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ABSTRACT  

 

Tick-borne diseases such as Lyme, babesiosis, and anaplasmosis are a continuing threat to public 

health in New England due to the abundance of infected blacklegged ticks (Ixodes scapularis).  

The goals of this project are to monitor blacklegged and invading lone star ticks (Amblyomma 

americanum) at sentinel sites on the islands of Nantucket and Tuckernuck to document current 

conditions and provide a baseline for detecting changes over time.  Results from three field 

seasons (2020-2022) will be used to inform the public and develop cost-effective procedures for 

monitoring abundances of these ticks and the disease agents that infect them.   

 

In June 2020, we selected ten sentinel sites where it is feasible to drag-sample for ticks along 

established trails, nine on Nantucket and one on Tuckernuck.  At each site, we characterized the 

vegetation and sampled ticks on four days to report mean numbers of ticks per kilometer of trail.  

Densities of blacklegged nymphs were greatest at sites with the most tree canopy and shade, and 

lowest at sites with the least shade, such as open grasslands.  Nymph densities were high at sites 



 2 

designated as Stump Pond, UMass Field Station, Norwood Farm, Jewel Pond, and Tuckernuck.  

The lowest mean densities were found at Linda Loring, Barrett Farm Road, and South Pasture, 

while two Pine Woods sites were intermediate. 

 

At five sites with the most blacklegged nymphs (62-162 nymphs/km), we collected 400 nymphs 

per site to determine the prevalence of infections and co-infections.  These laboratory analyses 

are in progress.  Here, we report preliminary results from Stump Pond (2020) and pilot data from 

the UMass Field Station and Tuckernuck (2018), based on sample sizes of 102-147 nymphs per 

site.  We found that 36%, 39%, and 33% of the sampled nymphs were infected with one or more 

pathogens at Stump Pond, the UMass Field Station, and Tuckernuck, respectively.  Pathogens 

responsible for Lyme disease, babesiosis, and anaplasmosis were present in 10-21% of the 

sampled nymphs, and co-infections were present in 7-16%.  Final results for the 2020 field 

season will be added to this report, and larger sample sizes will provide greater confidence in the 

accuracy of our findings. 

 

Lone star ticks are abundant on Tuckernuck and rare on Nantucket, where we found only one 

female and two nymphs.  All three life stages are common on Tuckernuck in June – larvae, 

nymphs, and adults.  Densities of lone star nymphs and adults were 106 and 35 per km of trail, 

respectively, and 70% of all ticks sampled on Tuckernuck were lone stars.  Although their 

infection levels are low in New England, lone star ticks can transmit several disease agents and 

may cause a delayed red meat “alpha-gal” allergy.  If sufficient funds become available, we will 

also test lone stars for infection prevalence.  Further monitoring will help determine whether the 

lone star ticks become even more abundant on Tuckernuck, perhaps at the expense of 

blacklegged ticks, and whether the small, incipient populations on Nantucket increase in 

abundance.  Together, our data on blacklegged and lone star ticks provide a baseline for long 

term surveillance of tick-borne disease agents on these islands. 
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INTRODUCTION 

 

The prevalence of tick-borne diseases depends on intricate ecological interactions among ticks, 

wildlife, and people.  Lyme disease is the most common tick-borne disease in the USA and to 

date no vaccines are available to prevent this disease in humans (Nelson et al. 2015, CDC 

2020a).  Lyme disease can be treated with antibiotics, but long-term complications involving 

inflammation and infection of the central nervous system can occur (Pachner and Steere 1985, 

Thompson et al. 2020).  Infected blacklegged ticks (Ixodes scapularis, formerly I. dammini, also 

known as deer ticks) transmit the Lyme bacterium, Borrelia burgdorferi (hereafter Bb) to people 

(e.g., Lane et al. 1991).  Most cases of Lyme disease are due to bites from nymphs, which seek 

hosts in early summer and are so small that they may not be noticed when taking a blood meal 

(Piesman et al. 1987).   

 

Our research focuses on two components of the ecology of tick-borne diseases - the local 

abundance of blacklegged nymphs and the proportion of nymphs that carry the Lyme bacterium 

and/or other disease agents, such as Babesia microti (babesiosis), Anaplasma phagocytophilum 

(anaplasmosis), and Borrelia miyamotoi.  In addition, we report the densities of co-occurring 

lone star ticks, Amblyomma americanum, which carry fewer disease agents but nonetheless are a 

growing public health concern (Molaei et al. 2019).  Despite several decades of research 

documenting tick-borne diseases on Nantucket (e.g., Spielman 1976, Piesman and Spielman 

1979, Spielman 1981, Piesman et al. 1987), quantitative surveillance of the abundance and 

infection levels of blacklegged nymphs has not been reported, nor have published studies 

reported these measures of entomological risk for Tuckernuck Island, which is part of Nantucket 

township.   

 

The local abundance of infected blacklegged nymphs is likely to vary among sites and years due 

to ecological conditions that affect populations of ticks and hosts such as white-footed mice 

(Peromyscus leucopus), which are an important reservoir host for these pathogens.  Over the 

long term, surveillance data can be used to examine possible effects of climate change, altered 

community structure (e.g., invading lone star ticks), and potential interventions for managing 

Lyme, such as reducing deer populations (Telford 2017), treating deer with acaricides (Stafford 
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and Williams 2017), or introducing genetically engineered white-footed mice that are resistant to 

the Lyme spirochete (Buchthal et al. 2019).   

 

The primary goals of our three-year study are to measure the abundances and infection levels of 

blacklegged and lone star ticks using standardized protocols that allow results to be compared 

across sites and years.  We will report infection levels for the Lyme spirochete and three other 

pathogens carried by blacklegged ticks, including the prevalence of co-infections.  If sufficient 

funds become available, we will also test lone star ticks for infection prevalence.  Data from each 

of three summer field seasons (2020-2022) will be used to develop efficient, cost-effective 

longer-term monitoring procedures.  This information is needed to inform the Nantucket Board 

of Health and the public about the entomological risk for Lyme and other tick-borne diseases on 

Nantucket and Tuckernuck.  Thus, we expect to provide results that are relevant to public health, 

the scientific community, conservation organizations, tourism, and residents’ attitudes about 

spending time in nature.   

 

Ecology of Lyme disease - Blacklegged ticks are generalists, feeding on more than 100 

vertebrate species (Kierans et al. 1996).  Three distinct blood-meals are needed for ticks to 

complete their 2-year life cycle: one as a larva, one as a nymph, and another as a female adult 

(Fig. 1).  Larvae and nymphs of blacklegged ticks commonly feed on small mammals and 

ground-foraging birds, in addition to medium-sized mammals and deer (Odocoileus virginianus; 

Anderson 1988, Huang et al. 2019).  Blacklegged nymphs are most prevalent in hardwood 

forests with leaf litter and well-drained soils; they also occur in brushy habitats, grasslands, and 

residential landscapes (Ginsberg and Zhioua 1996, Van Buskirk and Ostfeld 1998, Feldman et al. 

2015).  Deer are the preferred host for adult female ticks and are used by adult males seeking 

mates (Telford 2017).   

 

A subset of blood-meal hosts for blacklegged ticks function as essential reservoirs for the Lyme 

spirochete.  In the northeastern USA, white-footed mice (Peromyscus leucopus), chipmunks 

(Tamias striatus), and two species of shrews (Sorex cinereus, Blarina brevicauda) are considered 

to be the most competent and abundant reservoir hosts for Bb (Giardina et al. 2000, LoGuidice et 

al. 2003, Brisson et al. 2008).  These small mammal species and others acquire and sustain 
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infections after being bitten by a Bb-infected nymph or adult (tick larvae are free of infection), 

and then become infectious to blacklegged larvae and nymphs that subsequently feed on them.  

Non-reservoir hosts such as deer and gray squirrels (Sciurus carolinensis) are referred to as 

“dilution hosts” because they rarely infect ticks (Telford et al. 1988, LoGuidice et al. 2003, 

States et al. 2014, Linske et al. 2018).  Interestingly, deer have two opposing roles in the ecology 

of Lyme disease: they are major blood-meal hosts for adult females, thereby enhancing tick 

populations, but they also can contribute to reduced infection rates in ticks when larvae and 

nymphs feed on them (Rand et al. 2004, Huang et al. 2019).   

