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The Abbott Marshlands of New Jersey: A natural experiment in
lichen community response to changes in air quality'

Dennis P. Waters?
Chrysler Herbarium, Rutgers University, 237 Foran Hall, New Brunswick, NJ 08901

Abstract. Lichens are known to be sensitive to changes in air quality. The recent closure of a coal-fired electric
generating plant in New Jersey has set up a natural experiment to study the potential rebound of nearby lichen
communities. The study area is the Abbott Marshlands, an ecologically important freshwater tidal wetland along the
Delaware River, much of which is protected open space. To establish a baseline for future study, a biodiversity
inventory of lichens and allied fungi was undertaken in the Abbott Marshlands, yielding 57 species.
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In 2018, the author was invited to lead an
educational lichen walk along a trail in the Abbott
Marshlands, an ecologically important freshwater
tidal wetland along the Delaware River south of
Trenton in west-central New Jersey. In preparation
for this program, it was observed that there were
few lichens on trees along that trail. This was
surprising, given that a recent biodiversity inven-
tory of several Inner Coastal Plain sites nearby in
Mercer County had yielded 76 species, including
eleven new state records (Waters and Lendemer
2019a).

The question was raised as to whether emissions
from the nearby Mercer Generating Station, a large
coal-fired electric power plant, had affected the
lichen flora in the vicinity. Air pollution can have a
detrimental effect on the extent and diversity of
lichens. This is especially true of sulfur dioxide
(SO,) and nitrogen oxides (NOy), which have led
to impoverishment of the lichen flora in many
urban and industrial regions (Rao and LeBlanc
1967; Hawksworth and Rose 1970; Nash 1973,
2008; Pescott et al. 2015). Some of these effects
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have been shown to be reversible, with the
diversity and extent of lichen communities re-
bounding as air quality improves (Showman 1975,
1981, 1990, 1997, Howe and Lendemer 2011;
Lisowska 2011).

The Mercer Generating Station was recently
closed, making possible a natural experiment for
long-term study of the marsh’s lichens as air
quality changes, hopefully for the better. With this
background, the author undertook an inventory of
the lichen flora of the marsh in order to establish a
baseline for future research. The results of this
work are presented here.

Materials & Methods. THE STuDY AREA. The
Abbott Marshlands comprises an extensive tidal
freshwater wetland and adjacent floodplain and
upland forests in southern Mercer and northern
Burlington Counties (Leck and Leck 2005). The
Delaware River forms its western boundary.
Bordered by bluffs to the north, east, and south,
the marsh is largely surrounded by residential and
commercial development. Crosswicks Creek and
its smaller tributaries meander through the study
area until the creek reaches its confluence with the
Delaware River just north of Bordentown. Cross-
wicks Creek forms the boundary between Mercer
and Burlington Counties (Fig. 1).

The site totals about 1,200 hectares, of which
500 are wetlands. The balance is floodplain forest,
which is periodically inundated, and upland forest,
found at the top of the surrounding bluffs,
averaging 15-20 m above the marsh. Forested
areas are located around the perimeter of the
marsh, with wetlands and streams toward the
center. Most of the marsh is preserved open space
owned by the State of New Jersey or the
surrounding municipalities. Besides the electric
power plant discussed below, significant infra-
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structure within the marsh includes the sprawling
intersection of several major highways, NJ-29, I-
295, and 1-195, a commuter railroad line, and a
wastewater treatment plant.

The marsh lies at the northwestern edge of the
Inner Coastal Plain physiographic province and is
underlain by sands and gravels, most of which date
to geologically recent periods of glaciation.
Although the glaciers never reached as far south
as the marsh, most of its soils are derived from
glacial outwash streams and windblown loess
(Jablonski 1972). The marsh is also arguably the
most famous archaeological site in New Jersey,
with evidence of thousands of years of continuous
habitation by Native Americans (Cross 1956). The
Abbott Farm National Historic Landmark, which
comprises about 800 of the marsh’s 1,200 hectares,
was added to the National Register of Historic
Places in 1976 (Hunter Research 2009).

As a Coastal Plain site, the marsh is largely
devoid of rock substrates for lichens, the only
exceptions being concrete structures. Thus, very
few saxicolous lichens were recorded in the
survey. Bark substrates in floodplain forests are
represented by species of Acer, Betula, Fraxinus,
Liquidambar, Nyssa, Quercus, and Platanus, and
in upland forests by Carya, Fagus, Liriodendron,
and Quercus (Leck and Leck 2005).

