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COSEWIC  
Assessment Summary 

 
 

Assessment Summary – November 2012 

Common name 
Plymouth Gentian 

Scientific name 
Sabatia kennedyana 

Status 
Endangered 

Reason for designation 
This showy perennial lakeshore plant has a restricted global range with a disjunct distribution limited to southernmost 
Nova Scotia. There is a concern regarding potential widespread and rapid habitat degradation due to recent 
increases in levels of phosphorus in lakes, tied to a rapidly growing mink farming industry. Though the population size 
is now known to be larger than previously documented due to greatly increased survey effort, the species is also at 
risk due to the continuing impacts associated with shoreline development, and historical hydro-development. 

Occurrence 
Nova Scotia 

Status history 
Designated Threatened in April 1984. Status re-examined and confirmed in April 1999 and May 2000. Status re-
examined and designated Endangered in November 2012. 
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COSEWIC  
Executive Summary 

 
Plymouth Gentian 

Sabatia kennedyana 
 
 

Wildlife Species Description and Significance  
 
Plymouth Gentian is an herbaceous perennial with single, erect, flowering stems 

30 to 50 cm tall arising from a basal rosette of narrow (oblanceolate) leaves 3 to 8 cm 
long. Basal rosettes produce short green stolons which form new rosettes at their tips. 
Clusters of interconnected rosettes are frequently produced. Erect stems have opposite 
leaves and one to three (rarely up to five) 5 cm-wide flowers of 7-13 pink petals with 
yellow bases.  

 
Plymouth Gentian is a globally rare species, co-occurring in southern Nova Scotia 

with a suite of rare, disjunct species of the Atlantic Coastal Plain. Nova Scotia 
populations are 400+ km from the nearest sites in Massachusetts.  An investigation of 
genetic diversity suggests that Nova Scotia populations may have a disproportionate 
significance to the species. The attractive flowers provide cottagers and the public with 
an easily appreciated reason for good stewardship of habitats supporting rare Atlantic 
Coastal Plain species. 

  
Distribution 

 
Plymouth Gentian has a very limited global range with three highly disjunct areas 

of occurrence: 1) along the North Carolina – South Carolina border near the Atlantic 
Coast; 2) in coastal regions of Massachusetts and Rhode Island; and 3) in extreme 
southwestern Nova Scotia on the shores of ten lakes in three river systems (Annis, 
Carleton and Tusket rivers), all of which flow into the Tusket River estuary. Roughly 
10% of its global range is in Canada.  
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Habitat 
 
In Nova Scotia, Plymouth Gentian occurs on lakeshores (rarely river shores) on 

sand, gravel and peat substrates, within the zone annually or semi-annually exposed in 
summer but where winter flooding protects plants from freezing. Plymouth Gentian is 
associated with lakes having especially large upstream catchment areas because the 
greater fluctuations in water level, wave action and ice scour limit shoreline fertility and 
inhibit more competitive species. In New England, Plymouth Gentian is mostly found on 
sandy, gravelly or muddy shores of small kettle ponds. In the Carolinas, the species 
occurs on river and pond shores and in acidic swamps. 

 
Biology 

 
Plymouth Gentian is a clonal perennial that reproduces by seed, by stolons 

producing daughter rosettes, and by vegetative fragments moved by ice and water. In 
Canada, it flowers from mid-July to late September. It is pollinated by a range of 
generalist pollinators and is self-compatible. Each flower can produce 300-1,400 tiny 
seeds released in early fall. Dispersal is likely largely by water as seeds can float for at 
least a day. Seed banks of unknown longevity are reported as very important for 
persistence in Massachusetts and are present in Nova Scotia, but may be less 
important there because of more stable habitats. Rosettes grow for two to five or more 
years and die after flowering, but longevity of genetic individuals is unknown. 
Generation time, factoring in reproduction by seed and by vegetative means, may be 
approximately five years. 

 
Population Sizes and Trends 

 
The total Canadian population is estimated at 73,400 to 90,700 flowering stems 

and 771,400 to 971,500 rosettes, with number of mature individuals in between those 
totals. There are four extant populations on ten lakes. Two populations on the main 
branch of the Tusket River are spread over two and six interconnected lakes 
respectively and support 98% of the total.  

 
Ongoing shoreline development has caused minor declines (<<2.8% total). 

Eutrophication is likely also causing declines on one lake. Aside from these impacts, 
populations are believed to have been relatively stable over the past 15 years (three 
generations).  
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Threats and Limiting Factors 
 
Eutrophication is the most serious threat to Plymouth Gentian. One small 

population (Lake Fanning) appears to already be stressed by competition induced by 
eutrophication associated with mink farming. The nutrient-demanding invasive exotic 
Reed Canary Grass is established on this lake and is an imminent threat to Plymouth 
Gentian. Eutrophication (600-800% increases in total phosphorus between 2002 and 
2011, possibly from a single mink farm) was detected throughout the Tusket River 
system in 2011, affecting lakes containing 98% of the Canadian population. No impacts 
on Plymouth Gentian in Tusket system lakes have yet been observed, but phosphorus 
levels in some Tusket lakes are approaching those at Lake Fanning. 

 
Shoreline development is a widespread, ongoing threat affecting a small portion of 

the population. The species occurs on the shorelines of 200+ cottage or residential 
properties. About 27% of the population is on undeveloped private shorelines. New 
development continues, including within the densest Canadian population. Population 
losses from cottage development in the past 15 years (three generations) are likely 
significantly less than 2.8%. About 38% of occupied habitat and 32% of the population 
is now in protected areas, somewhat mitigating development threats. 

 
Hydroelectric dams on the lower Tusket River significantly reduced populations 

around 1929 and may be limiting recovery in affected lakes, but new dams are not a 
threat. Off-highway vehicles are locally affecting plants but do not appear to have major 
population effects.  

 
Protection, Status, and Ranks 

 
Plymouth Gentian was assessed by COSEWIC as Endangered in November 2012, 

and as Threatened in May 2000. It is currently listed on Schedule 1 as Threatened 
under the Species at Risk Act, and provincially under the Nova Scotia Endangered 
Species Act. It is legally protected in Rhode Island (State Endangered), Massachusetts 
(Special Concern) and North Carolina (Special Concern), and is globally vulnerable 
(G3) and critically imperilled (N1, S1) and at risk nationally and provincially. It is also a 
species of regional concern in South Carolina, where there is no legal protection for rare 
plants.  



 

vii 

TECHNICAL SUMMARY  
 

Sabatia kennedyana 
Plymouth Gentian Sabatie de Kennedy 
Range of occurrence in Canada (province/territory/ocean): Nova Scotia 
 
Demographic Information 

 

 Generation time (usually average age of parents in the population) 
Seed to flowering likely at least several years. Time for vegetatively 
produced rosette to reproduce vegetatively is at least one year. 

Unknown; perhaps 5 
years 

 Is there an [observed, inferred, or projected] continuing decline in number 
of mature individuals? 
Small decline observed to present with potential for widespread future 
decline due to eutrophication. 

Yes 

 Estimated percent of continuing decline in total number of mature 
individuals within 2 generations. 
Future eutrophication impacts are unclear. Continuing declines over next 
10 years due to shoreline development will likely be less than <<2.8% 
impacts so far.   

Unknown 

 [Observed, estimated, inferred, or suspected] percent [reduction or 
increase] in total number of mature individuals over the last [10 years, or 3 
generations]. 
 

<<3.0% decline 

 [Projected or suspected] percent [reduction or increase] in total number of 
mature individuals over the next [10 years, or 3 generations]. 
Eutrophication impacts are unclear. Continuing declines over next 15 years 
are suspected due to shoreline development but will likely be less than 
<3.0% impacts so far.   

Decline of unknown 
magnitude 

 [Observed, estimated, inferred, or suspected] percent [reduction or 
increase] in total number of mature individuals over any [10 years, or 3 
generations] period, over a time period including both the past and the 
future. 
Future declines associated with eutrophication could be significant. 

Unknown 

 Are the causes of the decline clearly reversible and understood and 
ceased? 
Eutrophication is potentially reversible; shoreline development is not readily 
reversible. Causes are partially understood, but not ceased.  

No 

 Are there extreme fluctuations in number of mature individuals? 
Extreme fluctuations known in Massachusetts but not known in more stable 
habitats in Nova Scotia. 

No 

 
Extent and Occupancy Information 

 

 Estimated extent of occurrence 
Extant sites only: 182 km² 
Extant + historical sites, including questionably located Little Tusket Lake 
site: 520 km² 

182 km² 
 

 Index of area of occupancy (IAO) – 2 x 2 km grid 
Extant sites only: 112 km² 
Extant + well located historical (probably extirpated) sites: 140 km2 
Maximum IAO including questionably located historical sites: 200 km² 

112 km² 
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 Is the total population severely fragmented? No 
 Number of “locations∗

See “Defining Populations and Locations” 
” 4-7 

 Is there an [observed, inferred, or projected] continuing decline in extent of 
occurrence? 
Eutrophication impacts could eliminate Lake Fanning population in the next 
15 years, which would reduce EO by 12%. 

Possibly 

 Is there an [observed, inferred, or projected] continuing decline in index of 
area of occupancy? 
Declines from eutrophication may reduce number of 2 x 2 km grid squares 
occupied, but ongoing development impacts are not expected to do so. 

Possibly 

 Is there an [observed, inferred, or projected] continuing decline in number 
of populations? 

No 

 Is there an [observed, inferred, or projected] continuing decline in number 
of locations? 

No 

 Is there an [observed, inferred, or projected] continuing decline in [area, 
extent and/or quality] of habitat? 
Eutrophication is degrading habitat at Lake Fanning, with potential to do so 
at most other occurrences. Ongoing lakeshore development is degrading 
habitat, but a very limited proportion affected at present. 

Yes 

 Are there extreme fluctuations in number of populations No 
 Are there extreme fluctuations in number of locations∗ No ? 
 Are there extreme fluctuations in extent of occurrence? No 
 Are there extreme fluctuations in index of area of occupancy? No 
 
Number of Mature Individuals (in each population) 
Population (# = population, letter = sub-
population; see Defining Populations) 

N Mature Individuals (cannot be determined but is 
between # flowering stems & # rosettes) 

 N flower stems N rosettes 
1 - Agard Lake 31-570 3,222 
2 - Lake Fanning 1,126 4,460 
3a - Wilsons Lake 28,100 276,000-289,000 
3b - Bennetts Lake 19,700-26,270 193,500-270,200 
4a - Travis Lake 100-300 1,200-3,600 
4b - Pearl Lake 5,500-6,500 67,300-75,000 
4c - Tusket River - Hemlock Run 100-300 500-3,600 
4d - Third Lake 6,300-10,500 76,000-126,000 
4e - Kegeshook Lake 1,700-4,300 20,100-52,000 
4f - Gillfillan Lake 10,600-12,400 128,600-143,300 
4g - Lac de l’Ecole 150-300 500-1,000 
Total 73,400-90,700 735,900-966,300 
   
Quantitative Analysis  
Probability of extinction in the wild is at least [20% within 20 years or 5 
generations, or 10% within 100 years]. 

N/A 

                                            
∗ See definition of location. 
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Threats (actual or imminent, to populations or habitats) 
• Increased competition caused by eutrophication (from mink farming effluent), including from invasive 

exotic Reed Canary Grass. Cyanobacterial mats associated with eutrophication may also cover 
plants. 

• Shoreline alteration associated with cottage and residential waterfront development 
• Off-highway vehicle damage to plants and habitat 
• Water level management that prevents re-colonization of occurrences extirpated by dams and limits 

genetic exchange between Carleton and Tusket River occurrences 
  
Rescue Effect (immigration from outside Canada)  
 Status of outside population(s)?  

USA: Vulnerable (N3). Massachusetts (S3), North Carolina (S2), Rhode Island (S1), South Carolina 
(S2), Virginia (SNA-exotic) 

 Is immigration known or possible? Highly unlikely 
 Would immigrants be adapted to survive in Canada? 

Canadian populations 400+ km disjunct from MA, so some climatic 
difference. Genetic differences documented between Canadian & MA 
populations. 