 

Only four mammal species have been reported on Tuckernuck: deer, white-footed mouse, eastern 

cottontail rabbit (Sylvilagus floridanus), and meadow vole (Microtus pennsylvanicus).  These 

species also occur on Nantucket, along with the eastern gray squirrel, meadow jumping mouse 

(Zapus hudsonius), house mouse (Mus musculus), brown rat (Rattus norvegicus), northern short-

tailed shrew (Blarina brevicada), masked shrew (Sorex cinereus), eastern mole (Scalopus 

aquaticus), and feral cats (Felis catus) (Table 1).  Chipmunks are absent on Nantucket, but 

white-footed mice, shrews, other small mammals, and ground-foraging birds can serve as 

reservoir hosts for the Lyme spirochete (Snow 2019).  Details about mammal and avian species 

that can serve as reservoir and non-reservoir hosts on Nantucket are reviewed in Snow (2019) 

and Goethert et al. (2020).  

 

Cottontail rabbits, which are extremely abundant on Nantucket and Tuckernuck, can be a 

reservoir species for Borrelia burgdorferi but they support a transmission cycle that is largely 

independent of the cycle involving blacklegged ticks and humans (Telford and Spielman 

1989).  On Nantucket, Telford and Spielman (1989) found that 96% of 50 cottontail rabbits 

sampled at the UMass Field Station had been infected by the Lyme spirochete, and a rabbit-

specific tick, Ixodes dentatus, was the vector rather than Ixodes scapularis.  Blacklegged ticks 

are relatively uncommon on cottontail rabbits (Kollars et al. 1989, Telford and Spielman 1989), 

although they can become infected when feeding on Bb-infected cottontail rabbits under both 

laboratory and natural conditions (Telford and Spielman 1989).  Telford and Spielman concluded 

that Bb-infected Ixodes dentatus probably have little direct impact on public health because these 

ticks rarely feed on humans.  For example, data from ticks sent to the UMass Laboratory of 
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Medical Zoology by people in Massachusetts for testing during the past decade (TickReport 

2020) – only 24 nymphs and adults of Ixodes dentatus were submitted for testing from 2010-

2020 vs. ~22,000 nymphs and adults of Ixodes scapularis.  Further research would be helpful to 

confirm that the frequency of blacklegged larvae and nymphs feeding on Bb-infected cottontail 

rabbits is negligible on Nantucket and Tuckernuck. 

 

The ecology of Lyme disease transmission has been the subject of hundreds of scientific studies 

ever since the disease cycle became widely recognized in New England the 1980’s.  Early on, 

Mather et al. (1996) introduced the term “entomologic risk index”, which refers to the local 

density of infected nymphs (DIN).   

• DIN is the product of the density of nymphs (DON) and nymphal infection prevalence 

(NIP).   

Ecological conditions that favor greater nymphal abundance and a larger proportion of infected 

nymphs are of most concern from a public health perspective.  Greater densities of infected 

nymphs (DIN) have been associated with greater frequencies of Lyme disease in some 

comparisons among towns and regions, as expected, although this is not always the case 

(Connally et al. 2006; Eisen and Eisen 2016; Jordan and Egizi 2019).  Other important variables 

that influence the incidence of Lyme disease include human behaviors that affect exposure to 

infected ticks, access to treatment, and reporting of confirmed cases.  Also, a common theme in 

the literature on Lyme ecology is that a plethora of local abiotic and biotic factors can influence 

the Lyme transmission cycle, resulting in a great deal of spatial and temporal variation in DON, 

NIP, and DIN (e.g., Ostfeld et al. 2018).  This variation makes it even more challenging to detect 

strong correlations between DIN and reported disease incidence in humans. 

 

Measuring densities of infected nymphs - Sampling methods for quantifying DON and NIP 

require strategic planning to be rigorous and useful for understanding ecological conditions that 

influence the risk of acquiring Lyme disease.  Many earlier publications reporting these types of 

data are informative, but are not satisfactory in terms of replication, sample sizes, and stratified 

sampling methods (rather than pooled sampling) that permit longitudinal monitoring of NIP and 

DON over time. 

 



 7 

The spatial scales and methods for sampling densities of infected nymphs depend on the goals of 

each study.  Large scale field studies have included sampling within and across states or regions 

to monitor NIP and/or DON (Barbour et al. 2009, Diuk-Wasser et al. 2012, Werden et al. 2014, 

Feldman et al. 2015, Hayes et al. 2015, Johnson et al. 2018, Ostfeld et al. 2018), while small 

scale studies have compared adjacent experimental plots of <2 hectares (Tsao et al. 2004, Richer 

et al. 2014).  At an even smaller scale, Telford et al. (1992) compared a collection of 10-m long 

drag samples at a single, 1.5-hectare plot at Ram Pasture, Nantucket.  They observed greater 

prevalence of infection for nymphs that were collected in clusters of 2-10 individuals compared 

to those collected as singletons in their 10-m samples.  This type of fine-scale clustering of 

nymphs and NIP is probably common, presumably because very localized habitat characteristics 

and the relative abundances of reservoir vs. non-reservoir hosts can influence DON and NIP at a 

given site (e.g., Ostfeld et al. 1996).  Here, our approach is to quantify tick densities by sampling 

along designated sections of walking trails to calculate densities per kilometer as an index of 

abundance, as described further below. 

 

Based on studies by Stafford et al. (1998), Diuk-Wasser et al. (2010, 2012), and others, it appears 

that annual and spatial variation in DIN may be more strongly influenced by DON than by NIP, 

which often falls between ~15-35%.  Greater values of NIP have been reported in some studies 

(e.g., 70% for small forest patches in Allan et al. 2003), but such extremes appear to be unusual 

and often have large confidence intervals due to relatively small sample sizes (<300; see 

Appendix Table 1).  Unlike DON, which is greatly influenced by weather, NIP may be more 

consistent from year to year, presumably reflecting the proportion of larvae feeding on reservoir 

vs. non-reservoir hosts.  In some cases, DON itself is considered to be sufficient as a proxy for 

DIN (Falco et al. 1995, Hayes et al. 2015).  In the current study, we focus on both DON and NIP 

to better understand the underlying entomological risk of Lyme and other tick-borne diseases. 

 

Ecology of lone star ticks - Lone star ticks are expanding their range northward and now co-

occur with blacklegged ticks in coastal Massachusetts, including Cape Cod and the islands of 

Nantucket, Tuckernuck, Martha’s Vineyard, Naushon, and Cuttyhunk (Ginsberg and Zhioua 

1996, Molaei et al. 2019, Telford et al. 2019).  Lone star ticks have similar life stages as 

blacklegged ticks - larva, nymph, and adult – but they are able to complete their life cycle in one 
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year instead of two or more (Telford et al. 2019).  Although they occur primarily in woods and 

adjacent areas, lone star ticks are often found in grassy habitats as well, and their abundance in 

most habitats can far exceed that of blacklegged ticks (Schulze and Jordan 2005, Schulze et al. 

2006).  On Fire Island, NY, for example, lone star nymphs became ~5x more abundant than 

blacklegged nymphs over a period of just three years (Ginsberg and Zhioua 1996). 

 

Although primarily a nuisance species, lone star ticks can transmit several disease agents and 

appear to be the cause of red meat “alpha-gal” allergy (Telford et al. 2019).  Only 3% of lone star 

nymphs from Massachusetts that were submitted to the UMass testing center at the Laboratory of 

Medical Zoology in 2014-2019 were positive for a known pathogen (N = 149; 

https://www.tickreport.com/stats).  Nonetheless, public health experts are concerned that disease 

transmission could become more common, especially if lone star tick populations continue to 

proliferate and invade new areas (Molaei et al. 2019).  Also, Stafford et al. (2018) reported that 

46% of lone star adults (N = 100) collected on Manresa Island, CT, where lone stars are 

extremely abundant, were infected with Ehrlichia chaffeensis. 