The natural history of the marsh has been
studied for almost two centuries, first by ornithol-
ogist Charles-Lucien Bonaparte, nephew of the
emperor Napoleon, beginning in 1823 (Stroud
2000). Charles-Lucien’s uncle Joseph Bonaparte,
Napoleon’s brother, built a palatial estate on
extensive tracts within the marsh boundaries in
the early 1800s. Later in the 19th century Charles
Conrad Abbott, the site’s namesake, wrote a series
of books describing the natural history and
archaeology of the marsh (e.g., 1886, 1887,
1892, 1897, 1898). Since the 1970s, the vascular
plants of the site have been extensively studied,
with almost 900 species recorded within its
boundaries (M. Leck, pers. comm.; Whigham
and Simpson 1975; Leck et al. 1988; Leck and
Leck 2005). Despite this extensive documentation,
the lichens of the marsh have never been studied.

AR QuaLITY IN THE STUDY AREA. The Mercer
Generating Station was a 640-megawatt coal-fired
plant operated by Public Service Electric and Gas,
the principal electric power utility in New Jersey.
Located on Duck Island in the Delaware River five
kilometers south of the state capital of Trenton, the
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station began operating in 1961 and closed in early
2016. Demolition of the facility began in early
2020.

During most of its 504 years of operation, the
Mercer Generating Station was a major source of
SO, and NOy pollutants (Fig. 2-3). Installation of
pollution control systems for NOy began following
a consent decree in 2002 and for SO, following
another consent decree in 2006. However, as
recently as 2007, the station was reported as the
largest point source of SO, in New Jersey, with an
output that year of more than 14,000 tons (New
Jersey DEP 2007). Air quality data for the Abbott
Marshlands and surrounding area is limited, as
there are no active monitoring stations nearby. The
nearest was 14 km WSW of the study area, and it
closed in 2010 (US EPA Air Quality System). The
time-series stack emissions data in Fig. 2-3 were
obtained from the New Jersey DEP through an
Open Public Records Act request.

The Mercer Generating Station is in the
northwest corner of the study area, and the entirety
of the Abbott Marshlands is within five km of its
now-demolished stacks (Fig. 1, 4). Prevailing
winds at Trenton are from the northwest (Fig. 1),
so that all but one of the sites in the study area are
downwind of the plant, to the south and east.

CoLLEcTING SiTes. Eight tracts around the
perimeter of the marsh were inventoried. Four
are in Mercer County and four in Burlington.
These sites and their abbreviations are summarized
below and mapped in Fig. 1. Four of the sites are
immediately adjacent to the Delaware River, low
and flat with exclusively floodplain forest. The
other four circle the interior of the marsh and
combine floodplain forest with upland habitats at
the top of the bluffs. A ninth site, Roebling Park
(ROEB) in the northwest corner of the marsh, was
not surveyed for this study; rather, reports were
included from two recent lichen inventories
conducted there (Will-Wolf er al. 2018; Waters
and Lendemer 2019a).

Roebling Park (ROEB) is a 160-ha site along
the Delaware River comprising primarily wetlands
and floodplain forest. It is at the northwest corner
of the marsh, 1.0-1.5 km NNE of the stacks of the
Mercer Generating Station (MGS). ROEB is
owned by the Mercer County Park Commission.

Switlik Park (SWIT) is a 21-ha site along
Crosswicks Creek comprising primarily floodplain
forest. It is 4.3 km E of MGS. SWIT is owned by
Hamilton Township.
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Hamilton

Bordentown

Fic. 1. Map of the Abbott Marshlands region showing the locations of collecting sites in relation to the
PSE&G Mercer Generating Station. The windrose shows prevailing winds from the northwest at Trenton/
Mercer County Airport, 13 km northwest of the power plant (Herzmann et al. 2004).
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Fic. 2. Annual emissions of sulfur dioxide (SO,)
at the Mercer Generating Station, 1999-2015.
Emission control equipment was installed after
2006. (Source: New Jersey Department of
Environmental Protection).

15,000

= —
2 10000
()
c
g \/
g \
[=
2
@ 5000
E
W
g
& e
0
2000 2005 2010 2015
Reporting Year

Fic. 3. Annual emissions of nitrogen oxides
(NOy) at the Mercer Generating Station, 1999—
2015. Emission control equipment was installed
after 2002. (Source: New Jersey Department of
Environmental Protection).
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Fic. 4. Stacks of the Mercer Generating Station,
100 m tall, as seen from the Bordentown Bluffs site
(BLUF), three kilometers southeast. Demolition of
the station began in 2020 and the stacks are no longer
visible.

