macroalgae such as Sargassum to dominate when herbivory is low. So communities with intense grazing can have high macroalgal cover just like communities with low grazing. They just have different species of macroalgae that are well defended. Not to say that predators don’t have demographic and behavioral effects. They undoubtedly do. But the overwhelming level of herbivore biomass on some of the ‘pristine’ places in the Line Islands and NWHI says that these places are grazed hard and that the only macroalgae that can survive are the ones that aren’t tasty. 

Lines 229-232 - Their statement that ‘herbivores are scare’ when referring to the Lines Islands (Sanding et al. 2008) is wrong according to the data from the actual Sandin paper. Further, although the papers by Madin et al are innovative in that they are some of the first to really try to document behaviorally-mediated effects of predators on coral reefs, they are actually kind of ridiculous. Their main argument is that the recovery of top predators drives behavioral shifts in fish foraging (damselfish/parrotfish from their data). But, they are focusing on fishes that are quite small and would be very unlikely to get preyed on by these large predators that they argue drive these behaviorally-mediated effects. I do agree that BMI’s are likely important on reefs, but I don’t actually think Madin did a very robust job of showing this. 

Line 251-252- This statement about over-promoting herbivory causing structural degradation of reefs is dubious. This paper from McClanahan and Shafir refers to chronic overgrazing of reefs by urchins after their predators had been removed and their populations exploded. To compare this situation with that of a management recommendation of building robust herbivore populations of fishes to help buffer temporal changes in reefs is disingenuous.

Lines 274-290 – I appreciate the management recommendations but I don’t find them terribly compelling. Ultimately, the authors are saying different reefs are different and each may have its own baseline depending on depth, inherent nutrient regimes, upwelling, etc. While I don’t disagree with them that setting specific targets for management, like 5% macroalgae, is pretty ridiculous, I don’t see their recommendations as being necessarily very insightful or novel. There may be people in the field though that need to hear this message.

Ecology 
Note the manuscript was submitted as a Perspectives piece
Dear Dr. Bruno: 

Thank you for submitting your manuscript "Coral reef baselines: how much macroalgae is natural?" for review by Ecology. The peer reviewers I selected are both well-respected experts in the benthic ecology of coral reefs, and I found their reviews to be thorough, objective, and convincing. Although both appreciated the general topic of the paper and agree with much of your thesis, they also both raised substantial concerns (reviews below). Because the reviewers made identical recommendations and because the paper would have to be completely re-written to address the reviews adequately, I cannot accept this manuscript for publication. 

I know from personal experience that it hurts to have manuscripts rejected from this journal. I hope the reviews will help in revising the manuscript for submission elsewhere (see below for suggestions by the reviewers). Thank you again for your submission. We look forward to further contributions from you and your colleagues. 

Sincerely, 

Subject Matter Editor 
Reviewer #1 (Comments to Author): 

This manuscript seems misplaced as a Concept and Synthesis, it is more of a Perspective. It addresses a valid and important topic. However, the text sways from objectivity to more polemic statements with an underlying message that increases in macroalgae on coral reefs are not all bad and that some restoration of macroalgae may be necessary. If this was supported by evidence it would be a novel and exciting perspective. Given the evidence presented it stands it is a rather weak speculation. 

The problem is in trying to follow the logic through the paper. Initially, there is the switch between macroalgae and turfs. On page 5 damsel fish maintain algal lawns of turf. On line 99 these turn into turfs and macroalgae. Then we have high macroalgal biomass under plating acroporids. This seemed strange. I have seen algae under corals but not a particularly high macroalgal biomass. Checking Goatley & Bellwood 2011 it appears that they were again mainly talking about turfing algae not seaweeds. 

Then the shifting Caribbean Baselines section is largely speculation about what may have been. Top down effects are considered, with the conclusion that the loss of predators prior to the 1970's increased the levels of herbivory. Unfortunately there is other evidence that was not included (e.g. Friedlander & DeMartini) to suggest that removal of top predators may have minimal effects on herbivore numbers. Also there is no clear evidence presented to suggest that it was just predators that were reduced in the Caribbean in the 70's. Release from predation may have allowed an outbreak of urchins as they are not eaten by humans, herbivorous fishes are. I thought Munro had already documented heavy fishing of herbivores by then? The real data come at the end of this section where high algal cover is reported. The big question here is if these reports were exceptional (as they appear to be) or representative of non-impacted sites, and if the duration of the macroalgal dominance was indicative of natural or already weakened systems. It is clear that some Caribbean reefs had some areas of high macroalgal cover in the past. This would be worth exploring in more detail; 'some reefs' off Jamaica had >10% macroalgae. Which reefs, where and how was this explained at the time? 

Quasi-Pristine Pacific reefs. 

This section highlights the recent work by Vroom. But there is a problem of comparing apples and oranges. For example, how does the composition of this macroalgal cover compare in the two regions? Inferring the status of the Caribbean in the past, by presenting data on isolated or high latitude Indo-Pacific reefs today, as the authors note in their paper, is problematical. This section is confusing and raises more questions than it answers. It is unclear why is this section was included. 

Baseline distributions. 

This section identifies the potential for macroalgae to vary latitudinally and across biogeographic systems. This is logical but it does seem to undermine many of the arguments presented elsewhere (e.g. in the previous section). That isolated Pacific reefs may reveal little about of the processes operating on Caribbean reefs in the past, is a salient point (see above). 

In this respect the 'Lessons from other systems" section is even more problematical. Terrestrial and temperate marine examples do suggest that top-down effects are important. Yet for the specific example in this study, coral reefs, the results are still equivocal despite the number of studies looking for evidence for such top-down effects. This leads to the greatest problem; the logical basis of the central thesis of this paper on lines 242-4 

The authors say that - "The assumptions that Caribbean reefs in the 1970s had low macroalgal cover conflicts with assertions that remote Pacific reefs have low algal cover because of their robust top down trophic cascades. Both cannot be correct." 

Given that these are two fundamentally different systems these assumptions and assertions could both be correct. The argument seems to be that if one is wrong the other must be correct. This is illogical. 

The assumption that Caribbean reefs had low macroalgal cover in the 1970s is based on observations at the time. It is supported by numerous observations on other fished and unfished reefs systems in the Caribbean and around the world where low macroalgal cover is the long-term and current condition. I know there are many exceptions but this is the mean and modal condition. Thus the general assumption appears to be consistent with the available evidence. 

Now to the assertions that remote Pacific reefs have low algal cover because of their robust top down trophic cascades. If this were true it would not refute the former clause. But again the evidence needs to be evaluated. How many workers are asserting this? They should be clearly identified and their evidence presented for scrutiny. It is not to my knowledge widely asserted or accepted (so appropriate references would be helpful). From my general reading I would say that loss of herbivores leading to more macroalgae is broadly accepted (perhaps more broadly than it ought to be); top-down effects are occasionally asserted but whether they have any major effect on lower trophic levels is still an area of active debate. 

If the goal of this paper was to criticise or evaluate assertions based on top-down effects, this is a good topic but the extensive discussion of relative macroalgal abundances is a rather tangential way to do this. 

Management implications. 

This section emphasises that historical baselines are hard to establish, baselines may vary and that we should avoid the assumption that macroalgae are bad (although the paper suggests that they probably are). The recommendations include one for restoring trophic cascades to regain higher levels of macroalgae. In effect I assume this would mean protecting sharks to get the weeds back. I think this is an extremely stimulating idea but one that is rather too speculative at this time. Of the four main recommendations 1, 2 and 3 all say the same thing (algal baselines vary) and number four, we need to count things other than algae, is a little weak. 

This paper has not synthesised the available data and reached a conclusion. Rather, it has presented some selected information that question a series of rather nebulous assumptions. This paper asks a very pertinent question. Unfortunately the only conclusion I could draw from the text is that the answer to the main question in the title "how much algae is natural?" is that it depends on where you are and even then it is not that clear. The case is made that there was probably more algae in the past than we think. I suspect that this may be true but the evidence that the authors present is not compelling. It is more confusing that convincing. 

Reviewer #2 (Comments to Author): 

Note this reviewer also reviewed the paper for MEPS (above)

The authors assess common assumptions about 'baselines' of macroalgae on relatively pristine reef systems and conclude that reefs may not be as low in macroalgal cover as is often assumed. The question is timely as there has been a lot of recent discussion about what constitutes pristine reefs and what these reefs look like. There have been several good broad analyses of coral cover across ocean basins over time but so far no real significant assessments of macroalgae. As a coral reef ecologist, I am happy to see these data although I think the authors could have done more with them as I explain below. Overall I think it could be a good paper with some revision. I think the authors probably set up too much of a straw man argument by assuming that most people take the Caribbean of the 1970's as the baseline of what coral reefs and macroalgal cover should be like. I don't think that is the case any more. Most of all, I would also like to see some more in depth analysis of the macroalgal trends and function and groups. I am also not sure I agree with the venue choice here. This seems almost more like an opinion piece that would fit better at Coral Reefs or MEPS or maybe Conservation Biology/Ecological Applications rather than Ecology. 

Specific comments 

Abstract - No inclusion of results or interpretation here. What did the authors find? What were average levels of macroalgae. What is the 'baseline'? 

Page 4, lines 62-65 - Halimeda spp are often some of the only macroalgae present on reefs with very high herbivory rates due to their low palatability. Do any of these references actually show that Halimeda is increasing on reefs? I can't recall any of them doing so. Halimeda seem to be integral parts of relatively healthy reef systems instead of being a sign of declining herbivory. 

The paper would benefit from some better organization. About 1/3 of the way into the paper I'm not sure if it's a review paper, a data paper, or some hybrid of the two. 

Lines 124-132 - Tough to evaluate this argument about cascading effects of removing top predators. Most large bodied herbivorous fishes probably are not regulated by predation at the adult stage but at juvenile and settlement stages. 

Line 139-141 - Does anyone really regard the Caribbean of the 1970's as the 'prototype' coral reef anymore? I might have believed that 10-15 years ago but not now. There is too much evidence from more remote places both in the Pacific and the Caribbean that the 'average' reef that was written about in the 1970's was already pretty messed up. It feels like the authors are setting up too much of a straw man here. Do reef scientists still actually believe that Jamaica in the 1960's and 1970's was how Caribbean reefs looked historically? 

