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FIFTEEN YEARS OF CHANGE: WHAT A COMPARISON OF

THE TWO FLORA CONSERVANDA LISTS CAN TELL US

ABOUT RARE PLANT SPECIES IN THE NEW
ENGLAND LANDSCAPE

JESSICA M. GERKE
1, ELIZABETH J. FARNSWORTH, AND

WILLIAM E. BRUMBACK

New England Wild Flower Society, 180 Hemenway Road,
Framingham, MA 01701

1Current Address: 5 Brook St., Stoneham, MA 02180
e-mail: jmkorecki@gmail.com

ABSTRACT. Flora Conservanda is a list of native plant taxa considered to be
most rare in New England. Originally published in 1996, the list was updated in
2012. The updated list includes 593 taxa in five divisions: 62 in Division 1
(Globally Rare), 325 in Divisions 2 and 2(a) (Regionally Rare), 57 in Division 3
(Locally Rare), 96 in Division 4 (Regionally Historic), and 53 in Division IND.
(Presumed Rare, but confirmation required). Since the first publication of the
list, substantial changes have occurred both in the landscape and in our
understanding of the taxa. Here, we compare the 2012 update to the original
list, noting changes in the species assigned to each division and recording the
reported number of extant populations (Element Occurences) in each state.
We assessed trends in rarity during the intervening 15 years among 676 taxa
in one or both lists, and identified further data collection that would be
beneficial. One hundred and thirty-seven taxa were new to the list in 2012.
The numbers of reported extant occurrences increased for 118 taxa and
declined for 40 taxa since the 1996 publication; 10 taxa declined in one or
more states and increased in others. Little net change in occurrence numbers
was seen for 213 taxa, and trend data were insufficient to assess population
trends for 295 taxa. Massachusetts (55 or 18.4% of MA listed taxa),
Connecticut (55 or 18.4%), and Maine (46 or 16.9%) had the most taxa with
increased numbers of occurrences, and Massachusetts (22 or 7.7%), Maine (20
or 8.3%), and New Hampshire (17 or 8.4%) had the most taxa with decreased
occurrence numbers. Increased occurrence numbers were more common
among those taxa characteristic of shores and banks, wetlands, and forests,
whereas higher proportions of declining species were characteristic of coastal,
alpine, and exposed rocky areas. A significantly higher proportion of
entomophilous species showed occurrence declines than increases. Overall,
the magnitude and distribution of noted changes may be due to the success of
concerted efforts to seek out previously overlooked populations, range
expansions of certain taxa, or validation of older records. Trends apparent in
the Flora Conservanda data can be used to prioritize regional conservation
actions and data collection.
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From 1993 to 1996, data on the status of rare plants in the six

New England states were compiled to formulate Flora Conser-
vanda, a list of higher tracheophyte plant taxa to be prioritized for

regional conservation (Brumback and Mehrhoff et al. 1996). Flora

Conservanda: New England 2012 (Brumback and Gerke 2013;

hereafter, Flora Conservanda 2012) was compiled to account for

nomenclatural and taxonomic changes since 1996 and to suggest

updated priorities for protection at both the species and population

levels. The aim of the project was to aid: 1) New England Plant

Conservation Program (NEPCoP) State Task Forces—a collabo-
ration of professional botanists, state agencies, and conservation

organizations in each New England state—in selecting species for

conservation; 2) scientists, in focusing research efforts on critical

species; 3) federal, state, and local government agencies and private

land conservation organizations, in identifying the most important

taxa to protect and manage within the region; and 4) the public, in

supporting conservation efforts.

Flora Conservanda 2012 was developed by the New England
Flora Committee, which consisted of representatives of each of the

six New England state’s Natural Heritage Programs, or their

equivalents, and other botanists familiar with the regional flora.

Determination for listing was based on the Global rank (per

NatureServe 2013) of the species and the number of Element

Occurrences (EOs sensu NatureServe 2013; see below) known in

New England. All data included in the update were current as of

June 2012. By applying strict definitions for the inclusion of a taxon
within one of the five divisions of Flora Conservanda 2012, the

Committee identified 593 taxa of high regional concern out of a

total of approximately 2300 species indigenous to New England.

The original Flora Conservanda raised as many questions about

rare plants as it answered, and several programs and projects have

attempted to fill these gaps in our collective knowledge. The two-

year Herbarium Recovery Project, funded by the Stratford

Foundation and the Ellis L. Phillips Foundation, examined and
verified the accuracy of . 18,000 herbarium specimens of 532

species of global and regional conservation concern, as well as

poorly known native species, at 42 herbaria throughout New

England. Building upon this monumental effort, Flora Novae

Angliae was completed (Haines 2011), condensing into one volume

our understanding of all native and naturalized taxa that comprise

the New England flora. Additionally, 111 taxa were selected as the

2014] Gerke et al.—Trends in New England Rare Plants 429



subjects of peer-reviewed NEPCoP Conservation and Research

Plans, the aims of which were to recommend actions that would
lead to the conservation of Flora Conservanda species. Along with

the diligent efforts of state Natural Heritage programs, botanical

professionals, and hundreds of volunteers, these projects have

begun to answer some of the questions raised by the first Flora

Conservanda publication.

