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COSEWIC  
Assessment Summary 

 
 
Assessment Summary – May 2014 

Common name 
Sweet Pepperbush 

Scientific name 
Clethra alnifolia 

Status 
Threatened 

Reason for designation 
This disjunct Atlantic Coastal Plain clonal shrub is restricted to the shores of six lakes in a small area of southern 
Nova Scotia. Newly identified threats from the invasive exotic shrub Glossy Buckthorn and eutrophication have put 
this species at increased risk of extirpation. Shoreline development also remains a threat. 

Occurrence 
Nova Scotia 

Status history 
Designated Threatened in April 1986. Status re-examined and confirmed in April 1998. Status re-examined and 
designated Special Concern in May 2001. Status re-examined and designated Threatened in May 2014. 
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COSEWIC  
Executive Summary 

 
Sweet Pepperbush 

Clethra alnifolia 
 
 

Wildlife Species Description and Significance  
 

Sweet Pepperbush is a deciduous, woody, wetland shrub 1 to 3 m tall that can 
grow in a clumped form or with single stems arising from a spreading rhizome 
(underground stem). The dense, narrowly elongate flower clusters are 4 to 12 cm long 
and composed of small, white, 5-petalled flowers that are strongly fragrant. Fertilized 
flowers mature into dry, round capsules with many small seeds, though seed production 
has been reported as sometimes absent or rare in Canada. 

 
Sweet Pepperbush is one of many nationally rare, disjunct species of the Atlantic 

Coastal Plain in southern Nova Scotia. Outreach programs have resulted in fairly wide 
understanding and appreciation of this rare flora. Sweet Pepperbush is particularly 
appreciated by some landowners because of its showy flowers and strong, pleasant 
fragrance, characteristics that have made it a widely used ornamental species with 
many developed cultivars. Canadian populations are isolated from others by 200+ km 
and are the northernmost worldwide, suggesting potential significance to the species’ 
range-wide genetic diversity. 

 
Distribution 

 
Sweet Pepperbush is native to the eastern United States and southern Nova 

Scotia, from Maine to western Texas, primarily along the Atlantic Coastal Plain 
(excluding southern Florida) and into the Piedmont plateau region of the eastern USA 
within about 150 km of the coast. In Canada, Sweet Pepperbush is restricted to three 
subpopulations on six lakes in southern Nova Scotia within a 70 km by 60 km area. It 
has become marginally established after escaping from cultivation in Belgium, The 
Netherlands, and England. Canada supports less than 1% of the global population. 
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Habitat 
 
In Nova Scotia, Sweet Pepperbush is a species of acidic upper lakeshores and 

lakeshore forest margins, also occurring locally along shrubby and semi-forested stream 
margins and under Red Maple-dominated swamp forest canopy within about 20 m of 
shorelines. It has not been observed to flower when under dense forest canopy in Nova 
Scotia. Similar habitats are occupied throughout its range, but prevalence in shaded 
and upland areas is more frequent in the United States where occurrence in upper salt 
marsh margins is also noted. 
 
Biology 

 
Sweet Pepperbush flowers in Nova Scotia from late July to early September. 

Pollination is primarily or exclusively by insects, especially bees. Sweet Pepperbush 
exhibits strong, but not complete self-incompatibility. Coupled with theorized low genetic 
variability, this could cause the limited seed production noted at Belliveau Lake and 
suspected elsewhere in Nova Scotia, where seedling establishment is rare. The tiny 
seeds remain in the capsules into late fall or winter and could be moved by water, wind, 
and vertebrates (via clinging mud). Seeds can germinate immediately after dispersal but 
germination is enhanced by cold stratification. Seed longevity is unknown. Average time 
to first flowering from seed in the field is probably more than ten years. Individual stems 
can live at least 28 years. Most reproduction is by spreading rhizomes which can 
produce new shoots up to 2.4 m from the parent plant. These allow colonization of 
wetter areas where seedling establishment is difficult and form a “sprout bank” that can 
respond rapidly to canopy openings. Time to flowering and to vegetative reproduction 
for new vegetative shoots is likely at least several years. Generation time could be at 
least 10 years. Clumps of stems (which continually resprout from the base) and 
complexes of connected genetic individuals are presumably much longer-lived. 

 
Population Sizes and Trends 

 
The Canadian population is not more than 45,471 individuals based on stem 

numbers estimated from comprehensive 2011 and 2012 surveys. Stems counts 
overestimate number of mature individuals because some tightly clumped stems are 
best classed as single individuals and smaller stems may be unable to reproduce 
sexually or vegetatively. The degree of this overestimation is unknown. Stem estimates 
by subpopulation are: 1) Belliveau Lake – 16,070; 2) Pretty Mary, Mudflat, and Mill lakes 
– 27,700; 3) Louis Lake and Canoe Lake – 1,700 individuals, with only a single 
individual at Canoe Lake.  
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Threats and Limiting Factors 
 
Competition from the invasive exotic shrub Glossy Buckthorn is already occurring 

to a very limited extent and is likely to become more severe at the Pretty Mary-Mudflat-
Mill lakes subpopulation, where thousands of mature Glossy Buckthorn plants are 
present on abandoned farmland adjacent to the lakes. Glossy Buckthorn is perhaps 10 
km away from Belliveau Lake and 40 km away from Louis Lake and is likely to reach 
those sites within one to several decades. The timing and magnitude of its impact is 
uncertain.  

 
Eutrophication from leaching sewage ponds on an abandoned hog farm at 

Belliveau Lake is changing habitat on one corner of the lake where Sweet Pepperbush 
occurs. Impacts on the species are unclear, but could become significant, especially if 
coupled with Glossy Buckthorn invasion. 

 
Shoreline development has slowly but steadily increased on Belliveau, Pretty 

Mary, and Mudflat lakes over the past 30 years and will likely continue. It is also a threat 
on currently undeveloped Mill Lake. Landowners frequently cut and remove some (but 
generally not all) Sweet Pepperbush for shore access and to enhance views, with 
overall losses to shoreline development up to the present roughly estimated at less than 
4.6%. 

 
A long-standing but poorly maintained dam on Mill Lake may be limiting 

occurrence there and if it was breached it might make conditions less suitable for 
existing Sweet Pepperbush and allow rapid influx of Glossy Buckthorn from large 
nearby populations. Limited genetic variability resulting in limited seed production is 
speculated to be a major limiting factor in Nova Scotia, which would explain the 
absence of Sweet Pepperbush over vast areas of suitable habitat. 

 
Protection, Status, and Ranks 

 
About 94% of Sweet Pepperbush habitat in Canada is on private land. All of the 

Louis Lake – Canoe Lake population and 10% of the Belliveau Lake population are on 
provincial Crown land that is likely to be included in new nature reserves soon to be 
finalized.  

 
Sweet Pepperbush is currently listed as Special Concern in Canada by COSEWIC 

and under Schedule 1 of the Species at Risk Act and Vulnerable under the Nova Scotia 
Endangered Species Act. It is Endangered in Tennessee under the state’s Rare Plant 
Protection and Conservation Act of 1985, but has no legal protection elsewhere. Non-
legal NatureServe ranks are: Globally secure (G5) and nationally (N5) secure in the 
United States; Critically Imperilled (N1) in Canada, Nova Scotia (S1), Tennessee (S1), 
and Imperiled (S2) in Maine. It is considered Sensitive in Canada and Nova Scotia by 
the National General Status Working Group. 
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TECHNICAL SUMMARY  
 

Clethra alnifolia 
Sweet Pepperbush Clèthre à feuilles d’aulne 
Range of occurrence in Canada (province/territory/ocean): Nova Scotia 
 
Demographic Information 

 

 Generation time (usually average age of parents in the population) 
Incompletely understood, but individual stems up to at least 28 
years old. See Life Cycle and Reproduction. 

Perhaps 10+ years 

 Is there an [observed, inferred, or projected] continuing decline in 
number of mature individuals? 
Small declines inferred from observed and projected losses to 
shoreline development, otherwise apparent stability. 

Yes 

 Estimated percent of continuing decline in total number of mature 
individuals within 2 generations. 
Small declines likely to continue due to development and perhaps 
invasives and eutrophication.  

Unknown 

 Estimated percent reduction in total number of mature individuals 
over the last 3 generations. 
Inferred from observed habitat loss; See Threats – Shoreline 
Development 

Probably under 4.6% 

 [Projected or suspected] percent [reduction or increase] in total 
number of mature individuals over the next [10 years, or 3 
generations]. Small declines from shoreline development; further 
potential declines from Glossy Buckthorn invasion and 
eutrophication 

Unknown 

 [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. As above 

Unknown 

 Are the causes of the decline clearly reversible and understood 
and ceased? 
Shoreline development is not readily reversible; Glossy Buckthorn 
invasion and eutrophication potentially reversible with intensive 
management action. Causes are understood, but not ceased.  

Causes are understood and 
partially reversible but not 
ceased 

 Are there extreme fluctuations in number of mature individuals? No 
 
Extent and Occupancy Information 

 

 Estimated extent of occurrence 1,984 km2 
 Index of area of occupancy (IAO) – 2 x 2 km grid 

Derived from a 2 x 2 km grid aligned with 10 x 10 km UTM grid 
squares.  

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

3 locations if defined by watercourse based on threat of Glossy 
Buckthorn and eutrophication. If Belliveau Lake locations are 
defined by threat of shoreline development, total number of 
Canadian locations is between 5 and 46. See “Number of 
Locations”. 

3 

 Is there an [observed, inferred, or projected] continuing decline in 
extent of occurrence? 

No 

 Is there an [observed, inferred, or projected] continuing decline in 
index of area of occupancy? 

No 

 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? 
Glossy Buckthorn, shoreline development and eutrophication are 
all contributing to reduced habitat quality. Shoreline development 
reducing habitat area. 