 

Specific research questions - For Year 1 (2020) of this three-year project, the questions we 

address are: 

1. For blacklegged ticks, to what extent does the density of nymphs vary among nine 

sentinel sites on Nantucket and one on Tuckernuck? 

a. Is the density of nymphs positively correlated with the abundance of shade, oaks, 

and other tree species among study sites? 

2. For blacklegged nymphs, what is the prevalence of four disease agents (Borrelia 

burgdorferi (Bb), Babesia microti (Bm), Anaplasma phagocytophilum (Ap), and Borrelia 

miyamotoi (Bmy)? 

a. Does the frequency of these disease agents vary across the four sites on Nantucket 

and one on Tuckernuck where we collected >400 nymphs per site? 

b. Are there positive or negative associations among these disease agents? 

3. What is the density of lone star ticks (Amblyomma americanum) at each of the ten 

sentinel sites? 
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METHODS AND STUDY SITES 

 

Study sites and vegetation survey - Our study is being conducted on the islands of Nantucket 

(123 km2) and Tuckernuck (4.2 km2), in Nantucket County, Massachusetts (Adler and Wilson 

1985).  Geologically, these islands originated as part of the terminal moraine deposited ~15,000 

years ago during the Wisconsin Glaciation (Oldale 2001).  Their general topography includes 

barrier beaches, salt marshes, freshwater marshes, glacial moraines, and sandy outwash plains.  

By the late 1800’s, sheep grazing and other economic activities of European colonists led to the 

loss of nearly all forested areas on Nantucket (Dunwiddie 1989).  Soils are generally sandy, well-

drained, low in nutrients, and acidic, favoring plant communities dominated by oaks, pines, and 

ericaceous shrubs.  The current vegetation is a mosaic of terrestrial plant communities and 

wetlands, including upland areas occupied by sandplain grasslands, sandplain heathlands, coastal 

shrublands, scrub oak shrubland, pine-scrub oak woodland, and mixed deciduous forest (TNC 

1989, Ellison 2010, NCF 2020).  These plant communities also occur on Tuckernuck (TNC 

1989), where open mixed-oak woodlands occupy the center of the island, as described further 

below.   

 

In 2020, we established 10 long-term study sites where it is possible to sample ticks along 

established trails in a variety of habitats, most of which are located on conservation preserves.  

On Nantucket, we selected four sites with abundant blacklegged nymphs and five sites with 

lower densities (Fig. 2, Table 2, Appendix Table 2).  On Tuckernuck, we sampled along two 

trails that were 0.1 km apart and had similar vegetation, designated as Tuckernuck A and B.  

These two areas are considered as one sentinel site hereafter.  The distances over which sampling 

was carried out on each trail ranged from 0.50 km to 1.65 km (Table 2).  Wet trails and those 

with bare, sandy soil were avoided.  All selected trails had low vegetation and/or leaf litter 

available for use by questing nymphs.  These ten study sites are not intended to be representative 

of all tick habitats on Nantucket and Tuckernuck; rather, they were chosen as examples of 

common habitats that will serve as easy-to-locate sentinel sites for comparisons among habitats 

and long-term monitoring of tick populations in the future.   
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Plant communities at the study sites typically occur in a complex mosaic due to microsite 

variation in soil moisture, land use history, and current management practices such as mowing 

and brush-cutting.  To characterize plant communities along the study site trails, we recorded the 

presence of common woody species within 1m of each side of the trail at ~15 m intervals.  We 

also characterized the degree of shade by recording the presence of woody species with branches 

extending over the trail, the presence of tall shrubs (>2m high) immediately adjacent to the trail 

(also providing shade), and the presence of open areas lacking shade at each sampling point.  

These data were used to estimate the frequencies of shaded trail, common woody species, and 

adjacent grassland areas at each site.  We hypothesized that tick densities would be greatest 

where oak trees are most abundant because oaks provide shade and persistent leaf litter that 

promote tick survival, and acorns for consumption by deer and mice in late fall and winter.   

 

Drag sampling - To quantify the density of nymphs per km of trail while simultaneously 

collecting nymphs for determining infection prevalence, we used a common drag sampling 

method that involves walking along designated routes while dragging a cotton cloth (Falco and 

Fish 1992, Ginsberg and Ewing 1989, Dobson 2013, Borgmann-Winter and Allen 2019; 

Appendix Fig. 1).  Ticks that are questing, i.e., seeking a blood-meal host while perched on low 

vegetation, cling to the drag cloth and are easily removed from the cloth with silicone putty.  The 

greater the distance between stops to check for nymphs, the more likely it is that some nymphs 

will drop off the drag cloth before being collected.  Borgman-Winter and Allen (2019) estimated 

that ~20% of nymphs that cling to the drag cloth drop off after 10m of dragging while ~35% 

drop off after 20m.  We performed drag checks every 12m as a standard procedure for 

comparisons among sites and years.  Although a much larger fraction of the total tick populations 

remains in the leaf litter between blood meals (Daniels et al. 2020), sampling questing ticks with 

drag cloths is a widely accepted standard procedure for estimating relative densities (CDC 

2020b).   

 

Drag sampling was carried out between May 30 – July 2, 2020, coinciding with the period of 

peak blacklegged nymph abundance in coastal Massachusetts (Piesman et al. 1987).  A 1 m2 

piece of white drag cloth (rubberized flannel cotton) with small weights sown into the distal 

corners was dragged slowly over leaf litter and low vegetation and checked every 12m to remove 
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blacklegged nymphs.  The cloth was dragged over one side of the trail, coming into contact with 

leaves and low vegetation along the edge.  Blacklegged nymphs were identified, counted, and 

stored in vials in a freezer for future DNA analyses.  Densities are reported as the number of 

nymphs counted per km of trail for each day of sampling, which occurred between June 3-30.  

Extra nymphs needed for DNA analyses also were collected on May 30 – June 2 and July 1-2. 

 

Numbers of blacklegged adults, which were uncommon at this time of year, were counted but 

not saved.  Lone star nymphs and adults also were collected and stored as above.  Clusters of at 

least 50 lone star larvae per drag sweep were counted but not saved.  Six nymphs of rabbit-

specific Haemaphysalis leporispalustris were found, all on Nantucket.  We did not encounter 

rabbit-specific Ixodes dentatus or dog ticks (Dermacentor variabilis) at the sentinel sites.  Dog 

ticks occur in Nantucket’s coastal dune grass habitat and elsewhere (Piesman and Spielman 

1979). 

 

The numbers of questing ticks collected during drag sampling can be highly variable due to 

factors such as weather, microsite characteristics, and host abundance (e.g., Allen et al. 2019).  

During our sampling period for nymphal densities, no precipitation fell on 6 out of 28 days and 

periods of rainfall were generally less than a few hours.  Most of our study site trails were 

actively used by deer during the sampling period – we often observed deer, fresh footprints, and 

adjoining networks of deer trails.  Several steps were taken to standardize and optimize our 

sampling methods.  First, the length of each trail section (~500 – 1000 m) is expected to cross 

multiple small clusters of questing nymphs, representing average local densities.  All field work 

was conducted by the same person (A. Snow), and sampling was conducted when the vegetation 

was not wet, typically before noon and after 1500 hrs to avoid mid-day heat.   

 

Each site was drag-sampled at least four times during the field season.  Here, we report the mean 

number of nymphs per km of trail (N = 4 sample dates) as an index of nymphal density.  In some 

cases, the same site was sampled twice in the same week, which might have depleted the 

numbers of questing nymphs collected during the second sweep.  However, all sites were 

sampled at a similar range of intervals between sweeps. 
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Nymphal infection prevalence for blacklegged ticks - A sample size of at least 400 nymphs is 

needed to detect a 95% confidence interval (CI) of <5% across all proportions (e.g., to 

distinguish between 20% vs. 30% infected; Appendix Table 1), which is the level of resolution 

that we are targeting.  Therefore, we collected at least 400 nymphs per site, using extra days of 

sampling as needed, for the five study sites where blacklegged nymphs were relatively common 

(Table 2), yielding a total of >2,000 nymphs.  Collected nymphs were frozen and stored at -200C 

until they were tested for Borrelia burgdorferi, Babesia microti, Anaplasma phagocytophilum, 

and Borrelia miyamotoi at the UMass Laboratory of Medical Zoology (methods as in Xu et al. 