A comparison of the 1996 Flora Conservanda publication to the

2012 update allows us to analyze changes in the status of rare New

England taxa over the past 15 years. Specifically, we have sought to
discern trends in the numbers of extant populations between 1996

and 2012 among taxa for which sufficient data were available for

analysis. The term ‘‘population’’ as used here refers to Element

Occurences, sensu Nature Serve (2013): ‘‘An Element Occurrence

(EO) is an area of land and/or water in which a species or natural

community is, or was, present. For species Elements, the EO often

corresponds with the local population, but when appropriate may

be a portion of a population or a group of nearby populations (e.g.,
metapopulation).’’

Overall, we expected that few rare taxa throughout New England

would have increased in numbers of EOs. Several recent floristic

studies of large sites or towns in New England have provided

temporal comparisons of the numbers of species present, and most

have noted net declines in native species richness (e.g., Bertin and

Rawinski 2012; Jenkins et al. 2008; Lovejoy 2008; Searcy 2012;

Standley 2003; but see Hamlin et al. 2012). These studies identified
certain plant families that appeared to be particularly vulnerable to

decline, such as Orchidaceae, Saxifragaceae, and Ophioglossaceae.

They also identified species of particular habitats, particularly

early-successional grasslands, rocky balds, and other habitats

dominated by herbaceous species, which have experienced dispro-

portionate declines due to succession to woodlands and forests in

the absence of fire and other disturbances that maintain open

habitats. Likewise, a New England-wide analysis of 71 rare plant
taxa showed that functional groups of plants with particular life

histories, such as obligate entomophily, localized seed dispersal,

and affinities with upland (versus wetland) habitats, showed

significant declines relative to other rare taxa with contrasting life

histories (Farnsworth and Ogurcak 2008). A similar comparative

study of rare and related common plant taxa of New England

grasslands revealed that declining species showed tighter habitat
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specialization, larger seed size, smaller plant height, less reliance on

vegetative (colonial) reproduction, and a tendency toward annual
or biennial life history (Farnsworth 2007). Several global compar-

ative studies have found similar patterns (Kunin and Gaston 1997;

Kunin and Schmida 1997). Another comparative study found a

weak association between the presence of invasive species (in concert

with anthropogenic disturbance) and declines in population sizes of

rare plants in New England (Farnsworth 2004). We asked if taxa

with affinities to particular habitats were undergoing changes in

population numbers. We predicted that taxa associated with
particular habitats that are more vulnerable to climatic change or

sea-level rise (such as coastal or alpine habitats) or to successional

change in the absence of disturbance (such as rocky balds and fields)

would more frequently exhibit declining population numbers.

We also asked whether taxa native to particular New England

states showed declines or increases in numbers of EOs. We

hypothesized that a higher proportion of declining taxa would be

associated with southern New England states than northern states
because the negative influences of land use change are generally

stronger in the more populous, highly urbanized region of southern

New England (Farnsworth and Ogurcak 2006).

METHODS

Flora Conservanda 2012 focused on taxa that were globally and

regionally rare [Divisions 1 and 2, respectively (sensu Brumback
and Gerke 2013)]. Division 1 taxa were assigned global conserva-

tion status ranks (GRank) of G1 through G3 for species, or T1

through T3 for infraspecific taxa. The ranks are: critically imperiled

(rank 5 1), imperiled (rank 5 2), or vulnerable (rank 5 3), per

NatureServe (2013). Division 2 taxa are defined as having 20 or

fewer current EOs observed within New England within the last 20–

25 y. A taxon with slightly more than 20 EOs in New England

might also be included in Division 2 if it was considered vulnerable
to extirpation due to other important factors (population size and

trends, area of occupancy, viability of EOs, geographic distribution,

habitat rarity and integrity, and/or degree of protection); these taxa

were denoted as 2(a). Also identified were taxa that were declining

throughout a significant portion of the region or that had EOs

with high biological, ecological, or (potential) genetic significance,

inferred from a disjunct distribution of EOs (Division 3). Flora
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Conservanda 2012 further identified taxa that were considered

historic in the region (Division 4), as well as those that may be rare
throughout New England, but for which taxonomic or distribu-

tional information was insufficient to determine status (Division

IND.).

The listing criteria in 2012 remained the same for all divisions in

the 1996 publication, except that hybrid taxa were removed from

the list. A great many rare hybrid taxa were identified in Haines

(2011), and the Committee decided that because of the many

complicating factors involved with describing hybrids and estab-
lishing accurate lists of extant EOs, these taxa would be better

considered in a separate list.

Division 3 criteria were also changed slightly between 1996 and

2012. Brumback and Mehrhoff et al. (1996) had defined disjunct

EOs as those separated from other EOs by at least 50 miles (80 km).

Although range-disjunct EOs were still included in Division 3(b) of

Flora Conservanda 2012, the strict criterion of a 50-mile separation

among EOs was removed and disjunct ranges were considered on a
species-specific basis to evaluate the likelihood of gene flow between

occurrences. A 50-mile separation was still used as an initial

guideline, but disjunction was also defined by the likelihood of

genetic isolation based on propagule dispersal distances and

pollination mechanisms. Data on species’ ranges and occurrence

declines were added as criteria for inclusion of a taxon in Division 3

for the 2012 list. Taxa in Division 3(a) were considered still too

common in New England to fall under Division 2 or 2(a), and were
not globally rare but had been observed to be declining in a

substantial portion of their New England range. Occurrences of

these taxa were disappearing or decreasing in size in most of their

New England ranges and, in any New England states where decline

was not observed, occurrences were primarily stable rather than

increasing in size.

