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Angelo (2014a, b) recently wrote two critiques of our research (work we did with several 
collaborators) documenting declines in the abundance of plant species in Concord, Massachusetts, 
and linking those changes in abundance with warming temperatures (Willis et al. 2008; Primack et al. 
2009).  We and our collaborators provided detailed responses (Primack et al. 2014; Willis & Davis 
2014) to the first critique (Angelo 2014a).  In his second critique, Angelo (2014b) added detail and 
new comments.  Several points Angelo (2014b) makes have merit and suggest the need for a new 
formal flora of Concord.  Further, his analysis has improved our data set.  However, his main 
criticisms are based on misunderstandings of our goals, methods, and conclusions.  Moreover, we 
believe our main findings — i.e., that many species in Concord, Massachusetts, are declining in 
abundance and that these changes in abundance are in part linked with warming temperatures — still 
hold true.  
 

Our research (Willis et al. 2008; Primack et al. 2009) was not intended to produce a flora of 
Concord but rather to describe general patterns of change over time for a defined subset of plant 
species in Concord — i.e., species that past botanists such as Alfred Hosmer and Henry David 
Thoreau observed.  Our community-level approach and statistical analysis allowed our results to be 
robust despite incomplete or imperfect information on individual species, including unclear taxonomy 
and other mistakes pointed out by Angelo (2014a, b) (some of which we think are valid, and some of 
which we disagree with).  The “noise” that would have been caused by this imperfect information 
would have made it less likely that we would have detected the patterns that we did find — patterns 
that are consistent with results in many other locations.   
 

In addition, our community-level approach — which was novel at the time — and our 
conclusions are consistent with the findings of others; our field and data-analysis methods are 
comparable to other field studies (e.g., Robinson et al. 1994; Leach & Givnish 1996; Lavergne et al. 
2006).  For example, other floras in urban and suburban areas of eastern Massachusetts have 
documented declines in the abundance of native species (Bertin 2002; Standley 2003), although the 
number of native species in Worcester County, a relatively large and rural area, does not appear to be 
declining (Bertin 2013).  Studies in New England and a broader meta-analyses of over 1300 species 
responses globally have linked warming temperatures with shifts in species ranges (Beckage et al. 
2008; Chen et al. 2011; Bertin 2013), and two separate meta-analyses have confirmed that changes in 
phenology are indeed linked with plant performance in many locations (Cleland et al. 2012; 
Wolkovich et al. 2013).  
 

Below we provide brief responses to nine of the main points made by Angelo (2014b) about 
our work.  For more detailed responses to most of these and other points, we refer you to our previous 
responses (Primack et al. 2014; Willis and Davis 2014).  
 

Angelo
Sticky Note
My critiques have never assumed that Primack et al. were attempting a flora of Concord. My review explicitly limited itself to the particular species that were claimed by Primack et al. to have declined significantly. At several points I do use statistics of a larger portion of the Concord flora in order to demonstrate problems with Primack et al. assumptions. This is a false claim Primack has made repeatedly here and elsewhere that I misunderstand the aims and methods of his work.

Angelo
Sticky Note
If their "community-level approach" and "statistical analysis" allow their results to be "robust" in spite of massive errors in assessing past and present abundance of the claimed declining species as my review demonstrates, then there is something woefully wrong with their use of that approach and analysis.

Angelo
Sticky Note
This is a claim Primack has made repeatedly here and elsewhere without any basis in fact. I have always understood perfectly well his goals, methods and conclusions.

Angelo
Sticky Note
The patterns claimed are not present for the same species set studied in adjacent Worcester County and Middlesex Fells as shown by my review. A forthcoming paper by Robert Bertin will show that there is no correlation with phenology sensitivity when a number of other studies are analyzed.