2018).  Details of the laboratory procedures for determining infection prevalence will be 

presented in a subsequent progress report when these analyses are completed.  For now, we 

report infection prevalences from a pilot study in 2018 (Pearson and Rich 2019, two sites) and 

preliminary results for the Stump Pond site in 2020. 

 

 

RESULTS 

 

Plant communities at the sentinel sites - General features of the plant community at each site 

are listed in Table 2.  Here, we summarize the most common woody species that occur at the ten 

sentinel sites, based on observations recorded at regular intervals (“sample points”) along the 

trails. 

 

Trees – Scrub oak (Quercus ilicifolia) is ubiquitous on Nantucket and is extremely common at 

six of the sentinel sites, where frequencies were >90% (Tables 3 and 4).  This species occurs 

adjacent to the trails at South Pasture and both Pine Woods sites, and also becomes an 

overarching canopy species at Stump Pond, Norwood Farm, and Jewel Pond.  At South Pasture, 

scrub oak is by far the dominant tree species, growing in a low, dense scrub thicket at 100% of 

the sample points.  In contrast, black oak (Q. serotina) and white oak (Q. alba) are the dominant 

tree species at Tuckernuck, occurring at 44% and 33% of the sample points, respectively, while 

scrub oak occurs at 19%.  White oak also occurs at 10% of the sample points at Norwood Farm, 

where several large oak trees tower over the plant communities on this trail.  Common tree 

species at the two Pine Woods sites are white pine (Pinus strobus) at the Lover’s Lane (LL) site, 



 13 

which is a state forest, and pitch pine (Pinus rigida) at the Water Tower (WT) site.  At seven 

sites, black cherry (Prunus serotina) is common in shrub thickets and gaps in the vegetation 

(Table 4). 

 

Shrubs and vines - The most common shrub species at the sentinel sites include black 

huckleberry (Gaylusaccia baccata), viburnum (Viburnum dentatum), and beaked hazelnut 

(Corylus cornuta) in the understory, as well as bayberry (Morella caroliniensis) in sunnier, open 

microsites (Table 4).  In contrast to the other sites, the shrub community at the UMass Field 

Station site reflects its residential and old field status with the presence of Amur honeysuckle 

(Lonicera mackii) and privet (Ligustrum spp.), along with vines such as fox grape (Vitus 

labrusca), greenbriar (Smilax rotundifolia), and poison ivy (Toxicodendron radicans). 

 

Grasses and forbs – Grasses and forbs were present at 100% of the sample points at Barrett Farm 

Road and 78% at Linda Loring, where the trail is bordered by low shrub thickets.  The UMass 

Field Station trail also has a high proportion of grasses and forbs (54%), consistent with regular 

mowing that takes place along one side of the sentinel trail. 

 

Densities of blacklegged nymphs - We typically captured ~0-5 nymphs along each 12m section 

of the sampled trails, or occasionally up to ~10 nymphs per 12m section along some portions of 

trails with the highest densities.  Therefore, our reported densities and samples for testing 

infection prevalence at a given sentinel site (N = 400 nymphs) represent nymphs that were 

collected across many individual locations along the length of the sampled trails (~0.5 – 1.5 km) 

during at least four days of sampling. 

 

Only 1.8% of the blacklegged ticks sampled (N = 2050) were adults, so this life stage will not be 

considered further.  The densities of nymphs (DON) observed at each sentinel site varied among 

days, as expected (Fig. 3).  At three sites (Stump Pond, Norwood Farm, and Pine Woods WT), 

nymphal densities were highest on the first day of sampling, and at Norwood Farm each 

sampling day’s density was lower than the previous one.  Mean densities ranged from 162 

nymphs per km at Stump Pond to 0.4 nymphs per km at Linda Loring (Table 2, Fig. 4). 
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Across the 10 sentinel sites, the mean DON was lowest at the sites that have less shade and 

highest at sites with the most tree canopy overhead (Figs. 4 and 5).  An exception to this pattern 

is the UMass Field Station, where DON was high (mean of 113 nymphs per km) and tree canopy 

is sparse, but shrubs > 2m in height provide shade at ~70% of the sample points (Fig. 5).  Oak 

species were common at the other four sites that had a mean density of >60 nymphs per km 

(Figs. 4 and 5, Tables 3 and 4).   

 

Infection prevalence in blacklegged nymphs - Here, we present preliminary data from 2018 

and 2020, with the caveat that these findings are based on relatively small sample sizes (N=102-

147; Table 5).  We found that 39%, 36%, and 33% of the sampled blacklegged nymphs were 

infected with at least one pathogen at the UMass Field Station, Stump Pond, and Tuckernuck, 

respectively.  Pathogens responsible for Lyme disease, babesiosis, and anaplasmosis were 

present in 10-21% of the sampled nymphs, and co-infections were present in 7-16%.  Borrelia 

miyamotoi was not found on Tuckernuck and occurred in only 2% and 3% of nymphs collected 

at Stump Pond and UMass Field Station, respectively.   

 

Frequencies of Borrelia burgdorferi (Bb), Babesia microti (Bm), and co-infected nymphs may be 

greater on Tuckernuck than the other two sites, while the frequency of Anaplasma 

phagocytophilum (Ap) and Borrelia miyamotoi may be lower on Tuckernuck.  However, these 

observations are tentative until we obtain a complete data set from all five sentinel sites (N = 400 

nymphs per site) sampled in 2020.  For nymphs that tested positive for more than one disease 

agent, Pearson and Rich (2019) reported positive associations between Bb and Bm on both 

Tuckernuck and Nantucket, and between Bm and Ap on Tuckernuck only. 

 

Densities of lone star ticks - During the four days of sampling at nine sites on Nantucket, we 

encountered one lone star nymph at the Linda Loring site and a nymph and a female adult at the 

Jewel Pond site.  In contrast, lone star nymphs and adults were extremely abundant on 

Tuckernuck, where we also recorded six clusters of >50 lone star larvae.  We encountered an 

average of 106 lone star nymphs and 35 adults per km of trail on Tuckernuck (Table 2, N = 4 

days of sampling).  Most 12m sections of trail yielded ~5-10 lone star nymphs, but a single 

location on Trail A had 49, 42, and 21 nymphs on June 13th, 15th, and 17th, respectively.  Data 
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from this “hot spot” for lone star nymphs are included in our calculations of lone star densities.  

Densities of lone star and blacklegged nymphs and adults were similar for Trails A and B on 

Tuckernuck (Fig. 6), which is not surprising based on their proximity (0.1 km) and similar plant 

communities.  Overall, 54% of the lone star adults were female (N = 228).  Combined densities 

of lone star and blacklegged nymphs and adults on Tuckernuck averaged 203 ticks per km, 70% 

of which were lone stars (Table 2).  Excluding adults, lone stars represented 63% of the total 

nymphs sampled on Tuckernuck (Table 2). 

 

 

DISCUSSION 

 

Our method of drag-sampling along established trails worked well to document differences in 

tick abundance among the ten sentinel sites.  Very dense shrub thickets and shrub understory in 

wooded habitats precluded the use of replicated sub-sampling within rectangular plots, as used 

by Richer et al. (2014), Ostfeld et al. (2018), and Allen et al. (2019), for example.  Other 

researchers have used timed flagging instead of dragging to report densities of ticks collected per 

unit of time expended (e.g., Ginsberg et al. 2004).  As an alternative, we chose to sample along 

designated trails with leaf litter and/or low vegetation favorable to host-seeking nymphs.  Our 

procedure provides results that are linked to a precise location, facilitating long-term monitoring 

with standardized protocols.  This sampling method is relatively easy to carry out and could be 

adopted by researchers and citizen scientists working in other areas. 