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  N Mature Individuals (Except 

for Canoe Lake, numbers 
below are based on stem 
counts, which are believed to 
overestimate individuals; see 
Sampling Effort and Methods 
and Life Cycle and 
Reproduction) 

Subpop. 1 – Belliveau Lake <16,070 
Subpop. 2 – Pretty Mary, Mudflat and Mill lakes  <27,700 
Subpop. 3, site a – Louis Lake <1,700 
Subpop. 3, site b – Canoe Lake 1 individual (4 stems) 
Total <45,471 
 
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 Definitions and Abbreviations on the COSEWIC website and IUCN 2010 for more information on this term. 
 

http://www.cosewic.gc.ca/eng/sct2/sct2_6_e.cfm
http://intranet.iucn.org/webfiles/doc/SSC/RedList/RedListGuidelines.pdf


 

ix 

Threats (actual or imminent, to populations or habitats) 
• Competition from invasive Glossy Buckthorn (actual threat at Pretty Mary, Mudflat and Mill lakes, 

future threat elsewhere) 
• Increased competition caused by eutrophication (actual threat of uncertain magnitude at Belliveau 

Lake only) 
• Habitat loss and cutting of individuals associated with existing and new shoreline development (actual 

threat at all lakes but Louis and Canoe) 
• Habitat change and potential facilitation of Glossy Buckthorn invasion if Mill Lake dam gives way 

(immediacy of threat hard to assess) 
  
Rescue Effect (immigration from outside Canada)  
 Status of outside population(s)?: 

USA: Secure (S5). Critically Imperiled (S1) in Tennessee. Imperiled (S2) in Maine. Secure (S5) in 
Alabama, Delaware, New Jersey, New York and Virginia. Not ranked (SNR; generally because it is 
considered secure) in Connecticut, District of Columbia, Florida, Georgia, Louisiana, Maryland, 
Massachusetts, Mississippi, New Hampshire, North Carolina, Pennsylvania, Rhode Island, South 
Carolina, and Texas. Introduced but only marginally established in England, Belgium, The 
Netherlands and likely elsewhere in Europe. 

 Is immigration known or possible? Not known and unlikely 
 Would immigrants be adapted to survive in Canada? 

Southern Maine populations occur in a similar climate zone 
Probably 

 Is there sufficient habitat for immigrants in Canada? Yes 
 Is rescue from outside populations likely? 

Disjunct from nearest Maine populations (where rare – S2) by 200+ km 
across open ocean. Disjunct from areas where more common by 400+ 
km across open ocean. 

No 

 
Data-Sensitive Species 
Is this a data-sensitive species?  No 
 
Status History  
COSEWIC: Designated Threatened in April 1986. Status re-examined and confirmed in April 1998. Status 
re-examined and designated Special Concern in May 2001. Status re-examined and designated 
Threatened in May 2014. 
 
Status and Reasons for Designation 
Status: 
Threatened 

Alpha-numeric code: 
Met criteria for Endangered, B1ab(iii,v)+2ab(iii,v), but 
designated Threatened, B1ab(iii,v)+2ab(iii,v), due to 
the long lifespan of the species and the slow-acting 
main threat of competition from Glossy Buckthorn. 

Reasons for designation:  
This disjunct Atlantic Coastal Plain clonal shrub is restricted to the shores of six lakes in a small area of 
southern Nova Scotia. Newly identified threats from the invasive exotic shrub Glossy Buckthorn and 
eutrophication have put this species at increased risk of extirpation. Shoreline development also remains 
a threat.  
Applicability of Criteria 
Criterion A (Decline in Total Number of Mature Individuals):  
Not met. Declines below thresholds.  
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Criterion B (Small Distribution Range and Decline or Fluctuation):  
Meets Endangered B1ab(iii,v)+2ab(iii,v) because the EO (1,984 km2) and IAO (52 km2) are below 
thresholds, 3 locations are threatened by invasive plants and eutrophication, and the habitat generally is 
being degraded by the invading Glossy Buckthorn, shoreline development, and eutrophication. Shoreline 
development continues to reduce habitat area. There is a decline in the number of mature individuals lost 
through shoreline development. The population does not undergo extreme fluctuations and is currently 
not severely fragmented. 
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):  
Not met. Number of mature individuals exceeds thresholds and a rapid deterioration is not likely to occur 
in a short time frame (1-2 generations).  
Criterion E (Quantitative Analysis): Not done. 
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PREFACE 
 

The Canadian population of Sweet Pepperbush appears to have experienced 
minor declines from shoreline development since its last status assessment in 2001, but 
new threats have been identified that could cause significant future declines. 
Competition from the invasive exotic shrub Glossy Buckthorn is already present to a 
limited extent and has potential to become significant in the near future at Pretty Mary, 
Mudflat, and Mill lakes. Glossy Buckthorn is also likely to become established at other 
Sweet Pepperbush sites within three generations with impacts within this timeframe 
unclear. Nutrient enrichment from the leaching sewage ponds of an inactive hog farm 
are likely responsible for a dense Broadleaf Cattail mat covering a few hectares (an 
exceptionally large occurrence for a southern Nova Scotia lake), within an area of dense 
Sweet Pepperbush occurrence at Belliveau Lake. Nutrient enrichment is a threat to 
Atlantic Coastal Plain flora generally and probably to Sweet Pepperbush specifically, but 
no obvious population impacts on the plants at Belliveau Lake are yet evident. A long-
standing 1.5 m dam on Mill Lake is another newly recognized issue. It may have 
reduced local Sweet Pepperbush subpopulations from pre-dam levels and likely limits 
its current distribution. The largest threat posed by the dam is that it will give way and 
result in conditions less suitable for existing Sweet Pepperbush while exposing 
unoccupied habitat that could be rapidly taken over by Glossy Buckthorn. The threat of 
shoreline development has been more clearly quantified since 2001. 

 
Sweet Pepperbush abundance and distribution have been much more accurately 

determined since 2001, with comprehensive shoreline surveys delimiting distribution on 
all known lakes and producing population counts on Belliveau, Mill and Mudflat lakes. 
Despite survey effort on 172 lakes within its potential range since 2001, no new 
occurrences have been found and area of occupancy and extent of occurrence are 
unchanged. The absence of new occurrences despite extensive survey effort has 
further demonstrated the species’ rarity in Canada. 

 
Protection has improved somewhat since 2001. Crown land occurrences (Louis 

Lake, Canoe Lake, and 460 m of shore at three Belliveau Lake properties) are likely to 
be designated provincial nature reserves in the near future, though this will not affect 
the threats associated with Glossy Buckthorn and eutrophication. Landowner 
knowledge, appreciation and stewardship of Sweet Pepperbush are also likely improved 
due to outreach initiatives at Pretty Mary and Mudflat lakes. 

 
Sweet Pepperbush is now more extensively available in the horticultural trade in 

Nova Scotia, and is known in cultivation throughout most of the province, including one 
lakeshore record 12 km from the Louis Lake population. 
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COSEWIC HISTORY 
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 
(2014) 

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:     Clethra alnifolia L. 
 
Original Description:   Linnaeus, Species Plantarum 2 (1753) 
 
Synonym: Clethra alnifolia  Blanco  

 Clethra angustifolia Raf.  
 Clethra glauca Hortul. ex Steud. 
 Clethra nana Raf. 
 Clethra paniculata Ait. 
 Clethra pubescens Willd. 

        Clethra pumila Raf. 
 Clethra tomentosa Lamk. 
 Clethra alnifolia L. var. denudata Ait. 

        Clethra alnifolia L. var.  glabella Michx. 
        Clethra alnifolia L. var. michauxii Zabel  

 Clethra alnifolia L. var. paniculata (Ait.) Nicholson 
 Clethra alnifolia L. var. scabra Rehder 
 Clethra alnifolia L. var. scabra Zabel 
 Clethra alnifolia L. var. tomentosa Michx. 
 Clethra alnifolia f. rosea Rehder 
 

English vernacular names: Sweet Pepperbush, White Alder, Summer-Sweet 
 
French vernacular name: Clèthre à feuilles d’aulne 
 
Family: Clethraceae 
 
Order: Ericales 
 
Class: Magnoliopsida, asterid clade (APG 2003) 
 
Major plant group: Angiosperms, Eudicotyledons 
 

http://www.ipni.org/ipni/idPlantNameSearch.do;jsessionid=FED6C4E75B51957A70378A1E10A6EE8F?id=60672-2&back_page=%2Fipni%2FeditAdvPlantNameSearch.do%3Bjsessionid%3DFED6C4E75B51957A70378A1E10A6EE8F%3Ffind_infragenus%3D%26find_geoUnit%3D%26find_includePublicationAuthors%3Dtrue%26find_addedSince%3D%26find_family%3D%26find_genus%3DClethra%26find_infrafamily%3D%26find_rankToReturn%3D%26find_publicationTitle%3D%26find_authorAbbrev%3D%26find_infraspecies%3D%26find_includeBasionymAuthors%3Dtrue%26find_modifiedSince%3D%26find_species%3Dalnifolia%26output_format%3Dnormal
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Clethra alnifolia was first described by Linnaeus in 1753. Eight species and seven 
varieties described between 1789 and 1841 (above; IPNI 2005) have been treated in 
synonymy with Clethra alnifolia in major North American floras back at least to Fernald 
(1950). Sleumer (1967) and many previous authors (summarized in Wilbur and 
Hespenheide 1967) recognized two varieties: alnifolia (occurring throughout the 
species’ range and presumably including Nova Scotia plants, which were not known at 
the time) and tomentosa, with white tomentose leaf undersides, occurring from southern 
North Carolina to Louisiana. Wilbur and Hespenheide (1967), however, examined all 
characters used to distinguish var. tomentosa, and found no basis to recognize it at any 
taxonomic rank. Clethra alnifolia var. tomentosa is still sometimes distinguished (i.e. 
Reed et al. 2002; Weakley 2012), as is the pink-flowered C. alnifolia f. rosea. 

 
The family Clethraceae has at times been placed within the heath family Ericaceae 

(i.e. Robinson and Fernald 1908; Benson 1979), but recent analyses of plastid, 
mitochondrial and nuclear DNA confirm its treatment as a separate family within the 
ericad clade (APG 1998; Anderberg et al. 2002; Fior et al. 2003). 