To compare the 1996 and 2012 versions of the list, the taxa

present on the 1996 list were entered into a spreadsheet, along with
the divisions assigned to the taxa at that time. A spreadsheet of the

2012 taxa and divisions was then compared to the 1996 list. A cross-

reference of taxonomic changes was made by correcting for

synonymy using Haines (2011). Misapplied synonyms used on the

1996 list were cross-referenced to the correct taxon in consultation

with Arthur Haines (Research Botanist, New England Wild Flower

Society, pers. comm.).
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We first noted if a name change and/or a division change had

occurred. Next, we classified the division changes in the following
categories: 1) no division change; 2) taxa new to the list in 2012; 3)

taxa more rare than before due to reasons such as confirmed

extirpation or being officially declared historic; 4) taxa with changes

in global rank; 5) new taxa resulting from taxonomic splitting; 6)

taxa appearing less rare due to reasons such as changes in global

rank and taxonomic lumping; and 7) taxa that had been removed

from the list because of changes in global rank, taxonomic lumping,

hybridity, records based on misidentifications, or changes in the
nativity status of the taxon in New England.

The initial classification was then used to group taxa based on

similar characteristics. For all taxa that changed divisions,

including those new to the list, we recorded the specific reason

for each change based on committee meeting notes, Flora

Conservanda list evaluations, rare plant updates compiled by

committee members, research notes in Haines (2011), state rare

plant species lists, comparisons of occurrence details between the
1996 and 2012 lists, and EO records from state Natural Heritage

programs.

It was also instructive to compare, per state, the changes in

numbers of extant EOs for each taxon between 1996 and 2012.

Data were available for 378 taxa listed in the first publication, and

enough information existed to allow a temporal comparison of an

additional three taxa new to the updated list. Taxa in Divisions 3

and IND. were largely excluded from this analysis because they are
not tracked closely in most New England states and insufficient

information was available to determine changes in numbers of EOs.

Changes in the number of extant occurrences fell into four

categories: 1) no change; 2) increased numbers of occurrences in

New England; 3) decreased numbers of occurrences; and 4) a few

taxa that increased in some states and decreased in others. We

tended to exclude taxa for which botanical sampling appeared to be

sparse, or spatially or temporally biased—cases in which the Flora
Conservanda data clearly indicated that more information was

needed. In a few cases, we lumped several small populations into a

single larger one as we gained better knowledge of a taxon’s

geographic distribution, and we eliminated such spurious cases

prior to our analysis. We also excluded taxa that showed a shift of

only one or two occurrences throughout their ranges in New

England, except in cases for which a loss of occurrences resulted in
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the taxon being moved into Division 4 (Historic; i.e., no longer

present in a given state or the entire region). Also excluded were
taxa that changed rank due to taxonomic restructuring. Two of us

(J.G. and E.J.F.) independently scored all taxa as increasing in

numbers of occurrences, decreasing (losing occurrences), showing

no change, increasing/decreasing in part of the New England range,

or having insufficient information. Our classifications initially

differed for only 8 taxa, for which we then developed a consensus

rating. We also invited comments on our classifications from

independent Natural Heritage botanists who were knowledgeable
about the species in question; their comments corroborated our

classifications. Using these criteria, we were able to classify trends

for 168 taxa, representing 24.9% of the 676 New England native,

non-hybrid taxa included in either the first Flora Conservanda

publication or the update. Two-hundred-thirteen taxa (of which 38

were still historic and an additional six were listed as historic in

2012) had little or no reported change. Determinations could not be

made for 295 taxa; as stated above, most of these were in Divisions
3 (Locally Rare taxa) or IND. (Presumed rare, but confirmation

required), or had been newly added to the list, with no 1996 data

available.

The taxa were then matched with their habitat type, as listed in

Haines (2011), to determine if taxa with affinities to certain habitat

types were more vulnerable to declines. The habitat types were

categorized into nine broad groups by very general defining

characteristics: alpine and subalpine zones; aquatic (submerged in
water); banks (riverbanks, pondshores, and floodplains); coastal

(saltmarshes, beaches, and dunes); forests (and woodlands); open

(fields, turf, meadows, and shrublands); rocky (balds, cliffs, and

talus slopes); wetlands (marshes and swamps); and anthropogenic

habitats (e.g., roadsides, ditches, and power lines). These categories

are analogous to those used by Bertin (2014) to classify the

Worcester County (MA) flora, but more broadly reflect the full

range of habitat types in New England. Classification was
complicated by the fact that certain taxa can span several habitat

types or may occupy specialized habitats within a general category

(such as woodland edges of forests, or peaty shores versus ice-

scoured river banks). Therefore, taxa were classified into each

broad habitat group that applied to their habitat description. For

example, Gentianella quinquefolia (L.) Small var. quinquefolia

occurs in fields, pastures, roadsides, banks, and pond shores,

434 Rhodora [Vol. 116



commonly in regions of high-pH bedrock (Haines 2011), and was

classified as both ‘‘open field’’ and ‘‘banks or shores.’’ Also, taxa
were classified regardless of whether or not an EO was currently

extant in that habitat type in New England. Of 168 taxa classified,

57 (34%) belonged to one habitat type and 111 (66%) to two or

more.