Possibly 

 Is there sufficient habitat for immigrants in Canada? Yes 
 Is rescue from outside populations likely? No 
 
Status History 
Designated Threatened in April 1984. Status re-examined and confirmed in April 1999 and May 2000. 
Status re-examined and designated Endangered in November 2012. 
 
Status and Reasons for Designation 
Status: 
Threatened 

Alpha-numeric code: 
B1ab(iii,v)+2ab(iii,v) 

Reasons for designation: This showy perennial lakeshore plant has a restricted global range with a 
disjunct distribution limited to southernmost Nova Scotia. There is a concern regarding potential 
widespread and rapid habitat degradation due to recent increases in levels of phosphorus in lakes, tied to 
a rapidly growing mink farming industry. Though the population size is now known to be larger than 
previously documented due to greatly increased survey effort, the species is also at risk due to the 
continuing impacts associated with shoreline development, and historical hydro-development. 
 
Applicability of Criteria 
Criterion A (Decline in Total Number of Mature Individuals): Not met: Declines below thresholds. 
Criterion B (Small Distribution Range and Decline or Fluctuation): Meets Threatened as EO < 5,000km² 
(182 km²) and IAO <500 km² (112 km²), it is known to exist at 4 locations and there is a continuing decline 
in the extent and quality of habitat and an inferred decline in the number of individuals. 
Criterion C (Small and Declining Number of Mature Individuals): Not met: number of mature individuals 
exceeds thresholds. 
Criterion D (Very Small or Restricted Total Population): Meets Threatened D2 with 4 locations, and the 
effects of recent nutrient enrichment could cause declines in a short period. 
Criterion E (Quantitative Analysis): Not done. 
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PREFACE 
 

Since the previous status report (Newell 1999), eutrophication has changed from a 
theoretical threat to the most significant actual threat. Effluent from upstream mink 
farming operations is strongly implicated as the cause of eutrophication on the Carleton 
River, including Lake Fanning, where toxic cyanobacterial blooms have been evident 
since 2007 and presumed eutrophication-related impacts on Plymouth Gentian habitat 
and individuals have been noted. Water testing in 2011 shows eutrophication to be a 
widespread threat, documenting 608% to 819% increases in total phosphorus over 
2002 levels throughout the main branch of the Tusket River, possibly also associated 
with an upstream mink farm. The lakes of the main branch of the Tusket River support 
98% of the population. The widespread threat of eutrophication results in all affected 
lakes on the Tusket system being considered one location rather than seven or more. 

 
Since 2000, there has been extensive new fieldwork precisely documenting areas 

of Plymouth Gentian occurrence on eight of ten lakes at which extant occurrences are 
known. These detailed data and new interpretations of the term “mature individuals” 
have produced total population estimates more than 6.5 times higher than in the 
previous report. The first non-lakeshore occurrences have been documented at four 
Tusket River localities downstream from Third Lake, suggesting the possibility of other 
undiscovered occurrences along the river. However, additional fieldwork since 2000 has 
not found Plymouth Gentian on any new lakes and has documented the species’ 
absence from 30 Tusket Region lakes and 5 km of the Tusket River, confirming that 
Plymouth Gentian is localized in Nova Scotia and suggesting that its distribution is 
almost entirely known. New information is also presented in this report on the status and 
actual localities of certain questionable historical records. 

 
Extensive new conservation lands have been designated in seven of eleven sub-

populations (Pearl Lake, Third Lake, Gillfillan Lake, Kegeshook Lake, Lac de l’Ecole, 
Wilsons Lake and Bennetts Lake), raising the proportion of occupied habitat that is not 
subject to development from 19% to 38%. The proportion of the total population 
protected from development impacts is now estimated to be 25% to 32%. 

 
Extensive academic and government research on Plymouth Gentian has taken 

place, including a Ph.D. dissertation on the species in Massachusetts and two M.Sc. 
theses from Nova Scotia. These have significantly increased understanding of life cycle 
and demography, pollination biology and inbreeding effects, genetic diversity from local 
to range-wide scales including the genetic distinctness of Canadian populations, and 
the potential impacts of shoreline development. 
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The Committee on the Status of Endangered Wildlife in Canada (COSEWIC) was created in 1977 as a result of 
a recommendation at the Federal-Provincial Wildlife Conference held in 1976. It arose from the need for a single, 
official, scientifically sound, national listing of wildlife species at risk. In 1978, COSEWIC designated its first species 
and produced its first list of Canadian species at risk. Species designated at meetings of the full committee are 
added to the list. On June 5, 2003, the Species at Risk Act (SARA) was proclaimed. SARA establishes COSEWIC 
as an advisory body ensuring that species will continue to be assessed under a rigorous and independent 
scientific process. 

 
COSEWIC MANDATE 

The Committee on the Status of Endangered Wildlife in Canada (COSEWIC) assesses the national status of wild 
species, subspecies, varieties, or other designatable units that are considered to be at risk in Canada. Designations 
are made on native species for the following taxonomic groups: mammals, birds, reptiles, amphibians, fishes, 
arthropods, molluscs, vascular plants, mosses, and lichens. 

 
COSEWIC MEMBERSHIP 

COSEWIC comprises members from each provincial and territorial government wildlife agency, four federal 
entities (Canadian Wildlife Service, Parks Canada Agency, Department of Fisheries and Oceans, and the Federal 
Biodiversity Information Partnership, chaired by the Canadian Museum of Nature), three non-government science 
members and the co-chairs of the species specialist subcommittees and the Aboriginal Traditional Knowledge 
subcommittee. The Committee meets to consider status reports on candidate species.  
 

DEFINITIONS 
(2012) 

Wildlife Species  A species, subspecies, variety, or geographically or genetically distinct population of animal, 
plant or other organism, other than a bacterium or virus, that is wild by nature and is either 
native to Canada or has extended its range into Canada without human intervention and 
has been present in Canada for at least 50 years.  

Extinct (X) A wildlife species that no longer exists. 
Extirpated (XT) A wildlife species no longer existing in the wild in Canada, but occurring elsewhere. 
Endangered (E) A wildlife species facing imminent extirpation or extinction.  
Threatened (T) A wildlife species likely to become endangered if limiting factors are not reversed.  
Special Concern (SC)* A wildlife species that may become a threatened or an endangered species because of a 

combination of biological characteristics and identified threats.  
Not at Risk (NAR)** A wildlife species that has been evaluated and found to be not at risk of extinction given the 

current circumstances.  
Data Deficient (DD)*** A category that applies when the available information is insufficient (a) to resolve a 

species’ eligibility for assessment or (b) to permit an assessment of the species’ risk of 
extinction. 

  
* Formerly described as “Vulnerable” from 1990 to 1999, or “Rare” prior to 1990. 
** Formerly described as “Not In Any Category”, or “No Designation Required.” 
*** Formerly described as “Indeterminate” from 1994 to 1999 or “ISIBD” (insufficient scientific information on which 

to base a designation) prior to 1994. Definition of the (DD) category revised in 2006. 
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WILDLIFE SPECIES DESCRIPTION AND SIGNIFICANCE 
 

Name and Classification 
 
Scientific Name: Sabatia kennedyana Fernald 
 
Original Description: Fernald (1916) 
 
Synonym: Sabatia dodecandra (L.) Britton, Sterns & Poggenb. 

var. kennedyana (Fernald) H.E. Ahles 
 
English vernacular names:  
Plymouth Gentian 
Plymouth Rose Gentian 
Plymouth Sabatia 
 
French vernacular name: Sabatie de Kennedy 
 
Genus: Sabatia 
 
Family: Gentianaceae 
 
Order: Gentianales 
 
Class: Magnoliopsida, subclass Asteridae 
 
Major plant group: Angiosperms, Eudicotyledons 

 
Fernald (1916) first described Plymouth Gentian as a taxon distinct from Sabatia 

dodecandra var. dodecandra, treating it as the species Sabatia kennedyana. Ahles 
(1964) proposed that the taxon be treated at the varietal level and included it within S. 
dodecandra as Sabatia dodecandra var. kennedyana. More recent treatments (i.e. 
Gleason and Cronquist 1991; Kartesz 1999; Magee and Ahles 1999, co-authored 
posthumously by H.E. Ahles who proposed the S. dodecandra var. kennedyana 
combination) have followed Fernald (1916) in treating the taxon at the species level as 
S. kennedyana. Fernald described two forms: forma candida with white flowers (Fernald 
1916) and forma eucycla (type from Nova Scotia; Fernald 1922) with broadly obovate 
(vs. narrowly cuneate-obovate) corolla lobes. 
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Morphological Description 
 

Plymouth Gentian (Sabatia kennedyana; Figure 1) is an herbaceous perennial with 
single, erect flowering stems 30 to 50 cm high arising from a basal rosette composed of 
overlapping, oblanceolate leaves 3 to 8 cm long. Basal rosettes produce short green 
stolons which form new rosettes at their tips, frequently producing a cluster of 
interconnected rosettes. Erect stems have opposite, lance-shaped leaves 2 to 5 cm 
long and from one to three (rarely up to five) 5 cm-wide flowers composed of 7-13 pink 
petals which are yellow at their insertions. 

 
 

 
 
Figure 1. Plymouth Gentian (Sabatia kennedyana) flowers and rosettes, with upper right image showing an 

especially dense patch of rosettes on Wilsons Lake. Photographs by Sean Blaney, AC CDC. 
 
 
Plymouth Gentian is distinguished from the more southern Swamp Pink Gentian, 

Sabatia dodecandra, with a native range north to New York and Connecticut 
(NatureServe 2011), in having narrowly linear-lanceolate (vs. oblanceolate to spatulate) 
leaves with a mucronate tip (Gleason and Cronquist 1991), firm (vs. herbaceous) calyx 
lobes having one to three (vs. three) nerves (Fernald 1950; Gleason and Cronquist 
1991), and by additional minor differences in the calyx tube and corolla lobes (Fernald 
1950). Plymouth Gentian has a chromosome number of 2n = 40 (Gleason and 
Cronquist 1991). 
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Population Spatial Structure and Variability 
 

Plymouth Gentian populations occur in three highly isolated regions (Carolinas, 
New England and Nova Scotia; Figure 2) separated by 400 to 800 km, a pattern termed 
a “double disjunction” (Sorrie 1998). 

 
 

 
 

Figure 2. Global native range (pale yellow shading) of Plymouth Gentian (Sabatia kennedyana) (modified from 
Kartesz 2011). Distribution is given by county in the United States so that a whole county is shaded if at 
least one record is known. The species has also been reported as an established introduced species in 
Virginia (NatureServe 2011). 
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In Nova Scotia, known extant Plymouth Gentian populations, except Agard Lake, 
occur on the Tusket River system and its tributaries within 50 km river distance from the 
head of tide (Figure 3). Occurrences within a lake are presumed connected by genetic 
exchange because separation distances between known occurrences on occupied 
lakes rarely exceed 500 m. Genetic exchange between lakes is most likely in a 
downstream direction via water-borne propagule dispersal (see Defining Populations).  

 
 

 
 

Figure 3. Distribution of Plymouth Gentian (Sabatia kennedyana) within the lower Tusket River valley. A reported 
occurrence at Little Tusket Lake (30 km north of Travis Lake) that was likely actually from Tusket Falls is 
not shown. Red (dark) shaded lakes support extant populations. Small dots between Pearl and Third lakes 
are isolated occurrences. Large filled dots are historical occurrences with imprecise localities. Large, 
unfilled dots (Kempt Snare and Kempt Back lakes) represent a single historical record from “Kempt Lake”, 
reported from these lakes but likely actually from Travis Lake at Kemptville (Table 2). Shaded water 
downstream from Raynards and Gavels lakes is unsuitable habitat (saline or brackish waters below Tusket 
Falls and dam-controlled reservoirs above Tusket Falls). 
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Sutton (2008) analyzed patterns of genetic diversity in Plymouth Gentian at scales 
from a few metres to nearly the entire geographic range. She reported relatively high 
polymorphism in nuclear and chloroplast DNA in each of North Carolina, Massachusetts 
and Nova Scotia but found much higher chloroplast DNA diversity in Nova Scotia, with 
more differentiation within Nova Scotia than within Massachusetts and North Carolina. 
She suggested this indicated that Nova Scotia populations had retained unique 
polymorphisms from a lineage pre-dating the one that founded the Massachusetts and 
North Carolina populations. At the local scale, Sutton (2008) found each lake had an 
array of genotypes and that significant kinship values occurred between plants up to 5 
m apart on two of three lakes. Hill et al. (2006) also found evidence of relatedness of 
proximate plants. Artificial crossings using pollen donors from within 10 m produced 
significant inbreeding depression, expressed through reduced seed germination. 
Germination of resulting seeds was not affected by pollination of Wilsons Lake plants 
with pollen from 4 km away on Third Lake (Hill et al. 2006).  