Lines 161-167 - The authors succumb to the same temptation here than they take authors to task for earlier on - lumping all macroalgae together into one group. This is unfortunate give the large data set that Vroom has. I would really like to see them break out these covers by functional group. Are Halimeda's dominant within the macroalgae? What about fleshy browns or reds? These analyses would give us more information about what a 'baseline' really means. Does it mean lots of calcified greens on reefs with relatively pristine fish biomass and do we only see other algae coming in when we start to fish out these reefs? It just seems to me that the authors could make a more compelling argument about what the baseline for macroalgae really are by doing some more analysis rather than just reposting the figure from Vroom 2011. 

Lines 165-167 - The authors keep pushing the idea that the generally accepted baseline for the Caribbean is 2% macroalgae based on some early surveys of Jamaica in the 1970's. Again, I don't really think that this is the pervasive general wisdom in the field. 

Lines 231-233 - This pattern of high macroalgal cover on pristine reefs with lots of predators (and also lots of herbivores according to Sandin et al and several of Friedlander's papers from NWHI) could also result from the macroalgal community being dominated by very unpalatable species such as Halimeda. I would expect other, palatable macroalgae such as Sargassum to dominate when herbivory is low. So communities with intense grazing can have high macroalgal cover just like communities with low grazing. They just have different species of macroalgae that are well defended. Not to say that predators don't have demographic and behavioral effects. They undoubtedly do. But the overwhelming level of herbivore biomass on some of the 'pristine' places in the Line Islands and NWHI says that these places are grazed hard and that the only macroalgae that can survive are the ones that aren't tasty. 

Lines 242-245 - I don't see whey these two examples from Huges and Sandin are necessarily mutually exclusive for low macroalgal cover. Hughes overfished reefs from Jamaica were eaten down to the nub by Diadema that were probably released from predation via overfishing (as has been nicely demonstrated for Echinometra in Indian Ocean reefs by McClanahan). The reefs that Sandin et al write about in the Line Islands are chock full of big parrotfish (as well as big predators) and also have low macroalgal cover. The mechanisms are different but the outcome can still be the same. 

Line 270 - missing this Wernberg et al 2011 reference 

Lines 274-290 - I appreciate the management recommendations but I don't find them terribly compelling. Ultimately, the authors are saying different reefs are different and each may have its own baseline depending on depth, inherent nutrient regimes, upwelling, etc. While I don't disagree with them that setting specific targets for management, like 5% macroalgae, is pretty ridiculous, I don't see their recommendations as being necessarily very insightful or novel. 

Coral Reefs

(note the manuscript was submitted as an opinion piece) 

Topic Editor assessment:

john, rich, bill, 

i'm going to do something unusual here and reject this with only one review. let me explain my reasons: 

1) the single review i have will be difficult for anyone else to overcome and produce a positive outcome, 

2) another reviewer i contracted said "I have been sent the Bruno et al paper multiple times before from multiple journals. I think the paper is crap and contrary to much of what has been clearly demonstrated about the role of algae on coral reefs. They are obviously not going to change their story and I'm not going to change my review. So don't you think someone else should review this. It is almost unfair to keep getting the same hostile reviewer on a paper." - i did not ask that person to review it. 

3) instead i directly contacted some additional people to be sure they had not already see it before i invited them to review this - they said pretty much what i've quoted in item 2 above. 

4) i read the MS and have to agree with enough of what the present reviewer says that i don't see a way to get this one over the hurdle to acceptance. 

Please know that i think highly of the science you guys do, i commonly use your papers for reading assignments in classes and i send my graduate students to read and know of your work. i'm a fan. however, this particular effort is not up to your standards. it may be best to just leave this one on the road-side and move on to more productive efforts - and each of you have several of those that i'll look forward to seeing in the future. 

sorry, to do this, but the community seem to be speaking clearly and consistently on this one. 

best wishes, next time i'm hoping the outcome will be better 

XXXX
REVIEWER COMMENTS TO AUTHOR:

Abstract

The first 4 and last 4 lines add little.

The authors state: “One study of Caribbean reefs in the 1970s, from which the commonly perceived regional baseline has been derived, estimates the natural coverage of macroalgae at values as low as 3%; however, the sampling design of that study and other published data from the same period suggest this was an underestimate.”  It’s not immediately clear which study the authors mean, or which reefs.  If the statement refers to Cote et al. 2005, which provides a regional-scale analysis of macro-algal cover, then this meta-analysis doesn’t have a sampling design.  If the authors are referring to Hughes (1994), then the scale is one location (Jamaica) and not the region.  There are of course many other studies of macroalgal abundance in the Caribbean from the 1950s-1970s. 

“Additionally, because these surveys were performed decades after top predators had become locally extinct, herbivore biomass and grazing intensity could have been higher than they would have been naturally.”  There are two missing parts to this argument. One is that evidence that overfishing reduces the biomass of fish herbivores as well as predators.  Secondly, the authors need to distinguish between herbivory by fish and by echinoids. In the 1970s, most Caribbean reefs had greatly REDUCED biomass of herbivorous fishes, and many had very high densities of Diadema.

“Evidence from remote, quasi-pristine reefs and from the impacts of over-harvesting in other systems also implies that, historically, macroalgal biomass may have been higher than assumed.”   This is not a valid comparison. It is well known that macroalgal abundance varies geographically and is higher at high latitudes.  The authors have cherry picked a selection of studies in the Pacific where moderately high amounts of macroalgae occur today.  They have ignored many other studies from the Great Barrier Reef, Japan and French Polynesia where macralgal cover is minimal. The obvious comparison to make here is with the older Caribbean literature, which these authors mostly ignore.  

Introduction

Page 4. “Ecologists use a variety of approaches and sources of information to estimate the baseline states of populations and communities: historical data such as ships’ logs and naturalists’ observations (Jackson 1997; Jackson et al. 2001), fossil and archeological information (Wing and Wing 2001; Aronson et al. 2002; Pandolfi and Jackson 2006), molecular-genetic techniques (Lessios et al. 2001; Roman and Palumbi 2003), and even theoretical relationships between abundance and body mass (Jennings and Blanchard 2004).” The time-frame of interest here is the past 40 years or so, not the Pleistocene, so it is very odd not to acknowledge the importance of the scientific literature as the key source of information from the 1950s onwards.

“Here we illustrate this general problem by evaluating evidence from different methods of estimating the baseline state of coral reef communities”  Do the authors mean fossils, archaeology, etc.? Clearly, they don’t actually do this comparison.

Page 5. “Conceptual models of coral reef ecology frequently pool algae in this way (e.g., Hughes et al. 2010), rather than attempting to predict or depict the specific effects and dynamics of each coral–algal species pair.” So? The authors also deal with macroalgae in a similar way, as a single functional group.  A species-level model for all pairs of corals and macroalgae doesn’t make any practical sense.

The statement at the bottom of p5 that corals began to decline several decades ago is contradicted by the section on shifting baselines on p8.

Page 6. McManus and Polsenber (2004) is a theory paper, and is cited inappropriately here and elsewhere. The appropriate filed studies should be cited instead.

“Many reef scientists perceive seaweeds as harmful invaders because they can reduce coral recruitment (Hughes and Tanner 2000; Box and Mumby 2007; Birrell et al. 2008; Idjadi et al. 2010”.  None of these studies refer to macroalgae as “invaders”.  They have data which demonstrates that macroalgae DO reduce coral recruitment.  This is a fact, not a perception.

“One answer is based on surveys of a handful of reefs off St. Croix and Jamaica in the late 1970s and early 1980s (Côté et al. 2005), from which average macroalgal cover was estimated at ~6% (Table 1)”  This is very sloppy.  The abstract (assuming it does refer to Cote et al) says 3%, here it’s supposedly 6%, whereas Cote et al. actually report 2%.  I have no idea why Bruno and colleagues have selected just 3 studies for Table 1.  Furthermore, Hughes (1994) provided data from 7, 10, 15, 20 and 35m, so why is only one depth included in the table?  The table seems to be a contrived attempt to triple the estimate provided by Cote et al. What about all of the other early studies conducted elsewhere in the Caribbean, some of which are cited in this paper  (e.g., Van den Hoek et al. 1975; Adey et al. 1977; Littler et al. 1987).

“….many scientists (including ourselves) support the view that very low seaweed cover was typical of at least some Caribbean reefs at that time.”  Indeed, so why the crude attempt to re-write history? 

“First, a majority of the early surveys were performed by Hughes (1994) in Jamaica”.  That’s just not true. Cote et al. (2005) examined 34 studies of macroalgal abundance from 172 sites across the region.  

“….yet he (Hughes) avoided sampling damselfish territories in his widely cited study of Jamaican reefs, leaving nearly half of the fore-reef terrace unsampled. Hughes noted, “Before the echinoid die-off, cover of fleshy macroalgae was typically less than 5% except…within damselfish territories… ” The full quote from Hughes (1994) is “Before the echinoid die-off, cover of fleshy macroalgae was typically less than 5% except intertidally, within damselfish territories, or in very deep water (>25 m) where Diadema were scarce.”  Thus, Hughes was making the point that macroalgal abundance varies spatially among habitats and depths.  This is NOT an indication of the methodology he used, which is clearly explained: “Coral and algal abundance (percent cover) shown here were measured from annual photographs of 10 to 20 permanent 1m2 plots at each depth (7, 10, and 15 to 20 m at Rio Bueno; 35 m at Pinnacle 1). All corals (approximately 38,000 records over 17 years) were traced and digitized to obtain relative abundances, while algal cover was estimated by super-imposing a grid of dots on each image (100 per square meter) and counting those covering algae”. Therefore, Bruno et al.’s assertion about avoiding damselfish gardens is wrong.  The likelihood that macroalgae were underestimated is further undermined by the trajectory of macroalga cover that Hughes described, with most depths exceeding 60-80% cover within a few years of the Diadema die-off.

Page 7. “Hughes also did not include the coverage of articulated calcifying algae such as Halimeda spp. in his surveys”.  I can find no evidence to support this statement.

“Macroalgal cover, therefore, could be underestimated on reefs with high coral cover, at least on reefs dominated by branching and plating acroporid species.”  This is the reason why many studies of macroalgal abundance, none of which are cited here, use biomass rather than cover.  For example, Hughes et al (1987, in JEMBE) summarize long-term trends in biomass, from very low to high levels. The quality of the photographs in Figure 1 is poor.

Page 8.  Fishing pressure does not release herbivorous fishes, it suppresses them.  The authors are ignoring the relevant literature (e.g. by Mumby).