Taxa with notable changes in numbers of EOs were also scored

for their general geographic range relative to New England.

Although it can be said that all species reach a range edge at the

Atlantic coast, it was possible to categorize the heart of each
species’ range by visual inspection of maps published online by

NatureServe (2013). ‘‘Northern’’ species were those, such as

Barbarea orthoceras, that reached the southern edge of their range

in New England, with the majority of occupied states or provinces

falling north of the region (i.e., predominantly in Canada and

northern latitudes of the U.S.). ‘‘Southern’’ species, such as

Orontium aquaticum, primarily occupied states south of New

England, reaching a northern range edge in the southern sectors
of the region. ‘‘Western’’ species, such as Amaranthus tuberculatus,

predominated west of New England, reaching an eastern range

edge, whereas ‘‘central’’ species had New England in the heart of

their ranges or were effectively endemic to the region. Taxa were

also scored for pollination mechanism (insect, wind, or unknown),

based on floral morphology and existing literature, especially

references therein for taxa covered by NEPCoP Conservation

and Research Plans (see http://www.newenglandwild.org/conserve/
conservation-research-plans). Data on probable mode of pollina-

tion were gleaned from floral morphology and floras (Flora of

North America Editorial Committee 1993+; Haines 2011).

We then used Chi-square tests on percentages of all declining and

increasing taxa in each category, using the methods of Preacher

(2001), and reported the Fisher’s exact test statistic for the one case

in which expected values were ,3 (i.e., ‘‘unknown’’ pollination

mechanism). We tested the null hypothesis that the distributions of
habitat types, pollination mechanisms, and ranges would not differ

significantly between groups of species with declining numbers of

EOs and those showing increasing numbers of EOs.

We also acknowledged that apparent increases in EOs might be

attributable simply to increased search efforts ensuing since 1996

and, thus, did not necessarily indicate that a taxon was becoming

more common in the region. To test the robustness of our
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comparisons, we derived a new, more conservative category of

species that included both the apparently increasing taxa and those

that showed no change; we then compared this category to the

declining taxa using the statistical methods described above.

RESULTS

Flora Conservanda 2012 included 593 taxa, compared to 576

taxa on the 1996 list. The size, although not the species

composition, of Division 1 remained relatively stable, increasing

by only five taxa from 1996 to 2012 (Table 1). Divisions 2 and 2(a)

together grew by 52 taxa. Division 3 decreased by 19 taxa. Division

4 grew by 41 taxa. Division IND. shrank considerably, by 62 taxa.

There was movement of 137 taxa onto the list, whereas 120 taxa

moved off and 97 taxa changed divisions within the list (Table 1).

There were 359 taxa (60%) that did not change divisions.

Rare taxa. Some EOs previously counted as extant, have not

been observed, or are known to have been extirpated, since 1971.

Although each state Natural Heritage program typically considers

an EO to be historic after 20 to 25 y, definitions vary somewhat

among New England states. When Flora Conservanda was first

published in 1996, historical EOs were defined as those not

observed since about 1971 or 1976 (now about 40 y ago). In the

2012 update, historic populations were defined as those that had

not been observed since about 1987 to 1992 (now about 20–25 y

ago). Thus, 15 taxa, previously listed as Division 2 or IND. in Flora

Conservanda 1996, were placed in Division 4 because there were no

EOs known to be extant for these taxa in New England as of 2012.

Nine of these taxa had EOs that had been observed on the

landscape since 1971, but are now considered to be extirpated.

There were also 43 Division 4 taxa that were completely new to the

list in 2012 (Table 1). Two of these had populations observed since

1971 but are now known or suspected to be extirpated.

Three additional taxa from the 1996 list were considered more

rare in 2012, as indicated by a change in division: Tanacetum

bipinnatum (L.) Sch.-Bip. subsp. huronense (Nutt.) Breitung was

moved from Division 2(a) to 2 because there were only 18 EOs

reported from Maine in 2012, whereas there had previously been 30.

Triphora trianthophora (Sw.) Rydb. was moved from Division 2 to 1

due to a change in global rank to G3G4 (despite an increase in the
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number of known EOs within New England). And Cryptogramma

stelleri (S.G. Gmel.) Prantl was moved from Division 3 to 2 because

there were only 20 reported EOs in 2012, whereas there had

previously been more than 35. One-hundred-and-twenty taxa, now

considered more rare, were new to the updated list. Forty-six taxa

previously published in Flora Conservanda 1996 were moved from

IND. to other divisions because more information regarding the

status of each taxon had been amassed over the past 15 y. Although

the actual rarity status of all the 169 taxa in these three groups may

not have changed over the past 15 y, recent information on extant

EO numbers has improved our ability to accurately rank them. An

additional 17 taxa were added to the list following taxonomic

revision that segregated them from larger taxa (Table 2). When

these were considered to be distinct taxa, it became clear that they

were rare in New England.

Field verifications, taxonomic changes, and misapplications. Field

work since 1996 has verified the existence of EOs formerly thought

to be extirpated, and has led to the discovery of new populations.