 
Morphological Description 

 
Sweet Pepperbush (Clethra alnifolia) is a deciduous woody shrub 1 to 3 m tall 

(Figure 1). Aerial stems arise from a branching rhizome and can be close together 
giving a clumped appearance, or spread along the rhizome as far as 2.4 m apart 
(Laycock 1967). Sweet Pepperbush leaves are alternate, obovate (egg-shaped and 
widest near the tip), pointed at both ends and have toothed margins. Inflorescences are 
at the branch tips and are dense upright racemes (narrowly elongate clusters), 4 to 12 
cm long, of small, white, radially symmetrical, 5-petalled flowers (Figure 1). The flowers 
have a strong, pleasant odour described as “deliciously fragrant” (Fernald 1950). 
Fertilized flowers mature into dry, round capsules with many (up to 30+, Reed et al. 
2002) small seeds, though seed production has been reported as locally absent or rare 
in Canada (Taschereau 1986). The capsules remain on the shrubs into the winter. 
Sweet Pepperbush has a chromosome number of 2n = 32 (Hagerup 1928; Tanaka and 
Oginuma 1980; Reed 2005). 
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Figure 1. Sweet Pepperbush (Clethra alnifolia) stand at the outlet of Mudflat Lake. The shrubby lakeshore margin 

extending to the rear of the picture is dominated by Sweet Pepperbush. Photograph by Megan Crowley, 
Parks Canada. 

 
 

Population Spatial Structure and Variability 
 

Sweet Pepperbush is known from three areas in southern Nova Scotia, each of 
which is 50 to 70 km from the others. Seed production was reportedly absent from the 
large Belliveau Lake subpopulation (Taschereau 1986), but seeds of unknown viability 
have since been collected from the site. Seed production has not been reported at the 
Pretty Mary – Mudflat – Mill lakes subpopulation, and no seedlings were observed there 
in 2012 surveys (Belliveau pers. comm. 2012). Limited numbers of seedlings have been 
observed at the Louis Lake subpopulation in the two most recent surveys in 2000 and 
2012 (Hill et al. 2000; COSEWIC 2001; Hill pers. comm. 2012). The distances between 
the Canadian subpopulations and the possibility of limited seed production (which would 
further limit dispersal potential) suggest that the three Canadian subpopulations are 
genetically isolated from one another. 

 
Sweet Pepperbush is strongly, though not completely, self-incompatible (Reed et 

al. 2002; Reed 2006) and reproduces most frequently by production of vegetative 
shoots (Jordan 1993; Jordan and Hartman 1995). Genetic diversity of Canadian 
subpopulations has not been investigated, but if limited seed production is a general 
condition in Canada it is most likely caused by limited genetic diversity given extensive 
pollinator activity (COSEWIC 2001; Belliveau pers. comm. 2012; Hill pers. comm. 2012) 
and climate similar to the northern part of its American range where seed production is 
not limited (Jordan and Hartman 1995).  
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All three Canadian subpopulations have large numbers of individuals with gaps 

between occurrences not exceeding 0.7 km (except for Canoe Lake, discussed below). 
Movement of pollen by bees (the primary pollinators of the Sweet Pepperbush, see 
Interspecific Interactions), and potentially other pollinators, over that distance is likely 
frequent. Osborne et al. (2008) found foraging distances of at least 1.5 km in studies of 
the Buff-tailed Bumblebee, Bombus terrestris. Walter-Hellwig and Frankl (2000) 
recorded a similar maximum forage distance of 1.75 km for that species.  

 
The single shrub at Canoe Lake is 1.9 km from the nearest known Sweet 

Pepperbush on Louis Lake and pollinations over that distance may be limited. Given the 
species’ self in compatibility, the single shrub at the Canoe Lake occurrence is not 
considered a viable subpopulation on its own. 

 
Sweet Pepperbush subpopulations in Canada are composed of large numbers of 

“individuals” as defined by COSEWIC (2010), within large areas of suitable habitat, and 
appear to have good viability at least as clonal subpopulations. The species is thus not 
considered severely fragmented (COSEWIC 2010). 

 
Designatable Units 
 

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

 
Special Significance 
 

Sweet Pepperbush is one of a large suite of disjunct southern species of the 
Atlantic Coastal Plain in southern Nova Scotia, many of which are rare in Canada 
(Environment Canada and Parks Canada Agency 2010). Ongoing stewardship and 
outreach programs have resulted in these rare species being known and appreciated by 
many cottagers, residents and visitors. Sweet Pepperbush is particularly appreciated by 
some cottagers because of its showy flowers and strong, pleasant fragrance. 

 
These characteristics have resulted in Sweet Pepperbush being a widely used 

ornamental species in North America and in Europe, where it has been cultivated since 
1731 (Taschereau 1986). There are many named cultivars of Sweet Pepperbush 
available commercially and this species is especially recommended for planting to 
attract native pollinators and as an alternative to invasive, non-North American shrub 
species (Cullina 2003; Clemson Extension 2010; Missouri Botanical Garden 2013). 

 
Canadian subpopulations of Sweet Pepperbush are isolated from other 

occurrences by more than 200 km and are the northernmost occurrences worldwide. 
Canadian subpopulations could thus have a disproportionate significance to the 
species’ range-wide genetic diversity (Lesica and Allendorf 1995; Garcia-Ramos and 
Kirkpatrick 1997; Eckert et al. 2008). 
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There appears to be little or no evidence of medicinal use of Sweet Pepperbush in 

the literature, which is somewhat surprising given the medicinal use of other Clethra 
species (below), Sweet Pepperbush’s abundance in the eastern United States, and its 
apparent resistance to herbivores (see Interspecific Interactions and Physiology and 
Adaptability). The Japanese Summersweet (Clethra barbinervis, closely related to 
Sweet Pepperbush) and the South American Clethra castaneifolia have been 
investigated chemically because of traditional medicinal uses, with antifungal and 
antibacterial properties documented (Tanabe et al. 1966; Takani et al. 1977; Takahashi 
and Takani 1978; Furumai et al. 2003; Bussman et al. 2010, 2011; Murata et al. 2013).  

 
Sweet Pepperbush is well known to beekeepers of the eastern United States as a 

good honey plant (Hemingson 1986 and references therein). 
 
No evidence of Canadian aboriginal traditional knowledge of this species was 

found during the preparation of this report (Hurlburt pers. comm. 2013). 
 
 

DISTRIBUTION 
 

Global Range 
 
Sweet Pepperbush is native to the eastern United States and southern Nova 

Scotia (Figure 2). It occurs from southern Maine to western Texas, primarily along the 
Atlantic Coastal Plain (excluding southern Florida) and into the Piedmont plateau region 
of the eastern USA within about 150 km of the coast. Occurrence west of eastern 
Louisiana and in areas further inland is restricted to scattered localities in Texas, 
Louisiana, Tennessee, western New York and western Pennsylvania (Kartesz 2011). In 
Canada, Sweet Pepperbush is restricted to three subpopulations on six lakes in 
southern Nova Scotia within a 70 km by 60 km area. 

 
Sweet Pepperbush is widely planted as an ornamental species but has not been 

recorded as establishing beyond its native range in North America (Kartesz 2011), 
although it might be difficult to identify peripheral occurrences as non-native. It is 
documented as marginally established via persistence of cultivated individuals or 
localized spread from cultivation in Belgium (Verloove 2006), The Netherlands (van der 
Meijden 2005 in National Botanic Garden of Belgium 2013) and England (Clement and 
Foster 1994 in National Botanic Garden of Belgium 2013). Reports of the species as a 
well-established invasive on Sao Miguel in the Azores Archipelago (Ramos 1995) are in 
error and actually refer to the Lily of the Valley Tree (Clethra arborea; Silva and Smith 
2004).  

 
Canada supports less than 1% of the global population. 
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Figure 2. Native range (green shading) of Sweet Pepperbush (Clethra alnifolia). The map is modified from Kartesz 

(2011). In the United States a whole county is shaded if at least one record is known.  
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Canadian Range 
 

In Canada, Sweet Pepperbush is restricted to the COSEWIC Atlantic National 
Ecological Area in southwest Nova Scotia (Figure 3). It is known only from Louis Lake 
and nearby Canoe Lake (one shrub only) in southern Yarmouth County, from Belliveau 
Lake 50 km northwest in Digby County and from three adjacent and hydrologically 
connected lakes in southern Annapolis County (Pretty Mary, Mudflat, and Mill lakes) 75 
km northeast of Louis Lake and 72 km east of Belliveau Lake. 

 
 

 
 
Figure 3. Distribution of Sweet Pepperbush (Clethra alnifolia; red dots) in Nova Scotia at 1 – Belliveau Lake, 2 – 

Pretty Mary Lake, Mudflat Lake and Mill Lake, 3a – Louis Lake and 3b – Canoe Lake. Dark lines are 
county boundaries. Inset map indicates location of the larger map within Nova Scotia. 
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Sweet Pepperbush is a widely used ornamental species. It seems to have been 
infrequently planted in Nova Scotia prior to 1990 and is still not frequently seen in 
cultivation, but it is now widely available at nurseries and major retailers (Blaney pers. 
obs. 1999-2012). The origins of all cultivated plants are ultimately in the United States, 
although pepperbush has been in cultivation, and probably subject to horticultural 
selection, in Europe for several hundred years as well (see Special Significance). 
Canadian occurrences can be discounted as a potential source for cultivated plants 
because they were discovered relatively recently (Taschereau 1969) and research for 
this report uncovered no evidence of attempts to bring Nova Scotia genotypes into 
commercial cultivation. Herbarium specimens that are clearly from cultivated individuals 
are known from 1970 and 1973 well outside the natural range on McNabs Island in 
Halifax Harbour (persistent from historical cultivation but not widely spreading, 
Taschereau 1986), and from 2012 in a yard on the shore of Marcel Lake in southern 
Yarmouth County (a single individual, AC CDC 2013), just 12 km from the Louis Lake 
occurrence. These and other cultivated occurrences (observed as far north as Iona in 
southern Cape Breton, 380 km northeast of Pretty Mary, Mudflat, and Mill lakes, Blaney 
pers. obs. 1999-2012) are not considered wild occurrences for the purposes of this 
report.  