Northern Community Park (NORT) is a 36-ha
site along Crosswicks Creek opposite SWIT. It
comprises both upland and floodplain forests. It is
4 km E of MGS. NORT is owned by Bordentown
Township.

Csapo Bluffs (CSAP) is a 33-ha site along
Crosswicks Creek 2.3 km ESE of MGS. It
comprises primarily upland forest. It is owned by
the New Jersey Department of Environmental
Protection.

Bordentown Bluffs (BLUF) is a 34-ha site along
Crosswicks Creek, 3 km SE of MGS and
immediately south of CSAP. It is owned by the
New Jersey Department of Environmental Protec-
tion as part of Delaware and Raritan (D&R) Canal
State Park and comprises primarily upland forest.

Bordentown Beach/Lime Kiln Alley (KILN) is a
4-ha site 3.7 km S of MGS. It lies on the south
shore of the confluence of Crosswicks Creek and
the Delaware River, and comprises floodplain
forest. It is owned by the City of Bordentown.

Delaware and Raritan Canal State Park—South
of 1-295 (D&RS) is a 2.8-km linear park that
follows the D&R Canal towpath from Crosswicks
Creek north to I-295. It comprises 47 ha of
wetlands and floodplain forest and lies 1.0-2.1 km
SSE of MGS. This site is the only one where
concrete structures are present to provide sub-
strates for several saxicolous species not found
elsewhere. It is owned by the New Jersey
Department of Environmental Protection.

Delaware & Raritan Canal State Park—North of
1-295 (D&RN) is a 1-km linear park that follows
the D&R Canal towpath from 1-295 to the City of
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Trenton. It comprises 10 ha of floodplain forest
0.0-1.1 km E of MGS. At one point D&RN is
directly adjacent to the MGS property. It is owned
by the New Jersey Department of Environmental
Protection.

Duck Island Created Wetlands (DUCK) is a 72-
ha marsh constructed along the Delaware River,
0.8 km immediately SSE of MGS. It also contains
a small amount of floodplain forest. It is owned by
the New Jersey Department of Transportation.

FieLp Stupy. Vouchers were collected for all
taxa encountered at eight sites throughout the
marsh, comprising both upland and lowland
forests. In some cases, multiple collections were
made of species that were not identifiable in the
field. At each individual location, an intensive
expert-based search was carried out for all species,
including taxa that appeared to be unknown or
unfamiliar. Sampling was carried out for 2—4 hr at
each site until no additional new taxa were located
after 20 min of searching. Tree trunks were
searched from ground level to 2-3m above the
ground. Canopy branches that had fallen were also
examined. These field methods followed those of
other similar surveys elsewhere in temperate
eastern North America (e.g., McMullin and Lend-
emer 2013, Tripp and Lendemer 2019). No attempt
was made to quantify lichen abundance.

The study focused primarily on lichens, but the
inclusion of allied fungi follows the tradition of
lichenology to treat certain groups of non-liche-
nized fungi that resemble lichens (e.g., Mycocali-
ciaceae). All vouchers have been deposited in the
herbarium of the New York Botanical Garden
(NY), where their data can be accessed through the
C.V. Starr Virtual Herbarium (sweetgum.nybg.org/
science/vh/).

IDENTIFICATION AND HERBARIUM STUDY. All spec-
imens were initially studied dry using a Zeiss
Stemi DV4 dissecting microscope. Microscopic
morphology and anatomy were then studied using
a Zeiss Primo Star R compound microscope, with
sections prepared by hand with a razor blade and
mounted in water or 10% KOH. Chemistry was
studied using standard spot tests (K, C, KC, P) and
by examining specimens in ultraviolet light,
following Brodo et al. (2001). All collections were
further curated at NY. Thin layer chromatography
(TLC) was employed as needed, using Solvent C
following Culberson and Kiristinsson (1970), as
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Table 1. Summary of collecting sites, starting in
the northwestern corner of the marsh and continuing
clockwise around the perimeter (see Fig. 1).

Total size
Site (hectares) Total taxa Unique taxa
ROEB 160 28 6
SWIT 21 12 1
NORT 36 23 4
CSAP 33 22 3
BLUF 34 25 5
KILN 40 14 1
D&RS 47 32 6
D&RN 10 19 0
DUCK 72 9 1

modified for the peanut butter jar by Lendemer
(2011).