Fourteen taxa, previously listed as Division 4, were verified in the

last 15 y as extant in New England (Table 3). In 2012, 72 taxa were

considered at least as, or more common, than they had previously

been understood to be and, thus, were removed from the updated

Flora Conservanda list (Appendix 1). Also, taxonomic changes in

13 taxa resulted in the lumping of these taxa, previously considered

as distinct, into larger, more common groups, and they were

subsequently removed from the list. Achillea borealis Bong.,

formerly Division IND., is a synonym of Achillea millefolium L.

subsp. lanulosa (Nutt.) Piper. Bidens hyperborea Greene var.

svensonii Fassett, formerly Division IND., was previously treated

separately from B. hyperborea Greene, formerly Division 2. Now

considered together as B. hyperborea Greene, the taxon is not rare

enough to list. Eupatorium perfoliatum L. var. colpophilum Fernald

& Griscom, formerly Division IND., was subsumed into E.

perfoliatum. Euthamia galetorum Greene, formerly Division IND.,

is synonymous with the common species Euthamia caroliniana (L.)

Greene ex Porter & Britton, although further study is warranted.

Solidago canadensis L. var. subserrata (DC.) Cronquist, formerly

Division IND., is a synonym of Solidago altissima L. Carex foenea

sensu Fernald was misapplied to some EOs in New England and

is now called Carex siccata Dewey, formerly Division 3. Now
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considered to be C. siccata, the Chittenden County, VT, EO is no

longer disjunct [Carex foenea Willd. (called Carex aenea by

Fernald) occurs in New England]. Cyperus engelmannii Steud. has

been subsumed into Cyperus odoratus L. Although these taxa were

previously listed separately as Division IND., together they are too

common to list. Juncus alpinus auct. non Vill., formerly Division 2,

is a synonym of Juncus alpinoarticulatus Chaix ex Vill. subsp.

americanus (Farw.) Hämet-Ahti. Utricularia biflora Lam. and U.

fibrosa Walter (not U. fibrosa Britton), both formerly Division 2,

are synonyms of U. gibba L. In addition, Melampyrum lineare Desr.

varieties lineare, latifolium W.P.C. Barton, and pectinatum (Pennell)

Fernald, each formerly Division IND., have been removed from the

list pending taxonomic and genetic study to determine if the

observed phenotypic variation represents real genetic variation.

Misidentifications. Eleven taxa were previously believed to

occur in New England based on herbarium records or field

observations, but these records were since determined to be

misidentifications. Artemisia campestris L. subsp. borealis (Pall.)

H.M. Hall & Clem. (Asteraceae) was reported from New England,

but there are no valid collections; some collections are subsp.

canadensis [Pease 19455 (NEBC), Sorrie 2244 (GH)]. A study of Bidens

heterodoxa (Fernald) Fernald & H. St. John (Haines 2003; Roberts

1982) revealed that, in New England, the taxon was comprised of

two different, previously described taxa. Collections from the

Kennebec River in Maine refer to B. eatonii Fernald (GH), and

collections from Pocotopaug Lake in Connecticut refer to B.

tripartita L. [Bidens heterodoxa var. agnostica: 21 Sep 1910

Woodward & Bissell s.n. (GH); Bidens heterodoxa var. monardifolia:

21 Sep 1910 Woodward & Bissell s.n. (GH)]. A Taraxacum

ceratophorum (Ledeb.) DC. record was based on an immature

specimen that is likely T. officinale G.H. Weber ex Wigg. [Pease

12154 (NEBC)]. Carex woodii Dewey (Cyperaceae) specimens have

been annotated to other species [30 June 1946 E.J. Palmer (NEBC) is

now C. buxbaumii Wahlenb.]. Stachys tenuifolia Willd. (Lamiaceae)

specimens, such as 15 Aug 1974, Campbell s.n. (MAINE), were

annotated as S. hispida Pursh due to synonymy listed in Gleason

and Cronquist (1991) and other sources. Some specimens previ-

ously identified as Dichanthelium polyanthes (Schult.) Mohlenbr.

(Poaceae; syn. Panicum polyanthes Schult.) were redetermined as

Dichanthelium sphaerocarpon (Elliott) Gould, including: 4 Apr
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1882, Dudley s.n. (NEBC, YU), Fernald & Long 16158 (NEBC), and

Parker 72.216 (CONN). New England records of Puccinellia tenella

(Lange) Holmb. subsp. alascana (Scribn. & Merr.) Tzvelev and P.

tenella (Lange) Holmb. subsp. langeana (Berlin) Tzvelev were

actually Puccinellia pumila (Vasey) Hitchc. [17 Aug 1918, Kidder

(MAINE); 3 Aug 1913, Hill (MAINE)]. Potamogeton diversifolius Raf.

(Potamogetonaceae) specimens were annotated to Potamogeton

3aemulans Z. Kaplan, Hellq. & Fehrer, a rare hybrid (Kaplan et al.

2009). Crataegus mollis (Torr. & A. Gray) Scheele (Rosaceae)

specimens were annotated to other species [17 Sep 1905, Bissell s.n.