 
Despite the species’ use as an ornamental and its discovery in Nova Scotia 

(Taschereau 1969) after the vast majority of native species had been documented for 
the province (Roland and Smith 1969), two lines of evidence strongly indicate that it is a 
long-established native species in Nova Scotia. First, Sweet Pepperbush occurs quite 
widely and abundantly at all three subpopulations, with occurrences spread over several 
kilometres. This suggests long-term residency (likely exceeding several hundred years) 
because field observation suggests limited seedling establishment in Nova Scotia (see 
Life Cycle and Reproduction), and because lateral spread by rhizome is unlikely to be 
much more than 1 m per year (based on maximum rates of growth observed in above-
ground stems, Blaney et al. pers. obs. 2013). Second, Sweet Pepperbush distribution in 
the United States and its disjunction into southern Nova Scotia from southern Maine fits 
a pattern shared by many other Atlantic Coastal Plain flora (Roland and Smith 1969; 
Wisheu and Keddy 1994; Clayden et al. 2009) and is thus not suggestive of human 
introduction. The absence of earlier records of Sweet Pepperbush does not suggest 
recent introduction because, except for Canoe Lake (visited by Fernald in 1921) where 
only a single shrub is currently present and the species could have been easily missed, 
herbarium records indicate that no botanists visited the lakes at which Sweet 
Pepperbush occurs prior to the discovery of the species. 

 
Extent of Occurrence and Area of Occupancy 
 

Under COSEWIC guidelines (COSEWIC 2010), extent of occurrence (EO) for 
extant sites in Canada is 1,984 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 52 km2. 
These values include the single Canoe Lake individual, which is not a viable 
subpopulation on its own but is considered part of a larger Louis Lake subpopulation. 
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Search Effort 
 

Although Sweet Pepperbush was not discovered in Nova Scotia until 1968 
(Taschereau 1969), the presence of Atlantic Coastal Plain flora in southern Nova Scotia 
has been well known since Merritt Fernald’s expeditions (Fernald 1921, 1922) and 
search effort for coastal plain species has been extensive. Floristic work focused on 
coastal plain flora in southern Nova Scotia has continued from the 1950s to the present 
and academic work on the ecology, distribution and local diversity of Nova Scotian 
coastal plain flora with a focus on conservation implications has been ongoing since the 
1980s (see references in COSEWIC 2012a). The AC CDC (2013) database of vascular 
plant records and COSEWIC (2012a) document site visits to at least 315 lakes within 
the potential range of Sweet Pepperbush1. Of these, 220 were visited up to 2000 when 
the last status report (COSEWIC 2001) was prepared. Fieldwork since 2000, 
predominantly by Atlantic Canada Conservation Data Centre (AC CDC), Nova Scotia 
Department of Natural Resources and Mersey Tobeatic Research Institute (MTRI) (see 
references in COSEWIC 2012a) has been more intensive, with 172 lakes visited, 
including 95 lakes not visited prior to 2000. Most of the 95 newly visited lakes have had 
comprehensive coverage of their shorelines for rare plants. These figures, especially 
those from before 2000, are conservative estimates of the number of lakes visited by 
botanists because of incomplete databasing of existing specimens and lakes visited 
where no data were collected. They would, however, include a majority of southern 
Nova Scotia lakes visited by botanists.  

 
Sweet Pepperbush is an exceptionally showy species when in flower, meaning that 

if it were at all frequent in unsurveyed areas it would likely have been noticed by 
naturalists, canoe trippers, hunters and other outdoors enthusiasts and brought to the 
attention of botanists. Hundreds of additional lakes in southern Nova Scotia would thus 
have had some level of incidental survey for Sweet Pepperbush. 

 
Despite the extensive recent fieldwork, only three new occurrences have been 

found since Taschereau (1969): Louis Lake in the late 1980s, Canoe Lake (one shrub) 
in 1995 and Pretty Mary, Mudflat, and Mill lakes in 1998 (COSEWIC 2001; AC CDC 
2013). The lack of records of Sweet Pepperbush from 309 of 315 surveyed southern 
Nova Scotia lakes strongly indicates that the very limited known range is not a result of 
inadequate survey effort. Habitat occupied by Sweet Pepperbush does not, however, 
seem at all unusual for southern Nova Scotia (Blaney pers. obs. 1999-2012). The lakes 
on which Sweet Pepperbush is known include several smaller lakes at or near 
headwater areas. Similar lakes make up a large proportion of the roughly 1,135 lakes 
and ponds (out of 1,450 total, Natural Resources Canada 2003) within the potential 
range of Sweet Pepperbush for which no record of a botanist visit is available. Although 
Sweet Pepperbush is clearly rare, there is thus a reasonable possibility that small 
numbers of additional occurrences may eventually be found. 

 

                                            
1 The southern Nova Scotia counties of Lunenburg, Queens, Shelburne, Yarmouth, Digby and Annapolis which 
closely correspond to the region of highest diversity of Atlantic Coastal Plain flora in Nova Scotia. There are 
approximately 1,450 named lakes and ponds within this region. 



 

13 

 
HABITAT 

 
Habitat Requirements 
 

In Nova Scotia, Sweet Pepperbush is a species of acidic upper lakeshores and 
lakeshore forest margins. It also occurs locally along shrubby and semi-forested stream 
margins and to a limited extent under Red Maple (Acer rubrum)-dominated swamp 
forest canopy within about 20 m of shorelines (Hill pers. comm. 2012). It has not been 
observed to flower when under dense forest canopy in Nova Scotia (Hill pers. comm. 
2012). Nova Scotian Sweet Pepperbush occurs in gravelly, sandy, peat and muck soils, 
sometimes within the zone of shoreline boulders pushed up by ice. It is considered an 
obligate wetland plant in Nova Scotia (Blaney 2011), and can grow in sites with shallow 
standing water for most of the summer (Belliveau pers. comm. 2012), although it is 
more often in sites just above the low summer water level. Similar habitats are occupied 
throughout its range, but there appears to be a greater tendency to extend into shaded 
and non-wetland conditions further south.  

 
Sweet Pepperbush is a facultative wetland plant throughout its United States’ 

range range (USFWS 1997). Relatively open conditions, swamps, shores, and acidic 
soils are frequently mentioned themes in habitat descriptions. Examples include: 
wooded swamps, shores and the borders of shrub swamps, lakes, ponds and streams, 
rarely in woodlands and ridge tops in New England (Magee and Ahles 1999; Haines 
2011); “open bog or swamp habitats in sandy, or peaty, acid, low-nutrient soils” in New 
York (Gargiullo 2007); “…abundant in hardwood swamp, common in Atlantic White 
Cedar (Chamaecyparis thyoides) swamp and pine transition communities, and rare 
throughout the upland” in New Jersey pine barrens (Laycock 1967); “mesic to rather 
dry, acidic upland forests, wet flatwoods, nonriverine swamps, seepage swamps, and 
bogs” in Virginia (Virginia Botanical Associates 2013); pine flatwoods, various acidic, 
peaty or sandy shrub and treed swamps (referred to as “pocosins”, “blackwater riverine 
swamps” and “non-riverine swamp forests”) and swamp edges in the southeastern 
Coastal Plain (Nelson 2006; Weakley 2012); “acidic wetlands and swamps” (Crabtree 
2012) in Tennessee; and “edges of acidic wetlands” in Alabama (Kral et al. 2013). Tiner 
(1987) noted Sweet Pepperbush as also occurring in “…irregularly flooded tidal swamps 
and at the margins of tidal fresh marshes”. In the United States, Sweet Pepperbush is 
frequently noted for salt tolerance (especially relative to salt spray) in horticultural (i.e. 
Dirr 1990; Ohio State University 2013) and natural situations (Glen 2005), though salt 
tolerance in soil is limited. Anstey (1999) found significantly reduced growth and heavy 
mortality in Sweet Pepperbush seedlings watered and/or flooded at 1/7th to 1/11th the 
salinity of seawater. 
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Habitat Trends 
 

Sweet Pepperbush habitat at Louis Lake and Canoe Lake is believed to have been 
stable since the last status report, and likely for a longer period into the past as these 
sites are on Crown land with no development. Some forest harvesting has taken place 
within about 100 m of the lakeshores in the past 20 or 30 years (COSEWIC 2001; 
Google Earth 2013), but does not appear to have directly affected Sweet Pepperbush 
(Hill pers. comm. 2012). The invasive exotic shrub Glossy Buckthorn (Frangula alnus), 
presently known about 40 km away from Louis and Canoe lakes, is likely to reach these 
lakes within decades and may eventually reduce habitat quality, but is not an immediate 
threat. 

 
Habitat quality is just starting to be impacted by Glossy Buckthorn at Pretty Mary, 

Mudflat, and Mill lakes, where thousands of mature Glossy Buckthorn in adjacent 
abandoned farmland provides a large seed source. Impacts on Sweet Pepperbush thus 
far have likely been minimal, but at least one mature Glossy Buckthorn has been 
observed growing through a Sweet Pepperbush stand and over-topping it, suggesting 
potential for future competitive effects. The possible impacts of such shading are 
indicated by the fact that occurrences in naturally shaded conditions in Nova Scotia do 
not appear to produce flowers (Hill pers. comm. 2012), and that shading reduces 
productivity and sexual reproduction in the American range (Jordan and Hartman 1996). 
Glossy Buckthorn may be within about 10 km of Belliveau Lake already (see Threats – 
Invasive Species) and is likely to eventually reduce habitat quality there, although it is 
not believed to be impacting habitat at present. 

 
As discussed in detail under Threats – Shoreline Development, habitat at 

Belliveau Lake and on Pretty Mary, Mudflat, and Mill lakes has been impacted by 
shoreline development, primarily within the last 30 years. Shoreline development effects 
on Sweet Pepperbush habitat are more significant than with many herbaceous Atlantic 
Coastal Plain species because the species occurs on the upper shore often within the 
development footprint, and because it is tall enough to block lake views and tends to be 
removed for that reason. Multiple new single-cottage developments on Belliveau, Pretty 
Mary, and Mudflat lakes have been observed in recent years (Belliveau pers. comm. 
2012; Gray pers. comm. 2012) but total impacts of all development on Sweet 
Pepperbush habitat are roughly estimated at not more than 4.6% (based on 10 m of 
loss per cottage within 11 km of occupied shoreline). Good road access and highly 
divided land ownership mean that small-scale developments are likely to continue. 
Future development is also likely on Mill Lake, where most of the shoreline is owned by 
an offshore development company and a group of American lawyers (Gray pers. comm. 
2012). 
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Habitat quality is believed to have declined on Belliveau Lake as a result of 
eutrophication because of leaching sewage ponds from an abandoned hog farm (see 
Threats – Eutrophication). The extent to which this threatens Sweet Pepperbush is 
unclear, but the species’ adaptation to acidic, nutrient-poor soils suggests it may be less 
competitive than more common species (including the invasive Glossy Buckthorn) in 
high nutrient conditions. Future mink farm development could cause further 
eutrophication at Belliveau Lake, but is unlikely to affect other subpopulations (see 
Threats – Eutrophication). 