 

Densities of blacklegged nymphs 

 

We used the average of counts from four days per site to compare nymphal densities among the 

ten sites, recognizing that densities at the same site varied considerably across days (Fig. 3).  

Day-to-day variation could be due to many factors, including weather conditions, host activity, 

and/or depletion of the local population of questing nymphs over time.  Despite variation among 

sampling days, the strong differences that we found among sites were generally consistent across 

the four days per site.  We do not report standard deviations for mean values, but estimates of 
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variation at each site will be explored in the future when we have two and three years of data 

and, ideally, five sampling dates for each sentinel site. 

 

The five sites with greatest shade index had the greatest mean densities of nymphs, most likely 

due to habitat conditions that are favorable to nymphal survival and host availability.  White-

footed mice are more common in woods and dense shrub thickets than in open grasslands (e.g., 

Harder et al. 2014), as are ground-foraging birds such as towhees (Pipilo erythrophthalmus) and 

catbirds (Dumatella carolinensis).  Four of the high-density sentinel sites also have abundant 

oaks, which provide acorn mast for wildlife and long-lasting leaf litter that can mitigate 

desiccating conditions that are stressful for nymphs.  Other studies of blacklegged nymphal 

densities also show that nymphs are more common in maple and oak-dominated forests 

compared to grasslands or hayfields (Ostfeld et al. 1995, 1996).  At the UMass Field Station, 

which has large areas of mowed lawn, we collected many nymphs on a trail adjacent to shrub 

thickets, woods, and overgrown fields.  Likewise, studies on Shelter Island, NY, showed that 

blacklegged nymphs were abundant in residential lawns adjacent to forest edges (Duffy et al. 

1994).  Previous studies also are consistent with our results showing greater nymphal densities at 

sites dominated by oaks and other deciduous species as compared to the two Pine Woods sites.  

On Fire Island, NY, Ginsberg et al. (2004) found greater nymphal densities in deciduous forest 

plots than in coniferous plots dominated by pitch pine in three out of seven years.  Likewise, 

Schultze and Jordan (2005) reported greater densities of nymphs and adults in hardwood forests 

vs. pine forests in New Jersey.   

 

Two sites with very little shade, Linda Loring and Barrett Farm Road, had the fewest 

nymphs/km.  These grassland trails were mowed frequently and also were very windy at times, 

which further makes them less hospitable to questing nymphs.  The South Pasture site dominated 

by low scrub oak also had relatively few nymphs, despite the shade and shelter from wind that 

this dense plant community provides.  On Nantucket, wide swaths of scrub oak forest are 

routinely brush-cut to provide fire breaks.  This fire management practice is likely to further 

suppress blacklegged nymph numbers in the cleared areas due to drier and hotter conditions.  

Taken together, our findings from the ten sentinel sites are consistent with common public health 

recommendations for keeping walkways and lawns around residential and recreational areas 
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clear of brush and leaf litter to minimize exposure to ticks (e.g., Stafford et al. 2017, CDC 

2020a).   

 

We expect relative differences among the sentinel sites to be maintained over time, assuming 

habitat characteristics remain relatively unchanged, even if overall nymphal abundance 

fluctuates.  At a given site, nymphal densities may vary from year to year, although this is not 

always the case (e.g., Schulze et al. 2009).  Stafford et al. (1998) sampled woodland habitats at 

the same 8-10 residential sites in southern Connecticut from 1989-1997.  Among years, nymphal 

densities varied 4.7-fold and the percent infected with Bb varied 2.8-fold.  In Dutchess County, 

NY, Ostfeld et al. (1996) reported 2-3-fold more nymphs in forested sites in 1994 compared to 

the previous two years.  These authors and others have tested for correlations between tick 

population levels and other factors, such as acorn production, abundance of host species, and 

extremes of temperature or precipitation (Schultze et al. 2009, Ostfeld et al. 2018).  For example, 

a very cold, dry winter in the previous year may lead to greater overwintering mortality (Linske 

et al. 2019), and extremely dry and hot weather in summer can cause nymphs to spend less time 

questing in order to avoid desiccation (Burtis et al. 2016).   

 

Infection prevalence in blacklegged nymphs 

 

The prevalence of tick-borne diseases such as Lyme disease, babesiosis, and anaplasmosis is 

influenced by how common these disease agents are in blacklegged nymphs and adults.  Our 

preliminary data show that 33-39% of blacklegged nymphs sampled in 2018 and 2020 carried 

one or more disease agents (Table 5).  When our laboratory analyses of 400 nymphs from each 

of five sentinel sites are completed, we will be able to report these results in the context of the 

current entomological risk for these diseases at the sentinel sites.   

 

Comparisons of nymphal infection levels between Nantucket and Tuckernuck will be interesting 

because fewer pathogen-reservoir and pathogen-diluting host species occur on Tuckernuck 

(Table 1; Snow 2019).  White-footed mice are probably the most common reservoir host for 

Borrelia burgdorferi (Bb) in the oak woods of Tuckernuck, while meadow voles (Microtus 

pensylvanicus) prefer more open grassland habitats (Harder et al. 2014).  On Nantucket, these 
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species as well as short-tailed shrews (Blarina brevicauda), masked shrews (Sorex cinereus), 

meadow jumping mice (Zapus hudsonious), house mice (Mus musculus), and brown rats (Rattus 

norvegicus) also could serve as Bb reservoir hosts (see references in Snow 2019).  Avian species 

such as American robin (Turdus migratorius) also carry the Lyme spirochete (Giardina et al. 

2000).  The full spectrum of possible reservoir hosts for Babesia microti (Bm) is not well 

documented, but appears to be similar to that of Bb, including white-footed mice, meadow voles, 

and brown rats, but not deer (Spielman et al. 1981; Goethert et al. 2020).  For Anaplasma 

phagocytophilum (Ap), white-footed mice, chipmunks, and gray squirrels can be carriers, while 

several other avian species, small mammals, and medium-size mammals also can serve as 

competent reservoir hosts (Levin et al. 2002, Keesing et al. 2012, 2014).  We are not aware of 

evidence that white-tailed deer transmit any of these pathogens to blacklegged ticks.  In 

summary, several vertebrate species can serve as reservoir hosts for Bb, Bm, and Ap on 

Nantucket, but white-footed mice, meadow voles, and ground-foraging birds are the most likely 

hosts on Tuckernuck.   

 

Nymphs that are co-infected with more than one pathogen are of particular concern because it is 

more difficult to diagnose and treat people who have more than one infection (Diuk-Wasser et al. 

2016).  Our preliminary findings are consistent with other studies showing a positive association 

between Bb and Bm in infected nymphs (e.g., Hersh et al. 2014, Diuk-Wasser et al. 2016).  We 

are not aware of other studies showing a positive association between Ap and Bm, which we 

observed in a relatively small pilot project on Tuckernuck (Pearson and Rich 2019).   

 

Previous researchers also have reported infection prevalence for Borrelia burgdorferi and 

Babesia microti for blacklegged nymphs on Nantucket, but their sample sizes often were 

relatively small or unreported.  Piesman et al. (1986) found infection prevalences of 25% for Bb 

(N = 48) and 16% for Bm (N = 122) at unspecified sites sampled from June-September in 1984.  

Also, Piesman et al. (1987) reported that 45% of nymphs collected at the UMass Field Station in 

May and June of 1985 were infected with Bb, and 45% were infected with Bm.  Sample sizes for 

their data were not reported.  In a more recent study, Goethert et al. (2020) reported infection 

prevalences of 23% (95% CI of 14, 33) for Bb and 17% (95% CI of 10,27) for Bm for nymphs 

collected at the UMass Nantucket Field Station in 2019 (N = 88), similar to their findings from 
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2018 (N = 65).  These early publications helped researchers understand the ecology of tick-borne 

diseases on Nantucket and elsewhere, but they are not directly comparable to our study for the 

reasons noted above.   