 
Plymouth Gentian is not severely fragmented (COSEWIC 2010) because the 

Canadian population is mostly composed of large, extensive sub-populations that are 
assumed to be genetically connected to some degree and may have good long-term 
viability. 

 
Designatable Units 
 

In Canada, Plymouth Gentian is restricted to a small portion of the COSEWIC 
Atlantic Ecological Area in southwestern Nova Scotia, thus Canadian populations 
should be considered a single designatable unit.  

 
Special Significance 
 

Plymouth Gentian is a globally rare species with a restricted range. It co-occurs in 
southern Nova Scotia with a large suite of other disjunct southern species of the Atlantic 
Coastal Plain, many of which are rare in Canada, including the COSEWIC Endangered 
Pink Coreopsis (Coreopsis rosea), Threatened Water Pennywort (Hydrocotyle 
umbellata) and the Special Concern Long’s Bulrush (Scirpus longii), which collectively 
co-occur with Plymouth Gentian on five lakes.  

 
Plymouth Gentian populations in Nova Scotia are separated by 400+ km from the 

nearest sites in Massachusetts, and support much higher chloroplast diversity than 
United States populations (Sutton 2008), suggesting they may have a disproportionate 
significance to the species as a whole (Lesica and Allendorf 1995; Garcia-Ramos and 
Kirkpatrick 1997; Eckert et al. 2008).  
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Plymouth Gentian serves as a showy flagship for other disjunct Atlantic Coastal 
Plain plants in southwest Nova Scotia. Its attractive flowers encourage the public to 
value habitats for these species and provide cottagers with an easily appreciated 
reason for good stewardship of what they might otherwise consider weeds of their 
beaches. The species’ impressive floral display is recognized in Yarmouth County 
through the naming of one cottage road “Plymouth Gentian Lane” and through its 
adoption as the emblem of the Tusket River Environmental Protection Association, a 
local environmental group. 

  
No evidence of local Aboriginal traditional knowledge on this species was found 

during the preparation of this report (Hurlburt pers. comm. 2011). 
 
 

DISTRIBUTION 
 

Global Range 
 

Plymouth Gentian has a very limited global range (Figure 2) with three highly 
disjunct areas of occurrence: 1) on either side of the North Carolina – South Carolina 
border near the Atlantic Coast; 2) in coastal regions of Massachusetts and Rhode 
Island; and 3) in extreme southwestern Nova Scotia. It was reported as historically 
present in Connecticut in Keddy and Keddy (1984), but the species is not listed for that 
state in Fernald (1950), Magee and Ahles (1999) or NatureServe (2011). The species is 
also reported as established as an introduction in Virginia (NatureServe 2011). An 
estimated 10% of the global population occurs in Canada. 

 
Canadian Range 
 

In Canada, Plymouth Gentian is restricted to the COSEWIC Atlantic National 
Ecological Area in southern Yarmouth County in the extreme southwest of Nova Scotia 
(Figures 3 and 4). It is known only from the lower parts of the Tusket River watershed 
(including the Carleton River) and at one locality (Agard Lake) in the adjacent Annis 
River watershed, where it was reported by a local landowner to have been introduced 
around 1990 from plants taken from Wilsons Lake in the Tusket River system (Webster 
pers. comm. 2011). The plants at Agard Lake are considered wild for the purposes of 
this assessment. Even if originally introduced, they are from a native source and have 
persisted and spread over 20+ years, and COSEWIC follows the IUCN recommendation 
that self-sustaining populations resulting from translocations be included in wildlife 
species assessments regardless of the intent or means of the original introduction 
(Standards and Petitions Working Group 2006). 

 



 

11 

Confirmed extant populations (Table 1) are found on ten lakes (plus two 
hydrologically connected river shore areas) within an area 11 km east to west and 18 
km south to north. Historical and presumed extirpated occurrences of Plymouth Gentian 
are known on two lakes affected by dams on the Tusket River and on one undammed 
lake. Additional historical reports previously mapped at Kempt Back, Kempt Snare, and 
Little Tusket lakes have not been relocated in comprehensive recent surveys (Blaney 
and Mazerolle pers. obs. 2012) and were likely actually from other known localities (see 
Table 2). 

 
 

Table 1. Extant populations and sub-populations of Plymouth Gentian in Canada, with 
watershed and details of first observation. Number of mature individuals is somewhere 
between number of flower stems and number of rosettes. Counts are from 2010 and 2011 
unless otherwise noted.  
Pop# Sub-

pop 
Population/ Sub-

population 
Watershed 

(sub-
watershed) 

First Observer / 
Year 

Flower 
stems min 

Flower 
stems 
max 

Rosettes 
min 

Rosettes 
max 

Site notes 

1  Agard Lake Annis Mills 1998 31 570 3,222 3,222  

2  Lake Fanning Tusket 
(Carleton) 

Fernald 1920 1,126 1,126 4,460 4,460  

3 a Wilsons Lake Tusket Fernald 1920 28,100 28,100 276,000 289,000  

3 b Bennetts Lake Tusket Fernald 1921 19,700 26,270 193,500 270,200 Fernald's 
"Goven Lake" 
records are 

from this lake, 
called "Coven 

Lake" on a 
1919 map. 

4 a Travis Lake Tusket Keddy & Keddy 
1982 

100 300 1,200 3,600  

4 b Pearl Lake Tusket Fernald 1921 5,500 6,500 67,300 75,000  

4 c Tusket River - 
Hemlock Run 

Tusket MacKinnon 1999 100 300 500 3,700 Site not visited 
since 1999 but 

presumed 
extant 

because no 
development 
has occurred 
in area known 

to be 
occupied. 

4 d Third Lake Tusket Keddy & Keddy 
1982 

6,300 10,500 76,000 126,000  

4 e Kegeshook Lake Tusket 
(Cold Stream) 

Fernald 1920 1,700 4,300 20,100 52,000  

4 f Gillfillan Lake Tusket [Fernald 1921] 10,600 12,400 128,600 143,300 Fernald visited 
this lake and 
undoubtedly 

saw the 
species, 

although no 
specimen is 

known. 
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Pop# Sub-
pop 

Population/ Sub-
population 

Watershed 
(sub-

watershed) 

First Observer / 
Year 

Flower 
stems min 

Flower 
stems 
max 

Rosettes 
min 

Rosettes 
max 

Site notes 

4 g Lac de l'Ecole Tusket Keddy & Keddy 
1982 

150 300 500 1,000  

TOTALS 73,407 90,666 771,382 971,482  

 
 

Table 2. Historical populations and sub-populations of Plymouth Gentian in Canada, with 
watershed, details of observation (first and last in all cases) and notes on status and 
locality. Populations 6 and 7 would have or may have historically been part of 
populations 3 and 4 (see Population Spatial Structure and Variability). 
Pop # Sub-

pop 
Population/Sub-
population  

Watershed 
(sub-
watershed) 

Current 
Status 

First 
Observer / 
Year 

Notes on Status and Uncertainties Regarding 
Locality 

4 h Canoe Lake Tusket 
(Cold 
Stream) 

probably 
extirpated 

Fernald 1921 Noted as "scarce" at Canoe Lake on 1921 specimen 
label. Not seen since in repeated surveys. 

5  Little Tusket Lake Tusket - 
called Silver 
R. in this 
upstream 
section 

historical-
unknown 

Erskine 1953 Specimen label = "Little Tusket Lake, Yarmouth Co." 
The lake now called "Little Tusket" is in Digby Co., 
30 km north of the next nearest Plymouth Gentian 
record. Erskine may have been there, because on 
the same day he collected on Wentworth Lake in 
Digby Co., 18 km south of Little Tusket Lake, Digby 
Co. and along the same highway that would be used 
to access it. However, comprehensive 2012 surveys 
of the Digby Co. lake (Blaney and Mazerolle pers. 
obs. 2012) found no plants and it is most likely that 
Erskine was in Yarmouth Co. on a lake no longer 
called "Little Tusket", most plausibly on the widening 
in the Tusket River south of Lake Vaughan (formerly 
called Tusket Lake), which would be contiguous with 
the Tusket Falls sub-population below. 

6 a/b "Kempt Lake" Tusket 
(Carleton) 

historical-
unknown 

Erskine 1956 No such lake name in use today; reported as Kempt 
Back Lake in Pronych and Wilson (1993) and Kempt 
Snare Lake by NS DNR. Comprehensive surveys on 
both these lakes in 2012 (Blaney and Mazerolle 
pers. obs. 2012) did not find Plymouth Gentian. 
Suitable habitat is minimal on Kempt Snare Lake 
and Kempt Back Lake had a low dam affecting 
water levels until recently. The record was most 
likely actually from Travis Lake at Kemptville. J.S. 
Erskine collected a specimen from "Peach Lake, 
Kemptville" in 1954, obviously an error for Pearl 
Lake at Kemptville, so his "Kempt Lake" likely does 
not to refer to Pearl Lake.  

7 a "Reynardton 
Lake" 

Tusket 
(Carleton) 

presumed 
extirpated 

Erskine 1956 No such lake name in use today; either from Lake 
Vaughan reservoir at the hamlet of Raynardton, or 
from Raynards Lake reservoir just upstream. 

7 b Lake Vaughan Tusket 
(Carleton) 

presumed 
extirpated 

Fernald 1920 Called "Tusket (Vaughan) Lake" on Fernald's labels. 
Historic shoreline flooded by damming. 

7 c Tusket Falls Tusket historical-
unknown 

Roland 1941 Presumed to have occurred in the ~2 km of non-
tidal river shore below the Tusket Falls dam. Nearly 
comprehensive surveys in the area (Blaney and 
Boates 2004; Blaney et al. 2011, Blaney and 
Mazerolle pers. obs. 2012) have found no plants 
and limited suitable habitat. 

7 d Gavels Lake Tusket presumed 
extirpated 

Fernald 1920 Called "Gavelton (Butlers) Lake" on Fernald's labels. 
Historic shoreline flooded by damming. 
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Travis, Pearl, Third, Gillfillan lakes, Hemlock Run, and Lac de l’Ecole are sub-
populations of a single large population, connected by downstream flow in that order on 
the main branch of the Tusket River (Figure 3). The historical and probably extirpated 
Canoe Lake occurrence and the extant Kegeshook Lake occurrence are connected via 
Cold Stream into Gillfillan Lake, and are also sub-populations of this upper Tusket River 
population. Each upper Tusket sub-population is separated from nearest known plants 
in adjacent sub-populations by no more than 4 km. Occurrences on Wilsons and 
Bennetts lakes, separated by 750 m, represent sub-populations of a second population 
13.5 km downstream from the upper Tusket River population.  

 
Historical and probably extirpated occurrences on Gavels Lake, Lake Vaughan and 

at Tusket Falls would have been part of this population prior to damming of the lower 
Tusket River. It is also likely that the now isolated Lake Fanning population on the 
Carleton River branch of the Tusket River would have been connected to this larger 
population via Raynards Lake and the Carleton River.  