Page 9.  The notion proposed her that macroalgal blooms arise because the corals have died is very flawed.  Reefs have survived recurrent hurricane for millennia, without being replaced by long-term blooms of seaweed.  The role of herbivory in preventing regime-shifts is well established.  

I don’t think it’s true to say that the “debate continues” about the relative importance of pollution versus herbivory.  All 5 citations here are more than 10 years old.

P10.  This section lacks focus and is very weak. It doesn’t surprise me that coralline algae can be found in sediments, or that some fish have mottled camouflage. By the same logic, macroalgae have toxic chemicals, therefore herbivory is naturally intense.

The comparison with a subset of Pacific reefs today is not a valid test of how macroalgae have changed over time in the Caribbean.  Indeed, the present authors say so on the middle of page 13.

Page 11.  Connell’s study of non-equilibrium dynamics is hardly from “long ago in the pre-human past”.  Most of his long-term quadrats had close to zero macroalgae, depending on the levels of herbivory.  The summary presented here suggests wrongly that the minimum cover of macroalgae on Heron Island was 15%. On reef crests, the AVERAGE reported by Connell et a (1997) was 3% and the minimum was nil.

Page 12. “coral and seaweed cover fluctuate naturally and quasi-independently….”  This is impossible since cover has to sum to 100%.  The rest of this page reads like an undergraduate textbook.

Page 13-14.  I don’t know of any empirical evidence that a reduction of top predators causes an increase in macroalgae due to depletion of herbivores. I DO know of studies, that the authors studiously avoid mentioning, which show the opposite.  Fishing pressure invariably depletes both carnivores and fish herbivores.

The final section is garbled, poorly written and contradictory.  A lot of it seems to be an excuse for self-citation. The four “recommendations” are not new.  First, it is well known that there is no one-size-fits-all baseline.  This was a flaw in Bruno’s 50% cuto-ff for macroalgae in an earlier paper.  Second, it is well known that coral and macroalgal cover vary biogeographically (invalidating the comparison provided here).  Third, we also know seaweed abundance changes with depth and habitat (e.g. Hay’s earlier work).  And finally, there is a growing literature on reef metrics, and the limitations of coral and macroalgal cover (e.g. Bellwood, Hughes).  In each case, the appropriate literature should be cited.

Ecosphere
Dear Dr. Bruno: 

Thank you very much for submitting your manuscript "Coral reef baselines: how much macroalgae is natural?" for review for publication in Ecosphere. The reviewers and I appreciate the work you have accomplished. The reviewers provide a split decision, making your job (and mine) more difficult. Based on the reviews, we are willing to consider a revised version for publication in the journal, assuming that you are able to modify the manuscript according to the recommendations. 

Both reviewers provide some challenges for revising your paper. XXX W, who is a colleague of yours, is positive about the paper while pointing out several areas where the paper could be improved. These are all good suggestions and I would urge you to follow them and speak with XXX in person if any clarification is needed. 

The Non-XXX reviewer was less enthusiastic. In short, you did not convince Non-XXX that your paper was worth publishing, so you have more work to do if you want to revise it. I look forward to hearing Non-XXX tell me how much the revised version has improved. 

Both reviewers are concerned that you may not be comparing apples and apples. XXX makes the good point that depth is a potentially confounding effect (as might be water transparency, nutrients etc, etc.). You should take a very critical look at aspects of the data that differ besides time. Non-XXX has additional conscerns in this regard. 

Both reviewers think your treatment of trophic cascades is superficial. A better review of the literature would be the first step to improving this issue. 

Non-XXX likes algae and is not pleased by your coarse lumping. This is the problem of having reviewers that know something about natural history. So, please consider how to generalize your results across algae. Non-XXX makes a reasonable plea to consider filamentous algae, arguing that they kill coral and this is what herbivores like to eat. This seems a good point. 

Non-XXX is also not pleased with the style of the paper. The style is your business, but you should be aware of the effect that it may have on the reader. And Non-XXX is a test case of a potentially sympathetic reader that you did not impress. I see two paths. You can either stiffen up the style or make it clear to the reader that you are presenting your opinions so they don't mistake it for something else. 

My main suggestion about style is that the paper would benefit from a bit more balance and less combative style. It may be that interpretation of our current baselines are inaccurate, but it is also possible that alternative interpretations about these baselines are difficult to justify. In fact, Jackson aside, baselines are hard to assess retrospectively. Perhaps Aronson could be tapped to consider geological perspectives and approaches to answering this question? 

Sincerely, 

Subject-matter Editor 
Ecosphere 

___________________________________________ 

Reviewer #1 (Other Journal(s)): 

blog-o-sphere 

Reviewer #1 (Comments to Author): 

The manuscript by Bruno and colleagues provides an ecological thought piece regarding the distribution of 'macroalgae' on coral reefs. The authors use a collection of information from the literature to consider what should be termed as the baseline state of coral reef benthic communities, focusing solely on the cover of one suite of algae. Three sets of data are used to explore patterns of macroalgal cover on reefs: (1) a few surveys of reefs on two Caribbean islands in the 1970s, (2) summaries of data from islands of the remote Pacific, and (3) summarized data from surveys conducted from 1996-2006 used from an earlier publication of the first author. Comparing historical data (from 1) to quasi-pristine reefs (from 2), the authors note that macroalgal cover was lower in the Caribbean than in the Pacific. Further, comparing each the historical data and the data from quasi-pristine reefs to the summarized data (from 3), they show that many modern reefs have less macroalgae than these putative baselines. The authors use this information to provide various suggestions for the academic and management community. 

Importantly, this paper can only be reviewed as an idea paper. There are no new data or analyses presented, and the review of the literature is scattered and far from comprehensive. Although this is not necessarily bad (in fact, I enjoy reading people's opinions on topics, though maybe not in scientific journals...), there are some important gaps reasoning that prevent me from being positive about this ms. 

1) Simplistic definition of 'macroalgae' - The authors state their definition of 'macroalgae' as "large, anatomically complex algal forms including erect calcifying species but not filamentous algae, i.e., turfs." By using this definition, it is really difficult to interpret the findings of the comparisons. For example, calcified erect macroalgae are ecologically quite different from fleshy erect macroalgae. Definitions of 'nuisance' macroalgae most frequently include just the fleshy species, and transitions of algal assemblages from more calcifying to more fleshy can occur with no changes in total cover of 'macroalgae'. Further, there is concern with omitting reference to turf algae in considerations of perceived negative impacts of 'macroalgae' (and let's not forget that turfs actually are proper macroalgae from a phycological perspective!). Many of the negative effects attributed to macroalgae in this manuscript are also caused by turf algae, e.g. reducing coral recruit

survival and inhibiting adult coral growth. Further, the turf algae are probably the most preferred of the algal types by herbivorous fishes, so any consideration of total foraging impacts on algae has to consider the role of turf algae. Without a clearer and more precise definition of the algal types, these musings about growth, succession, and herbivory are extremely limited. 

2) Discussion of trophic cascades - The authors spend a lot of time working through a thought exercise regarding the role of trophic cascades in mediating changes in the cover of macroalgae. First off, it will be essentially impossible to treat this topic without including data from the entire functional group of readily consumable algae, and this would have to include algal turfs (see above). Further, the musings on trophic cascades in this paper are largely devoid of data or even references to relevant studies. I know of no evidence linking predators in a 3-level trophic pathway through to algae on a coral reef. The reason, I would believe, is due to the high complexity within functional levels on coral reefs. A good review of the evidence for trophic cascades across ecosystems is in a recent book edited by Terborgh and Estes, and includes a chapter by Sandin and colleagues specifically on coral reefs. Without any evidence from coral reefs functionally linking predators through

herbivores to algae, we are left with only musings. Further, models of top-down control are not the only 'lessons from theoretical ecology', and countless other models might be more relevant. It would be much more powerful to reinforce this thought piece with some true modeling with the assumptions formalized and justified. 

Without providing any new data, significant analyses, or comprehensive synthesis, this paper does not seem fitting for the primary literature. Instead, it seems a more conversational (and at time combative) piece based largely on opinion. I encourage the authors to re-consider their motivation for this manuscript and re-draft to a more appropriate venue or with more scientifically appropriate content. 

_______________________________________ 

Reviewer #2 (Comments to Author): 

Establishing natural baselines is central to conservation efforts and to understanding human impacts on ecosystems. Yet when considered at large scales, ecosystems are a global patchwork of communities at different stages of recovery (or not) from varying levels of past natural and human disturbances. And the trajectory of recovery is influenced local environmental gradients, among other things. All this sets the stage for the well-known sliding baselines concept and for the difficulty in determining what natural states are (were) in the same type of ecosystem in different locations. 

Bruno. Precht and Aronson open the frame on this important issue, arguing that our estimation of the amount of macroalgae on "proto-typical" Caribbean coral reefs in the late 1970's may not be representative and that using contemporary levels of macroalgal cover on remote Pacific reefs may is not a good baseline to rest reef management on. For data, they offer comparisons of macroalgal cover estimates as follows: 

Caribbean late 1970s Caribbean now Isolated Indo Pacific (IPP) now 

Mean 7.0 21.5 11.3 

Median 13 15.6 6.9 

Trends in the data that are emphasized in manuscript: 

1. Median of Caribbean now is only slightly higher than median of late 1970s 

2. Median of IPP reefs "now "is essentially the same as the Caribbean baseline from the 1970s" (stated on Pg 11 line 225 - assume they are referring to mean cover of Caribbean baseline but this is not specified in the text) 

3. Median of IPP now is 6% lower than Caribbean 1970s 

Two obvious trends not emphasized in the manuscript: 

4. The Caribbean mean now is 3 X higher than in the late 1970s 

5. The Isolated Indo Pacific now is dramatically different than the Caribbean now 

Major comments: 

Since the authors arguments depend on the descriptive parameters tabulated above, it would be really helpful to know something about how are these regional means were compiled. I suppose the answer is in Bruno et al. 2009, and the Vroom and Sandin papers but it's important to re-iterate these methods for the reader. Was depth "held constant" or at least similar? If the depth of the surveys varies either over time in the Caribbean or between the Indo-Pacific and Caribbean, then differences could simply be due to local within-site variability and not representative of major temporal or regional differences. For example, these authors well know that algal cover typically decreases with depth paralleling light reduction. On a single area of the Jamaican fore reef where macroalgal cover increased greatly since 1982, we found a significant decrease in macroalgal cover with depth between 10 and 30 m (Andres and Witman 1995). There could be as much variation in macroalgal cover across depths with a site as between the Caribbean and Indo Pacific now, or as the in Caribbean past and present. Since authors are comparing regional means and medians without the benefit of statistics, it's important to deal with all important sources of variation in the data. They do mention environmental gradients, but it's worth bringing this specific issue to light. 