 

Densities of lone star ticks 

 

Lone star nymphs and adults are extremely abundant at the sentinel site on Tuckernuck, 

representing 70% of all sampled ticks.  Lone stars are also abundant in grasslands and shrublands 

on Tuckernuck, but we did not sample them in these habitats.  The combined densities of lone 

star and blacklegged ticks on Tuckernuck (203/km) was ~25% greater than the highest density of 

ticks on Nantucket (Table 2).  Although lone star larvae and nymphs can disperse via birds (e.g., 

Durden et al. 2006), we found only 3 individual lone star ticks out of >2000 ticks sampled on 

Nantucket, which is only ~4 km away from Tuckernuck (Fig. 2).  Previous researchers also 

found cases of dense local populations that have not yet spread to nearby areas on Prudence 

Island, RI, and Manresa Island, CT (Stafford et al. 2018, Telford et al. 2019).   

 

We suspect that eventually lone star ticks will become well established on Nantucket, but it is 

not possible to predict how long this could take.  The geographic range of persistent lone star 

populations has been expanding northward in New England, perhaps aided by climate change, 

and now includes populations in coastal Connecticut and Massachusetts, including Cape Cod, the 

Elizabeth Islands, Martha’s Vineyard, and Tuckernuck (Ginsberg et al. 1991, Molaei et al. 2019, 

Telford et al. 2019).  Long term monitoring will be useful for documenting whether lone star 

abundance increases on both Tuckernuck and Nantucket.  Compared to blacklegged ticks, lone 

star ticks lay more eggs per female (~5,000 vs. 3,000), have better nymphal survival, are more 

attracted to CO2 emitted by hosts, move greater distances, move more quickly, and do not rely on 

small mammals for blood meals during their immature stages, instead feeding mainly on deer 

(Ginsberg and Zhioua 1996; Molaei et al. 2019).  On Tuckernuck, clusters of lone star larvae 

were present in June and were extremely abundant in late August 2019 (A. Snow, personal 

observation).  Given the propensity of lone star populations to increase rapidly, it will be 

interesting to see whether blacklegged nymphal abundance declines on Tuckernuck due to 

competition with lone stars or other factors. 
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Unlike the adults of blacklegged ticks, lone star adults are most common in early summer, when 

they can be highly irritating and potentially dangerous to people spending time outdoors.   

Lone star ticks do not carry Borrelia burgdorferi, the disease agent for Lyme disease, and their 

infection levels for other conditions such as tularemia, ehrlichiosis, heartland virus disease, and 

Borrelia lonestari appear to be low in Massachusetts (Molaei et al. 2019, TickReport 2020).  In 

contrast, however, Stafford et al. (2018) tested 100 lone star adults and 104 nymphs from 

Manresa Island, CT, and found disease agents for ehrlichiosis in 47% of adults and 9% of 

nymphs, as well as Anaplasma phagocytophilum in a single adult male.  Further studies are 

needed to examine infection levels in lone star ticks on mainland and island locations in New 

England to better understand their potential effects on people who encounter them.  The full 

range of medical conditions that are caused by lone star bites is not well understood (Molaei et 

al. 2019), nor are the ecological factors that influence the local densities and the potential for 

geographic expansion of lone star populations in the northeastern US. 

 

Summary and future plans 

 

We plan to evaluate all available data on densities of infected nymphs in light of multi-year 

trends in the numbers of cases of Lyme disease, babesiosis, and anaplasmosis reported for 

Nantucket County (Nantucket Board of Health 2019).  Based on field work carried out in 2020, 

we now have an initial snapshot of relative densities of blacklegged and lone star ticks during 

peak summer abundance at the ten sentinel sites on Nantucket and Tuckernuck.  We document 

clear differences among sites, with implications for different levels of human exposure.  

Blacklegged nymphs were found at every site, but they were far less common in open grasslands 

and low heathlands compared to wooded sites and tall shrub communities (>2m in height).  

Although scrub oak communities provide shade for nymphs and acorns for wildlife, the sentinel 

site at South Pasture was depauperate in blacklegged nymphs compared to other wooded sites.  

This plant community is very widespread in windswept areas with poor soil conditions on 

Nantucket and is frequently used by deer (A. Snow, pers. observation).  On Tuckernuck, we 

found that invading lone star nymphs and adults are more common than blacklegged nymphs at 
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the oak-dominated sentinel site, but blacklegged nymphs are still abundant, so the risk of getting 

Lyme disease on Tuckernuck continues.  Fortunately, lone star ticks are still rare on Nantucket. 

 

Next, we will focus on completing analyses of infection prevalence at the five sentinel sites with 

the greatest densities of blacklegged nymphs.  Preliminary data suggest that more than 30% of 

nymphs carry one or more disease agents on Nantucket and Tuckernuck.  Our complete data set 

will be useful for estimating DIN, the density of infected nymphs, and the extent to which 

infection levels and DIN differ across sites.  Results from our 2020 field season will be taken 

into account as we plan for the 2021 field season.  In 2021, we expect to follow the same 

procedures as in 2020, ideally adding 2-3 new sentinel sites and another day of sampling at each 

site to help compensate for day-to-day variation.  Repeated sampling at the sentinel sites will 

allow us to test the generality of our findings from 2020 and to develop recommendations for the 

efficient and cost-effective protocols for further monitoring.  Because the sentinel sites are 

primarily located on conservation lands, we expect that they will not be altered by human 

activities such as clearing, road building, or construction.  Nonetheless, we plan to establish a 

few “extra” sentinel sites in 2021 in case any are lost due to an unexpected disturbance. 

 

Multi-year monitoring programs are helpful for documenting increases or decreases in tick 

populations, if any should occur.  For example, on Monhegan Island, Maine, which is only 2.4 

km2, Rand et al. (2004) showed that removal of the island’s deer population by professional 

sharp-shooters in 1996-99 drove the blacklegged tick population down to near zero by 2003.  In 

other cases, communities on islands have successfully reduced lone star tick populations by 

treating deer with acaricides that are self-applied when deer feed at “4-poster” bait-feeding 

devices (Carroll et al. 2003, Curtis et al. 2011, Stafford and Williams 2017, Molaei et al. 2019).  

This labor-intensive approach to reducing tick populations comes with advantages and 

disadvantages (e.g., feeding nontarget species such as crows that prey on endangered shorebirds), 

and is not permitted without approval from state wildlife agencies.  The 4-poster method has 

been less successful in other cases, including efforts to reduce blacklegged tick populations at 

study sites on Nantucket, Martha’s Vineyard, and Cape Cod (Grear et al. 2014, Stafford and 

Williams 2017).  In contrast, sustained suppression of both blacklegged and lone star ticks was 

achieved in a community-administered 4-poster control effort on Gibson Island, MD, which is 
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3.1 km2 (Carroll et al. 2009).  This approach might be feasible on Tuckernuck (4.2 km2) pending 

further consideration and interest.  For an island the size of Nantucket (~123 km2), with >11,000 

year-round residents and estimates of >2000 deer in 2013 

(https://www.capecodtimes.com/article/20130519/News/305190338), the 4-poster method for 

reducing tick populations does not seem feasible.  Also, the possibility of culling or eradicating 

deer on Nantucket or Tuckernuck is highly controversial (MacNab et al. 2009, 

https://www.capecodtimes.com/article/20130519/News/305190338).   

 

A current proposal to genetically engineer Nantucket’s white-footed mice to make them resistant 

to Borrelia burgdorferi would take many years of research, public engagement, and regulatory 

approvals if it is to succeed at reducing cases of Lyme disease (Buchthal et al. 2019, Snow 

2019).  Furthermore, a Lyme vaccine is commercially available for dogs, but no such vaccine is 

available for humans (e.g., Nigrovic and Thompson 2007).  Meanwhile, ongoing efforts to 

educate the public about how to avoid tick bites and treat infections remain essential for reducing 

the frequency of tick-borne diseases on Nantucket and elsewhere (e.g., MacNab et al. 2009, 

Stafford et al. 2017).   
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TABLES AND FIGURES  

  

 

Table 1.  Terrestrial mammal species found on Nantucket and Tuckernuck Islands; asterisks 

indicate species that can serve as reservoir hosts for Borrelia burgdorferi (Bb) via Ixodes 

scapularis (adapted from Snow 2019).  Ground-foraging birds also can serve as blood-meal 

and Bb reservoir hosts for Ixodes scapularis (Giardina et al. 2000).  Cottontail rabbits can be 

infected with Bb by Ixodes dentatus, a common rabbit-specific tick, but their role in human 

exposure to Bb is probably minor (Telford and Spielman 1989). 