 
Extent of Occurrence and Area of Occupancy 
 

Under COSEWIC guidelines (COSEWIC 2010), extent of occurrence (EO) for 
extant sites in Canada is 182 km2. If historical occurrences that are probably extirpated 
(Lake Vaughan, Gavels Lake and Canoe Lake), and questionably located (Little Tusket 
Lake) are included, EO would be about 520 km2. Index of area of occupancy (IAO) for 
extant sites, derived using a 2 x 2 km grid aligned with 10 km x 10 km UTM grid 
squares, is 112 km2. Well located historical but presumed extirpated occurrences would 
add approximately 28 km2 to the IAO, and questionably located historical occurrences 
would add a maximum of 60 km2 beyond that. 
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Search Effort 
 

The presence of Atlantic Coastal Plain flora in southern Nova Scotia has been well 
known since Merritt Fernald’s expeditions (Fernald 1921, 1922), which included the 
discovery of at least seven Plymouth Gentian occurrences. Extensive floristic work 
focused on the coastal plain flora in southern Nova Scotia has since been undertaken, 
starting in the 1950s to the 1970s by Chalmers Smith and students, by Albert Roland, 
and by John and David Erskine (as documented in Roland and Smith 1969). Paul and 
Cathy Keddy, Irene Wisheu, Nicholas Hill and their collaborators conducted detailed 
studies on the ecology, distribution and local diversity of Nova Scotian coastal plain flora 
with a focus on conservation implications (P.A. Keddy 1984, 1985, 1989; Keddy and 
Wisheu 1989; Wisheu and Keddy 1991; Hill and Keddy 1992; Wisheu and Keddy 1989; 
1994; Wisheu et al. 1994; Holt et al. 1995; Morris et al. 2002). This work included visits 
to all major lakes through which the lower Tusket River flows and many nearby lakes. 
More recently, extensive floristic and conservation work has been conducted by Atlantic 
Canada Conservation Data Centre (AC CDC), Nova Scotia Department of Natural 
Resources, Nova Scotia Nature Trust and Mersey Tobeatic Research Institute (MTRI) 
(e.g. Eaton and Boates 2003; Blaney 2002, 2004, 2005a, 2005b; MTRI 2010; Blaney 
and Mazerolle 2009, 2010, 2011; Blaney et al. 2011). 2011 and 2012 fieldwork included 
visits to 23 additional lakes in the vicinity of known Plymouth Gentian occurrences.  

 
There have been hundreds of field days since 1920 spent around lakeshores in 

Plymouth Gentian’s potential range by botanists capable of identifying the species. 
Search effort is certainly sufficient to say that the species is very restricted within the 
Atlantic Coastal Plain flora zone of southwestern Nova Scotia. The completeness of the 
search effort is demonstrated by the fact that despite 58 lakes in or near the Tusket 
watershed having been visited by botanists since 1983, there have only been two new 
Plymouth Gentian sites found (small occurrences on the Tusket River around Hemlock 
Run and one at Agard Lake, which may have originated from a 1990 introduction – see 
Canadian Range) since the original COSEWIC status report (Keddy and Keddy 1984)1

                                            
1 COSEWIC (1999) reported the Lac de l’Ecole population as a post-1984 discovery. However, Keddy and Keddy 
(1984) mapped a population from Lac de l’Ecole, though they did not distinguish the lake from the Tusket River on 
their map. 

. 
Plymouth Gentian records in Nova Scotia are restricted to larger lakes with large 
watersheds above them, and there are no such lakes around Plymouth Gentian’s lower 
Tusket River area of occurrence that remain unsurveyed. There are, however, still many 
lakes in southwest Nova Scotia that have seen little or no botanical survey. Plymouth 
Gentian occurs on small lakes in Massachusetts, and additional populations, though 
clearly rare, could be found if the species happened to have dispersed to a 
hydrologically suitable smaller lake. The most likely locality for additional occurrences is 
the 8.5 km of the Tusket River between Gridiron Lake and Wilsons Lake and the 1.4 km 
of the river between Lac de l’Ecole and Gillfillan Lake. These are the only portions of the 
river within Plymouth Gentian’s current range in which survey has been minimal. 
Numbers are unlikely to be high if the species is present given that most river shore 
habitat is unsuitable and only very small populations occur on the Tusket River near 
Hemlock Run. A 1956 record from “Raynardton Lake” (either Lake Vaughan at 
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Raynardton settlement or Raynards Lake, both of which were reservoirs at that time) 
suggests that Plymouth Gentian may have persisted well after dam construction and 
that further inventory of reservoir shorelines might reveal small occurrences in isolated 
pockets of suitable habitat, although limited field surveys between 1982 and 2011 on 
the Tusket River reservoirs have not located any Plymouth Gentian. 

 
 

HABITAT 
 

Habitat Requirements 
 

In New England, Plymouth Gentian is mostly found on sandy, gravelly or muddy 
shores of small kettle ponds (Orrell Elliston 2006). These ponds, formed from the 
melting of chunks of glacial ice, are frequently hydrologically isolated and are subject to 
major inter-annual water level fluctuations. In the Carolinas, the species occurs on 
frequently flooded shores of ponds, rivers or acidic cypress-gum swamps. The species 
can sometimes occur in logging road ditches or similar disturbed ground within these 
habitats, and although never brackish, in some cases occupied habitats are influenced 
by tides (Sutton 2008; Buchanan pers. comm. 2011; Brown pers. comm. 2012). 

 
In Nova Scotia, Plymouth Gentian occurs on lakeshores (rarely river shores) on 

sand, gravel, peat and small rock substrates, within the zone that is flooded each winter 
and annually or semi-annually exposed as lake levels recede in summer. Plymouth 
Gentian and other rare Atlantic Coastal Plain plants of lakeshores are largely restricted 
to low biomass areas where low nutrient conditions and flooding, wave action and ice 
scour limit more competitive, higher biomass species (Keddy and Wisheu 1989; 
Sweeney and Ogilvie 1993; Morris et al. 2002).  

 
The occurrence of Plymouth Gentian and many other lakeshore Atlantic Coastal 

Plain species is strongly correlated with large upstream catchment areas, ranging from 
66,000 to 107,000 ha, except for Lake Fanning, on the Carleton branch of the Tusket, 
with a catchment of 26,000 ha. Biomass and shoreline fertility (organic matter and 
nitrogen and phosphorus content) decrease from headwater lakes to lakes near the 
river mouth (Holt et al. 1995) because flooding, waves, river current and ice scour 
remove fine particles and nutrients from the soil to a greater degree downstream (Keddy 
1983, 1984, 1985). Habitat also tends to increase downstream because of increased 
average shoreline width. In addition to reducing competition, high water levels also 
appear critical for Plymouth Gentian in providing winter insulation from freezing. Hazel 
(2004) found 100% mortality of young Plymouth Gentian when plants were exposed to 
winter temperatures above water. 

 
Habitat Trends 
 

The most significant threat to Plymouth Gentian habitat is eutrophication 
associated with mink farming and perhaps with other unknown sources (see Threats 
and Limiting Factors). There are many small, local anthropogenic disturbances within 
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Plymouth Gentian habitat associated with cottages (or less frequently permanent 
residences), and these will increase as development continues. Off-highway vehicles 
(OHV) are also damaging habitats at Wilsons Lake and Pearl Lake. Neither of these two 
threats are currently affecting a high proportion of the total population or of any sub-
populations, nor are they expected to do so in the next 15 years (three generations).  

 
a) Historical habitat loss 
 

In 1929 and the following few years, Plymouth Gentian on at least two and 
probably four or more lakes was extirpated by construction of hydroelectric and 
headpond dams at Lake Vaughan, Raynards Lake, and Gavels Lake. These dams 
flooded the original shores and altered water level variation. Fernald (1921, 1922; AC 
CDC 2011) documented Plymouth Gentian at Lake Vaughan and Gavels Lake. 
Plymouth Gentian likely also occurred at Kings and Raynards lakes given its presence 
immediately upstream and downstream, and modelling that has confirmed the habitat 
would have been hydrologically suitable (Hill et al. 1998). Precise maps of the area from 
prior to 1929 are not available, but water depth data (Nova Scotia Power 2009) 
suggests that prior to damming there were more than four lakes connected by narrow 
river segments. The proportion of original Canadian Plymouth Gentian habitat lost may 
have been as much as 47%, given that the current shoreline on the reservoir lakes is 
about 63 km and Plymouth Gentian currently occupies about 72 km of shoreline. This 
value would be even higher if plants had been on Ogden, Parr, and Petes lakes on the 
Carleton River near Lake Fanning, where water levels were controlled by smaller, non-
hydroelectric dams up to 1960. 

 
b) Ongoing habitat loss and degradation 
 

Eutrophication is a major new issue threatening Plymouth Gentian habitat (see 
Threats and Limiting Factors). The primary impact of eutrophication is increased 
competition from more common shoreline plants. Presumed eutrophication-induced 
impacts have been observed on Lake Fanning but not yet on other Plymouth Gentian 
lakes. These include greater abundance and density of competing native vegetation 
(especially Golden Hedge-hyssop, Gratiola aurea) and local occurrence (but not yet 
direct competition from) the invasive exotic Reed Canary Grass (Phalaris arundinacea, 
a species almost never seen in nutrient-poor lakes). It has expanded on Lake Fanning 
since 1988 to become fairly common on the lakeshore, including one case where it is 
within 1 m of Plymouth Gentian.  
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Eaton and Boates (2002) suggested the greatest threat to Plymouth Gentian 
habitat was shoreline development. They analyzed human impacts on shoreline buffer 
vegetation within 100 m of Plymouth Gentian lakes and found 2.7% loss of that buffer 
zone between 1945 and 2000. Actual loss of Plymouth Gentian habitat over the same 
period is clearly much less than 2.7% because almost all the footprint of cottage 
development is outside the shoreline zone occupied by Plymouth Gentian and there is 
little shoreline impact that is not associated with development. There are approximately 
200 cottages or homes on Plymouth Gentian lakes (see Habitat Protection and 
Ownership). If each one completely eliminated Plymouth Gentian over 10 m of shoreline 
that would amount to 2.8% loss (2.0 km out of 72 km of occupied shoreline). Actual 
habitat loss in the past three generations (15 years) is much less than 2.8% based on 
Blaney (pers. obs. 2002-2011) because: 1) a very high proportion of existing 
development occurred more than 15 years ago; 2) most cottages alter less than 10 m of 
Plymouth Gentian habitat; and 3) Plymouth Gentian sometimes persists in altered 
habitat. New shoreline development and intensification of existing shoreline 
development is ongoing, however, especially at Third, Gillfillan, and Bennetts lakes, and 
potentially at the north end of Wilsons Lake, where a new access road to the shore was 
recently completed on a property having 1 km of shoreline and supporting the densest 
Plymouth Gentian occurrence in Canada. Future development impacts cannot be 
predicted, but if the current pace and average impact of new development is 
maintained, it is unlikely that resulting declines of Plymouth Gentian habitat would reach 
10% in the next 10 to 15 years, especially if current management actions (i.e. 
landowner education and shoreline monitoring efforts, enforcement of shoreline 
regulations) are continued. The threat posed by future development is also somewhat 
mitigated by the relatively high proportion (38%) of Plymouth Gentian habitat within 
protected areas and Crown land (see Habitat Protection and Ownership). 

 
Off-highway vehicle traffic (OHV) is having locally significant impacts on Plymouth 

Gentian habitat on Wilsons Lake (Figure 5) and Pearl Lake. In both cases well used 
OHV trails traverse dense Plymouth Gentian populations, damaging habitat and 
crushing or killing many plants. On Wilsons Lake, this represents about 25% damage of 
shoreline habitat over not more than 2 km of the 11.1 km of lakeshore (Blaney et al. 
pers. obs. 2011), suggesting a maximum of 5% habitat damage on the lake in 2011, 
and damage at Pearl Lake is roughly of the same magnitude (Hill pers. obs. 1988-2011; 
observations in 1993 and 2011). Heavy OHV damage reported at Gillfillan Lake in 
Wisheu and Keddy (1991), Newell (1999) and Sutton (2008) was not evident in 2011 
but only two-thirds of the lakeshore was visited. 
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BIOLOGY 
 

Life Cycle and Reproduction 
 

Plymouth Gentian is a clonal perennial that reproduces from seed, from the 
vegetative production of daughter rosettes at the tips of green stolons, and from 
vegetative fragments moved by ice and water. 