The authors seem to treat the importance of trophic cascades (TC's) on coral reefs inconsistently in the manuscript. For instance, early in the manuscript (pg 6) they state that overfishing piscivores and invertivores could have led to high abundances of herbivores at that time (1970s) and suppressed macroalgal cover (due to eliminating top down effects of a trophic cascade). They make the point that as a consequence, it could be misleading to use macroalgal cover on prototypical Caribbean reefs of the 1970s as a natural baseline because human impact has already occurred. Later on in the manuscript (pg 10), they state there is conceptual support for the notion that trophic cascades are weak on coral reefs, citing recent investigations of the effects of predator diversity on trophic cascade strength and the idea that TC's are weak in complex food webs. This is a bit confusing and potentially contradictory. If TC's are weak on reefs (as they seem to assert later on) then their

initial point that the cover of macroalgae on "prototypical" Caribbean reefs was artificially low due to overfishing of top predators isn't likely. It would be helpful for the authors to clarify their position on the importance of TC's in reef ecosystems. 

My own qualitative observations of coral reefs in the 1960's - 1980's were: 

- In 1968-1969, 2 reefs offshore of the Florida Keys (Looe Key, Sand Key) contained abundant urchin predators and grazing fish, cryptic urchins and low macroalgal cover. 

-In 1973-1975, South Pacific reefs including the large populated island of Viti Levu and the remote Lau Islands in Fiji (about 1400-2000 km from Rose and Swains Island in Fig. 2), and both reefs near (Espiritu Santo) and far from human populations in Vanavatu, was that very low algal cover was the norm on fringing and barrier reefs. Urchins were mainly in refuges and predatory fish as well as grazing fish were very abundant both on reefs fringing populated islands and off remote offshore islands. My overall impression of these Pacific reefs (without any data to cite) was that urchins were suppressed by a healthy predator population and that there was substantial grazing by herbivorous fish, which would have probably compensated for reductions in urchin densities. 

-In 1979- early 1980's Diadema were extremely abundant on reefs on the north shore of St. Croix, and off St. John USVI, and you had to look hard to find macroalgae. We're now into the well-published record. 

While we can't do much with anecdotal information like this of mine or of the authors, there is a simple prediction about whether or not predators were suppressing urchins and other grazers in the 1970's that could be tested with a lot of searching for "historical" data. That is, urchin and grazer abundance should have been lower in marine protected areas than outside of them at that time (due to top down control), or grazer abundances should at least be correlated with fishing effort. I'm not suggesting that a new investigation should be added to substantiate the paper. Rather, it's worth mentioning in the Discussion in terms of future directions. Comparisons of grazer abundance in places like Buck Island National Monument off St Croix, Bonaire Marine Park, Buccoo Reef Marine Park (Tobago), Diamond Reef Marine Park in Antigua etc vs. unprotected adjacent reefs might be fruitful. 

Minor Comments 

Pg 5. Algal lawns were on Jamaican fore reefs in the70's as one of the reasons why actual abundance of macroalgae might have been underestimated. Wouldn't these algal lawns be included in surveys of macroalgal cover at this time? 

Page 6 end of sentence of on line 117. It's not clear to me why the predation release would occur in "all but the most extreme cases of overexploitation." - possibly omit it. 

Page 9 lines 158 - 160, why not cite Glynn's work on ENSO effects on Eastern Pacific reefs as well as Dayton's kelp work? 

Page 7 line 142, state only 1 central Pacific reef below the Caribbean average (7 %) citing Fig 2. But I count 2, if you include Maug Island, but perhaps this isn't considered a central Pacific reef? 

Abstract line 20 , typo: macroalgae was very low, rather than "is" 

Page 12, I agree that some of the Recommendations are obvious, especially to folks engaged in large scale ecology, but I think its important to state them here as this will be a useful go-to document for reef managers and conservation biologists. 

Fig 3 is an effective way to present the data and I especially like the inclusion of red and blue bars indicating the % of reefs below the various baselines 

As a colleague, I don't wish to remain anonymous. 

XXX 

Ecosphere (with our responses to the main points)
The Non-XXX reviewer was less enthusiastic. In short, you did not convince Non-XXX that your paper was worth publishing, so you have more work to do if you want to revise it. I look forward to hearing Non-XXX tell me how much the revised version has improved. 

We share non-XXX's strong desire to consider turf algae: sadly, the science just doesn't exist.  Furthermore, conceptually and historically, this issue is about macroalgae - their role, impacts and management (removal) - not turfs.  Finally, while we appreciate the reviewers advice and perspective, we don't think it is in the preview of a reviewer to dictate the study taxa and methods (i.e., the strong suggestions by this reviewer to change the study to one of turf algae rather than macoalgae, add a food web modeling component, etc).  
Both reviewers are concerned that you may not be comparing apples and apples. 

You mean "may be"? 

XXX makes the good point that depth is a potentially confounding effect (as might be water transparency, nutrients etc, etc.). You should take a very critical look at aspects of the data that differ besides time. Non-XXX has additional conscerns in this regard. 

Done (see details below)
Non-XXX likes algae and is not pleased by your coarse lumping. This is the problem of having reviewers that know something about natural history. So, please consider how to generalize your results across algae. Non-XXX makes a reasonable plea to consider filamentous algae, arguing that they kill coral and this is what herbivores like to eat. This seems a good point. 

See above and lines 56-76 in the revised manuscript. 
My main suggestion about style is that the paper would benefit from a bit more balance and less combative style. It may be that interpretation of our current baselines are inaccurate, but it is also possible that alternative interpretations about these baselines are difficult to justify. 

We agree and have changed the manuscript to emphasize this uncertainty.  

Perhaps Aronson could be tapped to consider geological perspectives and approaches to answering this question? 

Done.
Reviewer #1 (Other Journal(s)): blog-o-sphere 

Does Ecosphere count as the "blog-o-sphere"?  :)
Reviewer #1 (Comments to Author): 

Importantly, this paper can only be reviewed as an idea paper. There are no new data or analyses presented, and the review of the literature is scattered and far from comprehensive. Although this is not necessarily bad (in fact, I enjoy reading people's opinions on topics, though maybe not in scientific journals...), there are some important gaps reasoning that prevent me from being positive about this ms. 

There may be no new data, however, there are new ideas and new data syntheses.  
1) Simplistic definition of 'macroalgae' - The authors state their definition of 'macroalgae' as "large, anatomically complex algal forms including erect calcifying species but not filamentous algae, i.e., turfs." By using this definition, it is really difficult to interpret the findings of the comparisons. For example, calcified erect macroalgae are ecologically quite different from fleshy erect macroalgae. 

See above and lines 56-76 in the revised manuscript.  We agree there are obviously many ecological differences among the subgroups that constitute "macroalgae" but in the context of this paper, we feel using this very, very widely used functional group is necessary and justifiable.  Lumping taxa together to communicate ideas in ecology is common and unavoidable.  Indeed, this reviewer lumps diverse groups including turf algae, herbivorous fish and predators.  Functional groups like "plants" and even "herbaceous plants" obviously contain very diverse taxa yet are commonplace in the ecological literature.  What is important is to justify the grouping and functional group usage, which we have now done in the Introduction.  

Definitions of 'nuisance' macroalgae most frequently include just the fleshy species, 

True for some systems, particularly estuaries.  The only coral reef scientists that use the term "nuisance algae" are indeed working on eutrophication and responses by a few fleshy taxa like Enteromorpha (eg, Lapointe).  When coral reef scientists consider algae thought to negatively affect juvenile corals, they use the "macroalgae" functional group.  

and transitions of algal assemblages from more calcifying to more fleshy can occur with no changes in total cover of 'macroalgae'. 

True in theory, yet this isn't documented to our knowledge and changes in the reverse direction are just as likely.  But we are not talking about such compositional shifts in this paper, although we agree, they would be interesting to look at.  

Further, there is concern with omitting reference to turf algae in considerations of perceived negative impacts of 'macroalgae' (and let's not forget that turfs actually are proper macroalgae from a phycological perspective!). Many of the negative effects attributed to macroalgae in this manuscript are also caused by turf algae, e.g. reducing coral recruit survival and inhibiting adult coral growth.  

Possibly. Unfortunately, there is so little work on turfs in this context, we really don't know what role they are playing, how this has changed, etc.  
Further, the turf algae are probably the most preferred of the algal types by herbivorous fishes, 

Regardless of what they "prefer", herbivorous fishes and inverts clearly eat macroalgae and have strong effects on macroalgal biomass and cover as has been shown by countless experiments and large-scale survey work.  
Further, the musings on trophic cascades in this paper are largely devoid of data or even references to relevant studies. I know of no evidence linking predators in a 3-level trophic pathway through to algae on a coral reef. 

We cited several relevant studies including Madin et al 2010 (on which the editor played an important role).  
Further, models of top-down control are not the only 'lessons from theoretical ecology', and countless other models might be more relevant. It would be much more powerful to reinforce this thought piece with some true modeling with the assumptions formalized and justified. 

We have cut the "lessons from theoretical ecology" subheading.  Original coral reef modeling is well outside of the scope of this paper.  
_______________________________________ 

Reviewer #2 (Comments to Author): 

Bruno. Precht and Aronson open the frame on this important issue, arguing that our estimation of the amount of macroalgae on "proto-typical" Caribbean coral reefs in the late 1970's may not be representative and that using contemporary levels of macroalgal cover on remote Pacific reefs may is not a good baseline to rest reef management on. For data, they offer comparisons of macroalgal cover estimates as follows: 

Caribbean late 1970s Caribbean now Isolated Indo Pacific (IPP) now 

Mean 7.0 21.5 11.3 

Median 13 15.6 6.9 

Trends in the data that are emphasized in manuscript: 

1. Median of Caribbean now is only slightly higher than median of late 1970s 

2. Median of IPP reefs "now "is essentially the same as the Caribbean baseline from the 1970s" (stated on Pg 11 line 225 - assume they are referring to mean cover of Caribbean baseline but this is not specified in the text) 

3. Median of IPP now is 6% lower than Caribbean 1970s 

Two obvious trends not emphasized in the manuscript: 

4. The Caribbean mean now is 3 X higher than in the late 1970s 

5. The Isolated Indo Pacific now is dramatically different than the Caribbean now 

Note, for several reasons, we have now cut out most of the values and discussion based on Fig 3, which we have also cut.  One reason was some of the implicit points made above.  Another is our growing uncertainty about the 1970s Caribbean data and macroalgal cover estimates based on XXX's comments below and a more careful reading of Hughes 1994 and communication with Hughes about Caribbean reefs.  
Major comments: 

Since the authors arguments depend on the descriptive parameters tabulated above, it would be really helpful to know something about how are these regional means were compiled. I suppose the answer is in Bruno et al. 2009, and the Vroom and Sandin papers but it's important to re-iterate these methods for the reader. Was depth "held constant" or at least similar? 