 

Family Common name Species Nantucket Tuckernuck 

Sciuridae Eastern Gray Squirrel Sciuris carolinensis Present 0 

Dipodidae Meadow Jumping 

Mouse 

Zapus hudsonius Present* 0 

Cricetidae Meadow Vole Microtus 

pennsylvanicus 

Present* Present* 

Cricetidae White-footed Mouse Peromyscus leucopus Present* Present* 

Muridae House Mouse Mus musculus Present* 0 

Muridae Brown Rat Rattus norvegicus  Present* 0 

Leporidae Eastern Cottontail  Sylvilagus floridanus Present Present 

Soricidae Northern Short-tailed 

Shrew 

Blarina brevicauda Present* 0 

Soricidae Masked Shrew  Sorex cinereus Present* 0 

Talpidae Eastern Mole Scalopus aquaticus Present 0 

Felidae Domestic Cat (also 

feral) 

Felis catus  Present 0? 

Cervidae White-tailed Deer Odocoileus 

virginianus 

Present Present 
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Table 2A. Sentinel site characteristics, number of blacklegged nymphs available for pathogen 
testing, and mean number of blacklegged nymphs per km of trail.  NA indicates not applicable.  
Common woody plant species are listed in Tables 3 and 4. 
  

All Sites # Blacklegged 
nymphs 
available for 
pathogen 
testing 

Site characteristics Mean # of 
blacklegged 
nymphs per 
km of trail  
(N = 4 days) 

Trail 
distance 
sampled 
(km) 

       
Stump Pond 
  

>400 Mixed woods 162 0.96 
 

UMass Field 
          Station 

>400 Successional mesic 
scrub; mowed grass 

113 0.54 
 

Norwood Farm >400 Mixed woods near 
wetlands 

91 0.94 
 

Jewel Pond >400 Mixed woods and 
scrub oak 

66 0.94 

 Tuckernuck >400 Mixed oak woods 
 

62 1.65 
 

Pine Woods LL –  
          Lover’s Lane 

NA Mixed conifer forest, 
shrub border 

36 0.50 
 

Pine Woods WT –   
          Water Tower 

NA Open/disturbed pitch 
pine woods 

30 0.64 
 

South Pasture NA Low and medium 
scrub oak 

17 1.10 
 

Barrett Farm Road NA Grassland adjacent to 
high mesic scrub 

7 0.78 
 

Linda Loring 
          Foundation 

NA Grassland with low 
heath shrubs 

0.4 1.50 
      

 
Table 2B. Number of lone star ticks available for pathogen testing and mean number of lone star 
ticks per km of trail on Tuckernuck.  (Only 3 lone star ticks were collected on Nantucket.) 

 
 Tuckernuck # Lone star 

ticks available 
for pathogen 
testing 

 Mean # of 
ticks per km 
of trail  
(N = 4 days) 

Trail 
distance 
sampled 
(km)   

>700 nymphs Lone star nymphs: 106 1.65  
  >200 adults Lone star adults: 35 1.65    

Total blacklegged and 
lone star ticks: 

203 1.65 
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Sentinel 

Sites: 
Stump 
Pond 

UMass 
Field 
Station 

Nor-
wood 
Farm 

Jewel 
Pond 

Tucker
-nuck 

Pine 
Woods 
LL 

Pine 
Woods 
WT 

South 
Pasture 

Barrett 
Farm 
Road 

Linda 
Loring 

 
N: (60) (35) (49) (57) (102) (33) (45) (75) (55) (110) 

Shade index: 
           

No shade 
 

3 14 6 5 10 
 

42 69 100 95 
Only >2m shrubs 

 
23 71 39 40 18 36 2 27 

 
5 

Tree canopy  
 

73 14 55 54 72 64 56 4 
  

            

Species: Common 
names: 

          

Quercus spp. all oak spp. 63 
 

37 47 70 
 

2 4 
  

Quercus ilicifolia scrub oak 63 
 

27 47 5 
 

2 3 
  

Prunus serotina black cherry 8 6 2 5 8 6 
    

Acer rubrum red maple 2 
         

Quercus alba white oak 
  

10 
 

33 
     

Quercus velutina black oak 
    

44 
     

Sassafras albidum sassafras 
    

8 
     

Juniperus virginiana red cedar 
 

9 
        

Nyssa sylvatica blackgum 
  

6 
       

Pinus rigida pitch pine 
  

6 
  

15 51 
   

Pinus strobus white pine 
     

39 
    

Populus grandidentata aspen 
      

7 
   

Table 3.  Frequency of shade and tree canopy species with branches over the trail at the 10 sentinel sites.   
Percent occurrence is shown (N = number of sample points); blank cells represent zero percent.  When >1 tree species is 
present at a sample point, percent occurrence values for each site may sum to >100%.  At sample points where no canopy 
trees are present, we report the frequency of adjacent shrubs that are >2m high because they provided shade over the trail for 
much of each day.  Sites are listed in order of decreasing mean density of blacklegged nymphs, as in Figures 3-5. 
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Table 4.  Frequency of common woody species and vines within 1m of the trail (both sides) at the 10 sentinel sites.   
 
Percent occurrence is shown if >10%; blank cells represent <10%.  Sample sizes as in Table 3.  Small oak saplings are 
included in the data set.  Sites are listed in order of decreasing mean density of blacklegged nymphs, as in Figures 3-5.  
 
Species Common 

name 
Stump 
Pond 

UMass 
Field 
Station 

Nor-
wood 
Farm 

Jewel 
Pond 

Tucker
-nuck 

Pine 
Woods 
LL 

Pine 
Woods 
WT 

South 
Pasture 

Barrett 
Farm 
Road 

Linda 
Loring 

            
Quercus 
ilicifolia 

scrub oak 92 
 

92 91 19 97 91 100 
 

11 

Gaylusaccia 
baccata 

black 
huckleberry 

83 
 

29 93 79 
 

20 76 
 

45 

Corylus 
cornuta 

beaked 
hazelnut 

38 
 

41 65 44 52 11 
   

Viburnum  
dentatum  

viburnum 35 29 55 65 75 70 11 
   

Clethra 
alnifolia 

sweet 
pepperbush 

33 
 

39 
       

Smilax 
rotundifolia 

greenbriar 23 14 31 
       

Pteridium 
aquilinum 

bracken fern 15 
  

14 
      

Morella 
caroliniensis 

bayberry 13 83 53 19 12 61 62 45 
 

43 

Vaccinium  
spp.  

unidentified
vaccinium 

12 
  

14 
      

Vitus 
 labrusca  

fox grape 10 71 
  

11 
   

55 
 

Toxicoden-
dron radicans 

poison ivy 
 

23 
   

39 21 
  

20 

Parthenocissus 
cinquefolia 

Virginia 
creeper 

 
20 14 

 
20 24 
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Prunus 
serotina 

black cherry 
 

11 16 
 

17 39 11 28 
 

15 

(many species) 
  

grass/forbs 
 

54 31 21 30 36 22 16 100 78 

Ligustrum  
spp.  

privet 
 

14 
        

Juniperus 
virginiana 

juniper, red 
cedar 

 
20 

        

Lonicera 
mackii 

bush 
honeysuckle 

 
40 

        

Amelanchier 
spp. 

shadbush, 
serviceberry 

  
12 

       

Quercus  
alba  

white oak 
  

12 
 

23 
     

Sassafras 
albidum 

sassafras 
  

10 
 

15 
     

Pinus 
rigida  

pitch pine 
      

33 
   

Arctostaphylos 
uva-ursi 

red 
bearberry 

      
51 47 
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Table 5.  Infection prevalence: preliminary data from 2020 (one site) and a pilot study 

in 2018 (2 sites), showing the proportions of blacklegged nymphs infected by each 

pathogen and the proportions co-infected with more than one pathogen.  Sample sizes 

(number of nymphs tested) in parentheses.  Final sample sizes for 2020 will be ~400 

nymphs at each of five sentinel sites when these analyses are completed.  For 

simplicity, confidence intervals are not presented here. 