 
 

BIOLOGY 
 

Life Cycle and Reproduction 
 

Sweet Pepperbush flowers in Nova Scotia from late July to early September, with 
peak flowering in mid-August (Belliveau pers. comm. 2012; Hill pers. comm. 2012). An 
identical flowering period (July 21 to early September) was noted for Storrs, Connecticut 
by Hemingson (1986). Detailed descriptions of floral morphology and phenology are 
given in Kavaljian (1952) and Reed (2006). Pollination is primarily or exclusively by 
insects, which are attracted to the large and highly fragrant inflorescences that produce 
large quantities of nectar. Bees appear to be the major pollinators, but many other 
insects are attracted to the flowers (see Interspecific Interactions). The porose 
anthers suggest buzz pollination (in which larger bees vibrate their bodies while on the 
flowers to release pollen, Buchmann 1983) is important, as is the case with many 
species of the heath family Ericaceae and related families (Hemingson 1986). Sweet 
Pepperbush exhibits strong, but not complete self-incompatibility, perhaps governed by 
systems in the ovaries or ovules (Hemingson 1986; Reed et al. 2002; Reed 2006. This 
would be “late acting self-incompatibility” as opposed to self-incompatibility through 
mechanisms in the stigma or style). Alternatively, there may be early acting inbreeding 
depression that prevents maturation of seed produced by self-pollination (Reed 2006). 
Hemingson’s (1986) experiments showed major reductions in seed set under various 
floral bagging treatments, and led her to calculate that 16% to 34% of fruit set could be 
due to wind. She also found that anther removal coupled with floral bagging produced 
no seed set, suggesting apomixis does not occur. The species’ self-incompatibility may 
be an important factor in Canada. No seeds were found in plants examined at Belliveau 
Lake (Taschereau 1986), although seeds of unknown viability have been collected there 
and recently at Mudflat Lake (Belliveau pers. comm. 2012; Blaney et al. pers. obs. 
2013). Seedling establishment seems to be rare in all subpopulations (see Threats - 
Limited Genetic Diversity and Lack of Seed Production). 
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Seeds mature through late summer and autumn and remain in the capsules 
relatively late into the fall. Jordan and Hartman (1995) reported peak of seed dispersal 
from the capsules in November in New Jersey and noted 6 to 17 seeds per capsule with 
total seed production per plant ranging from 1,348 to 7,920. Reed et al. (2002) reported 
a mean of 30 seeds per capsule in hand pollinations between Sweet Pepperbush 
cultivars. The tiny seeds have no obvious adaptations for dispersal but are known to be 
moved short distances by wind (Jordan and Hartman 1995). Water, wind and 
vertebrates moving seeds within mud attached to their bodies could all contribute to 
longer distance dispersal (see Dispersal and Migration). Seeds do not require 
stratification and can germinate immediately after dispersal (Dirr and Heuser 1987; 
Jordan and Hartman1995) but seeds from New Jersey populations germinated more 
readily under mid-summer conditions in a growth chamber after five months cold (0oC to 
2oC), dark stratification than did unstratified seeds (40% to 59% vs. 36%; Jordan and 
Hartman 1995). Deno (1993 in Jordan and Hartman 1995) also reported 60% 
germination in controlled conditions (the highest rate of nine shrub species tested). 
Jordan and Hartman (1995) found that in New Jersey hardwood swamps, seedling 
establishment was the largest limitation to sexual reproduction, with availability of 
slightly drier elevated sites, which are good for establishment, being the key factor 
influencing the ratio of seedling to vegetative regeneration.  

 
Sweet Pepperbush can be propagated by stem cuttings or by sucker division 

(Wennerberg 2004; Williamson 2010). Softwood stem cuttings are best harvested in 
early summer. It is not known if reproduction from stem cuttings has been attempted in 
Canada. 

 
Seed longevity in the field is unknown, and there is no reference to soil seed-

banking. Average time to first flowering from seed in the field is probably more than ten 
years given that flowering is mostly restricted to larger stems and an especially large 
stem was 28+ years old (Taschereau 1986). In Nova Scotia (Taschereau 1986; 
COSEWIC 2001) and in studied American populations, most reproduction is by 
spreading rhizomes which can produce new shoots up to 2.4 m from the parent plant 
(Laycock 1967). Vegetative shoots can be produced in tight clumps which would 
typically be counted as a single individual for COSEWIC assessment or as shoots 
separated from others by as much as 2.4 m (Laycock 1967). Most commonly shoots are 
produced as sparsely to densely aggregated but distinctly separate stems at densities 
ranging from a few to 20+ per m2 (Belliveau pers. comm. 2012; Blaney et al. pers. obs. 
2013). When greater densities are present, many stems are of very small sizes (Blaney 
et al. pers. obs. 2013). In New Jersey hardwood swamps, Jordan and Hartman (1995, 
1996) found vegetative sprout densities were 20 times those of seedlings, and 
suggested that establishment via vegetative spread allows occupancy of wetter habitats 
where seedling establishment is difficult. They also suggested that the development of 
an extensive network of vegetative shoots created a “sprout bank” that could respond 
rapidly to canopy openings independent of sexual reproduction. Time to flowering for 
new shoots is likely to be somewhat faster than from seed because the shoots can draw 
on parental resources (Huenneke 1987; Huenneke and Marks 1987; Jordan and 
Hartman 1995). The time required for a new vegetative shoot to produce additional 
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vegetative shoots at a distance sufficient for them to be counted as separate 
“individuals” is unknown but may be at least several years. Individual shoots can last 
many years. Taschereau (1986) counted 28 years of annual growth rings on one of the 
largest stems he could find on Belliveau Lake. If many larger stems are 20 to 30+ years 
old, generation time (average age of parents) could be at least 10 years. Clumps of 
stems, which continually resprout from the base, and genetic individuals (complexes of 
connected stems and clumps) are presumably much longer-lived. 

 
Physiology and Adaptability 
 

Horticultural references suggest Sweet Pepperbush has broad tolerances for: 
climate (United States Plant Hardiness Zones 4 to 9 [Christman 2011; Dave’s Garden 
2013], corresponding to minimum temperatures of about -35oC to -4oC, USDA 2012); 
soil pH (acidic to neutral, Plants for a Future 2013); light levels (from full sun to shade, 
with a noteworthy characteristic being its ability to produce flowers in the shade, 
Clemson Extension 2010; Missouri Botanical Garden 2013); and moisture (i.e. “prefers 
consistently moist to wet soil conditions”, Missouri Botanical Garden 2013; “once 
established in cultivation, it thrives on drier, well drained soils”, Christman 2011). The 
species’ broad geographic range from the Gulf Coast of the United States to southern 
Maine and Nova Scotia confirms a broad climatic tolerance in the wild. Habitat 
descriptions from the United States show that although it is predominantly a wetland 
species it does occur in drier upland conditions with some frequency and that it is 
frequently present in both full sun and deep shade (see Habitat Requirements and 
Jordan and Hartman 1995, 1996). Anstey (1999) conducted detailed analysis of soil 
nutrient characteristics of eight sites at four populations in Virginia, finding strongly 
acidic pH values between 4.0 and 5.2. She also conducted a laboratory study of the 
interactive effects of flooding and salinity, showing significantly reduced performance of 
seedlings at 1/11th seawater salinity and complete mortality at 1/7th seawater salinity. 

 
Jordan and Hartman (1996) investigated Sweet Pepperbush’s response to varying 

light levels. They found that Sweet Pepperbush responded to large canopy openings 
with increased stem density and recruitment, seedling density, growth rate, and 
flowering, but decreased vertical growth. 

 
Sweet Pepperbush has a high accumulation rate of cobalt, manganese, zinc, and 

calcium, making it potentially useful in evaluation of those compounds in soils (Beeson 
et al. 1965). It has also been shown to produce compounds that mimic insect growth 
regulators and likely serve to reduce insect herbivory (Jacobson et al. 1975). 

 
Dispersal and Migration 
 

Seed production and/or seedling establishment appears to be limited in Canadian 
subpopulations of Sweet Pepperbush. Taschereau (1986) reported no maturation of 
seed on Belliveau Lake, though seeds of unknown viability have been collected there 
recently (Belliveau pers. comm. 2012). Seedlings have only been observed at Louis 
Lake, where a small number of seedlings were observed in the two most recent surveys 
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in 2000 and 2012 (Hill et al. 2000; COSEWIC 2001; Hill pers. comm. 2012). The 
presence of the single mature plant at Canoe Lake, one kilometre from Louis Lake, 
suggests a history of seed production. Seed production has not been investigated at 
other Nova Scotian sites but likely occurs at least occasionally given that the wide 
distribution of Sweet Pepperbush around the lakes, including gaps in occurrence of 
several hundred metres, is unlikely to be explained by vegetative reproduction alone. 
Limited seed production and a consequent inability to disperse from lake to lake does 
seem to be a likely explanation for the absence of Sweet Pepperbush from hundreds of 
apparently suitable lakes in southern Nova Scotia, including many within one or a few 
kilometres of large subpopulations. 

 
Sweet Pepperbush seeds lack any obvious dispersal mechanisms, but their very 

small size (0.5 mm x 0.75 mm) suggests they could be moved by wind (Sleumer 1967). 
Jordan and Hartman (1995) measured seed dispersal within 3 m of parent plants and 
found maximum dispersal between one and two metres from the parents, with a 
tendency toward dispersal in the direction of prevailing winds. The fact that seeds are 
retained in the capsules well into the fall and potentially into the winter means that 
dispersal by wind across ice could produce longer-distance dispersal within lakes. 
Dispersal of seeds in mud attached to vertebrates (Porter 1983) would also be possible, 
and would be a plausible means of long-distance dispersal into Nova Scotia. 
Information on buoyancy and flotation time of the seeds is not available, but water 
dispersal may also be important given Sweet Pepperbush’s shoreline habitat. 