Angelo
Sticky Note
The studies cited are not comparable. Robinson et al. conducted no comprehensive field study themselves but reviewed information on the entire Staten Island flora from three previous inventories. Only two abundance categories were used -- common and uncommon. That study contains minimal discussion about comparing the sampling methods of the three studies or different concepts of common and uncommon among the authors of the three studies. Also, the sampling area was the same unlike for Primack et al. Robinson et al. note that the overriding effect on species decline is from habitat destruction due to tremendous changes in land use on Staten Island.The Leach and Givnish study is much different than the Primack et al. study in that specific land fragments scattered in 14 Wisconsin counties were compared by the authors with a previous set of surveys mostly only 34-40 years previously and only for parcels that had not been overtly developed or used. That study did not compare possible difference in sampling efficiency possibly since the parcels were small (0.5 to 15 acres). The study found that fire suppression over the interval of the surveys appeared to be the only viable explanation for the pattern of floral changes. Lavergne et al. studied a large (6250 sq. km) employing a large network of experienced field botanists. The 2100 species studied were assigned one of two abundance values -- rare (1 or 2 occurrences) or non-rare (all others). They were also assigned one of three change values when compared to an 1886 survey of the same area -- decreasing, stable, or increasing. Unlike Primack et al. the Lavergne et al. study recognized, evaluated and took into account the nonuniformity of sampling of the 1886 survey. There is relatively little comparability of these three studies with the Primack et al. study as is claimed other than the fact that historical data was compared to more recent data. It is noteworthy that at least two of these studies understood the unfeasibility of accurately determining species abundance for large areas by limiting their assessment of this to just two values instead of the 6-7 values used by Willis et al. (2008) from the Primack et al. work.

Angelo
Sticky Note
No one is denying that there have been abundance declines in native species. The question is to what degree and due to what causes.

Angelo
Sticky Note
This supports one of the points in my review that declines are more likely in more developed areas, not due to climate  change. The Robinson et al 1994 study of Staten Island is a good example of this effect.

Angelo
Sticky Note
The Beckage et al. study is described in my review and does not alter the results of my article. No one is denying that a warming climate can cause species distributions to shift, particularly in mountainous habitats.  The Chen et al. study only looked at latitudinal and altitudinal range changes in animals, but even so the median rate of range change of 16.9 km per decade for decades after 1947 would not account for the considerable abundance declines claimed by Primack et al. The Bertin 2013 notes decline of some northern species in Worcester County more so than increase in southern species but not to an extent that would account for the considerable losses claimed by Primack et al. in Concord.

Angelo
Sticky Note
The Cleland et al study is discussed in a note further below and found only a modest effect of phenology on plant performance. The Wolkovich et al. study relies in part on the results of Primack et al. 2009 and Willis and Davis 2008, so that citing it to make a case against my review is circular. The focus of the study is on non-native species finding that phenological sensitivity appears to contribute to the success of such species. This would be of minimal significance in rebutting my finding that most of the claimed decline of  Concord species is not real.

Angelo
Sticky Note
The points in these replies to my previous preliminary article do not address the findings or methodology of my later more comprehensive review.
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1.  Assertion:  One of the early floras we used to assess changes in the abundance of plants included 
Concord and vicinity, whereas our surveys covered only Concord, creating a mismatch between the 
study areas.  
 

Our response:  We compared our survey results with data from three past botanical treatments, two of 
which were confined to Concord.  Comparisons with all three show similar patterns of species 
decline. 
 
2.  Assertion:  We did not thoroughly search of all of Concord; we did not search private, unprotected 
lands in particular; and we lacked the skill to find plants.  
 

Our response:  We thoroughly surveyed the plants of Concord over a five-year period.  Our surveys 
involved several people searching for several days per week, with some additional fieldwork during 
the past seven years.  We also sought advice from local botanists, including Angelo, about the 
locations of locally rare plants.  We surveyed private and public lands, including private, unprotected 
areas.  We have strong backgrounds in botany and have extensive experience of carrying out 
botanical surveys and statistical analysis. 
 
3.  Assertion:  Some of species that we could not find do still occur in Concord, and some of the 
species are more common than we reported.  
 

Our response:  We have always acknowledged that additional fieldwork will result in people finding 
localities for populations we could not find (Primack et al. 2009).  The additional locations reported 
by Angelo and others, some of which we have also found, represent a small percentage (less than 7%) 
of the species that we report as declining, and do not significantly affect the overall patterns in our 
findings.  
 
4.  Assertion:  We cannot know the meaning of terms used by past botanists — i.e., what “common” 
or “occasional” meant in terms of absolute abundance.  In particular, Hosmer (1903), one of the 
historical botanists we relied on in our study, was biased toward categorizing species as “common,” 
whereas our undersampling biased us to categorize species as currently uncommon or rare.  Thus, it 
was not surprising that we found that species were declining in abundance. 
 

Our response:  Even though past botanists did not define their terms for frequency of occurrence, it is 
reasonable to assume that individual botanists used the terms consistently, making our flora-wide 
comparative analysis of changes in relative abundance appropriate.  Additionally, our results were 
consistent when comparing our survey results with those of three separate past botanical surveys, 
suggesting that our conclusions are not caused by a systematic bias between our survey and just one 
of the historical surveys.  
 