Great points.  We added a table for the historical Caribbean data that states the mean values, study and depth (they were from similar depths except for one, Carpenter 1986, which we cut from the analysis / study).  We added text to Fig 1 about the depth and methodologies for the Pacific "quasi-pristine" reef data. We also added several caveats about this exact issue (ie, the role of depth, context, etc, see lines 251-256, 312)

If the depth of the surveys varies either over time in the Caribbean or between the Indo-Pacific and Caribbean, then differences could simply be due to local within-site variability and not representative of major temporal or regional differences. For example, these authors well know that algal cover typically decreases with depth paralleling light reduction. On a single area of the Jamaican fore reef where macroalgal cover increased greatly since 1982, we found a significant decrease in macroalgal cover with depth between 10 and 30 m (Andres and Witman 1995). There could be as much variation in macroalgal cover across depths with a site as between the Caribbean and Indo Pacific now, or as the in Caribbean past and present. Since authors are comparing regional means and medians without the benefit of statistics, it's important to deal with all important sources of variation in the data. They do mention environmental gradients, but it's worth bringing this specific issue to light. 

Again, we agree.  We hope we have emphasized this enough but are happy to add more text on it if the editor and reviewer think we should (eg, we could add another sentence about much of the uncertainty deriving from small samples sizes given the diverse sampling techniques, reef and habitat types, etc).   This general comment and suggestion has pushed us towards arguing more broadly that the baseline is essentially unknown and unknowable; we have emphasized this uncertainty in several sections including the Abstract and Conclusion.  To be clear, we think this uncertainty about what was natural is caused by exactly this apples-and-oranges issue and the very small sample size of both the historical Caribbean studies and the more recent central Pacific surveys.   
The authors seem to treat the importance of trophic cascades (TC's) on coral reefs inconsistently in the manuscript. For instance, early in the manuscript (pg 6) they state that overfishing piscivores and invertivores could have led to high abundances of herbivores at that time (1970s) and suppressed macroalgal cover (due to eliminating top down effects of a trophic cascade). They make the point that as a consequence, it could be misleading to use macroalgal cover on prototypical Caribbean reefs of the 1970s as a natural baseline because human impact has already occurred. Later on in the manuscript (pg 10), they state there is conceptual support for the notion that trophic cascades are weak on coral reefs, citing recent investigations of the effects of predator diversity on trophic cascade strength and the idea that TC's are weak in complex food webs. This is a bit confusing and potentially contradictory. If TC's are weak on reefs (as they seem to assert later on) then their initial point that the cover of macroalgae on "prototypical" Caribbean reefs was artificially low due to overfishing of top predators isn't likely. It would be helpful for the authors to clarify their position on the importance of TC's in reef ecosystems. 

Thanks XXX. We understand. This was a result of our attempt to portray both "sides" of the debate in arguing that TCs could be present or very weak/absent in coral reefs (i.e., on the one hand…).  The motivations to do this were an attempt to make the paper a fair review of the ideas in the field relating to what was natural and to reflect our internal disagreements about it.  Rich, and I think Bill to a lesser extent, are skeptical about TC's on reefs given their complexity.  I used to be and still am to some degree, but am less so every year.  My opinion is being changed as new science comes out like work by Sandin, Madin, new work on Ningaloo reef in Australia and work by my PhD student Abel Valdivia in Cuba and the Bahamas where shark presence has a striking effect of parrot fish foraging and macroalgal cover, etc.

Anyway, I understand the confusion (Rich kept pointing it out to me too) and I cut this section to make the paper more coherent and to simplify things a bit. 
My own qualitative observations of coral reefs in the 1960's - 1980's were: 

- In 1968-1969, 2 reefs offshore of the Florida Keys (Looe Key, Sand Key) contained abundant urchin predators and grazing fish, cryptic urchins and low macroalgal cover. 

-In 1973-1975, South Pacific reefs including the large populated island of Viti Levu and the remote Lau Islands in Fiji (about 1400-2000 km from Rose and Swains Island in Fig. 2), and both reefs near (Espiritu Santo) and far from human populations in Vanavatu, was that very low algal cover was the norm on fringing and barrier reefs. Urchins were mainly in refuges and predatory fish as well as grazing fish were very abundant both on reefs fringing populated islands and off remote offshore islands. My overall impression of these Pacific reefs (without any data to cite) was that urchins were suppressed by a healthy predator population and that there was substantial grazing by herbivorous fish, which would have probably compensated for reductions in urchin densities. 

Good point. This is the case on the GBR where macroalgal cover is only ~5%.  I fear using the GBR as a "quasi-pristine" reef since countless Aussies would have a fit about it, pointing out bleaching, nutrients, etc.  But perhaps we should make the case that the GBR, early observations, etc suggest that some Pacific reefs indeed naturally have very low MA cover inline with what Hughes measured in Jamaica in the 70s...

-In 1979- early 1980's Diadema were extremely abundant on reefs on the north shore of St. Croix, and off St. John USVI, and you had to look hard to find macroalgae. We're now into the well-published record. 

While we can't do much with anecdotal information like this of mine or of the authors, there is a simple prediction about whether or not predators were suppressing urchins and other grazers in the 1970's that could be tested with a lot of searching for "historical" data. That is, urchin and grazer abundance should have been lower in marine protected areas than outside of them at that time (due to top down control), or grazer abundances should at least be correlated with fishing effort. I'm not suggesting that a new investigation should be added to substantiate the paper. Rather, it's worth mentioning in the Discussion in terms of future directions. Comparisons of grazer abundance in places like Buck Island National Monument off St Croix, Bonaire Marine Park, Buccoo Reef Marine Park (Tobago), Diamond Reef Marine Park in Antigua etc vs. unprotected adjacent reefs might be fruitful. 

Great idea!  Lets do it (for another paper). 
Minor Comments 

Pg 5. Algal lawns were on Jamaican fore reefs in the70's as one of the reasons why actual abundance of macroalgae might have been underestimated. Wouldn't these algal lawns be included in surveys of macroalgal cover at this time? 

They should have been, but Hughes somehow avoided them or his sampling was so restricted that he missed them. 

Page 6 end of sentence of on line 117. It's not clear to me why the predation release would occur in "all but the most extreme cases of overexploitation." - possibly omit it. 

Agreed.  Done.  
Page 9 lines 158 - 160, why not cite Glynn's work on ENSO effects on Eastern Pacific reefs as well as Dayton's kelp work? 

Done.  And cited Witman et al 2010 as well (lines 246-249)
Page 7 line 142, state only 1 central Pacific reef below the Caribbean average (7 %) citing Fig 2. But I count 2, if you include Maug Island, but perhaps this isn't considered a central Pacific reef? 

We cut this text from the ms..
Abstract line 20 , typo: macroalgae was very low, rather than "is" 

Done
Page 12, I agree that some of the Recommendations are obvious, especially to folks engaged in large scale ecology, but I think its important to state them here as this will be a useful go-to document for reef managers and conservation biologists. 

Thanks XXX.  This has been a persistent criticism of the manuscript, ie, "we all know this…"
Fig 3 is an effective way to present the data and I especially like the inclusion of red and blue bars indicating the % of reefs below the various baselines 

Thanks.  The reason I decided to cut it was my growing unease with estimating a specific baseline value (small sample sizes, varying depths, etc).  

Frontiers in Ecology and the Environment 2 (with our responses) 

November 11, 2010

Dear Editor,

Thank you for the opportunity to revise our manuscript (again), hopefully for eventual publication in Frontiers in Ecology and the Environment.  We greatly appreciate all of the advice you and the reviewers have given us. 

We made all four changes you and the reviewer/associate editor requested (see our responses to each in blue below).  We also used “track changes” in the uploaded MSWord version of the manuscript so you can see exactly what we did to the text.  We hope you are happy with this version and we apologize for the delay in resubmitting the ms.  

Sincerely, 

John Bruno

 
1) First, the MS itself needs to very clearly establish that there is a view that the baseline macroalgal cover should be very low, and to provide a range of values that correspond to this widespread view. 

I agree and I think as structured, this section conveyed the wrong tone and misrepresented the overall rationale for our manuscript: the point isn’t that we are right and someone else is wrong.  Rather, the point is that there is great confusion and ongoing discussion and debate about what was natural on coral reefs and other habitats.  So, instead of naming names, we reworded the few instances where we describe this baseline paradigm and essentially take responsibility for it ourselves.   We present the evidence for and against it throughout the ms but do our best not to “choose sides” or lay blame.  And this reflects reality: we (the authors) did in fact think the Caribbean baseline was valid and we have been teaching it for decades.  However, growing evidence, particularly Vroom’s and Sandin’s, have forced us all to reassess this assumption.  The point of the paper is to outline and describe all of this evidence and to roughly outline the process of thinking we and countless other reef ecologists have gone through as we struggle to figure out what was natural on coral reefs and what a reasonable management goal for managers is.  

I appreciate that the authors don't want to personalize the text, but if a large number of different authors have proposed such a baseline, then it should be possible to offer a few examples from different research groups. 

Note we do exactly this on page 8 where we state (and lightly criticize) Sandin et al 2009 and Knowlton and Jackon 2009 for arguing that Kingman Atoll, with ~ 5% macroalgal cover, should serve as the global baseline.  

But the point again isn’t that somebody else’s baseline is wrong; in most cases managers are simply urged to “reduce macroalgae”, with no quantitative target provided.  