Results and Discussion. 175 collections of
lichens and allied fungi resulted from the fieldwork
described here, representing 57 taxa. In addition,
the results of two recent inventories at ROEB
(Will-Wolf et al. 2018; Waters and Lendemer
2019a) have been included in the checklist
(Appendix). Six were unique to the ROEB site,
bringing the total number of taxa in the checklist to
63. This total includes one specimen that cannot be
referred to a described species, one specimen that
belongs to an undescribed species of Lepraria, and
a third specimen that appears to be a Bacidina. All
of the named species have been listed in recent
published reports from New Jersey (Waters and
Lendemer 2019b) and are widespread on the Mid-
Atlantic Coastal Plain (Lendemer and Noell 2018).

SpECIES FREQUENCIES IN THE STUDY AREA. Of the
63 taxa in the checklist below, 27 (43%) were
collected at only a single site, and another eight
(13%) were collected at two sites. In contrast to the
large number of species represented by few
occurrences, only 11 species (17%) were found
at six or more sites, and only one species was
found at all nine of the sites. Other studies in
eastern North America have documented similar
trends of relative frequency (Lendemer ef al. 2016,
2017; Lendemer 2018; Waters and Lendemer
2019a; see Table 1).

The most common lichen taxa in the Abbott
Marshlands, ranked by the total number of sites
where they were recorded, were Physcia mille-
grana (9), Parmotrema hypotropum (8), Phaeo-
physcia rubropulchra (8), Punctelia rudecta (8),
Myelochroa aurulenta (7), Flavoparmelia caper-
ata (7), and Candelaria concolor (7). These are
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familiar, cosmopolitan species that are widely
distributed in the Mid-Atlantic Region of eastern
North America, including New Jersey; all of them
are tolerant of air pollution and habitat disturbance
(Brodo et al. 2001, Lendemer and Noell 2018,
Waters and Lendemer 2019b). The most diverse
genera were Cladonia, with six species, and
Lecanora and Lepraria, with five each.

The most common corticolous substrates for
lichens in the present survey were Quercus (24
collections/19 taxa), Acer (23/19), Liriodendron
(16/12), Fraxinus (9/9), Betula (8/7), and Salix (8/
8).

LICHEN TRAITS IN THE STUDY AREA. Due to its Inner
Coastal Plain location, lichens growing on bark
dominate the flora of the Abbott Marshlands. Of
the 63 species in the checklist, 47 (75%) are
corticolous. Of the remaining species, 3 (5%) were
saxicolous (all on concrete), and 13 (20%) were
found on other substrates such as soil or decaying
wood.

The majority of species (36, 57%) in the study
area were of the crustose growth form, 19 (30%)
were foliose, and 8 (13%) were either fruticose or
calicioid. Thirty of the 63 species (48%) reproduce
primarily asexually by means of vegetative
propagules (but with occasional sexual reproduc-
tion), 26 (41%) reproduce sexually by means of
ascospores, and 7 (11%) routinely reproduce both
asexually and sexually. These delineations are
literature-based and do not represent observations
of individual specimens. These findings are
consistent with the results of other recent surveys
in the Mid-Atlantic region (Waters and Lendemer
2019a, Waters in press).

ELEvVATION GRADIENT. In a similar study of lichen
communities around a coal-fired power plant in
Ohio, Showman (1975) observed that lichen
populations were deleteriously affected more at
higher elevations than at lower elevations. He went
on to note that, in several cases, the change in
lichen flora could be observed “by simply walking
down hill.”

A similar gradient was observed in the present
study at the NORT site, which is about evenly
divided between upland and floodplain forest. The
primary footpath travels gently downhill from the
bluff, which is 20 m high. In the upland forest near
the top of the bluff, most tree trunks are devoid of
lichens, but on the floodplain at the base of the trail
lichens become much more common (Fig. 5).
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Trunks of Acer rubrum, on the left from
the floodplain forest, on the right from upland forest,
20 m higher. Photos taken at Northern Community
Park (NORT) site, where the elevation gradient can
be seen most clearly due to abundant upland and
floodplain forests.

CompaRISON WITH HisTORICAL Data. Although
the natural history of the Abbott Marshlands has
been studied for two centuries, its lichens have
been largely overlooked. In the early 19th century
Charles-Lucien Bonaparte’s chief interest was in
birds and, unsurprisingly, lichens were not men-
tioned in his works (Stroud 2000). As for Charles
Conrad Abbott, his many volumes describing his
walks in the marsh largely ignored the lichen flora.
His works mentioned only “reindeer moss”
(Cladonia spp.), and then only in the context of
the New Jersey Pine Barrens, which is outside of
the study area (Abbott 1898).