 
In Nova Scotia, flowering occurs from middle or late July into late September. 

Rosettes produce a single flowering stem, typically with one or two flowers (less 
commonly up to five flowers). Average flowers per stem ranged from 1.22 to 1.40 on 
five Nova Scotia lakes in 2011 (Hill, unpubl. 2011). Flowers are protandrous (male fertile 
first) and as the flower develops, the stigma swings from a position appressed to the 
base of the petals and it passes through the flower to become upright as the stigmatic 
surface becomes receptive. The style arms open to expose the stigmatic surface, at 
which point the flower may receive pollen from a variety of insect pollinators. Plymouth 
Gentian is self-compatible (Hill et al. 2006; Sutton 2008). 

 
The majority of the rosettes in healthy Plymouth Gentian populations in Nova 

Scotia are in large interconnected clones. At Wilsons Lake, 90% of all rosettes are in 
interconnected groupings of 10-300 rosettes (Hill, unpubl. 2011). The smaller the 
grouping of rosettes, the larger the flowering rate (30% of rosettes flower when in 
groupings of 1 to 10 rosettes, 8% flower in groups of 10 to 50, and 4% flower in groups 
of 50 to 300; Hill, unpubl. 2011). 

 
Seed set occurs in late summer and capsules release from 300 to 1400 tiny seeds 

in September (Hill et al. 2006). The tiny dimpled (punctate) seeds can float at least one 
day (Hill et al. 2006) but dispersal distances have not been tracked. Cold stratification is 
required for germination (Brumback 1983; Hazel 2004; Orrell Elliston 2006; Hill et al. 
2006) and germination likely occurs during the late spring drawdown in lake water 
levels. Orrell Elliston (2006) documented complete local loss of adult plants after 
several high-water years, followed by recovery from seed to near initial population 
levels. She concluded that seed banking was very important for the long-term 
persistence of Plymouth Gentian in Massachusetts kettle ponds. With 156 seeds/m2, 
Plymouth Gentian was the eighth most abundant of 36 species detected in the July 
seed bank in a dense population on Wilsons Lake, but it was under-represented in the 
seed bank relative to above ground numbers (Wisheu and Keddy 1991). Seed banking 
may be less significant in Nova Scotia than in Massachusetts because of Nova Scotia’s 
more consistent range of water level fluctuation on lakes vs. Massachusetts’ 
precipitation-fed ponds. Longevity of seed in the seed bank is unknown. Hill et al. (2006) 
found 69% germination of fresh seed in laboratory cultivation on wet peat after two 
months of cold stratification. Upon germination small rosettes form, which can 
reproduce sexually after two years (very rarely one year) under ideal conditions, but 
which generally grow for at least three to five years before flowering (Orrell Elliston 
2006). Rosettes die after flowering (Orrell Elliston 2006; Hill pers. obs. 1988-2011), but 
it is unclear how long entire plants, which may be composed of many connected 
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rosettes, can live. Vegetative reproduction by stolon growth and formation of new 
rosettes can begin in a plant’s second year (Orrell Elliston 2006) in Massachusetts but 
could be somewhat slower in the cooler conditions of Nova Scotia. If the majority of 
rosette death is from flowering, and death of rosettes is balanced by new rosette 
formation, the ratios of rosettes to flowering stems would suggest that Nova Scotia 
rosettes could live as long as 12 years (Table 1), but the extent to which these 
assumptions are met is unclear.  

 
Generation time is not known, but given that vegetative reproduction seems to 

predominate in Nova Scotia and that rosettes may reproduce vegetatively in their 
second year, the average age of reproductive individuals is likely in the range of five 
years or less.  

 
Physiology and Adaptability 
 

Plymouth Gentian is an obligate wetland plant throughout its range (Reed 1988; 
Blaney 2011). In Nova Scotia Plymouth Gentian is only able to occupy a narrow zone of 
seasonally flooded, low biomass lakeshore because it is limited both by its poor 
competitive ability and its requirement for winter submergence to avoid freezing 
temperatures (Hazel 2004). Occurrence in Nova Scotia may also be limited by climate 
given that it is at the northernmost edge of its range, although its small extent of 
occurrence could also be a consequence of dispersal limitations.  

 
Keddy (2010) describes Plymouth Gentian as a stress-tolerator (sensu Grime 

2001) because it inhabits a nutrient-poor habitat and has the nutrient conserving 
strategy of evergreen leaves. It is not known to have the special mechanisms for the 
uptake of carbon dioxide from the water column found in co-occurring species when 
their rosettes are submerged (e.g. quillworts - Isoetes spp., Water Lobelia - Lobelia 
dortmanna, Pipewort - Eriocaulon aquaticum  and Golden Hedge-hyssop; Boston et al. 
1987). The resulting carbon physiology advantage would not be as important a factor in 
competitive relations where mineral nutrients are limiting, but could become more 
significant with eutrophication, as at Lake Fanning, where Golden Hedge-hyssop 
appears to be having a competitive impact on Plymouth Gentian (see Threats and 
Limiting Factors – Eutrophication). 

 
Dispersal and Migration 
 

Plymouth Gentian disperses by seed and by vegetative means. Vegetative 
dispersal occurs over short distances by stolon growth and establishment of new 
rosettes and over longer distance via plant fragments, either loose rosettes or sods (soil 
patches held together by roots) containing the plant, both of which are observed on 
Nova Scotia lakes (Hill pers. obs. 1988-2011). Potential dispersal distances would likely 
be greatest for the tiny seeds and least for sods. All these units are likely dispersed 
largely by water, although seeds could also be dispersed by strong winds and in mud on 
animals or OHV. The seeds are tiny, dimpled, and can float for at least a day because 
of small volumes of trapped air in each dimple. Seed release occurs in September and 
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large seedling populations were observed in October 2001 (Hill pers. obs. 1988-2011). 
Stems do not remain standing through the winter, so dispersal across ice is likely 
limited. Lake to lake dispersal would likely be predominantly downstream via the 
connecting rivers, but wind, waves and ice movement (which is the primary force 
moving sods) could disperse propagules in any direction within a lake.  

 
Migration of Plymouth Gentian and other Atlantic Coastal Plain plant species into 

present-day Nova Scotia occurred after the last glacial retreat. According to the 
traditional view (Roland and Smith 1969) these plants reached Nova Scotia after having 
colonized (or having persisted throughout the period of glaciation) on land between 
present-day southern Nova Scotia and Massachusetts that was exposed by lower sea 
levels during glaciation, suggesting a slow migration to Nova Scotia via short-distance 
dispersal events over thousands of years. A recent evaluation (Clayden et al. 2009) 
suggests this scenario may be unlikely for climate-sensitive species like Plymouth 
Gentian because offshore land is now known to have had high boreal or arctic climate, 
and to have been more limited in time and space than previously believed. Thus long-
distance dispersal (on the scale of 400 km between southern Nova Scotia and 
Massachusetts) may be possible for Plymouth Gentian over geological time. The only 
possible major dispersal of Plymouth Gentian known in contemporary time is the 
suspected anthropogenic introduction of Plymouth Gentian in sod from Wilsons Lake to 
Agard Lake (8.5 km) in the 1990s (see Canadian Range). A low rate of upstream 
dispersal is demonstrated by the failure of Plymouth Gentian to colonize good habitat on 
Parr and Ogden lakes (where a dam was removed in 1960) that is only 4 km by water 
and 2 km by land from occurrences on Lake Fanning (Hill et al. 1998). 

 
Interspecific Interactions 
 
a) Competition 
 

Plymouth Gentian requires shoreline habitats with limited competition from other 
plants and is therefore restricted to shores where acidic, naturally infertile conditions are 
reinforced by flooding, wave wash and ice scour (see Habitat Requirements). Gaudet 
and Keddy (1995) found that Plymouth Gentian was 36th out of 44 wetland species in its 
ability to suppress Purple Loosestrife (Lythrum salicaria) when the two species were 
grown in a single pot. Gaudet and Keddy (1988) suggested that plant size was an 
important determinant of competitive dominance in pairwise comparisons. The small 
stature of Plymouth Gentian rosettes and the species’ poor competitiveness (Gaudet 
and Keddy 1995; Keddy et al. 1998) suggest that most species overtopping the rosettes 
would outcompete them. 
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b) Other interactions 
 

Mutualism with generalist pollinating insects ensures cross-pollination. It is not 
essential in the short-term because Plymouth Gentian is self-compatible (see Life Cycle 
and Reproduction), but may be important in relieving inbreeding depression such as 
occurs at Wilsons Lake (Hill et al. 2006). Pollinators documented in Nova Scotia are 
primarily flower flies (Syrphidae), sweat bees (Halictidae), European Honeybee (Apis 
mellifera) and Bombus bumblebees (Trant et al. 2010; Hill et al. 2006). Casual 
observation in 2011 documented a Bombus species (either B. ternarius or B. 
rufocinctus), the syrphid fly Meliscaeva cinctella and an unidentified small muscoid fly 
on Plymouth Gentian flowers (Blaney et al. pers. obs. 2011, identifications by John 
Klymko, AC CDC). Orrell Elliston (2006) recorded various other potential pollinators in 
Massachusetts, noting the Banded Longhorn Beetle (Typocerus velutinus) as the most 
frequently observed pollinator, as well as ladybird beetles (Coleomegilla maculata and 
an unidentified species), the syrphid fly (Toxomerus marginatus, reported as Episyrphus 
species with revised identification by John Klymko, AC CDC), and scarab beetles 
(Popillia japonica and Anomala species). A wide range of generalist pollinating insects, 
especially other bees and wasps, may be involved in pollination of Plymouth Gentian 
because leaf-cutter bees (Megachilidae), andrenid bees (Andrenidae), small carpenter 
bees (Anthophoridae) and sand wasps (Sphecidae) are known from the similar flowers 
of Common Rose Pink (Sabatia angularis) (Dudash 1990, 1993; Spigler et al. 2009). 
Crab spiders, including Goldenrod Crab Spider (Misumena vatia; Harriet Irving 
Botanical Gardens 2011), a Misumenops species (Orrell Elliston 2006), and perhaps 
other species in the genera Misumenoides and/or Mecaphasa appear to be especially 
common predators of insects in Plymouth Gentian flowers (Hill et al. 2006). 

 
Limited herbivory by White-tailed Deer (Odocoileus virginianus) on the flowering 

stalks was seen in 2011 (Hill pers. obs. 2011), but significant insect herbivory was not 
noted. The moth Shortlined Chocolate (Agyrostrotis anilis) is reported as a specialist 
herbivore of Common Rose Pink (Hilty 2011) but must also feed on other genera, 
because its range extends beyond that of Common Rose Pink at least to Ottawa, 
Ontario (BugGuide 2011). It does not appear to have been reported feeding on 
Plymouth Gentian in Canada or the United States, although the moth occurs in coastal 
Massachusetts (BugGuide 2011). 
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The importance of mycorrhizal associations with fungi is unknown for Plymouth 
Gentian, but most genera of Gentianaceae have mycorrhizae (Struwe and Albert 2002). 

 
 

POPULATION SIZES AND TRENDS 
 

Sampling Effort and Methods 
 

The occurrence of Plymouth Gentian in Canada, in terms of lakes on which the 
species occurs and distribution within those lakes, was fairly completely understood 
prior to this report so the 12 person-days of fieldwork in 2011 for this report 
concentrated on understanding population numbers, checking unsurveyed lakes in 
close proximity to occupied lakes (Long Lake, Springhaven Duck Lake, English 
Clearwater Lake, Lac à Pic), and searching for an historical population (Canoe Lake). 
Populations were counted comprehensively on Wilsons Lake and Lake Fanning and 
over about two-thirds of Gillfillan Lake by walking shorelines. Small populations were 
counted individually or estimated directly, and large populations (typically at the scale of 
20 m to 500 m of shoreline) were estimated based on counts per metre of shoreline 
multiplied by shoreline distances measured by GPS. The population estimate on Lake 
Fanning should be quite accurate because of the low numbers involved. Huge numbers 
on other lakes means greater uncertainty associated with population estimates, but this 
uncertainty was not quantified mathematically. On the lakes on which the species was 
not found, shorelines were walked completely (Canoe Lake), or were covered 
completely (Springhaven Duck Lake, Long Lake, Lac à Pic) or within the most promising 
habitats (English Clearwater Lake) by a combination of canoeing and walking. Similar 
methods were used by AC CDC and MTRI in 2012 (Blaney and Mazerolle pers. obs. 
2012) to comprehensively cover 11 additional lakes.  