 
Pathogen Associated 

Disease 
2018 2020 2018 

  
UMass Field 
Station  

Stump 
Pond 

Tuckernuck 
Island  

  (N=147) (N = 121) (N=102) 
Borrelia burgdorferi Lyme Disease 0.16 0.15 0.21 
Babesia microti Babesiosis 0.10 0.12 0.21 
Anaplasma 
phagocytophilum 

Anaplasmosis 0.17 0.16 0.10 

Borrelia miyamotoi B. miyamotoi 
Disease 

0.03 0.02 0.00 

Total infected  0.39 0.36 0.33 
Total co-infected  0.07 0.08 0.16 
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Figure 1.  Life cycle and common hosts of blacklegged ticks (Ixodes 
scapularis).  CDC 2020a. 
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Figure 2.  Locations of nine sentinel sites on Nantucket Island and one on Tuckernuck Island, 
Massachusetts.  See Table 2 for site details.  Inset shows eastern Massachusetts with Cape 
Cod, Martha’s Vineyard, and Nantucket.  Source: ArcGIS. 
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Figure 3.  Densities of blacklegged nymphs on each of four days of sampling (1-4) at each 
sentinel site in June 2020. 
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Figure 4.  Mean densities of blacklegged nymphs (N = 4 days) at each site.  
Results for each sampling day are shown in Fig. 3. 
 



   

45 
 

 

 
 
 
 
 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Stump Pond

UMass 
Fie

ld Stn

Norw
ood Fa

rm

Jewel P
ond

Tuckernuck

Pine W
oods L

L

Pine W
oods W

T

South Pastu
re

Barre
tt 

Fa
rm

 Rd

Lin
da Lo

rin
g

Fr
eq

ue
nc

y

Oak canopy Tree canopy High shrubs No shade

Figure 5.  Shade index based on proportion of sampling points with oak canopy 
overhead, tree canopy overhead (all species), only high shrubs (>2 m) along 
sides of trail, and no shade.  Number of sampling points = 35-102 per trail, 15 m 
apart, as in Table 3. 
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Figure 6.  Mean numbers of nymphs and adults of blacklegged ticks (Ixodes 
scapularis) and lone star ticks (Amblyomma americanum) per km of trail on 
Tuckernuck Island.  N = 4 days. Trail A (1.23 km) is located 0.1 km from 
Trail B (0.42 km).  Table 2 lists combined data from both trails (1.65 km).  
 



   

47 
 

APPENDICES 

 

• Figure 1 – Photos of blacklegged nymphs, a lone star nymph, and drag sampling method. 

• Figure 2 - Summary of infection levels for nymphs of Ixodes scapularis and Amblyomma 

americanum that were submitted to the UMass Laboratory of Medical Zoology testing 

center in 2014-2019 (https://www.tickreport.com/stats).   

• Table 1 – Effects of sample size on magnitude of 95% confidence limits for reporting 

nymphal infection prevalence. 

• Table 2 – Property owners, mowing status, and GPS coordinates of the 10 sentinel study 

sites. 

 

 

 

SUPPLEMENTARY INFORMATION   (available from A. Snow on request) 

• Maps of sentinel site trails and notes. 

• Raw data for numbers of nymphs and adults collected per day at each sentinel site.  
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Appendix - Figure 1.  Photos showing four blacklegged nymphs and a single lone star 
nymph, and the drag sampling method. 
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A. 2014-2019 Infection status of blacklegged nymphs from Nantucket zip codes. 

  
 
 

B. 2014-2019 Infection status of lone star nymphs from Massachusetts (entire state). 
 

 
  

Appendix - Figure 2.  Summary of infection levels for nymphs of Ixodes scapularis and 
Amblyomma americanum that were submitted to the UMass Laboratory of Medical Zoology 
testing center in 2014-2019 (https://www.tickreport.com/stats).  Red bars indicate number of 
nymphs that tested positive for each pathogen; black bars show total number tested for each 
pathogen.  These summaries do not include Powassan virus, found in blacklegged ticks. 
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SAMPLE SIZES NEEDED TO DETECT STATISTICALLY SIGNIFICANT DIFFERENCES BETWEEN ADJACENT 
PAIRS OF OBSERVED PROPORTIONS, BASED ON 95% CONFIDENCE INTERVALS. 

  
Asterisks indicate non-overlapping confidence intervals for pairs of proportions in the same column.  
Note that a sample size of N = 400 is needed to achieve non-overlap at all listed proportions. 
Calculated using the normal approximation of the binomial (WWW.SAMPLE-SIZE.NET/CONFIDENCE-
INTERVAL-PROPORTION/).  
OBSERVED 
PROPORTION 

N 95% 
Upper CI 
Lower CI 

N 95% 
Upper CI 
Lower CI 

N 95% 
Upper CI 
Lower CI 

N 95% 
Upper CI 
Lower CI 

N 95% 
Upper CI 
Lower CI 

     

           

0.10 100 0.159 200 0.142 300 0.134 400 0.129 500 0.126   
0.041 * 0.058 * 0.066 * 0.071 * 0.074 

           
0.20 100 0.278 200 0.255 300 0.245 400 0.239 500 0.235   

0.022 
 

0.145 * 0.155 * 0.161 * 0.165 
           

0.30 100 0.390 200 0.364 300 0.352 400 0.345 500 0.340   
0.210 

 
0.236 

 
0.248 * 0.255 * 0.260 

           
0.40 100 0.496 200 0.468 300 0.455 400 0.448 500 0.443   

0.304 
 

0.332 
 

0.345 * 0.352 * 0.357 
           

0.50 100 0.598 200 0.569 300 0.557 400 0.549 500 0.544   
0.402 

 
0.431 

 
0.443 

 
0.451 

 
0.456 

           
 
  
Appendix - Table 1. Effects of sample size (N) on the magnitude of 95% confidence intervals 

for reporting nymphal infection prevalence.  Upper and lower confidence intervals (CI) are 

shown for each observed proportion across a range of sample sizes. 
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Appendix – Table 2.  Property owner, mowing status, and locations of the 10 sentinel sites.  Latitude and longitude are listed 
for the beginning of each trail section.  Trail distances are listed in Table 2 of the main report. 
 
Site Property owner Mowing status of 

trail during field 
work in 2020 

Latitude  Longitude 

Stump Pond Nantucket Land Bank, 
Nantucket Conservation 
Foundation 

not mowed 41o 17' 13.184" N 69o 59' 43.139" W 

UMass Field Station Nantucket Conservation 
Foundation 

mowed often 41o 17' 33.409" N 70o 2' 20.123" W 

Norwood Farm Nantucket Conservation 
Foundation 

mowed fairly often 47o 17' 25.567" N 70o 1' 26.811" W 

Jewel Pond   Mass Audubon Society not mowed 41o 17' 19.029" N 69o 59' 27.947" W 
Tuckernuck  Tuckernuck Land Trust, private 

property 
rarely or none 41o 18' 13.827" N 70o 15' 23.997" W 

Pine Woods –  
          Lover’s Lane 

Commonwealth of MA not mowed 41o 15' 38.205 N 70o 4' 47.223" W 

Pine Woods –  
          Water Tower 

Commonwealth of MA not mowed 41o 16' 37.853" N 70o 4' 15.578" W 

South Pasture Nantucket Conservation 
Foundation 

brush cut once 41o 15' 6.790" N 70o 0' 42.788" W 

Barrett Farm Road 
  

Nantucket Land Bank mowed often 41o 16' 51.682" N 70o 8' 42.164" W 

Linda Loring  Linda Loring Foundation mowed often 41o 17' 32.323" N 70o 10' 11.418" W 
 