The first published records of lichens from the
Abbott Marshlands region appear in Evans’s
second supplement to his “Cladoniae of New
Jersey” (1940). He reported six Cladonia collec-
tions from Bordentown that were made by Trenton
botanist W.L. Dix, whose herbarium at DUKE
contains a total of 15 specimens from Bordentown
(Consortium of North American Lichen Herbaria
2019 [CNALH]). As these collections were not
specifically attributed to the study area, they have
not been included in the checklist below.

In the 21st century, two papers included records
from the Roebling Park site (ROEB) in the
northwest corner of the marsh. Will-Wolf et al.
(2018) reported 10 species collected from the site
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in 2004 as part of a US Forest Service survey using
lichen indices to assess local climate and air
quality status in the Mid-Atlantic. Waters and
Lendemer (2019a) reported 25 species from the
site as part of a survey of the lichen flora of Mercer
County. Records from both of these papers have
been included in the checklist below (Appendix).

Conclusions. The recent closure of a major
source of SO, and NO, emissions has made
possible a natural experiment to study changes in
local lichen communities over time in the ecolog-
ically important Abbott Marshlands. A biodiversi-
ty inventory of publicly owned preserved open
space around the perimeter of the marsh yielded a
baseline checklist of lichens and allied fungi that
includes 63 taxa. Almost all of these are species
with widespread distributions in New Jersey.
Future researchers are encouraged to resurvey
these sites periodically to determine whether and
how air quality changes over the marsh have
affected the lichen flora.

Literature Cited

Assott, C. C. 1886. Upland and Meadow. Harper &
Brothers, New York, NY. 397 pp.

AssotTt, C. C. 1887. Wasteland Wanderings. Harper &
Brothers, New York, NY. 312 pp.

AgBorr, C. C. 1892. Recent Rambles. J.B. Lippincott Co.,
Philadelphia, PA. 330 pp.

AsBott, C. C. 1897. The Freedom of the Fields. J.B.
Lippincott Co., Philadelphia, PA. 223 pp.

AsBorr, C. C. 1898. Travels in a Tree-Top. J.B. Lippincott
Co., Philadelphia, PA. 215 pp.

Anti, T., R. PiNvo-Bopas, anp J. W. McCartHy. 2017.
Cladonia ignatii, an overlooked new lichen in eastern
North America. Herzogia 31: 630-638.

Bropo, I. M., S. DURAN SHARNOFF, AND S. SHARNOFF. 2001.
Lichens of North America. Yale University Press, New
Haven, CT. 795 pp.

CONSORTIUM OF NORTH AMERICAN LICHEN HERBARIA
(CNALH). 2019. http//:lichenportal.org/portal/index.
Accessed September 20, 2019.

Cross, D. 1956. Archaeology of New Jersey, Volume II:
The Abbott Farm. The Archaeology Society of New
Jersey and the New Jersey State Museum, Trenton,
NY. 227 pp.

CurLBersoN, C. F. anp H.-D. KrisTiNsson. 1970. A
standardized method for the identification of lichen
products. Journal of Chromatography A 46: 85-93.

EssuinGer, T. L. 2018. A cumulative checklist for the
lichen-forming, lichenicolous and allied fungi of the
continental United States and Canada, Version 22.
Opuscula Philolichenum 17: 6-268.

Evans, A. W. 1940. The Cladoniae of New Jersey—
second supplement. Torreya 40: 141-165.

HawksworTH, D. L. anDp F. Rose. 1970. Qualitative scale
for estimating sulphur dioxide air pollution in England

Downloaded From: https://bioone.org/journals/The-Journal-of-the-Torrey-Botanical-Society on 30 Sep 2021
Terms of Use: https://bioone.org/terms-of-uselAccess provided by Rutgers University



220

and Wales using epiphytic lichens. Nature 227: 145—
148.

Herzmann, D., R. ArriTt, AND D. Tobey. 2004. Iowa
environmental mesonet. Available at mesonet.agron.
iastate.edu/request/coop/fe.phtml. Iowa State Univer-
sity, Department of Agronomy, Ames, IA.

Howe, N. M. anp J. C. LenDEMER. 2011. The recovery of a
simplified lichen community near the Palmerton Zinc
Smelter after 34 years. Bibliotheca Lichenologica 106:
127-142.

HunTER RESEARCH, INc. 2009. The Abbott National
Historic Landmark Interpretive Plan: Cultural Re-
source Technical Document. County of Mercer,
Trenton, NJ. 251 pp.