 
The traditional view on migration of Sweet Pepperbush and other Atlantic Coastal 

Plain plant species into present-day Nova Scotia (Roland and Smith 1969) is that these 
plants reached Nova Scotia after having colonized (or having persisted throughout the 
period of glaciations on) land between present-day southern Nova Scotia and 
Massachusetts exposed by lower sea levels. This suggests a slow migration to Nova 
Scotia via shorter-distance dispersal events over thousands of years. A recent 
evaluation (Clayden et al. 2009) suggests this scenario may be unlikely for southern 
species like Sweet Pepperbush 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 very long-distance dispersal (on the scale of 200 to 400+ km 
between southern Nova Scotia and New England) may be possible for Sweet 
Pepperbush over geological time.  

 
Interspecific Interactions 
 

Sweet Pepperbush is well known as an attractive plant for pollinating insects, 
especially bees (Taschereau 1986; COSEWIC 2001; Bhattacharya et al. 2003; Clemson 
Extension 2010; Missouri Botanical Garden 2013). The pollination biology of Sweet 
Pepperbush in New England was investigated in detail by Hemingson (1986). She 
collected insects from Sweet Pepperbush flowers, finding 140 species in the orders 
Hymenoptera (bees, wasps and ants – 58 species in 13 families), Coleoptera (beetles – 
32 species in 12 families), Diptera (flies – 15 species in five families), Hemiptera (true 
bugs, treated in the broad sense here – 21 species of 9 families) and Lepidoptera 
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(butterflies and moths – 14 species in 6 families). Hemingson (1986) found Black-
headed Soldier Beetle (Cantharis nigriceps), Common Eastern Bumble Bee (Bombus 
impatiens) and Honey Bee (Apis mellifera) were the most abundant flower visitors. Her 
observations of insect behaviour and insect pollen loads led her to conclude that 
bumble bees (Bombus spp. sensu lato) were the main pollinators. Jordan and Hartman 
(1995) reported visits to the flowers from many species of bees, flies and beetles in New 
Jersey and butterflies are also reported as frequent visitors (Clemson Extension 2010; 
Missouri Botanical Garden 2013). Bees (species not noted) are abundant visitors to 
Canadian subpopulations of Sweet Pepperbush (Belliveau pers. comm. 2012; Hill pers. 
comm. 2012). Bhattacharya et al. (2003) investigated movement of bumble bees and 
carpenter bees (Bombus impatiens, B. affinis, and Xylocopa species) between patches 
of Sweet Pepperbush in Massachusetts. Only three of 113 bumble bees recaptured in 
five to six day studies moved away from the patches of Sweet Pepperbush (between 
240 m2 and 820 m2 in size, all within a 150 m x 150 m area) at which they were 
originally captured. The site fidelity of these highly mobile generalist pollinators 
suggests high nectar and/or pollen rewards within pepperbush patches.  

 
Sweet Pepperbush seems to be relatively resistant to herbivores. Plants in the field 

in Canada (Belliveau pers. comm. 2012; Hill pers. comm. 2012) and in most images 
online appear to have relatively limited insect damage. An exception was noted at 
Mudflat Lake in September 2013, where numerous shoots had been affected by an 
unknown caterpillar which cut the growing branch tip and used silk to connect the upper 
three to six leaves into a tube around the stem (Blaney et al. pers. obs. 2013). One 
moth (Celama clethrae) reported as a specialist herbivore of Sweet Pepperbush (Smith 
1909; Brower 1974) is known from Maine and should be looked for around Sweet 
Pepperbush occurrences in Nova Scotia. It is not currently known to occur in Canada 
(Troubridge and Lafontaine 2004). No other specialist insect herbivores are apparent in 
Internet references, and reference to invertebrate feeding of any kind is very limited. 
The Southern Red Mite (Oligonychus ilicis), a generalist leaf herbivore, is known to feed 
on Sweet Pepperbush (Denmark et al. 2009), as is the introduced Japanese Beetle 
(Popilia japonica, Fleming 1972, in Hemingson 1986). Jordan and Hartman (1995) 
reported predation on seed capsules (usually involving removal of the entire capsule), 
but did not speculate on a cause. Extracts from the stem, leaves and fruits of Sweet 
Pepperbush have been found to have compounds that mimic insect juvenile hormones 
(Jacobson et al. 1975) and likely contribute to prevention of insect herbivory. Sweet 
Pepperbush is noted as being unpalatable to deer (Wood 1988; Jull 2001) and no 
references to herbivory by other vertebrates (including beavers) were found in preparing 
this report. Beavers (Castor canadensis) likely cut some stems. One stem was cut by a 
Beaver from a cultivated lakeshore plant at Marcel Lake, Yarmouth County (Blaney 
pers. obs. 2012), and Beaver herbivory has also been documented at Mudflat Lake, but 
has not been observed to have significant effects there or elsewhere in Nova Scotia 
(Belliveau pers. comm. 2012; Gray pers. comm. 2012; Hill pers. comm. 2012). 
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Sweet Pepperbush is also somewhat resistant to decomposers. Clethra species 
are reportedly strongly resistant to Honey Fungus (Armillaria spp.; Huxley et al. 1992 in 
Plants for a Future 2013) and Sweet Pepperbush leaves are more resistant to 
decomposition than would be predicted by their high nutrient and low lignin contents 
(Short 2010). 

 
 Sweet Pepperbush is known to develop vesicular arbuscular mycorrhizal 

associations in the wild (Henry 1934), and in cultivation (Sylvia 1988, 1990). Sylvia 
(1988, 1990) found that mycorrhizal colonization by inoculated Glomus spp. did not 
produce significantly increased growth of Sweet Pepperbush in sterilized soils in which 
most other woody species showed a positive growth response from mycorrhizal 
inoculation. 

 
 

POPULATION SIZES AND TRENDS 
 

Sampling Effort and Methods 
 

No fieldwork was undertaken specifically for this report, with the exception of a 1.5 
hour visit to Mudflat and Mill Lakes on September 5, 2013 (Blaney et al. pers. obs. 
2013) to assess the accuracy of population estimates and the distribution along the 
stream between the lakes. Distribution of Sweet Pepperbush was comprehensively 
documented at all lakes on which it is known in 2011 and 2012 through complete 
walking surveys of shorelines (MTRI unpubl. 2012; AC CDC 2013). At Canoe Lake, the 
shoreline was covered comprehensively and only a single shrub with four stems was 
found. For Belliveau Lake, Mudflat Lake, and Mill Lake, stems were counted directly for 
localized zones of occurrence having small numbers (Belliveau pers. comm. 2012). For 
larger zones of occurrence, stem density was described as one of “low” (4 stems per 
metre), “low-medium” (6 stems per metre), “medium” (8 stems per metre), “medium-
high” (10 stems per metre) or “high” (12 stems per metre) density. These stem per 
metre values were derived immediately prior to fieldwork from counts made at Mudflat 
Lake and subsequently confirmed on Belliveau Lake. Stem numbers were derived by 
multiplying shoreline distance occupied by the above stem per metre values (Belliveau 
pers. comm. 2012). Pretty Mary Lake and Louis Lake distribution was comprehensively 
mapped through shoreline walking surveys and some notes on area occupied were 
taken, but stems were not counted. Numbers for these lakes are estimated based on 
assessments by Nick Hill and Alain Belliveau that Pretty Mary Lake numbers are 
roughly halfway between those on Mudflat and Mill Lake and that Louis Lake numbers 
are similar to those on Mill Lake (Belliveau pers. comm. 2012; Hill pers. comm. 2012). 
For all counts above, first-year shoots with no hard woody growth were not included in 
stem count totals (Belliveau pers. comm. 2012). 
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Converting stems counts to numbers of COSEWIC “mature individuals” is not 
possible. Field observation (Blaney et al. pers. obs. 2013) confirms that almost all stems 
are vegetatively produced from spreading rhizomes (see Biology – Life Cycle and 
Reproduction). Some are tightly clumped and best considered part of a larger “mature 
individual” and others are separated by at least 1 m from other stems with root systems 
along the rhizome suggesting they could survive if severed (Blaney et al. pers. obs. 
2013), meaning that they should be considered “individuals” if large enough to 
reproduce either sexually or vegetatively. Most shoots are not producing flowers in any 
one year, and the minimum size at which a stem is likely to reproduce via rhizome 
spread is unknown. Some portion of the smaller stems may be incapable of sexual or 
vegetative reproduction and therefore not countable as “individuals”. 

 
Defining Subpopulations 
 

COSEWIC separates subpopulations if there is typically less than one successful 
genetic exchange per generation. With distances between them of 50 to 76 km and 
seed production possibly limited (at least on Belliveau Lake), the occurrences on 
Belliveau Lake, Pretty Mary – Mudflat – Mill lakes and Louis – Canoe lakes can 
reasonably be assumed to be three separate subpopulations.  

 
The occurrences on Pretty Mary, Mudflat and Mill lakes are considered a single 

subpopulation because occurrence is almost continuous with gaps in occupied areas 
not exceeding 250 m (Blaney et al. pers. obs. 2013), well within the potential pollination 
distance of larger bees (see Dispersal and Migration) and the potential dispersal 
distance of small seeds over a frozen lake or in water current. Similarly, Louis Lake and 
Belliveau Lake are each defined as single populations because occupied habitats are all 
relatively close to one another with maximum within-lake separation distances under 
500 m (Figure 3). The single plant on Canoe Lake is considered part of the Louis Lake 
subpopulation because of its proximity (1.1 km - within potential pollination distance, 
and with a gap in suitable habitat of only 420 m) and because it is likely not viable as a 
subpopulation on its own given significant self-incompatibility (Reed et al. 2002; Reed 
2006) and the very low subpopulation size, and that risks associated with stochastic 
events render it non-viable at this time. 