2) Second, the first reviewer has mentioned a large number of studies that he says supports the low-baseline idea from the Caribbean, and that this low baseline is maintained when fish and not urchins were the main herbivores (the Hay experiments). I think it is important for the authors to make clear that they are not being selective in choosing the Liddell and Ohlhorst study as the one to compare with Hughes, when clearly at least some readers (like Rev 1) believe there are a large number of studies indicating very low cover, even when fish and not urchins are doing the herbivory. At this stage, the authors do not seem to have addressed this criticism.  
I understand completely.  Moreover, I think, as written in that draft, there was a degree of contradiction in our arguments about what we thought about the Caribbean survey evidence.  This was frankly due to disagreement among the authors (and in our own minds).  We have been discussing and arguing about this amongst ourselves and with many of our peers for two decades – which is why we wrote the paper.  I restructured and reworded that section making it clear that we don’t favor the Liddell and Ohlhorst study/data over the Hughes data (in fact the latter are far more extensive).  We generally do agree with Hughes, reviewer 1 and most of our colleagues that macroalgal cover in the Caribbean was very low during this period.  We have made this view much more clear in the manuscript, e.g., “Anecdotal observations by many scientists (including us) and a number of more descriptive accounts, e.g., Van Den Hoek et al. 1975, Adey et al. 1977, Littler et al. 1987a, support the view that very low seaweed cover was typical of Caribbean reefs at that time.” However, we have retained two potential pieces of contradictory evidence, yet clearly labelled them as such on page 5, e.g., “On the other hand, there are two arguments suggesting that this estimation, and our collective memories, are less representative than we think”.  We also discuss the possibility that our data and memories are accurate, but that levels of grazing were unnaturally high due to fishing of predators (on page 6 and 7).  

3) Third, it would be very helpful to many readers to clearly define what "macroalgae" are.
Done.  In addition to the brief definition we had in Box 1, we added a longer definition to the Introduction on the top of page 4: 

“particularly in terms of the abundance of seaweeds or macroalgae (which following Steneck (1988) we define as large, anatomically complex algal forms including erect calcifying species but not filamentous algae, i.e., turfs).”

This definition is widely accepted and is what was used (and defined) in Bruno et al. 2009 where we originally collated and presented this data.  
4) Finally, if the authors are indeed trying to make the point that we really don't know what an appropriate baseline is, 
We are.
then readers are likely to want to know what we should be doing to resolve this problem. How do we decide whether the baseline should be 7% or 13% or a range of values between say 4% and 28%? What evidence do we need that is presently missing?     
Primarily, we aim to make scientists and managers aware of the problem, i.e., that there is no single, agreed upon baseline.  But we have made a variety of suggestions as to how one could be developed, e.g., the text about the use of baseline distributions on pages 8, 12 and 13 – which is illustrated in figure 3 – and the text on page 13, e.g, “Unfortunately, nearly all nearshore continental reefs have been degraded by multiple factors.  Establishing large, well-enforced marine reserves that can help establish realistic baselines for these systems should be a research and management priority (Selig and Bruno 2010).” More generally, we have edited the manuscript to highlight and clarify this advice, but we don’t pretend to have a magic solution to this broad and longstanding problem.  
Frontiers in Ecology and the Environment 1 (with our responses) 

Dear Editor,

Thank you for the opportunity to revise our manuscript, hopefully for eventual publication in Frontiers in Ecology and the Environment.  We greatly appreciate all of the advice you and the reviewers had about the manuscript.  We have thoroughly revised the manuscript – in fact we have entirely rewritten it based on all the feedback we got.  We also added another coauthor who brought in several new dimensions to the article. Below we explain these changes in greater detail and address all of your and the reviewers comments and suggestions. 

Thank you again for this opportunity and for the great amount of time you have spent on our paper.  We very much appreciate your efforts.  

Sincerely, 

John Bruno

No. 1

Thanks for the opportunity to provide comments on the manuscript entitled “Coral reef baselines: how do we know what natural is?” and the related reviews.  My first observation is that Frontiers has followed the process for obtaining objective reviews of the draft and based on the consistency of the reviews is justified in reaching the decision to reject.  However, I do think the manuscript raises an issue worth discussing in the literature if the comments received could be adequately addressed in a revised manuscript.  Perhaps a revision  could begin with “Coral reef health:  what indicators are appropriate for management?”   Answering that question could lead one to explain why seagrass coverage has been selected; how the target percentage currently sought was developed (including strengths and weaknesses of the selection), and whether or not that target is reef or geographically specific. 

We didn’t want to change the entire focus of the paper and this question has received considerable attention.  However, we did add a new box (at the end of the manuscript, Box 1. Metrics of reef state and other key baselines for management) that explores this important issue.

My second observation is that the article seems to imply a focus on achieving “natural reef conditions” as management’s objective.  One might conclude from that focus that it is management’s goal to eliminate humans from coral reef ecosystems because by definition humans are not part of the “pristine” condition.  

Don’t we wish!
At the extreme, if that were accomplished, then one might argue that the appropriate amount of seaweed would be whatever resulted once humans were absent.  Is that really what the authors intended to say?

Essentially yes. 

Finally, the tone of the article seems to be a bit personalized, and thus confrontational.  

We agree. This is a highly heated topic (as is evidenced by the two other reviews). But we truly want to present an even-handed paper, outlining both sides of this very difficult problem. Thus we have edited the entire paper to try to make it as neutral as possible.  
 

If the authors were willing to take an approach along the lines described above, and to address all of the reviewers’ comments IN DETAIL, I would suggest that they be provided an opportunity to submit a MAJOR revision of their article.  I would also suggest that their revision be reviewed by the same reviewers  and two additional reviewers to ensure as much unbiased opinion as possible.

 

No. 2

Thanks for the opportunity to review such a thought provoking paper.  My assessment is that the authors make some points with potentially valuable management implications, and that they should be given the opportunity to revise the paper to address the reviewer comments.  I also have some suggestions about refocusing it so that it includes a broader discussion of ecosystem management goals and how we should set them.  

Great. 
We know different ecosystems have different baselines, and that ecosystems are subject to phase shifts.  Thus the identification of a natural state as a prerequisite to setting a management goal seems misguided. 

We certainly agree that communities naturally experience disturbances that can shift their states in various directions, thus increasing the degree of among site state characteristics.  That is the central premise of the paper, i.e., there are baseline distributions not single baseline values based on one of many possible states.  We don’t agree, however, that understanding the historical state and functioning of populations and communities is not important to management.  In our field, ocean ecology and conservation, managers are continually being advised by scientists to manage systems to achieve a single, often idealized, state.  We agree that this is misguided, but we think understanding how systems worked historically is invaluable.  
 If the authors start with the premise that ecosystem management requires understanding for what or for whom we are managing, then it is useful to know "the range of state values and a regional historical average" (pg. 7, second full paragraph), so that we can align our desired management outcomes with what is possible for a given reef.   A second conclusion could be that indicators to assess reefs, establish management goals, and evaluate management success are more useful if they are presented as a range (as opposed to a median or mean as is suggested).  

The reviewers make many valid points, many of which do need to be addressed.  The most damning of these relate to poor logic, e.g. Reviewer 1's 3rd point, first paragraph pointing out that the authors call for identifying a baseline, assert that there is no single baseline, and then conclude that establishing a baseline should be a science priority. 

Fair enough.  What we meant was that indentifying baseline distributions was critical.  We have clarified this point.  

Further, the literature supports multiple indicators over a single species.    I also agree with the reviewers that the management implications and conclusion need to be reworked and more nuanced.  The authors should consider organizing the lit review by ocean to address the valid comments that the cross-ocean comparisons are not very helpful. 

Associate Editor (Comments for Authors):

Both reviewers have raised several fundamental objections to the work presented. The reviews provide a large number of references that call into question the paper's main point,

Please see our response and explanations below.  Nearly all of the references included do not in any way contradict our main points.

to the extent that it appears that the weight of evidence is against the authors' position, possibly quite substantially so. At the very least, the paper appears to provide a very selective use of the relevant literature.

Where exactly? This is too broad and vague a charge to defend against or refute. I also suspect this position of the editor was derived from reviewer 1 and reviewer 2’s misreading of the arguments in the paper. 

The reviewers also question whether some of the key studies cited by the authors supports their conclusions -- for instance, the focus on the inner flat site in the Connell study,

We clearly didn't "focus" on any of Connell's data and only make mention of it in a single sentence in support of a very mild and uncontroversial point, namely that reefs vary in space and time.  E.g., "In his long-term monitoring of shallow reefs on the Great Barrier Reef, Connell documented repeated fluctuations of macroalgal cover between 15% and 85% (Connell et al. 2004) due to natural disturbances and community succession." Yet we cut the sentence to appease. 

the possible conflation of crustose coralline algae and fleshy macroalgae in measures of algal abundance,

There was no "conflation of crustose coralline algae and fleshy macroalgae".   My four year old daughter can distinguish crustose coralline algae, which looks like pink cement, from fleshy macroalgae, which is a large upright macrophyte.  (in fact she can identify many to species!).   This is analogous to asserting that an experienced botanist confused or conflated trees and lichens.  It is a ridiculous point and criticism.  

Furthermore, neither reviewer said this. What reviewer 2 actually said was:

There is huge variation in the category 'macroalgae'. These data are comparing apples with oranges (long turfs vs. foliose browns).

Note the editor himself is confusing turf algae and crustose coralline algae.  And as we explain below, this point by reviewer 2 is false; we did not compare turfs and macroalgae. There are no turfs in the data. The paper is focused entirely on macroalgae. Why reviewer 2 asserts this is unclear.  

and the location of the NW Hawaiian reefs near the latitudinal limits of reef growth.

True, 2 of the 10 "quasi-pristine" reefs are in the NWHI.  But they are unquestionably real reefs.  Nevertheless, we added a caveat about their geographic position. 

Reviewer #1 (Comments for Authors):

Bruno and Aronson argue we need to know what the natural baseline was for pristine coral reefs of the past if we are to understand how degraded they are today.  For this, they focused on estimating "the seaweed baseline".  They make three arguments:

We make a large number of arguments, not just three and for each one we make the case for using both approaches. 

1) Places in the Caribbean such as Jamaica in the 1970s had anomalously low algal biomass because of unnaturally abundant sea urchins.  This colored reef scientist's views of what was natural.  2) Unfished, "quasi-pristine", reefs today have relatively high algal biomass probably because apex predators suppress herbivory via trophic cascades and 3) There can be "no single baseline" towards which managers should focus their actions.  The three arguments are thought-provoking but as I researched them, I found they all lacked support.  Below I expand on each. 