JaBronski, C. F. 1972. Soil Survey of Mercer County, New
Jersey. Soil Conservation Service, US Department of
Agriculture, Washington, DC. 117 pp.

Leck, M. A. anp C. F. Leck. 2005. Vascular plants of a
Delaware River tidal freshwater wetland and adjacent
terrestrial areas: Seed bank and vegetation compari-
sons of reference and constructed marshes and
annotated species list. The Journal of the Torrey
Botanical Society 132: 323-355.

Leck, M. A., R. L. Sivpson, D. F. WHiGHAM, anD C. F.
Leck. 1988. Plants of the Hamilton Marshes: a
Delaware River freshwater tidal wetland. Bartonia
54: 1-17.

LENDEMER, J. C. 2011. A review of the morphologically
similar species Fuscidea pusilla and Ropalospora
viridis in eastern North America. Opuscula Philoliche-
num 9: 11-20.

LEnDEMER, J. C. 2018. Lichens and allied fungi of the
Indiana Forest Alliance Ecoblitz Area, Brown and
Monroe Counties, Indiana incorporated into a revised
checklist for the State of Indiana. Proceedings of the
Indiana Academy of Science 126: 129-152.

LeNDEMER, J. C. anND N. NokgLL. 2018. Delmarva Lichens:
An Illustrated Manual. Torrey Botanical Society, New
York, NY. 386 pp.

LENDEMER, J. C. aND M. WEsTBERG. 2010. Candelariella
xanthostigmoides in North America. Opuscula Philo-
lichenum 8: 75-81.

LENDEMER, J. C., R. C. HARRIS, AND A. M. Ruiz. 2016. A
review of the lichens of the Dare Regional Biodiversity
Hotspot in the Mid-Atlantic Coastal Plain of North
Carolina, eastern North America. Castanea 81: 1-77.

LENDEMER, J. C., C. R. ANDERSON STEWART, B. BEsaL, J.
GorpsmitH, H. GrirriTH, J. R. HorrmaN, B. Kraus, P.
LaPomt, L. L1, Z. MuscaviTch, J. ScHuLtz, R. ScHULTZ,
AND J. L. ALLEN. 2017. The lichens and allied fungi of
Mount Mitchell State Park, North Carolina: A first
checklist with comprehensive keys and comparison to
historical data. Castanea 82: 69-97.

Lisowska, M. 2011. Lichen recolonisation in an urban-
industrial area of southern Poland as a result of air
quality improvement. Environmental Monitoring and
Assessment 179: 177-190.

McMuriN, R. T. anp J. C. Lenpemer. 2013. Lichen
biodiversity and conservation status in the Copeland
forest resources management area: A lichen-rich

JOURNAL OF THE TORREY BOTANICAL SOCIETY

[VoL. 148

second-growth forest in southern Ontario. Canadian
Field-Naturalist 127: 240-254.

Nash, T. H. 1973. Sensitivity of lichens to sulfur dioxide.
The Bryologist 76: 333-339.

Nash, T. H. 2008. Lichen sensitivity to air pollution, pp.
299-314. In T. H. Nash, ed., Lichen Biology, 2nd, ed.,
Cambridge University Press, Cambridge, UK. 502 pp.

NEW JERSEY DEPARTMENT OF ENVIRONMENTAL PROTECTION
(DEP). 2007. New Jersey Point Source Emissions Unit
Control Efficiencies 2007. https://www.state.nj.us/dep/
baqp/newpm25/12013/App.%20V_Att.%204b_2007%
20Point%20Source%20by%20Unit.xls. Accessed Sep-
tember 19, 2019.

Pescort, O. L., J. M. SiMkIN, T. A. AuGusT, Z. RANDLE, A.
J. Dorg, aND M. S. BotHam. 2015. Air pollution and its
effects on lichens, bryophytes, and lichen-feeding
Lepidoptera: Review and evidence from biological
records. Biological Journal of the Linnean Society 115:
611-635.

Rao, D. N. anp F. LEBLaNc. 1967. Influence of an iron-
sintering plant on corticolous epiphytes in Wawa,
Ontario. The Bryologist 70: 141-157.

Snowman, R. E. 1975. Lichens as indicators of air quality
around a coal-fired power generating plant. The
Bryologist 78: 1-6.

Suowman, R. E. 1981. Lichen recolonization following air
quality improvement. The Bryologist 84: 492-497.
Suowman, R. E. 1990. Lichen recolonization in the Upper

Ohio River Valley. The Bryologist 93: 427-428.

Snowman, R. E. 1997. Continuing lichen recolonization in
the upper Ohio River Valley. The Bryologist 100: 478—
481.