(GH); Rajakaruna 17 (HCOA); and Zebryk 7107 (NEBC)]. Euphrasia

disjuncta Fernald & Wiegand was removed from the list because the

very old specimen was unfortunately destroyed in a fire at the

Portland Society of Natural History in 1866. The specimen had

been collected along the St. John River, which is beyond the range

of E. disjuncta. Instead, the specimen was likely to have been E.

suborbicularis P.D. Sell & Yeo, not E. disjuncta (St. John River,

collected by G. L. Goodale in 1860’s and cited in Fernald and
Wiegand 1915; Rhodora 17: 192).

Introduced taxa. We found eight taxa, previously included in

the Flora Conservanda list (1996), which, upon further study, led us

to conclude that they had been more recently introduced to New
England through human agency, perhaps over the last several

hundred years. To verify the status of these taxa, we studied

information available from herbarium labels, records of the EO(s),

and observations of the habitats and habits of the taxa in New

England, and/or considered their wider global ranges. The

following taxa had been listed in Division IND. but are now

considered introduced, or not-native, and are not included in the

updated list: Chenopodium leptophyllum Nutt. and C. standleyanum

Aellen (Amaranthaceae), Sagina nodosa (L.) Fenzl subsp. nodosa

(Caryophyllaceae), Stachys pilosa Nutt. var. pilosa (Lamiaceae),

Utricularia inflata Walter (Lentibulariaceae), Rhinanthus minor L.

subsp. minor (Orobanchaceae syn. Scrophulariaceae: Rhinanthus

crista-galli L.), Physalis longifolia Nutt. var. subglabrata (Mack. &

Bush) Cronquist (Solanaceae), and Viola striata Aiton (Violaceae).

Changes in reported numbers of EOs between 1996 and 2012. An

overall increase in reported numbers of EOs (Appendix 2) was

noted for 118 taxa, 27 of which had increased sufficiently in

numbers to be excluded altogether from the updated list. Forty taxa
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had decreasing numbers of EOs, including two taxa that had been

newly added to the updated list (Appendix 3). Ten taxa showed

numbers of EOs that increased in some states and decreased in

others (Table 4). Each state had some rare species for which the

number of populations had increased between 1996 and 2012.

Maine had 46 taxa (16.9% of the rare Maine flora on either the

original or updated list) that had increased numbers of EOs, but 32

of these taxa remained on the list. In New Hampshire, 35 taxa

(15.6% of the rare New Hampshire flora on either the original or

updated list) had increased numbers of EOs, with 22 of these taxa

remaining on the list. Forty-one taxa (14.2%) in Vermont had

higher numbers of EOs, with 28 of these taxa remaining on the list.

Massachusetts had 55 taxa (18.4%) with increased numbers of EOs,

but 43 of these taxa remained on the list. Twenty-four taxa (13.5%)

in Rhode Island showed increased numbers of EOs and 20 of these

taxa remained on the list. Connecticut had 55 taxa (18.4%) with an

increased number of populations, and 43 of these taxa remained on

the list.

In terms of overall decreases in numbers of EOs since 1996,

Massachusetts had the highest number of taxa (22) with observed

declines in EOs, impacting 7.7% of the rare Massachusetts flora in

2012. Maine followed with declines for 20 taxa, or 8.3% of the

state’s rare taxa. In New Hampshire, 17 taxa showed EO declines,

representing 8.4% of rare taxa in the state. Nine rare taxa in

Vermont (3.5%) had fewer EOs in 2012. In Rhode Island, eight taxa

had decreased numbers of EOs, impacting 4.7% of the state’s rare

plants. Connecticut had 14 rare taxa with decreased numbers of

EOs, representing 4.8% of the state’s rare plants.

Chi-square analyses indicated that distributions of both declining

and increasing taxa did not differ significantly among states (x2 5

2.2; d.f. 5 5; p 5 0.82).

Effects of range on changes in EOs. The taxa reaching the

northern edges of their ranges in New England were more likely to

display a decline in number of EOs (41% of taxa with decreased

numbers of EOs were predominantly distributed south of New

England) than a reported increase (only 17.8% of taxa with

increasing population numbers had most of their ranges south of

New England; Figure 1). Taxa reaching the southern edges of their

ranges in northern New England were about equally likely to

decrease (35.9% of taxa with decreases) as to increase (38.1% of
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taxa with increases; Figure 1), although in absolute numbers there

were many more taxa showing increased numbers of EOs (45) than

decreased numbers (14). Taxa with New England at the centers

of their ranges were also equally likely to show decreases in

percentages of populations (10.3%) as to show increases (9.3%); but

again, although the percentages were close, the absolute numbers of

EOs differed, with 4 decreased and 11 increased. Taxa distributed

predominantly west of New England were more likely to exhibit

increases (34.7% of taxa) in numbers of EOs than decreases

(12.8%). Chi-square analyses indicated significantly different

distributions of geographic ranges between groups of taxa with

declining and increasing numbers of EOs (x2 5 19.4; d.f. 5 3; p ,

0.01); the comparison of declining taxa with the summed category

of increasing and non-changing taxa showed the same trend (x2 5

8.5; d.f. 5 3; p 5 0.04).