1) Jamaica of the 1970s were bad role models:

The authors suggest that because many reef scientists began their careers in the Caribbean in the 1970s in places like Jamaica where the unusually low algal abundance at that time was adopted as the pristine baseline.  They argue that the low macroalgal abundance was due to "densities of the sea urchin Diadema antillarum, a keystone grazer, that was unnaturally high during this period presumably due to the overfishing of its predators...." In addition, Jamaica had low hurricane frequencies in the 1970s resulting in "high coral cover and low seaweed cover" at that time.   However "many reefs elsewhere [in the 1970s] had considerable amounts of seaweed due to what were presumably natural disturbances." 

The notion of low algal biomass on coral reefs goes well beyond the research conducted in Jamaica and St. Croix in the 1970s.  
We agree.  In fact, in the original ms we stated "This is a small sample size from which to generalize across a region as large and diverse as the Greater Caribbean. Yet anecdotal observations by many scientists (including us) support the view that very low seaweed cover was typical of Caribbean reefs at that time."  

In the revised ms, I hope we better explain why there is some doubt about how “pristine” the Caribbean was in the late 1970s, what the benthic coverage of macroalgae was at this time and whether this is a valid global baseline for reef management.  We respect that the reviewer disagrees with some of our arguments and doubts some of the hypotheses we present (so do we!) but their response illustrates how strongly many reef scientists feel about reef baselines and how important it is that we begin to explore, discuss and resolve this issue.  

Van den Hoek et al (1975; Aquatic Bot. 1: 269) reported low algal biomass for Curacao's reefs and pointed out that similar low biomass was "well known" throughout the Caribbean citing Taylor 1950, Hiatt and Strassburg 1960, Randall 1967, Bakus 1967 and others.  Those studies determined that the low algal biomass resulted from herbivory from fishes.   They cited caging experiments that excluded fishes and resulted in "conspicuous algal growth" (Stephenson and Searles 1960, Randall 1961 and Earle 1972). 

Prior to the Diadema mass mortality in the mid 1980s, Hay (1984) conducted wide-ranging studies throughout the Caribbean using seagrass Thalassia bioassays to quantify herbivory from that both sea urchins and herbivorous fishes.  Overall, he found rates of parrotfish grazing exceeded rates of urchin grazing at most locations.   In "unfished or lightly fished reefs" Hay found Diadema were absent (e.g. several locations in Belize) or at low abundance but that rates of herbivory from fishes were high and algal biomass on the reefs was low.   A few years later, Lewis (1986) set up large fish exclusion cages in Belize and showed that macroalgal abundance remained very low (about 2%) on the reef exposed to herbivorous fishes.  

After the sea urchin Diadema suffered its mass mortality, algal biomass increased rapidly in places like Jamaica and St. Croix.  Hughes' landmark paper in Science (1994) did sensitize the scientific community to phase shifts and how overfishing of carnivores and herbivores may have removed predators and competitors, respectively.  However, sites with relatively abundant herbivorous fish never phase-sifted and maintain the low algal biomass reefs they are today (Kramer 2003).

The role of herbivorous fishes in maintaining low algal biomass is well known.  Recent Caribbean wide studies (Williams and Polunin 2001, Kramer 2003) show very clear, statistically significant inverse relationships in algal abundance as a function the biomass of herbivorous fishes.  These and numerous results of experiments extend well beyond Jamaica and St. Croix and the armies of researchers working there in the 1970s.  

Bruno and Aronson's asserted that Caribbean reefs of the 1970s were also "poor baselines because that decade came at the end of a period of relatively low hurricane activity (Woodley 1992)."

First, using the term "assert" (“to state a fact or belief confidently and forcefully") makes it sound like we made a strong case for this one-sided perspective.  And the reviewer selectively paraphrased our text, omitting the key words "may be" as in "Another reason Caribbean reefs of the 1970s may be poor baselines".  We were mere outlining one of the many perspective on what was natural in the Caribbean and elsewhere and even a casual reading of our text reveals a "one the one hand, this body of evidence suggests x, yet on the other hand x found that..." tone.   
While Woodley's point that Jamaica had a low hurricane frequency since the 1940s is correct, this does not apply throughout the Caribbean.  NOAA's hurricane database shows that the 1940s had a record 24 hurricane landfalls.  However over the past 50 years hurricane landfalls ranged steadily between 12 and 17 landfalls.  While there were relatively few hurricanes in 1970s (i.e., 12) I see no support for the idea that the Caribbean had a protracted low hurricane period decades before the 1970s. 

This is correct and we have modified the text.  But note this has no bearing on Woodley’s point that the long duration since the last hurricane occurred on the best studied of reefs during the 70s and 80s likely affected our view of what natural is. 

More importantly, it is true that hurricanes locally kill coral, however, I know of no empirical support that this alone triggers a macroalgal phase shift. Steneck (1994) quantified algal biomass in Jamaica 1978, 1982 and 1987 and showed no increase in macroalgal biomass in Jamaica for years after Hurricane Allen (1980) despite the massive loss of coral. 

There is a large literature on this.  There is no question that coral-reducing-disturbances, e.g., storms, predator outbreaks, disease, bleaching events, etc. can and often do result in an increase in benthic macroalgae on reefs, despite what Bob Steneck's unpublished data from one reef may suggest.  See work by Connell, Tanner, Hughes, Endean, Stablum, Done, Edmunds, Witman, Sebens, Stoddart, Aronson, Precht, Neumann, Shinn, etc (many of the references were indeed included in the ms).  

2) Trophic cascades promote macroalgae:  Apex predators eat herbivores so "pristine" reefs would have high algal biomass

Again, we did not make this single argument.  We clearly explored both sides of this debate.  We had one section outlining this argument, but quite a large and thorough section that contradicts it, much of which is based on my own work.

Using fished Caribbean reefs of the 1970s as the baseline for seaweed abundance implicitly assumes that top predators play no significant functional role on coral reefs, because it assumes that seaweed cover on those predator-depauperate reefs is representative of pristine reefs of the past. There is some conceptual support for the notion that trophic cascades are weak on coral reefs. First, ecologists have argued that trophic cascades are more common in simple, short, linear food webs (Strong 1992). Recent experimental work on the role of predator richness in controlling cascade strength supports this perspective (Bruno and O'Connor 2005, Bruno and Cardinale 2008). Because carnivorous vertebrates, including reef fish, typically forage over large spatial scales, often in multiple habitats (Valentine and Heck 2005), their local effects on prey populations can be diffuse, effectively reducing the strength of localized cascades by allowing herbivores to forage. Top-down control can also decline as prey diversity increases (Hillebrand and Cardinale 2004), although a recent review (Shurin et al. 2002) found that trophic cascades are quite common and relatively strong in complex terrestrial and aquatic habitats.  Finally, the effects of fishing on coral-reef food webs can be complex and dependent on the number of trophic levels in the particular system. Stallings (2009) found that the harvesting and depletion of Nassau grouper allowed the coney, a smaller grouper, to proliferate. The coneys in turn had strong negative effects on the small reef fish that were their prey. 

Bruno and Aronson drew heavily from two Indopacific studies of "quasi pristine" reefs having little or no fishing, an abundance of apex predators (sharks) and relatively abundant macroalgae.   The Northwest Hawaiian Islands had an average cover of 13% macroalgae (Vroom et al 2006), however since half of that island chain lies north of the Tropic of Cancer, it may not be a good comparison for tropical coral reefs.

Fair enough.  Yet only 2 or the 10 "quasi-pristine" reefs are in this region.  We added a caveat about this to the paper. Also note the benthic coverage from the NWHI reefs is not noticeably different from that of the more equatorial reefs so the point is largely irrelevant anyway. 

 The better example was from the Northern Line Islands (Sandin et al 2008)

It isn't clear to us why this example is "better"

where each of four islands represented a gradient of declining fishing pressure with the most remote and unoccupied Kingman Island having the largest abundance of large apex predators.    Surprisingly, the previous three more fished islands had relatively high macroalgal abundance (20% percent cover).   Other studies have suggested different patterns (e.g., Dinsdale et al 2008 suggest a steady decline along this archipelago), however, Bruno and Aronson chose not to discuss how it is possible

Kingman reefs could be so well grazed while having by far the greatest population of big sharks.  They consider it an outlier, but it would seem to indicate that there is nothing inherently incompatible between an abundance of predators and herbivores.

Also a fair point. We don't get into a case by case discussion of any particular reefs in the ms.  And I am intrigued by what is going on at Kingman (I have never been there).   We would be happy to address this.  But again, our overall point does not contract that of Sandin et al 2008. In fact, our paper was to a degree inspired by Sandin et al, who described the obvious effects of the presence of large carnivores on grazer density and behavior.  

it would seem to indicate that there is nothing inherently incompatible between an abundance of predators and herbivores

I also agree with this point and echo that there are obviously many other factors that control plant biomass that complicate interpretations of these patterns.  This could be added to the ms for clarity.   

Studies from Caribbean marine reserves with abundant apex predators (groupers and sharks) had elevated rates of herbivory from large parrotfishes, lower algal abundance and more coral recruits compared to adjacent regions devoid of carnivores (Mumby et al 2006a).  Apparently, large parrotfishes coexist and graze in the presence of large apex predators (Mumby et al 2006 b).  This corresponds with prehistoric archaeological findings showing an abundance of large parrotfish in the Caribbean over 1300 years ago but a sharp fishing-induced decline in body size by 560 years ago (Wing and Wing 2001).  

Another good point. This finding/argument is concordant with the text/arguments we outline on page 10 and copied above (i.e., this reviewers point does not contradict our arguments or the ms).  But we could add this case study to he ms, yet note, this work comes from a single MPA and is far from a universal finding (most similar studies of Caribbean MPAs, e.g., Kramer and Heck, Aronson and Bood, Bruno et al unpublished) find that restoring fish food webs has no effect on macroalgae (and other benthic components).  

3) There is "no single baseline" towards which managers should focus their actions.

I found this point confusing. In their "nutshell" synopsis Bruno and Aronson assert that: "Identifying the 'baseline' or natural state of an ecosystem is a critical step in effective conservation and restoration."  They unilaterally assert that "we" evaluate reefs against "single, idealized baselines."  However, they conclude, "there is no single baseline, but instead a baseline distribution."  They point out that reefs are variable in space and in time.  No one will debate their last point; I think few will support the single, idealized baseline concept.  