Stroup, P. T. 2000. The Emperor of Nature: Charles-
Lucien Bonaparte and His World. University of
Pennsylvania Press, Philadelphia, PA. 371 pp.

Triep, E. A. AND J. C. LENDEMER. 2019. Field Guide to the
Lichens of Great Smoky Mountains National Park.
University of Tennessee Press, Knoxville, TN. 572 pp.

U.S. EPA AR QuaLity System. 2019. Interactive Map of
Air Quality Monitors. http://www.epa.gov/
outdoor-air-quality-data/interactive-map-air-quality-
monitors. Accessed September 19, 2019.

Waters, D. P. In press. A checklist of the lichens and allied
fungi of Bowman’s Hill Wildflower Preserve, County,
Bucks Pennsylvania. Bartonia.

‘Waters, D. P. AND J. C. LENDEMER. 2019a. The lichens and
allied fungi of Mercer County, New Jersey. Opuscula
Philolichenum 18: 17-51.

Warters, D. P. anp J. C. Lenxpemer. 2019b. A revised
checklist of the lichenized, lichenicolous and allied
fungi of New Jersey. Bartonia 70: 1-62.

Wuicnam, D. F. ano R. L. Smvpson. 1975. Ecological
studies of the Hamilton Marshes. Progress Report for
the Period June 1974-January 1975. Rider College,
Lawrenceville, NJ.

WiLL-WoLF, S., S. Jovan, M. P. NELsoN, M. T. Trest, K. M.
Rorm, anpD A. H. REeis. 2018. Lichen indices assess
local climate and air quality status in the Mid-Atlantic
Region, USA. The Bryologist 121: 461-480.

Downloaded From: https://bioone.org/journals/The-Journal-of-the-Torrey-Botanical-Society on 30 Sep 2021
Terms of Use: https://bioone.org/terms-of-uselAccess provided by Rutgers University



2021]

WATERS: ABBOTT MARSHLANDS LICHENS

221

Appendix

Checklist of Lichens and Allied Fungi from
Abbott Marshlands, New Jersey. The checklist
presented below is arranged alphabetically by
genus and species, and includes abbreviations for
the relevant collecting sites following Fig. 1 and
Table 1. Non-lichenized species are noted with a
plus sign (+). Species known only from previous
publications are marked with a dagger ().
Nomenclature follows Esslinger (2018).

Amandinea milliaria (Tuck.) P. May & Sheard:
DUCK

Amandinea polyspora (Willey) E. Lay & P. May:
ROEB, D&RS, KILN, BLUF, CSAP

Anisomeridium polypori (Ellis & Everh.) M.E.
Barr: NORT

+ Arthonia quintaria Nyl.: KILN

Bacidina Vézda: This specimen resembles B.
delicata but lacks pycnidia and grows on lignum
(railing of a wooden bridge) rather than rock.
D&RS

Bacidina delicata (Leighton) V. Wirth & Vézda:
D&RS

Bacidina egenula (Nyl.) Vézda: SWIT

Biatora printzenii Tonsberg: SWIT, BLUF, NORT

Buellia curtisii (Tuck.) Imshaug: CSAP

Buellia stillingiana J. Steiner: NORT

Caloplaca feracissima H. Magn.: D&RN, D&RS

Candelaria concolor (Dickson) Stein: D&RN,
D&RS, DUCK, KILN, BLUF, CSAP, NORT

Candelariella efflorescens R.C. Harris & W.R.
Buck: As these are sterile collections and
indistinguishable from Candelariella xanthos-
tigmoides, they could be either species (Lend-
emer and Westberg 2010). They are grouped
here for convenience. ROEB, D&RS, KILN,
BLUF, CSAP, NORT

1 Canoparmelia caroliniana (Nyl.) Elix & Hale:
This species is at the very northern end of its
range (Lendemer & Noell 2018). ROEB

Catillaria nigroclavata (Nyl.) Schuler: CSAP,
D&RN

Chrysothrix caesia (Flotow) Ertz & Tehler: ROEB,
DUCK, KILN, CSAP

Cladonia apodocarpa Robbins: BLUF

Cladonia cristatella Tuck.: ROEB, D&RS

Cladonia grayi G. Merr. ex Sandst.: BLUF

Cladonia macilenta var. bacillaris (Genth) Schaer.:
BLUF, ROEB, D&RS

Cladonia ochrochlora Florke: ROEB, D&RN,
D&RS, BLUF

+ Cladonia ramulosa (With.) J.R. Laundon: After
this specimen was determined to be C. ramulosa
in 2016, the new taxon Cladonia ignatii Ahti,
Pino-Bodas & J.W. McCarthy was reported in
eastern North America (Ahti et al. 2017). This
specimen almost certainly represents the new
species. ROEB.