5.  Assertion:  We erroneously assume that species found at just one site are invariably destined for 
extinction.  
 

Our response:  This is a misstatement of our conclusions.  We are not stating that all rare species are 
destined for extinction.  Rather, we simply point out that rare species or species with small 
populations face a much higher probability of local extinction, a basic tenant of population biology 
that has been confirmed by numerous studies. 
 
6.  Assertion:  Accounting for factors other than climate change in our statistical analyses would 
reduce the relationship between climate change and declines in abundance that we found. 
 

Our response:  We used standard statistical analyses designed to account for the simultaneous effects 
of multiple ecological factors other than those associated with climate change, including habitat, deer 
browse preference, and status as a native or non-native species (Willis et al. 2010).  Furthermore, we 

Angelo
Sticky Note
This is an assertion without any concrete demonstration. Primack et al. used only a comparison with the Hosmer flora that covers a much larger area than Concord. Primack here does not specify what the other two "treatments" are -- presumably Eaton's flora and Thoreau's journal which is not a treatment and inadequate for any quantitative study. It is hard to see that comparison with Eaton's flora yielded similar patterns of decline when my article points out that Hosmer applied "common" significantly more often than Eaton did to the same species, without even looking at differences in other frequencies such as "rare" or "uncommon". Also, a number of species had already declined from Hosmer's time to Eaton's time. So how could the comparisons of Primack et al. with such differential yield comparable patterns?

Angelo
Sticky Note
This is mere repetition of assertion without basis that an adequate exploration of the large number of Concord species was conducted by Primack et al. My article demonstrates with direct and indirect evidence that this was not the case. Primack et al. are not willing to accept that number of hours and years spent surveying a large tract of land is not equivalent to effective exploration. In addition they do not grasp or are unwilling to acknowledge that their failure to find more than two stations for each of at least 9 rather common species is a clear sign that their assessment of other species is unreliable. I have first-hand experience of their astonishing inability to find distinctive plants even after being given detailed directions to their location. Strong background in botany does not make one a skilled field botanist. I was surprised later to learn that Primack and his students did not collect voucher specimens to document their finds -- only photographs. The advice obtained from local botanists such as myself would have only minimal effect in changing the results of the vast undertaking of the Primack et al. study which I have long maintained is not feasible. The Leach and Givnish 1996 study that Primack et al. cite is an example of a feasible study where only small parcels previously studied were explored and only those parcels that had not been developed or otherwise significantly disturbed directly.

Angelo
Sticky Note
This is precisely the insulation from falsfiability tactic that I discuss in my review.Primack et al. will only accept direct proof of error so that only a small number of changes to their data are ever acknowledged. No one is going to take the time to redo their complete study (even if that were feasible) so that direct evidence of error on the majority of their claims will never confront them.

Angelo
Sticky Note
Again this is mere assertion without evidence. My review shows clearly there is some different concept or use of "common" by Hosmer whose work Primack et al. rely on. It is not at all reasonable to assume that perceptions of abundance are consistent among field botanists. That is why two of the three surveys cited by Primack and Miller-Rushing above (Robinson et al. and Lavergne et al.) only use two categories for abundance in their extensive studies.

Angelo
Sticky Note
This is explained in my review. It is true and obvious that rare species that are KNOWN to exist in only a few places in small quantities are more susceptible to extinction. But Primack has misapplied this principle when he and his students were only able to find one or two stations of a species and when several demonstrations of the nonextinction of uncommon species were made to him by me but summarily dismissed by him as insignificant because the numbers of individuals at the particular stations were small in number and considered by him to be on the verge of extinction. I had not shown him all stations for those uncommon plants so he regarded these to be the only stations in Concord for the species!

Angelo
Sticky Note
The problem here is that Willis et al. 2008 did not reduce the sampled species when other factors can be shown to be clearly responsible for species. This is something that has to looked at species by species rather than statistically. Also, the more insurmountable problem is that my review shows that the declines they were working with are not real. So their statistical analysis is invalid.
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made clear in our original discussion and our response that these additional factors have likely 
impacted the flora of Concord in conjunction with the effects of climate change. 
 
7.  Assertion:  We found that populations appeared to decline most over the past 30-40 years, while 
temperatures did not warm substantially over that period compared to warming over the previous 100 
years. 
 

Our response:  Population sizes do not have to fluctuate in synchrony with temperature for population 
decline to be related to temperature.  In our case, we found an indirect relationship — species that 
declined tended to have flowering times that did not track changes in temperature and tended to have 
more northerly distributions.  Bertin (2013) also found evidence of the effects of climate change, with 
northern species disproportionately declining in Worcester County.  Even though temperatures have 
generally been warming in eastern Massachusetts for the past 160 years, the increases have been 
cumulative such that the past three decades have been the warmest overall, with many record high 
temperatures.  
 