 
Abundance 
 

The only population index assessed during 2011 and 2012 fieldwork was number 
of stems. As noted in Life Cycle and Reproduction and Search Effort and Methods, 
total stem counts are a useful index of population size representing a maximum 
potential population, but stem counts probably greatly overestimate number of 
individuals because of the inclusion of stems that are insufficiently separate from others 
to survive on their own or are not mature enough to reproduce by vegetative or sexual 
means. 
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Surveys in 2011 and 2012 estimate total stem count in Canada at 45,471 with an 
estimated 16,070 stems at Belliveau Lake, 1,700 stems at the Louis Lake – Canoe Lake 
subpopulation and 27,700 stems at the Pretty Mary – Mudflat – Mill lakes 
subpopulation. Lake-specific estimates for the latter subpopulation are 8,100 stems at 
Pretty Mary Lake, 17,900 stems at Mudflat Lake and 1,700 stems at Mill Lake (Table 1; 
see Search Effort and Methods for derivations of all estimates).  

 
 

Table 1. Stem counts (the only population metric available but an overestimate of mature 
individuals) at the Canadian populations of Sweet Pepperbush (Clethra alnifolia), with 
latest survey dates, land ownership information and explanation of the derivation of stem 
counts. 

Location# Name Population Latest 
survey Land status Derivation of Stem Count 

Estimate 

1 Belliveau Lake 16,071 stems 2012 

- 15.8 km of shoreline (4.4 
km occupied by 
pepperbush) 
- 129 private land parcels 
(44 with pepperbush) 
- 3 Crown parcels 
(2 with pepperbush 
representing ~6% of 
occupied shoreline) 

Conversion of complete 
stem count 

2 

Pretty Mary 
Lake – Mudflat 

Lake – Mill 
Lake1 

27,700 stems 2012 

- 50 private land parcels - 
most of shoreline occupied 
by pepperbush and not 
subdivided; heavily 
subdivided only between 
Pretty Mary and Mudflat 
lakes (30 properties) 

Estimated stem counts for 
Mudflat and Mill Lake. 
Estimate for Pretty Mary 
Lake based on population 
size roughly halfway 
between Mudflat and Mill 
lakes. 

3 Subpop. 3a - 
Louis Lake 

1,700 stems 
 2012 Crown Estimate based on similar 

population size to Mill Lake 

3 Subpop. 3b - 
Canoe Lake2 

1 individual 
(4 stems) 2011 Crown Comprehensive count 

TOTAL 45,471 stems    
1Considered a single subpopulation (rather than three subpopulations) because occurrence is almost continuous with gaps not 
exceeding 440 m. Lake-specific subpopulations are: Pretty Mary Lake ~1,200 (rough estimate; numbers between those at Mudflat 
and Mill lakes), Mudflat Lake 2,980 to 3,580 (extrapolated from count of 17,906 stems), Mill Lake 286 to 343 (extrapolated from 
count of 1,717 stems). 
 
2Considered separate occurrences within a single subpopulation following NatureServe guidelines because gap between 
occurrences is at least 1.1 km but gap in suitable habitat is only 420 m.  

 
 
The number of genetic individuals is undoubtedly vastly lower than the values 

above given the predominance of vegetative reproduction in the species generally and 
in Nova Scotia especially (Taschereau 1986). Jordan and Hartman (1995, 1996) found 
vegetative sprout densities 20 times that of seedlings. 
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Fluctuations and Trends 
 

Population counts were not documented in COSEWIC (2001). Qualitative 
assessments of populations on Belliveau Lake by Alain Belliveau (2009 and 2012, 
Belliveau pers. comm. 2012), by Nick Hill on Louis Lake (1988 and 2012, Hill pers. 
comm. 2012) and by Colin Gray on Pretty Mary, Mudflat, and Mill lakes (1998 to 
present, Gray pers. comm. 2012) suggest that shoreline development is causing a slight 
decline, likely not exceeding 4.6% (see Threats – Shoreline Development), but that 
the population is otherwise stable at present. Relative stability excepting development-
related losses is further suggested at Belliveau Lake by a comparison of the distribution 
mapping in Taschereau (1986) with that of Alain Belliveau in 2009-2011 (AC CDC 
2013), which shows very similar areas occupied. The threats of Glossy Buckthorn 
invasion (see Threats – Invasive Species) and increased competition resulting from 
nutrient enrichment (see Threats – Eutrophication) could have significant effects over 
several generations into the future, but do not yet appear to have reduced Sweet 
Pepperbush populations. 

 
 No natural fluctuations have been noted and none would be expected over the 

shorter term for a slow-growing, long-lived, perennial species such as Sweet 
Pepperbush. 

 
Rescue Effect 
 

Rescue is likely limited for Sweet Pepperbush because Nova Scotia populations 
are separated from the nearest subpopulations in Hancock County, Maine (Kartesz 
2011) by at least 200 km, with most of that distance being open water of the Bay of 
Fundy. Rescue effect from subpopulations in Maine is further limited because of the 
species’ rarity there (S2 in Maine, NatureServe 2013). Distance from Nova Scotia 
occurrences to regions south of Maine where the species is more common are at least 
400 km across the Gulf of Maine. 

 
 

THREATS AND LIMITING FACTORS 
 

Invasive Species 
 

Competition from the invasive exotic shrub Glossy Buckthorn, one of the most 
problematic invasive plant species in Canada and the northeast United States (Catling 
and Porebski 1994; Frappier et al. 2003a; Catling and Mitrow 2012; IPANE 2012) is a 
newly recognized threat to Sweet Pepperbush. There are thousands of reproducing 
Glossy Buckthorn on abandoned farmland between Pretty Mary and Mudflat Lakes 
within about 100 m of both lakeshores (Belliveau pers. comm. 2012), from which seeds 
would be readily dispersed by birds around all three lakes. At Mudflat Lake at least two 
large, mature Glossy Buckthorns have grown through dense pepperbush occurrences 
which they are now overtopping, suggesting strong potential for competitive 
suppression in the future (Belliveau pers. comm. 2012). There are likely already smaller 
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Glossy Buckthorn individuals within pepperbush occurrences around Pretty Mary, 
Mudflat, and Mill lakes given the very large numbers nearby. Peaty wetlands similar to 
those occupied by Sweet Pepperbush in Nova Scotia have a well-documented 
susceptibility to Glossy Buckthorn invasion in Wisconsin (Reinartz and Kline 1998, 
where it was noted as having “over-run the 1,000 ha Cedarburg Bog in 20 years”), 
Illinois (Taft and Solecki 1990), Michigan (Fiedler and Landis 2013), Ontario (Catling 
and Mitrow 2012), and Nova Scotia (Hill and Blaney 2009). The potential of Glossy 
Buckthorn to invade swamps and shorelines occupied by Sweet Pepperbush in Nova 
Scotia is further indicated by occurrence at densities that likely impact native plant 
performance and diversity in relatively undisturbed Red Maple swamp forest along the 
Medway River within 2.5 km of Mill Lake (Blaney pers. obs. 2010). 

 
Glossy Buckthorn is not yet known at other Sweet Pepperbush sites in Nova 

Scotia, but its potential for rapid spread via bird dispersal (Catling and Porebski 1994; 
Hampe and Bairlein 2000; Frappier et al. 2003a; Frappier et al. 2003b; observations of 
single shrubs 10 to 20 km from large occurrences – Blaney pers. obs. 1999-2012; AC 
CDC 2013) and huge source populations in the Digby – Annapolis Royal – Caledonia 
region and locally around Barrington suggest establishment throughout southern Nova 
Scotia is likely in the next 20 to 50 years (~1 to 4 generations). Well-established 
occurrences exist within about 35 km of Belliveau Lake near Digby (S. Blaney pers. obs. 
2012), and perhaps within about 10 km around Weymouth given the presence of ideal 
abandoned farmland habitat. Glossy Buckthorn is also well-established within about 40 
km of Louis Lake near Barrington (S. Blaney pers. obs. 2010). Glossy Buckthorn does 
especially well in cleared, disturbed areas (Reznicek et al. 2011; Lee and Thompson 
2012) and its impacts may be especially significant in suppressing recovery of Sweet 
Pepperbush following disturbance, potentially including water level changes associated 
with failure of the Mill Lake dam (see Artificial Regulation of Water Levels). 

 
Eutrophication 
 

Since the last status report (COSEWIC 2001), eutrophication has changed from a 
theoretical threat to Atlantic Coastal Plain flora in Nova Scotia (Ehrenfeld 1983; Moore 
et al. 1989; Zaremba and Lamont 1993; Environment Canada and Parks Canada 
Agency 2010) to one of the most significant actual threats to the suite of rare flora as a 
whole (COSEWIC 2012a, b).  
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Nutrient enrichment appears to be having effects on occupied Sweet Pepperbush 
habitat at the south end of Belliveau Lake, where a dense stand of several hectares of 
Broadleaf Cattail (Typha latifolia, a native species that is rare on nutrient-poor southern 
Nova Scotia lakes and never seen in stands that large on unaltered lakes, Blaney pers. 
obs. 1999-2012) is present at the inflow of a stream draining sewage ponds from an 
inactive hog farm 600 m upslope from the lake (Belliveau pers. comm. 2012; Figure 3). 
Effects of eutrophication on Sweet Pepperbush are not yet evident at Belliveau Lake 
and the magnitude of potential future impacts is unclear. Nutrient enrichment is 
specifically documented as a threat to peatland communities in Massachusetts in which 
Sweet Pepperbush is a common species (Swain and Cursley 2001). Impacts from 
increased competition are likely to act much more slowly on a tall woody shrub like 
Sweet Pepperbush than on low herbaceous shoreline species, though the longer 
generation time of pepperbush means that a longer period into the future is considered 
in assessing eutrophication threats. Despite uncertainties regarding its effects on Sweet 
Pepperbush, this report applies a precautionary principle and treats eutrophication as a 
threat that could favour more competitive common shoreline species (including the 
invasive Glossy Buckthorn). 