Habitat affinities. Habitat affinities differed somewhat among

taxa exhibiting declines and those apparently increasing.Taxa

displaying apparent increases in reported numbers of EOs were

most frequently associated with banks and shores (33.9% of

increasing taxa). Wetland habitat types (28.8%) and forests

(28.6%) were habitats associated with increasing taxa, followed

by anthopogenic sites (25.2%; Figure 2). Alpine (9.3%) and coastal

(8.4%) habitat affinities were less frequently associated with

increasing taxa. Taxa displaying overall decreases in EOs were

associated most frequently with open fields (35.9%), followed by

banks (28.2%), coastal (25.6%), and rocky habitats (25.6%;

Figure 2); a significantly higher proportion of species of coastal

habitats were declining relative to those increasing (x2 5 4.34; d.f.

5 1; p 5 0.04). Chi-square analyses indicated significantly different

distributions of habitat affinities among declining and increasing

taxa (x2 5 15.9; d.f. 5 8; p 5 0.043). However, the comparison of

declining taxa with the summed category of increasing and non-

changing taxa did not show a significant trend (x2 5 7.9; d.f. 5 8; p

5 0.44). Species that spanned several habitat types did not differ in

relative distributions of declining and increasing numbers of EOs

compared to apparent habitat specialists (x2 5 0.3; d.f. 5 1; p 5

0.59).

A higher proportion of declining taxa, compared to increasing

taxa, were insect-pollinated, whereas a higher proportion of

increasing taxa were wind- or self-pollinated (Figure 3). Chi-square
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analyses indicated significantly different distributions of pollination

syndromes among declining and increasing taxa (x2 5 12.1; d.f. 5

2; p , 0.01); the comparison of declining taxa with the summed

category of increasing and non-changing taxa showed the same

trend, with marginal significance (x2 5 5.7; d.f. 5 2; p 5 0.06).

DISCUSSION

Given extensive land conversion, succession, proliferation of

non-native species, and climate change impacting the New England

landscape, we expected that few taxa would have increased in

numbers of EOs. Surprisingly, a considerable number of taxa (118)

were reported to have increased by several EOs (Appendix 2).

These increases may have resulted from new expansions of the taxa

over the past 15 years, discovery of previously overlooked EOs, or

Figure 1. Relative percentages of species showing declining numbers of EOs
between 1996 and 2012 (black bars) and species showing gains in EO numbers
during the same time period (white bars), categorized by location of the heart of
the species’ range relative to New England. Species characterized as ‘‘southern’’
occurred most commonly in states south of New England, reaching an apparent
range edge in the New England region. Those classified as ‘‘northern’’ were
generally circumboreal or considered most secure in regions of North America
north of New England. ‘‘Western’’ taxa hailed from the Midwest or western
states reaching an eastern range boundary in New England. ‘‘Center of range’’
taxa have their stronghold in New England (and include some endemics), but
are still regarded as regionally rare.
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annotation of older records. Conversely, the number of taxa

obviously decreasing in numbers of EOs (40) was unexpectedly low

(Appendix 3).

A significantly higher proportion of declining species relative to

increasing taxa relied on entomophilous pollination, a pattern that

has been noted in other studies of rare New England species

(Farnsworth and Ogurcak 2008) and suites of insect-pollinated taxa
elsewhere (Quinn et al. 1994). Large-scale pollinator decline has

been documented globally (Biesmeijer et al. 2006; Potts et al. 2010),

with serious implications for reciprocal mutualisms between plants

and insects, and may be occurring in New England as well.

We had hypothesized that a higher proportion of species

occurring in habitats vulnerable to anthropogenic disturbance

would show declines in numbers of EOs relative to more generalist

Figure 2. Relative percentages of species showing declining numbers of EOs
between 1996 and 2012 (black bars) and species showing gains in EO numbers
during the same time period (white bars), categorized by habitat affinity.
Species were classified into one or more habitat types based on information
from Haines (2011), herbarium records, and Natural Heritage element
occurrence (EO) records. Habitats included: alpine and subalpine areas; aquatic
(submerged in water); banks (riverbanks, pondshores, and floodplains); coastal
(saltmarshes, beaches, and dunes); forests (and woodlands); open (fields, turf,
meadows, and shrublands); rocky (balds, cliffs, and talus slopes); wetlands
(marshes, swamps); and anthropogenic habitats (‘‘anthro’’: e.g., roadsides,
ditches, power lines).
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and disturbance-tolerant species associated with more common

habitat types. We found that a higher proportion of declining taxa

inhabited open areas, alpine, coastal, and exposed rocky habitats

compared to taxa showing increasing numbers of EOs (Figure 2). A

recent comparison of the current and historical flora of Worcester

County (Bertin 2014) also found that species once associated with

open fields showed disproportionate declines, at least partly due to

afforestation. Our findings accorded with our hypothesis that taxa

of habitats vulnerable to climatic change would show more frequent

declines in numbers of EOs. Coastal habitats are likely to be

affected negatively by rising sea levels, and plants adapted to alpine

and drought-prone habitats may be stressed above their tolerances

by warming temperatures and extreme drought—all conditions

currently forecast by climate change models (Frumhoff et al. 2007).

Redoubled in situ conservation and management efforts and ex situ

Figure 3. Relative percentages of species showing declining numbers of EOs
between 1996 and 2012 (black bars) and species showing gains in EO numbers
during the same time period (white bars), categorized by general pollination
syndrome. Data on probable mode of pollination were gleaned from floral
morphology and floras (Flora of North America Editorial Committee 1993+;
Haines 2011). Members of the Poaceae, Cyperaceae, and Juncaceae, and other
taxa with minute flowers were classified as wind-pollinated; species known to
produce cleistogamous flowers were scored as selfing and combined with
anemophilous species for the purposes of this analysis.
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seedbanking may be warranted for taxa of these imperiled habitats.