t Crespoa crozalsiana (B. de Lesd. ex Harm.)
Lendemer & Hodkinson: ROEB

Dibaeis baeomyces (L. f.) Rambold & Hertel:
BLUF

Flavoparmelia caperata (L.) Hale: ROEB, D&RN,
D&RS, SWIT, KILN, BLUF, CSAP

Graphis scripta (L.) Ach.: NORT

Heterodermia obscurata (Nyl.) Trevis.: D&RS

Lecania croatica (Zahlbr.) Kotlov: BLUF, D&RN,
SWIT

Lecanora hybocarpa (Tuck.) Brodo: D&RS,
SWIT, CSAP

Lecanora layana Lendemer: ROEB, SWIT, NORT

Lecanora strobilina (Sprengel) Kieffer: D&RN,
D&RS, CSAP, BLUF

Lecanora subpallens Zahlbr.: CSAP

Lecanora thysanophora R.C. Harris: D&RS,
NORT

Lepraria Ach.: This is a widespread but unde-
scribed species of Lepraria containing usnic
acid and zeorin. BLUF

Lepraria caesiella R.C. Harris: ROEB, D&RN,
D&RS, BLUF, NORT

Lepraria finkii (B. de Lesd.) R.C. Harris: ROEB,
D&RS, SWIT, BLUF, CSAP, NORT

+ Lepraria harrisiana Lendemer: ROEB

Lepraria hodkinsoniana Lendemer: D&RS

Micarea micrococca (Korber) Gams ex Coppins:
The presence of methoxymicareic acid was
confirmed by TLC to distinguish this taxon
from M. prasina. D&RN, KILN

Myelochroa aurulenta (Tuck.) Elix & Hale:
ROEB, D&RN, D&RS, SWIT, KILN, CSAP,
NORT

Parmelia sulcata Taylor: ROEB, D&RS, NORT

t Parmotrema hypoleucinum (J. Steiner) Hale:
ROEB

Parmotrema hypotropum (Nyl.) Hale: ROEB,
D&RN, D&RS, SWIT, KILN, BLUF, CSAP,
NORT

Parmotrema gardneri (C.W. Dodge) Sérus.:
D&RS

Parmotrema reticulatum (Taylor) M. Choisy:
ROEB, NORT
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T Pertusaria paratuberculifera Dibben: ROEB

Pertusaria pustulata (Ach.) Duby: ROEB, D&RS,
CSAP

+ Phaeocalicium polyporaeum (Nyl.) Tibell:
D&RN, BLUF

Phaeophyscia pusilloides (Zahlbr.) Essl.: DUCK,
CSAP, NORT, ROEB

Phaeophyscia rubropulchra (Degel.) Essl.: ROEB,
D&RN, D&RS, DUCK, SWIT, KILN, BLUF,
CSAP

Physcia millegrana Degel.: ROEB, D&RN,
D&RS, DUCK, SWIT, KILN, BLUF, CSAP,
NORT

Physcia pumilior R.C. Harris: CSAP

Physcia stellaris (L.) Nyl.: DUCK, BLUF, CSAP,
NORT

Placynthiella dasea (Stirt.) Tensberg: BLUF

Placynthiella icmalea (Ach.) Coppins & P. James:
BLUF, CSAP, D&RS
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Punctelia caseana Lendemer & Hodkinson: All
collections are the laminal soraliate morphotype
of the species. D&RS, KILN, BLUF, NORT,
ROEB.

Punctelia rudecta (Ach.) Krog: ROEB, D&RN,
D&RS, DUCK, KILN, BLUF, CSAP, NORT
Pyrrhospora varians (Ach.) R.C. Harris: ROEB,

D&RN, D&RS, BLUF, CSAP, NORT

Pyxine subcinerea Stirt.: D&RN, D&RS, KILN,
NORT

Rinodina maculans Mill. Arg.: D&RS

Ropalospora viridis (Tensberg) Tensberg: ROEB,
D&RN, D&RS, DUCK, SWIT, NORT

Trapeliopsis flexuosa (Fr.) Coppins & P. James:
D&RN, D&RS

Undescribed (WATERS-4005): This is a sterile
sorediate crust containing atranorin and two
terpenoids. This chemistry does not correspond
to any described species. NORT
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