 
For other lakes, populations were derived from various field surveys unrelated to 

this report.  
 

Defining Populations 
 

COSEWIC separates populations if there is typically less than one successful 
genetic exchange per generation. Because both genetic exchange rates and generation 
time are hard to quantify for Plymouth Gentian, populations are defined in this report 
using standards in NatureServe (2004), under which occurrences meeting one of the 
following conditions are grouped into a single population: 1) occurrences separated by 
less than 1 km, 2) occurrences separated by 1 to 3 km with no break in suitable habitat 
between them exceeding 1 km, 3) occurrences separated by 3 to 10 km but connected 
by linear water flow with no break in suitable habitat between them exceeding 3 km. 
Under these standards, five populations occur in Canada (Table 1; Figure 4), the first 
four of which are known to be extant: 1) Agard Lake; 2) Lake Fanning; 3) Wilsons and 
Bennetts lakes; 4) middle Tusket River, including Travis Lake, Pearl Lake, the Hemlock 
Run area along the river, Third Lake, Kegeshook Lake, Gillfillan Lake, Lac de l’Ecole 
and Canoe Lake; 5) Raynards Lake, Lake Vaughan and Gavels Lake reservoirs plus 
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the Tusket Falls area, all of which may be extirpated (see Population Spatial Structure 
and Variability for relation between population 5 occurrences and populations 2 and 3 
above). Historical reports from Kempt Back, Kempt Snare and Little Tusket Lakes were 
likely actually from sites listed above (Table 2). 

 
 

 
 
Figure 4. Distribution of Plymouth Gentian (Sabatia kennedyana) populations (numbers) and sub-populations 

(letters following numbers) in Nova Scotia. Shaded lakes support extant populations. Small red dots (i.e. at 
4c) are isolated occurrences on river shores. Filled dots are historical occurrences with imprecise localities 
within a known lake. Unfilled dots (5, 6a, 6b and 7a) are historical occurrences with uncertain localities as 
to lake (see Table 2). Numbering corresponds to Table 1. Inset map shows sites in Nova Scotia. 
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Abundance 
 

It is difficult to count “mature individuals” (those capable of sexual or vegetative 
reproduction, COSEWIC 2010) for Plymouth Gentian. Number of flowering stems and 
number of rosettes are easily counted, providing a good index of abundance, but neither 
equate to number of COSEWIC mature individuals. Number of “mature individuals” is 
greater than the number of flowering stems (because larger rosettes are capable of 
producing daughter rosettes, and larger rosettes are likely capable of survival when 
severed by ice or other disturbance), but is less than the number of rosettes (because 
first year and perhaps many other rosettes are too small for vegetative or sexual 
reproduction). The total Canadian population is roughly estimated to include between 
73,400 and 90,700 flowering stems and 771,400 and 971,500 rosettes, with number of 
mature individuals between those values (Table 1). 

 
Although major fluctuation in numbers is not known in Nova Scotia (see 

Fluctuations and Trends), detectability varies significantly with water levels. High water 
reduces flowering, making plants less visible from a distance and often obscuring 
rosettes at depths below about 15 cm because of naturally dark, tannic lake water 
(Blaney et al. pers. obs. 2011). This is important to understand when evaluating counts 
in Table 1 against any future survey values. It is also important to note that estimates of 
larger populations have large confidence intervals. 

 
Extant Canadian occurrences comprise two small populations (Agard Lake and 

Lake Fanning, each under 5,000 rosettes) and two very large, extensive populations on 
the main Tusket River and its Cold Stream tributary. The Wilsons and Bennetts lakes 
population on the lower Tusket River contains between 55% and 63% of the Canadian 
population, with each lake estimated to have 155,000 to 289,000 rosettes. The 
extensive upper Tusket River population includes large populations (estimated at 
20,000 to 143,000 rosettes) on Pearl, Third, Gillfillan and Kegeshook lakes and small 
populations (estimated to have no more than 3,600 rosettes) on Travis Lake, the Tusket 
River near Hemlock Run (between Pearl and Third lakes) and on Lac de l’Ecole (Tables 
1 and 4). 

 
Fluctuations and Trends 
 

Extreme population fluctuations of Plymouth Gentian have been documented from 
glacial kettle pond shorelines in Massachusetts (Orrell Elliston 2006). Counts of 
vegetative rosettes plus flowering plants declined at five different ponds by 70% to 96% 
(Orrell Elliston 2006) between 1996 and 1999 in association with multiple years of high 
water levels and limited exposed shoreline. Complete demographic monitoring in 2 x 2 
m plots showed that small scale, dense occurrences could decline to zero and then 
recover from seed to approximately original density over a five-year period. No such 
dramatic population fluctuations are known in Nova Scotia, perhaps because the 
lakeshore habitat in Nova Scotia has much more consistent water level fluctuation than 
the glacial kettle ponds in Massachusetts. Kettle ponds are fed exclusively by 
precipitation and may experience minimal summer drawdown in wet years, or dry up 
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completely during drought. Sutton (2008) reported an 87% decline in flower (but not 
rosette) density in her plots on Gillfillan Lake between 2005 and 2006 associated with 
high water levels. Casual observations from Wilsons and Gillfillan lakes (Blaney pers. 
obs. 2002-2011) suggested similar high water effects on numbers of flowering 
individuals (but not necessarily rosettes), especially lower on the shoreline, where 
plants are closer to their maximum depth tolerance. 

 
Available survey data are insufficient for direct assessment of fluctuations or long-

term trends in Canadian populations; however, populations appear to have been 
relatively stable between 1984 and 2011. All, or almost all, the occurrences mapped as 
extant in Keddy and Keddy (1984) seem to remain extant. Extensive observations by 
various botanists over multiple years (i.e. Nick Hill 1988 to 2011, Sean Blaney 2002 to 
2011, Ruth Newell 1980 to 2010, Pamela Mills 1997 to 2008) have not produced 
anecdotal accounts of major declines or increases, with the possible exception of Agard 
Lake where a possible expansion in numbers and area has been noted between 1999 
and 2010 (Pamela Mills data in AC CDC 2011; MTRI 2010). This increase would be 
consistent with ongoing expansion after deliberate introduction, which is reported to 
have occurred in 1990 (see Population Spatial Structure and Variability). The much 
higher reported numbers in this report compared to those in Keddy and Keddy (1984) 
are almost certainly a result of more comprehensive and detailed surveys and the 
counting of rosettes as well as flowering plants. 

 
Declines relative to historical population and distribution have obviously occurred. 

Plymouth Gentian is no longer known on three lakes on which it was recorded by 
Fernald (1921, 1922). Two of these, Lake Vaughan and Gavels Lake (called “Tusket 
(Vaughan) Lake” and “Gavelton (Butlers) Lake” on Fernald’s labels), have been subject 
to dam-controlled water levels since about 1929. The now flooded lower Tusket lakes 
could have supported hundreds of thousands of rosettes, as currently occur at nearby 
Bennetts and Wilsons lakes, given that current lakeshore distance on the reservoir 
lakes is about 63 km (vs. 72 km of currently occupied shoreline in Canada). Fernald 
also noted Plymouth Gentian as “scarce” on Canoe Lake in 1921 (Gray Herbarium label 
data in AC CDC 2011). The species is probably extirpated on Canoe Lake as it has not 
been documented there since 1921, despite thorough surveys by Paul and Cathy Keddy 
in 1982 (Keddy and Keddy 1984), Dave MacKinnon in 1995, Pamela Mills in 2003 (AC 
CDC 2011; Mills pers. comm. 2011) and a complete shoreline survey on foot by Sean 
Blaney, David Mazerolle and Nicholas Hill in 2011. Cause of extirpation on Canoe Lake 
is unclear. It may represent natural loss of a small population, disturbance from one of 
the relatively small number of cottages or perhaps flooding by a short-lived dam from 
the river-driving era (although no evidence of a dam was visible during 2011 survey 
around the outlet). The 1941 Tusket Falls occurrence, presumably just below the 
dammed portion of the river, may also now be extirpated. Partial surveys in that area 
have found no Plymouth Gentian and little suitable habitat (Blaney pers. obs. 2002-
2011; Blaney et al. pers. obs. 2011). 
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Observations of high flower to rosette ratio and unusually robust competitors (see 
Threats and Limiting Factors) suggest the small Lake Fanning population may be 
suffering from increased competition induced by eutrophication. Data is, however, 
insufficient to demonstrate population decline. Eutrophication documented on the 
Tusket River lakes (MTRI 2011) that support 98% of the Canadian population of 
Plymouth Gentian could represent the early stages of a significant negative habitat and 
population trend. Local, small-scale losses from cottage construction and associated 
impacts and through OHV use are also ongoing (see Threats and Limiting Factors).  

 
Available evidence suggests that the overall population trend for Canada over the 

past 15 years (3 generations) is likely a minor decline of less than 2%. The magnitude 
of the presumed population decline over the next 15 years cannot be predicted but will 
likely be largely determined by the extent to which eutrophication continues to impact 
Plymouth Gentian. 

 
Rescue Effect 
 

The 400+km disjunction across the open Atlantic Ocean between Canadian sites 
and the next nearest populations in Massachusetts means that there is a negligible 
chance of any rescue effect from occurrences in the United States. 

 
 

THREATS AND LIMITING FACTORS 
 

Eutrophication 
 

Since the last status report (Newell, 1999), eutrophication has changed from a 
theoretical threat (Moore et al. 1989; Eaton and Boates 2003; Environment Canada and 
Parks Canada Agency 2010; Brylinsky 2011a) to the most significant actual threat. 
Eutrophication from residential and agricultural sources can have a detrimental impact 
on coastal plain shoreline flora, primarily through increased competition from more 
common, robust plant species (Ehrenfeld 1983; Zaremba and Lamont 1993). The threat 
of eutrophication has recently become significant because of expansion of large mink 
farms on the upper Carleton River watershed, making it the most immediate threat to 
Plymouth Gentian on Lake Fanning. Except for Kegeshook Lake and possibly Agard 
Lake (where no water quality testing has taken place), it is also now the most immediate 
threat to all extant sub-populations. Very large (608% to 819%) increases in total 
phosphorus have been documented in Wilsons, Bennetts and Pearl lakes on the main 
branch of the Tusket River since 2002 (MTRI 2011). Third Lake and Lac de l’Ecole in 
between these lakes, and Travis Lake (contiguous with Pearl Lake just upstream; 
Figure 3) are likely also affected to a similar degree. One mink farm is present just 
upstream from Pearl Lake, but it is not known if it is causing the observed eutrophication 
in the Tusket system. Kegeshook Lake, which is on the Cold Stream branch of the 
Tusket River, is the only other Plymouth Gentian lake for which nutrient level 
information is available, and it has not changed significantly since 2002. Future testing 
will be required to determine if 2011 results were an anomaly. Collectively, lakes known 
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or probably subject to eutrophication impacts contain 89% of Plymouth Gentian habitat 
in Canada as measured by shoreline distance of occupied lakes. 