Although the distribution among habitats of declining and
increasing species differed (Figure 2), the more conservative

analysis incorporating both increasing and unchanging taxa did

not show significant differences. This may reflect biases in sampling

among different habitat types, and points to the need for more

information on true species’ trends across all habitats.

Further, we examined the geographical distributions of declining

and apparently increasing taxa. When species were scored for the

position of the heart of their range relative to New England, a
higher proportion of declining species were southern taxa reaching

their northern range edge in New England (Figure 1), which

concurs with a previous regional comparison (Farnsworth and

Ogurcak 2008). In the present study, a higher proportion of taxa

with increasing numbers of EOs hailed from farther west of New

England (Figure 2). Overall, more data are needed on the

autecology of all these species—regarding their resilience, dispersal

dynamics, and climatic affinities—in order to understand reasons
for their changing biogeography and rarity status.

As a proportion of the number of taxa considered rare in a state,

New Hampshire, Maine, and Massachusetts had the highest

percentages of taxa exhibiting decreased numbers of EOs, whereas

Connecticut, Rhode Island, and Vermont had the lowest. This

finding may corroborate a recent latitudinal analysis of species

increasing and declining in Worcester County, which found that a

higher frequency of species with ranges centered north of the county
showed declines, whereas species distributed farther south showed

evidence of increase (Bertin 2014). That study included both

common and rare species, and it may be instructive to focus on

trends among rare taxa in that flora. On the other hand, in our

study, Connecticut, Massachusetts, and Maine showed the largest

proportions of apparently increasing taxa, and the data for all six

New England states showed more species that were apparently

increasing in EOs, than taxa that were declining in EOs. This
finding may reflect increased sampling effort in those states during

1996–2012 and it underscores the need to consider increases in EOs

very conservatively when interpreting trends.

The geographic and habitat distribution of observed changes in

numbers of EOs across New England may be affected by the degree

of historical and more recent botanical focus given to different sites.

For example, continued study of historically well-botanized
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Connecticut may result in less dramatic apparent shifts in numbers

of EOs, whereas more recent studies in more remote, less well
studied areas of Maine might reveal many ‘‘new’’ EOs. Also, the

availability of man-hours for field work and record-keeping varies by

state and thus influences the probability of detecting new EOs. We

attempted to take into account these factors when very conservatively

assigning a status of ‘‘increasing’’ to taxa. We also created a new

category of taxa that combined those that we evaluated as ‘‘increasing’’

with those that were apparently unchanged in numbers of EOs. The

fact that similar trends held (except for habitat distributions) in
comparing this new category with declining taxa lends confidence to

our conclusions that certain types of taxa are genuinely more

vulnerable to decline. Ultimately, the only way to definitively

characterize taxa as increasing or declining is to eliminate sampling

bias and overcome limitations of presence-only data (Fitzpatrick et al.

2013) by systematically recording both presence and absence of each

taxon in a series of targeted surveys across New England.

By comparing 1996 and 2012 Flora Conservanda lists, potential
trends in rarity from the past 15 years can be identified, but

determining significant temporal trends is problematic when each

taxon is comprised of only a small number of populations in New

England—20 or fewer for taxa in Divisions 1 and 2 (Regionally

Rare), for example. Several taxa that have recently become

Regionally Historic since the 1996 Flora Conservanda and are

now listed as Division 4 were represented in New England by no

more than one or two extant populations in the last 15 years
(included in Appendix 3). Those taxa have either always been rare

in New England or have been declining for a period longer than

that represented in the Flora Conservanda studies. Further, the

status of a number of taxa in Division IND. is uncertain.

Conversely, many taxa newly included in the 2012 Flora

Conservanda list had not been listed as rare by the individual

states until after publication of the first Flora Conservanda, and

reliable information on previous numbers of EOs has not been
gathered. Data on both extant and historic EOs will be necessary to

interpret future trends for these taxa.

Additional information is necessary to improve this analysis, in

order to gain a more detailed understanding of changes in rarity. In

particular, the creation of a quantitative time series of population

size for each taxon for which data are available would provide

information on how many EOs are extant at a given time, and could
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be amenable to generating analyses of population viabilities

(Bakker and Doak 2009; Beissinger and McCollough 2002).

Flora Conservanda is a tool for prioritizing conservation action.
The taxa listed here may be targets for physical on-the-ground

management or may more immediately benefit from further data

collection in the field. The increased scrutiny of these taxa since the

original publication has been vital for identifying the population

changes used for this analysis and for providing data for the list

update. Incidentally, almost 40% of the taxa for which detailed

NEPCoP Conservation and Research plans have been produced are

among those where a change in number of EOs had been noted, and
these fell overwhelmingly (43 to 3) into the increased population-

number category (data not shown). This is undoubtedly due to the

increased search effort given these taxa by NEPCoP surveyors since

the publication of the plans. It is hoped that the list will 1) continue

to aid the development of priorities for research, protection, and

recovery on a regional basis, and 2) help states to coordinate their

individual species conservation efforts. The list is not static.

Information and discussion on potential errors and omissions are
welcomed and encouraged.
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