 
Mink farming is the most significant source of inland nutrient pollution within the 

Atlantic Coastal Plain flora region of Nova Scotia (Brylinsky 2011, 2012). It is an 
especially large source of phosphorus pollution because mink feed is treated with 
superphosphate to increase shelf life and reduce the occurrence of kidney stones in 
mink (Brylinsky 2011). Once phosphorus has entered a lake, the recovery from 
eutrophic conditions 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). Mink farming has undergone rapid expansion in Nova Scotia over the past 
decade and is the province’s largest agricultural export with 1.4 million pelts produced 
annually by 152 farms, about 75% of which are in Yarmouth County and adjacent Digby 
County (Flemming pers. comm. 2011). Belliveau Lake is within the region of Digby 
County with the highest concentration of mink farms in Nova Scotia, and although it is a 
headwater lake there is some area within its drainage basin (especially at the 
abandoned hog farm) in which future expansion of mink farming would be possible 
because of good road access and limited population nearby. The Pretty Mary – Mudflat 
– Mill lakes population is also at a headwater lake and may be somewhat less likely to 
be affected by mink farm expansion because of limited mink farm activity in the area 
and a relatively dense cottage population nearby that would object to farm development. 
Louis and Canoe lakes would be unlikely to be affected by mink farm expansion 
because of most of their drainage basins are on Crown land, which has not been leased 
for mink farms in Nova Scotia. 
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Shoreline Development 
 

Shoreline development is considered a significant threat to Atlantic Coastal Plain 
flora communities on lakeshores (Wisheu and Keddy 1994; Eaton and Boates 2003; 
Environment Canada and Parks Canada Agency 2010). As documented in COSEWIC 
(2001), lakeshore cottage and residential development is an ongoing threat to Sweet 
Pepperbush at Belliveau, Pretty Mary, Mudflat, and Mill lakes, but not at Louis and 
Canoe lakes where occurrences are on Crown land. As a shrub of the upper shoreline 
and forest margin, Sweet Pepperbush is more susceptible to removal and damage by 
cottage landowners than herbaceous species that occur completely below the high 
water mark, because some cottagers remove most or all shrubs along their shores.  

 
There are currently about 20 cottages completed or under construction on Pretty 

Mary Lake, five on Mudflat Lake, and one on Mill Lake. All but two or three of these 
have been constructed since the late 1970s or 1980s (within a three-generation period 
in the past), and about eight have been constructed in the past five years (Gray pers. 
comm. 2012). There are about 26 cottages on Belliveau Lake (Belliveau pers. comm. 
2012; Google Earth 2013), with all but four built since 1984 and about 15 built since 
2000. Taschereau (1986) reported one cottage and one cabin on Belliveau Lake in 
1967 and four cottages on Belliveau Lake in 1984. COSEWIC (2001) reported an 
additional five cottages. Development is ongoing and in 2012 three lots were observed 
to have had construction impacts since 2009, including one in which all shoreline shrubs 
had been removed over a distance of about 15 m (Belliveau pers. comm. 2012). Given 
the good road access near much of their shores, shoreline development on all these 
lakes is likely to continue through the future. Belliveau Lake, where property ownership 
is extremely divided (129 private lots over 15.8 km of lakeshore), and Mill Lake, where a 
large property is owned by an offshore development company, are especially likely to 
see significant cottage development in the near future.  

 
Sweet Pepperbush generally persists along cottage shorefronts if landowners do 

not remove it. A large portion of the population on Pretty Mary Lake occurs within 
cottage shorefront, and landowners on all private land lakes typically leave some Sweet 
Pepperbush on their shorefronts while removing vegetation from areas on the scale of a 
few metres to 20 m (Belliveau pers. comm. 2012; Hill pers. comm. 2012). Total 
shoreline currently occupied (at various densities) by Sweet Pepperbush is about 11 
km, and if each of the 51 cottages on pepperbush lakes removed all pepperbush from 
10 m of shoreline (probably an overestimate of actual loss), total loss of occupied 
habitat would be 4.6%. This is an imprecise calculation of actual population loss but 
suggests that losses up to the present have been relatively small. 

 
Artificial Regulation of Water Levels 
 

The artificial regulation of water levels through dam construction can directly 
eliminate coastal plain shoreline species through flooding and can alter community 
composition as reduced disturbance allows competitive species to displace rarer, less 
competitive ones (Keddy 1989; Wisheu and Keddy 1994; Nilsson and Jansson 1995; 
Hill et al. 1998; Merritt and Cooper 2000). Artificial water level regulation was not 
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identified as a threat in the 2001 status report, and it is unlikely that additional dams will 
be constructed on lakes occupied by Sweet Pepperbush; however, Mill Lake is 
controlled by a dam that raises its water level about 1.5m. This dam has likely been 
present for at least 70 years (Gray pers. comm. 2012) and may have reduced 
pepperbush populations from pre-dam levels, because the species is absent from the 
most significantly affected area within about 500 m of the dam and is less common on 
Mill Lake than either Pretty Mary or Mudflat lakes. The largest potential threat related to 
this dam is that it will give way and result in conditions less suitable for existing 
pepperbush while exposing unoccupied potential habitat that could be rapidly taken 
over by Glossy Buckthorn. 

 
Limited Genetic Diversity and Lack of Seed Production 
 

As discussed in Dispersal and Migration, dispersal and/or establishment of 
Sweet Pepperbush from seed appears limited given the species’ absence from vast 
areas of apparently suitable habitat around southern Nova Scotia’s many lakes, rivers 
and streams. Seed production elsewhere is documented as being extensive (Jordan 
and Hartman 1995). If the limitation is one of seed production as suggested for 
Belliveau Lake by Taschereau (1986; but note the recent observation of seed 
production, with viability unknown, by Belliveau pers. comm. 2012), the most likely 
cause is lack of genetic diversity. Using horticultural cultivars, Reed et al. (2002) 
recorded no viable seed production with self-pollination, and Reed (2006) found self-
pollinations produced less than 10% of the seed produced by cross-pollinations. Except 
for Canoe Lake, where the single individual could be lost to an unexpected event, 
eliminating the sub-population, a lack of genetic diversity and inability to produce seed 
would seem to be a factor limiting range expansion rather than a short-term threat to 
persistence. Sweet Pepperbush reproduces extensively via rhizome and vegetative 
shoot growth, and the relatively large and spatially extensive populations at all three 
Canadian sites are unlikely to disappear quickly.  

 
Number of Locations 
 

C COSEWIC “locations” are defined at the scale of the most significant threat to 
each population (COSEWIC 2010). Differences in watershed, land ownership and land 
use mean that threats vary at each of the three subpopulations of Sweet Pepperbush, 
and these must represent at least three locations. The threat of Glossy Buckthorn 
invasion, which is relatively uniform across the whole Pretty Mary – Mudflat – Mill Lake 
occurrence, makes it a single location. The threat of future Glossy Buckthorn invasion 
and an absence of other threats makes Louis Lake a single occurrence. The single 
individual at Canoe Lake, which has shown no evidence of vegetative spread beyond 
the densely clumped stems discovered in 1995, is not considered a viable occurrence 
and is not counted as a separate location. If nutrient enrichment and/or future Glossy 
Buckthorn invasion are considered the most significant threat(s) at Belliveau Lake, it is 
also a single location. If shoreline development is considered the most significant threat 
at Belliveau Lake, the number of occurrences there could be three (based on Crown, 
developed private and undeveloped private shorelines) or up to 44 (the number of 
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separate land parcels on the shoreline in which Sweet Pepperbush is known). Use of 
the higher number would be based on the idea that individual landowners are making 
independent decisions on land management. Total number of Sweet Pepperbush 
locations in Canada is thus three, five or a total of not more than 46, depending on 
interpretation of the most significant threat and the scale at which the threat of shoreline 
development is considered. 

 
 

PROTECTION, STATUS, AND RANKS 
 

Legal Protection and Status 
 

Sweet Pepperbush is currently listed as Special Concern in Canada under 
Schedule 1 of the Species at Risk Act (Government of Canada 2011). It was designated 
Threatened in April 1986 with status re-examined and confirmed in April 1998 and then 
it was re-examined and designated Special Concern in May 2001. It is also listed as 
Vulnerable under the Nova Scotia Endangered Species Act (Nova Scotia DNR 2013).  

 
Sweet Pepperbush is Endangered in Tennessee under the state’s Rare Plant 

Protection and Conservation Act of 1985 (Crabtree 2012, 2013), but has no legal 
protection elsewhere in its non-Canadian range. 

 
Non-Legal Status and Ranks 
 

Sweet Pepperbush is Critically Imperilled (N1) in Canada and in Nova Scotia (S1) 
(NatureServe 2013) and is ranked as Sensitive in Nova Scotia and Canada (Canadian 
Endangered Species Conservation Council 2011). It is globally secure (G5) and 
nationally secure in the United States (N5) and is Critically Imperiled (S1) in Tennessee 
(Crabtree 2012, 2013) and Imperiled (S2) and listed as Special Concern in Maine, but 
otherwise has no special non-legal designations within its range outside Canada 
(NatureServe 2013). 

 
Habitat Protection and Ownership 
 

Roughly 94% of Sweet Pepperbush in Nova Scotia is on private land. The entire 
population on Louis Lake and Canoe Lake (3 or 4% of the Canadian population) and 
460 m of shoreline on three different lots on Belliveau Lake (with an estimated 1.8 to 
2.5% of the Canadian population, assuming even distribution around the lake) are the 
only occurrences on provincial Crown land. Occurrences on Crown land are not subject 
to the direct threats associated with property development. The occurrence on Louis 
Lake is on Crown land designated as a Significant Ecological Site, which confers no 
specific protections but generally limits forest harvesting (MacKinnon pers. comm. 
2012). All Crown land occurrences are likely to be designated as nature reserves in the 
near future (MacKinnon pers. comm. 2012), providing legal protection from direct 
human disturbance, but not from the threats associated with invasive Glossy Buckthorn 
and nutrient enrichment. 
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Cutting of Sweet Pepperbush, in contravention of the Nova Scotia Species at Risk 
Act, still occurs at some private land sites (Belliveau pers. comm. 2012; Gray pers. 
comm. 2012), but stewardship by private landowners has undoubtedly improved 
somewhat since 2001 due to efforts at landowner contact and education, which have 
resulted in general familiarity with Sweet Pepperbush by landowners at the Pretty Mary 
– Mudflat – Mill lake population (Gray pers. comm. 2012). 

 
Sweet Pepperbush occurrences at the water’s edge receive indirect protection 

afforded by 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. 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 all 
may apply.  
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COLLECTIONS EXAMINED 
 

No specimens were examined during preparation of the report. Specimens from 
the E.C. Smith Herbarium, Acadia University (ACAD) and the Nova Scotia Museum of 
Natural History (NSPM) were already documented in the Atlantic Canada Conservation 
Data Centre database (AC CDC 2011) prior to the preparation of the report.  
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