 
Effects are most advanced on Lake Fanning, where major cyanobacterial blooms 

caused by a 1000% increase in total phosphorus since 2002 (MTRI 2011) have been 
evident since at least 2007 (Taylor 2010; Brylinsky 2011a, 2011b, 2012; Table 3). Algal 
blooms occur with the addition of nitrogen and phosphorus to the river system. The 
decay of the algae depletes oxygen, kills fish and bottom-dwelling animals, and thereby 
creates “dead zones” in the body of water (Carpenter 2008). In the other lakes on the 
main branch of the Tusket River, more work is needed to confirm that the increased 
phosphorus levels of 2011 are not an anomaly and to confirm the nutrient source(s), but 
the results appear robust. Nutrient values were obtained by averaging repeated 
measurements taken in the same deeper portions of the lakes across whole summers. 
The fact that the trend in nutrient levels was in a uniform direction and of similar 
magnitude across all lakes on the main Tusket system, but that Kegeshook Lake on a 
different river branch was unaffected, also strongly suggests that results were real. 
Although no impacts on Plymouth Gentian or shoreline communities on the main branch 
of the Tusket River have yet been documented, concern over eutrophication impacts is 
justified because:  

 
1) Plymouth Gentian is a poor competitor adapted to low nutrient shorelines and 

is likely to fare poorly under increased competition; 
2) All Plymouth Gentian lakes would likely have been oligotrophic (low nutrient) 

under natural conditions (Eaton and Boates 2003); 
3) Comparison of 2011 (MTRI 2011) and 2002 (Eaton and Boates 2003) nutrient 

values show that since 2002, Wilsons Lake has changed from oligotrophic to 
eutrophic, Bennetts Lake has changed from oligotrophic to mesotrophic and 
Pearl Lake has changed from mesotrophic to eutrophic (trophic status based 
on Carlson 1977);  

4) Changes of the magnitude observed from 2002 to 2011 are unlikely to be of 
natural origin (Brylinsky pers. comm. 2011); 

5) It is likely that Plymouth Gentian occurrences on the Tusket River system 
between Pearl and Wilsons lakes (Tusket River – Hemlock Run, Third Lake, 
Gillfillan Lake and Lac de l’Ecole) are experiencing similarly increased 
nutrient levels; 

6) Changes in lake ecology and effects on Plymouth Gentian that are likely 
related to eutrophication are being observed on Lake Fanning at similar 
phosphorus levels to those recorded on Pearl Lake in 2011 and can be 
expected throughout the main branch of the Tusket River if high nutrient 
levels continue. Collectively, affected lakes on the main branch of the Tusket 
River support 98% of the Canadian population. 
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Table 3. Water quality data for Plymouth Gentian lakes from 2002 (Eaton and Boates 
2003) and 2011 (MTRI 2011). Carlson’s trophic status index value for total phosphorus = 
14.42 (ln(TP)+4.15)) (Carlson 1977). 

Parameter Lake 

  Bennetts Fanning Kegeshook Pearl Wilsons 

Total phosphorus 2002 9.67 10.33 5.67 11.67 8.33 

Total phosphorus 2011 77.00 103.33 1.00 95.50 50.67 

Total phosphorus proportion 
increase 2002-2011 

796.55 1000.00 17.65 818.57 608.00 

Carlson’s trophic status index 
value for TP 2002 

36.86 37.83 29.16 39.58 34.72 

Carlson’s trophic status index 
value for TP 2011 

66.79 71.03 4.15 69.89 60.75 

TROPHIC STATUS (Carlson 
1977) 2002  

Oligotrophic Mesotrophic Oligotrophic Mesotrophic Oligotrophic 

TROPHIC STATUS (Carlson 
1977) 2011 

Eutrophic Eutrophic Oligotrophic Eutrophic Mesotrophic 

 
 
Mink farming has undergone rapid expansion in Nova Scotia over the past decade 

and there are now about 1.4 million pelts produced annually by 152 farms, about 75% of 
which are in Yarmouth and Digby Counties (Flemming pers. comm. 2011). There are 
documented problems with effluent from mink farms upstream from Lake Fanning 
(Wendland 2010; Shelburne County Today 2011), and the high concentration of mink 
farms in the Carleton River headwaters has been identified as the cause of 
eutrophication in the Carleton River system (Brylinsky 2012). Phosphorus entering the 
headwater lakes is carried downriver to Lake Fanning, which had very low phosphorus 
and ultra-oligotrophic chlorophyll A levels in 1986 (Brylinsky 2011b) and oligotrophic 
conditions in 2002 (Eaton and Boates 2003), but has had major cyanobacterial blooms 
each summer since at least 2007 (Taylor 2010). “Most of the phosphorus was present in 
the dissolved inorganic form which is not typically found in high concentrations in 
aquatic ecosystems because of its rapid assimilation by aquatic plants. This suggests 
that the major source of phosphorus is most likely to be a result of mink farm operations 
that utilize superphosphate, a substance used to increase the shelf of mink feed and to 
reduce the occurrence of kidney stones in mink livestock” (Brylinsky 2011a). Total 
phosphorus in Lake Fanning increased 1000% between 2002 and 2011 (Table 3). Once 
phosphorus has entered the system, the recovery of eutrophic lakes following a 
reduction in the external phosphorus loading may be slow as the phosphorus is stored 
in the lake sediments (Marsden 1989; White et al. 2002).  Large rafts of condensed 
blue-green bacterial colonies were observed in 2011 (Hill pers. obs.), and these could 
cover Plymouth Gentian rosettes if they become more extensive. The Lake Fanning 
shoreline also supports exceptionally luxuriant mats of Golden Hedge-hyssop that are 
dense enough to make counting Plymouth Gentian rosettes difficult at several sites 
(Blaney et al. pers. obs. 2011), suggesting a strong competitive effect. Golden Hedge-
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hyssop (which is common on most Plymouth Gentian lakes at lower densities) is likely 
responding more successfully to higher nutrient levels on Lake Fanning than is 
Plymouth Gentian. In 2011, Plymouth Gentian on Lake Fanning also had especially low 
rosette to flowering stem ratios (average of three vegetative rosettes per flowering stalk, 
vs. 13, nine and seven vegetative rosettes per flowering stalk on Gillfillan, Pearl and 
Wilsons lake plots (Hill, unpubl. 2011)), with many flowering stems having few or no 
non-flowering rosettes nearby. Because rosettes die after flowering, this could indicate 
low population vigour and a declining population, especially if establishment from seed 
is limited by increased competition.  

 
Shoreline Development 
 

Shoreline development is considered a significant threat to Atlantic Coastal Plain 
flora communities on lakeshores (Wisheu and Keddy 1994; Eaton and Boates 2002; 
2003; Environment Canada and Parks Canada Agency 2010). There are 221 small 
lakefront properties bordering shoreline known or presumed occupied by Plymouth 
Gentian, and these support about 36% of the Canadian Plymouth Gentian population 
(Table 4). Based on limited aerial photography analysis in Google Earth (Blaney, 
unpubl. 2011), 60% or more of those properties currently have cottages. An additional 
31% of the Plymouth Gentian population is on the shorelines of larger, privately owned 
parcels, some of which have cottages already, but most of which are undeveloped and 
potentially subject to future development. Shoreline development is ongoing on 
Plymouth Gentian lakes, with development in the past 10 to 15 years most active on 
Bennetts Lake, Gillfillan Lake and particularly on Third Lake, where about 17 of 46 lots 
in a cottage subdivision have been developed since the late 1990s. This subdivision 
occupies 4.3 km (45%) of the lake’s shoreline and 2.2 km of Tusket River frontage (the 
latter perhaps partially occupied by Plymouth Gentian because there are records on the 
opposite shore, but not included in the “presumed occupied” totals above). Another area 
of high potential impact is a property at the north end of Wilsons Lake, where a new 
access road to the lake was built about 2008. That property has the densest population 
of Plymouth Gentian in Canada, with about 82,000 rosettes over 1 km of shoreline. 
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Table 4. Ownership statistics for all extant Canadian Plymouth Gentian occurrences.  
 
As used below, “Protected” means non-government or provincial nature reserve, provincial Crown land or provincial 
park. For sites where Plymouth Gentian occurrence is sparse or restricted (*), shoreline distances refer only to 
occupied shoreline. Otherwise shoreline distances represent the whole lake, including islands. For Bennetts, Third 
and Pearl lakes “# Private Property Parcels” values were derived assuming occupancy of all lakeshore parcels. 
Values for other lakes represent known occupied parcels from more or less comprehensive inventories. Where 
number of rosettes is given as a range estimate (Table 1), value below is a mean of the range extremes. The Tusket 
River – Hemlock Run sub-population has only been surveyed on one side of the river, so values are incomplete. 
 

  Shoreline Distance (km) by 
Ownership Class 

# Private Property 
Parcels 

  Shoreline Proportion by 
Ownership Class 

 

Pop# Population / Sub-
population 

Nature 
Reserve 

Crown 
(incl. 
Prov. 
Park) 

small 
private 

large 
private 

#small 
private 
parcels 

#large 
private 
parcels 

Total 
shore 

distance 
(km) 

Total 
shore 

protected 
(km) 

% 
protected 

% in 
small 

private 

% in 
large 

private 

# 
rosettes 

1 Agard Lake* - 0.47 0.17 - 2 - 0.64 0.47 73% 27% 0% 3222 
2 Lake Fanning* - - 0.92 0.19 11 2 1.11 - 0% 83% 17% 4460 
3a Bennetts Lake 4.02 0.30 6.01 2.63 52 2 12.96 4.32 33% 46% 20% 231900 
3b Wilsons Lake 2.04 - 3.89 5.16 42 5 11.09 2.04 18% 35% 47% 282500 
4a Lac de l'Ecole* 0.16 - 0.26 0.25 3 2 0.67 0.16 24% 39% 37% 750 
4b Gillfillan Lake 1.22 5.77 6.03 5.18 57 12 18.2 6.99 38% 33% 28% 136000 
4c Third Lake 2.35 2.60 3.25 1.35 28 3 9.55 4.95 52% 34% 14% 101000 
4d Tusket River - 

Hemlock Run* 
- 0.22 ? ? ? ? [0.22] [0.22] [100%] [0%] [0%] 2100 

4e Pearl Lake 2.06 0.80 2.24 4.48 20 6 9.58 2.86 30% 23% 47% 71200 
4f Travis Lake* - - 0.3 0.1 3 1 0.4 - 0% 75% 25% 2400 
4g Kegeshook Lk * 2.28 3.40 0.48 1.36 3 1 7.54 5.70 76% 6% 18% 36100 

 TOTAL 14.13 13.56 23.55 20.7 221 34 71.96 27.71 39% 33% 29% 871432 

 Population Proportion (lake population x shoreline proportion by ownership class) 32% 41% 27%  

 
 
A strong majority of existing shoreline development on Plymouth Gentian lakes 

occurred before 2000, and Eaton and Boates (2002) determined that cottage and 
residential development had caused a 2.7% loss of natural vegetation in the 100 m 
buffer zone around the eight lakes supporting Plymouth Gentian between 1945 and 
2000. Most shoreline development occurred more than 15 years ago, so loss of 
shoreline buffer over the past 15 years would be much less than 2.7%. Loss of 
shoreline buffer is a useful index of population loss, but probably overestimates actual 
loss because in the absence of direct shoreline impacts plants typically persist (Blaney 
pers. obs. 2002-2011) and cottagers typically alter less Plymouth Gentian habitat along 
shorelines than habitat within the 100 m shoreline buffer. Observations of the same 
cottage shorelines on Wilsons and Gillfillan lakes in 2002 and 2011 do not suggest 
significant changes in population (Blaney, unpubl. 2011). 
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Two recent theses (Trant 2004 and Sutton 2008) have investigated effects of 
cottage-related shoreline disturbance on Plymouth Gentian. Trant et al. (2010) found 
that disturbance did not affect the diversity of pollinators but that disturbance was 
associated with significantly reduced pollinator visitation rate and handling time per 
flower. However, rate of viable seed production was actually significantly higher in 
disturbed sites on two of three lakes investigated, perhaps because disturbance was 
reducing inbreeding effects at the local scale by increasing the ratio of sexual vs. 
vegetative reproduction. Sutton (2008) documented reduced kinship coefficients for 
adjacent plants in disturbed sites that would be consistent with this hypothesis.  