There is no question that most reef ecologists and most reef conservation papers argue that coral reefs naturally have very low, ~5%, macroalgae cover.  This point is made explicitly or implicitly in hundreds of papers that state that "algae has increased" from the baseline to 15% (or whatever).  But what if the current value (e.g., 15%) is the real baseline? How do we know it isn't?  

Much has been written about the multiple indicators of healthy reefs.

Nevertheless, Bruno and Aronson focused exclusively on macroalgal abundance.   The baseline they illustrate of high macroalgal abundance today (i.e. since 1996 from Bruno et al 2009) probably should not be viewed as a healthy baseline.  They concluded that historically macroalgae on coral reefs "may have been higher than we think."  They suggest that the management implications of this are that high seaweed cover today either may be at "natural" levels or is "too low, potentially due to the loss of top predators."  As a result, managers should either "do nothing" or "protect top predators and restore trophic cascades."  Since such restored trophic cascades would, in theory, reduce herbivores, this would "depart substantially from the current call for managers to focus largely on conserving herbivorous fish, particularly parrotfish, to restore reef communities."  

Bruno et al (2009) made a similar conclusion in questioning "the perception that most of the word's reefs are being overrun by seaweed.... This belief led to the argument that reef managers should focus primarily on conserving herbivores..." So Bruno and Aronson are making this case again despite being aware of studies showing physiological stress, death of corals, increased microbial contamination and reduced coral recruitment on reefs all increasing under greater macroalgal abundance.  They also are aware and have published papers documenting of the alarming declines in coral reef ecosystems in recent decades.  So to suggest macroalgae on reefs today may be "too low" is unfathomable.  

Perhaps.  But what if this is correct?  What evidence indicates we are wrong?  What does the science say?  These are really big issues and should be discussed rationally and openly.  If the science indicates that macroalgae is naturally very low and reefs with 15-20% have "too much" or more macroalgae than they would in a natural state, then managers should and will ignore our perspective.  But the evidence for this hypothesis is currently minimal. 

Clearly many special interest groups would embrace the conclusion for managers to "do nothing".  Recently the country of Belize passed legislation banning fishing on parrotfishes, the conclusions of the Bruno and Aronson paper undermines the scientific bases of those management actions.  Because of the serious management implications of this paper, I examined carefully the logic, rationale and evidence presented by the authors for their major points and found them wanting.  

Macroalgal cover in Belize is roughly 50%, so our suggestion that the natural baseline might be as high as 15% would in no way influence local management decisions at the present. Silencing scientific discourse is in the end not going to benefit either science or the environment.  

Reviewer #2 (Comments for Authors):

From the beginning there is a 'straw man' that states that people assume there is a single baseline. Who assumes this? What is the baseline? And where is it stated that this is the baseline against which reefs are being assessed? If this approach is to be criticized, and it may well be in need of criticism, the case needs to be established that people do believe that there is a single baseline. Provide the citations, statements and values to support this statement. As far as I can see from the material presented in the manuscript this is an assumption of the authors.

We in fact do provide citations of who says and does this.  Here are two: (Knowlton and Jackson 2008, Sandin et al. 2008).  The title of the latter ms is “Baselines and degradation of coral reefs in the northern Line Islands”, i.e., the authors of both papers assert that a single reef, i.e., Kingman Atoll, serve as a global baseline for reefs in general. We are not comfortable directly criticizing the authors and making the point of who said what too directly as we don’t want to personalize the paper.  

Page 4 argues against using the Jamaican data to generalize to the Caribbean. Yet the remainder of the paper proceeds to do just that with other locations. At least Jamaica had temporal replication.

We in fact don't "argue against using the Jamaican data to generalize to the Caribbean".  We do use it and it is the best we have for that period. 

Page 7 is most worrying. The the authors state that Connell (2004) reported that macroalgal cover on the GBR ranged from 15% and 85% due to natural disturbance and community succession. 

Connell et al (2004) specifically stated on page 209 that the increase in algae was most likely due to increasing tourism, sewerage and dredging. The progressive decline in coral cover on the inner flat is clearly shown in their Fig 4.  

First, Connell et al 2004 did not state specifically that "the increase in algae was most likely due to increasing tourism, sewerage and dredging"  What they said was:  "The causes of this increase are unclear, but may be associated with..."

Additionally, other Connell papers with the same data assert that increases in macroalgal cover, which follow storms events, are driven by coral loss via cyclones.  The same patterns have been observed and documented on many other reefs on the GBR, far from people and well back into the 1960s and 70s and even very recently.  No data is presented in Connell et al. 2004 to indicate what role if any people have had on the natural variability observed in Connell's plots.  Our point was simply that macroalgae cover varies naturally in space and time.   Yet we cut the sentence to appease. 
P7 continues to talk of broad evidence for the role of storms as the primary cause of coral loss with two old citations.

Nowhere did we state that storms are the primary cause of coral loss.  We have no idea why the reviewer derived this notion.  
In fact, we begin the main body of the paper by stating:  "Coral populations around the world began to decline several decades ago due to a variety of factors including ocean warming and mass bleaching, predator and disease outbreaks and poor land-use practices (Hughes et al. 2003)."
I find this disingenuous. In the face of overwhelming evidence of the role of crown of thorns starfish, bleaching, sedimentation and disease on reefs,

We agree completely.  In fact we have provided much of this evidence.  

the insistence on storms as a leading cause of coral loss is strange.

Again, we didn't suggest or "insist" in such a role of storms.

Storms are undoubtedly important but this is, again, highly selective use of the published evidence. 

Ditto. 

Again p7 and 8 asserts there is no single baseline. This is a huge straw man. Who said there was? 

Countless papers assert implicitly or explicitly there is such a single baseline.  Many NGOs produce reef "report cards" based on how far a reef diverges from their idealized single value baselines in terms of coral and macroalgae cover.  e.g., see the Smithsonian-based HRHP "reef report card":  http://healthyreefs.org/eco-health-report-card/report-card.html
See the references provided below on this matter.  These are papers that compare reef state to single baselines. 

Again p8 assumes storms drive coral loss while nutrient drives seaweed biomass.

No, it does not assume this in any way. We certainly don’t agree with this assumption and we have gone over and edited the text to make this clear. 

Coral loss has been strongly linked with bleaching, crown of thorns starfish and disease. In many areas these factors may exceed losses due to storms (Wilkinson provides global summaries). In terms of the effect of nutrients on algae, again, there is a great deal of contrary evidence that is omitted (see reviews by McCook and Burkepile & Hay). 

It isn't omitted, it is included in the citation of a single review article, Hughes et al 2003 which covers all these threats, e.g.,  “Coral populations around the world began to decline several decades ago due to a variety of factors including ocean warming and mass bleaching, predator and disease outbreaks and poor land-use practices (Hughes et al. 2003).”

This is currently worded as: “Coral populations around the world began to decline several decades ago from a variety of causes, including ocean warming, which led to mass coral bleaching; outbreaks of predators and diseases; and poor land-use practices, which led to nutrient and sediment pollution (Hughes et al. 2003).”
Besides, the point of our manuscript was not a comprehensive review of the causes of coral loss. But if it appeases reviewer 2, we could add more citations making the same point.  

Page 8-10 are basically speculation on the possibility of trophic cascades. Most of this is of limited relevance to coral reefs or this manuscript.

We disagree. It is speculation in the sense that we briefly weigh the evidence for and against top-down control of seaweed and herbivores.  Furthermore, this issue is entirely relevant to coral reefs and what the natural seaweed baseline is on reefs. 

On page 11 the terminology alone is confusing (e.g. quasi-pristine).

This term has been used repeatedly in related manuscripts (e.g., Sandin et al, Knowlton and Jackson) and was not coined by us.  

Knowlton N & Jackson JBC (2008) Shifting baselines, local impacts, and global change on coral reefs. PLoS Biology 6(2):e54.
Sandin SA, et al. (2008) Baselines and degradation of coral reefs in the northern Line Islands. PLoS ONE 3(2):e1548.
The management conclusions as presented might flow if one assumes that this paper has established accurate new global baselines and that levels of herbivory are driven by trophic cascades. Both are based more on assumptions than hard evidence.

Well it is a perspective piece, not a data paper. And we do provide evidence that many "pristine" reefs have more macroalgae than expected.  As we elaborate above, a major change in the paper is to clarify that we are not favoring one baseline over the other.  We are simply pointing out that the baseline reef management is currently built on is weakly supported and if incorrect, then management goals should be revised. 

Finally, the original data of Hughes in Jamaica documented changes in algae over time in one location. That is real data (if spatially constrained). Comparing algal cover across locations is beset with problems.

Point not relevant to our paper or analysis. I.e., we did not compare algal cover across locations. 

The macroalgae on Palmyra or NW Hawaii is not the same as in Jamaica.

Actually, and surprisingly to us, it is remarkably similar.  Different species are present, but identical genera and morphologies dominate "high" macrolagal cover reefs in the Pacific and Caribbean, i.e., Halimeda, Dictyota, Lobophora and Sargassum.

There is huge variation in the category 'macroalgae'. These data are comparing apples with oranges (long turfs vs. foliose browns).

We clearly defined macroalgae as "fleshy and calcareous macroalgae" which does not include long turfs or any other forms of turf.

In assembling our database on global reef state, that includes over 17,000 surveys, we have read hundreds of papers that outline survey methods and algal categorization schemes and not one suggest that turfs, long or short, be included in the macroalgae category.
A single internationally transferable baseline cannot work 

We agree. 

and that is why no one, to my knowledge, would propose one. 

Actually, this is commonly done, e.g., Pandolfi et al. 2003 or Pandolfi et al. 2005 where large teams of international leaders in the field (Pandolfi, Jackson, Hughes, etc.) did exactly this.  

Pandolfi JM, Bradbury RH, Sala E, Hughes TP, Bjorndal KA, Cooke RG, McArdle D, McClenachan L, Newman MJH, Paredes G, Warner RR, Jackson JBC (2003) Global trajectories of the long-term decline of coral reef ecosystems. Science 301:955-958

Pandolfi JM, Jackson JBC, Baron N, Bradbury RH, Guzman HM, Hughes TP, Kappel CV, Micheli F, Ogden JC, Possingham HP, Sala E (2005) Are U.S. coral reefs on the slippery slope to slime? Science 307:1725-1726
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