8.  Assertion:  We included inappropriate species in our study, including non-native species, species 
of uncertain taxonomy, and species known to be declining for reasons other than climate change. 
 

Our response:  Angelo (2014b) identified some problem species in our data set, which we are 
appreciative of.  However, we disagree with many of his assessments regarding which species were 
appropriate to include or exclude.  Given that our analysis took a community-level approach, and 
given that multiple factors can affect the abundance of a particular species simultaneously (e.g., deer 
grazing, air pollution, and a warming climate), we included all available species.  We explicitly 
accounted for many factors that might affect their abundance — including non-native status, deer 
browse preference, and habitat — in our statistical analysis. 
 
9.  Assertion:  If climate change were driving declines in the abundance of certain species, those 
declines would be widespread.  However, many species that we found to be declining in abundance in 
Concord do not appear to be declining in abundance in two locations relatively close to Concord, the 
Middlesex Fells (Hamlin et al. 2013) and Worcester County (Bertin 2013), and therefor should be 
excluded from the analysis.  
 

Our response:  This is an interesting point.  However, the abundance of each species is affected by 
many factors, and the balance of these factors varies from place to place (Cleland et al. 2012).  In 
particular, each place has its own distinctive geology, soils, topography, history of past land use, and 
current intensity and types of human activity.  Consequently, excluding species from our analysis of 
changes in abundance in Concord because they are not declining elsewhere is not appropriate.  
 

Investigations of changes in the abundance of species are critical to conservation biologists 
and protected area managers charged with preserving biodiversity.  Thus, we very much support 
continued investigations related to this topic and have made the data resulting from our work freely 
accessible for studies like those of Angelo (2014a, b) and others (e.g., Diez et al. 2012; Wolkovich et 
al. 2012; Wolkovich et al. 2013).  In this case, Angelo (2014a, b) appears to agree that the number of 
native species in the Concord flora is declining, but he disagrees on the pace of the declines and the 
role of climate change.  After considering his points, we find that our results are still valid, and his 
criticisms are based on a misunderstanding of our methods, goals, and statistical tests.  More research, 
including a formal flora of modern Concord, if done, will continue to improve our understanding of 
how Concord’s flora has changed since the observations of Thoreau and other botanists.  

 
 
 

Angelo
Sticky Note
This study simply looked at experimental results of of responsiveness of 67 species to temperature changes, that is how performance (seed production, number of flowers, etc.) were related to phenological sensitivity. This study found that while there was statistical significance in the relationship between performance and phenological sensitivity, the proportion of the variation in performance associated with the phenological sensitivity was relatively low. This paper only mentions abundance issues in the discussion of possible consequences of the modest relationship found and cites work of the Primack Willis papers among others to suggest possible consequences.

Angelo
Sticky Note
This is precisely what my paper indicates -- that other factors trump climate change when it comes to changes in abundance. Also, the geology, soils, topography, etc. are not significantly different between Concord, Worcester County and Middlesex Fells. If these factors are so significant in preserving the abundance in the adjacent regions of more than 25% of the species found in the Primack work to be declining, then there is something about the Concord environment and history that makes it seriously disadvantaged compared to these areas. I have no idea what that could be.

Angelo
Sticky Note
This may very well be true, but if the past three decades are the warmest overall and (together with past warming) have caused most of the claimed declines in Concord in that recent period, it does not account for the lack of similar declines in the same species groups in Worcester County and at Middlesex Fells.

Angelo
Sticky Note
This is repetition of assertions addressed above.

Angelo
Sticky Note
And thus avoiding indirect demonstration of declines in Concord that are not real or at best local and not related to climate change -- insulation from falsifiability.

Angelo
Sticky Note
No, my review shows that the number of native species declining in Concord is much smaller than claimed by Primack et al. and used in the statistical analysis of Willis et al.

Angelo
Sticky Note
The amount of development and direct disturbances to many of Concord's natural habitats make an adequate survey of native species in the township unfeasible. Studies in Worcester County, Middlesex Fells and a forthcoming one in Franklin County will provide a better approximation of what changes are occurring in the flora of Massachusetts. Indications are that to date habitat destruction, deterioration and impacts of alien species and animal predation are much more significant than effects of climate change at present. Naturally, with more drastic climate changes looming, the effect on plants in the future are likely to be dominated by climate change..
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