 
Artificial Regulation of Water Levels 
 

The artificial regulation of water levels through dam construction can directly 
eliminate coastal plain shoreline species through flooding. It can also alter community 
composition as loss of natural fluctuations allows shrubs and other competitive, high 
biomass species to displace less competitive species like Plymouth Gentian (P.A. 
Keddy 1989; Wisheu and Keddy 1994; Nilsson and Jansson 1995; Hill et al. 1998; 
Merritt and Cooper 2000). For Plymouth Gentian, low winter water levels on reservoirs 
are likely also a crucial factor, because it seems to require significant winter flooding to 
insulate rosettes against freezing (see Habitat Requirements). 

 
Damming on the lower Tusket River in 1929 is known to have eliminated Plymouth 

Gentian occurrences on two lakes (Lake Vaughan and Gavels Lake) and the species 
likely also occurred on Raynards and Kings lakes prior to regulation of their water 
levels. Dams disrupted what was historically a more or less continuous population on 
the Carleton and Tusket rivers, isolating the Lake Fanning population. New dams 
affecting Plymouth Gentian are now unlikely to be approved under federal or provincial 
environmental impact assessment processes so they are no longer a major threat, but 
water level regulation by Nova Scotia Power on the four lower Tusket River lakes above 
is still probably a limiting factor for Plymouth Gentian populations. The large population 
of Plymouth Gentian on Bennetts Lake is likely sending large numbers of floating seeds 
700 m downstream into Kings Lake. Inadequate drawdown in summer and/or large 
drawdowns in winter, which cause lethal freezing of rosettes, likely prevent Plymouth 
Gentian from recolonizing these lakes naturally. The possibility of changes to water-
level management that would favour Atlantic Coastal Plain flora has been discussed 
with Nova Scotia Power, but no significant changes in operation have yet resulted. 
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Off-highway Vehicle Traffic 
 

Off-highway vehicle (OHV) traffic is considered a threat to several coastal plain 
flora species in Nova Scotia (Wisheu and Keddy 1991; Environment Canada and Parks 
Canada Agency 2010). The typically slow growth rates of coastal plain species increase 
their vulnerability to disturbance (Sharp and Keddy 1985; Keddy and Wisheu 1989) and 
even infrequent vehicle traffic could allow more common species (especially rushes, 
Juncus spp.) which are frequently abundant in the seed bank to colonize areas once 
occupied by rare species (Keddy and Wisheu 1989).  

 
Wisheu and Keddy (1991) recorded local reductions of Plymouth Gentian 

populations by 90% due to heavy OHV use on Gillfillan Lake, and Sutton (2008) also 
noted heavy local OHV disturbance on Gillfillan Lake. However, within the 12.1 km 
surveyed in 2011 (of the 18.6 km total lakeshore) only about 100 m of OHV trail and 
minimal impacts on Plymouth Gentian were noted. OHV use is currently impacting 
Plymouth Gentian primarily on Wilsons Lake and Pearl Lake. At Wilsons Lake, a well-
used OHV trail extends through dense Plymouth Gentian for 1 to 2 km on the northeast 
shore. This has caused significant local loss of Plymouth Gentian plants in the tire ruts 
(Figure 5), but probably less than 5% of plants on Wilsons Lake are affected (see 
Habitat Trends). OHV use is also significant at Pearl Lake, especially in the northeast 
end near the year-round settlement of Kemptville. The proportion of plants affected at 
Pearl Lake has not been quantified but is likely not more than the 5% maximum 
estimated for Wilson’s Lake (Hill pers. obs. 2011). Other lakes are undoubtedly affected 
occasionally or to limited degrees on an ongoing basis, but there is no evidence of 
major effects at present. OHV impacts may have lessened in recent years because of 
public education efforts regarding lakeshore issues and because of measures to restrict 
access from public lanes on Wilsons and Gillfillan lakes. 
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Figure 5. Plymouth Gentian habitat (shallowly sloped, seasonally flooded shoreline zone dominated by grass-like 

plants) on Wilsons Lake, with distinct off-highway vehicle damage. In 2011, a well-used OHV trail occupied 
roughly 25% of the available habitat over 1 to 2 km of the eastern side of Wilsons Lake, visibly reducing 
Plymouth Gentian abundance. Photograph by Sean Blaney, AC CDC. 

 
 

Invasive Species 
 

Coastal Plain lakeshore habitats in Nova Scotia are generally inhospitable to exotic 
plants (Hill and Blaney 2010). Eaton and Boates (2003) documented no significant 
invasive alien plants on Bennetts, Wilsons, Lac de l’Ecole, Gillfillan, Third and Pearl 
lakes. Reed Canary Grass, the only potentially problematic invasive co-occurring with 
Plymouth Gentian, was found at Lake Fanning (Blaney et al. 2011), where patches were 
scattered fairly frequently around the lake, including cases where it was rooting at the 
nodes in the water and one site where a patch was within one metre of Plymouth 
Gentian. Reed Canary Grass is a major invasive of shoreline communities (Lavergne 
and Molovsky 2004; IPANE 2011), and it was not noted during a 1988 survey of Lake 
Fanning by Hill and Keddy, or at any other Plymouth Gentian lakes during 2010 and 
2011 surveys (AC CDC 2011). Among Plymouth Gentian lakes, Lake Fanning is the 
most obviously enriched by anthropogenic inputs (from mink farming, see 
Eutrophication above) and it had dam-controlled water levels from 1910 to 1965 (Hill et 
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al. 1998). Both of these factors increase susceptibility of shorelines to invasion by 
exotics (Wisheu and Keddy 1994; Hill et al. 1998; Environment Canada and Parks 
Canada Agency 2010). As noted above, eutrophication appears to be a serious, new 
threat in all Plymouth Gentian lakes along the main Tusket River. Further 
eutrophication, coupled with additional development bringing new exotic species, could 
increase the threat of Reed Canary Grass and other invasive species to Plymouth 
Gentian beyond the currently limited level.  

 
Number of Locations 
 

There are four Plymouth Gentian locations in Canada (as defined by the scale of 
the most immediate threat at each site, COSEWIC 2010). Eutrophication, which can 
lead to competitive exclusion of coastal plain flora by more common native and exotic 
species, is clearly the most significant threat to Plymouth Gentian at all extant sub-
populations. Different sources and states of eutrophication serve to define the following 
locations for Plymouth Gentian: 1) Lake Fanning on the Carleton River, where mink 
farming is clearly the cause of major eutrophication over the past decade; and 2) the 
main branch of the Tusket River from Travis and Pearl lakes downstream to Bennetts 
Lake (population 3 and all sub-populations of population 4 except Kegeshook Lake; 
Table 1), where there is limited mink farming and recent documentation of 
eutrophication on lakes at the upper and lower ends of the area, but where no 
significant impacts have yet been observed. Eutrophication impacts are relatively 
uniform within these two areas, thus they represent two locations.  

 
Mink farm expansion continues throughout the region of Plymouth Gentian 

occurrence, and potential future expansion of mink farm-related eutrophication to Agard 
and Kegeshook Lake watersheds is considered a more significant threat than cottage 
development. Eutrophication is not currently known to be affecting Agard Lake 
(population 1; Table 1) or Kegeshook Lake (sub-population 4a; Table 1). These lakes 
represent two additional locations for a Canadian total of four. 

 
 

PROTECTION, STATUS, AND RANKS 
 

Legal Protection and Status 
 

Plymouth Gentian was assessed by COSEWIC as Endangered in November 2012, 
and as Threatened in May 2000. It is currently listed on Schedule 1 as Threatened 
under the Species at Risk Act, and provincially under the Nova Scotia Endangered 
Species Act (Government of Canada 2011). It was first designated Threatened in April 
1984. Its status was re-examined and confirmed Threatened in April 1999 and May 
2000. It is also listed as Threatened under the Nova Scotia Endangered Species Act 
(Nova Scotia DNR 2011). The species receives legal protection in three of the four 
states in which it is native through the following status designations and acts: State 
Endangered under the Rhode Island State Endangered Species Act (Enser 2007), 
Special Concern under the Massachusetts Endangered Species Act (Massachusetts 
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NHESP 2011) and Special Concern under the North Carolina Plant Protection and 
Conservation Act (Buchanan and Finnegan 2010). It is not legally protected in South 
Carolina where there is no legal protection for rare plants (South Carolina DNR 2011). 

 
Non-Legal Status and Ranks 
 

Plymouth Gentian is rare throughout its range and is considered Vulnerable (G3) 
globally (NatureServe 2011). It is ranked as Critically Imperilled (N1) in Canada and in 
Nova Scotia (S1). Plymouth Gentian is ranked as At Risk in Nova Scotia and Canada 
(Canadian Endangered Species Conservation Council 2011). In the United States, it is 
Vulnerable (N3) nationally, and is ranked as Vulnerable (S3) in Massachusetts, 
Imperilled (S2) in North Carolina and South Carolina, and Critically Imperilled (S1) in 
Rhode Island (NatureServe 2011). Plymouth Gentian is also listed by the New England 
Plant Conservation Program as a Division 1 species (globally rare species occurring in 
New England, Brumback and Mehrhoff 1997), and by South Carolina Department of 
Natural Resources (2011) as a species of regional concern. 

 
Habitat Protection and Ownership 
 

Actual ownership of almost all Plymouth Gentian occurrences is with the province, 
because the species grows almost entirely below the annual high water mark on lake 
and river shores (Blaney et al. pers. obs. 2011). However, relative to impacts on 
Plymouth Gentian it is ownership of adjacent land rather than the shoreline itself that is 
most relevant since landowners generally treat exposed beaches at their waterfront as 
their own property. The analysis below thus describes shore ownership based on the 
land ownership immediately up from the shore. 

 
New Nature Conservancy of Canada (NCC) and Nova Scotia Nature Trust (NSNT) 

nature reserves on Bennetts, Wilsons, Lac de l’Ecole, Gillfillan, Kegeshook, Pearl, and 
Third lakes, and a Provincial Nature Reserve on Gillfillan Lake have all been acquired 
and designated since the previous status report (Newell 1999). Currently about 38% of 
the roughly 72 km of shoreline occupied by Plymouth Gentian is on land that is not 
directly subject to development, compared to only 19% in 2000. Protected and Crown 
lands include multiple parcels in the provincial Tusket River Nature Reserve (2.1% of 
shoreline distance occupied by Plymouth Gentian), private nature reserves of NCC 
(14.3%) and NSNT (3.2%), Ellenwood Provincial Park (0.6%) and provincial Crown land 
(18.2%) (Table 4). Of the remainder, 32.7% of occupied shoreline is within about 221 
small privately owned lakefront properties (average shore frontage 107 m) and 28.8% is 
within about 34 larger privately owned lakefront properties (average shore frontage 608 
m). 
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Applying lake-specific values for ownership category and population allows better 
estimation of the proportion of the population in each ownership category (Table 4), 
suggesting about 32% of the population is in nature reserves or on Crown land, 41% is 
in small privately owned parcels and 27% is in larger privately owned parcels. The 
actual proportion of the population that is not subject to development is likely closer to 
25% because large new nature reserves within the extensive Plymouth Gentian 
populations on Wilsons and Bennetts Lake, and extensive Crown land at Gillfillan Lake, 
are in portions of the lakes having lower densities of the species. The proportion on 
private land is thus likely about 75%. It is important to note that occurrence on Crown or 
nature reserve land does not necessarily protect Plymouth Gentian from OHV or other 
human-caused impacts, including eutrophication, but these impacts were not extensive 
on Crown and nature reserve sites in 2010-2011 surveys (MTRI 2010; Blaney et al. 
2011). 

 
The habitat of Plymouth Gentian receives indirect protection from provincial laws 

and policies regulating shoreline development and pertaining to the protection of water 
quality, watercourses, wetlands and riparian buffers, although these regulations do not 
always provide protection in practice. These include the Nova Scotia Wetlands 
Conservation Policy, Activities Designation Regulations and Environmental Assessment 
Regulations, all under the Environment Act, the Forest Act - Wildlife Habitat and 
Watercourses Protection Regulations, and the Off Highway Vehicle Act. Though 
projects involving lakeshore or wetland alterations are required to go through a 
permitting process, not all private landowners make efforts to acquire necessary permits 
and enforcement is strictly complaint-based. 
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