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Life History

Diplazium pycnocarpon (Glade Fern) is a perennial fern that has traditionally been included in
the Dryopteridaceae. Like most other ferns, its life cycle includes two independent generations.
Spores produced by mature plants initially develop into tiny free-living gametophytes with
structures that produce male and female reproductive cells (gametes). Male gametes (sperm)
develop in an antheridium and a female gamete (egg) develops in an archegonium. Fertilized
female cells develop into the leafy plants (sporophytes) that produce the spores for the next
generation, and once the sporophytes are large enough to be self-sufficient the gametophytes
disintegrate (Raven et al. 1986). Apogamy—the development of a sporophyte from a
gametophyte without fertilization—has been documented in many species of Diplazium (Kato
2020).

Gametophytes of plants in the wood fern family are relatively large when compared to those in
many other fern groups, often reaching widths of a centimeter or more. They are thin, flat, and
oval in shape with a notch on one side and a median midrib that may be 4-8 cells thick. Most
dryopterid gametophytes have a short life span, producing sporophytes in less than eight months
(Nayar and Kaur 1971). The gametophytes of Diplazium pycnocarpon are able to exhibit some
developmental plasticity in response to environmental conditions. In favorable habitats the
gametophytes can grow larger and persist longer but when conditions are stressful their life
expectancies are shorter so more resources are allocated to reproduction, allowing them to reach
sexual maturity faster and increase their chances of producing offspring (Greer and McCarthy
1999).
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The sporophytes of Diplazium pycnocarpon have stout horizontal rhizomes that are unbranched

or simply forked (Johnson 1986). Vigorous clonal growth can occur in favorable habitats
(Coddington and Field 1978, Wade et al. 2009). Johnson (1986) reported that a typical D.
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pycnocarpon rhizome can be up to 31 cm long and support 1.8-4.7 leaf bases per centimeter.
Glade Fern fronds are 0.6—1.2 meters long and pinnately divided, with 20—30 pairs of smooth-
edged, unlobed pinnae. The primary fronds are 8-25 cm wide, lance-shaped in outline, and
somewhat spreading while the fertile fronds are comparable but narrower and more upright.
Pinnae of the fertile fronds bear 2040 elongate sori that may be straight or slightly curved. Thin
lateral outgrowths (indusia) shield the developing sori. (See Britton and Brown 1913, Fernald
1950, Cody 1978, Gleason and Cronquist 1991, Montgomery and Fairbrothers 1992, Kato 2020).

The bases of Diplazium pycnocarpon leaf petioles are modified for the storage of starch. The
enlarged leaf bases, known as trophopods, persist after the fronds decay and some additional
trophopods may form at the base of aborted leaves (Wagner and Johnson 1983, Vasco et al.
2013). Close examination of D. pycnocarpon sporophytes showed that the ferns also accumulate
starches in their root-bases and rhizomes but the trophopods generally double a plant's storage
capacity. Individual trophopods are light to dark reddish brown and can vary from 5.5-16.5 mm
in length and 3.5-5.6 mm in width. The structures are difficult to detect when fronds are present
but they may be seen at the base of new shoots early in the spring or later in the season following
leaf senescence (Johnson 1986).

Diplazium pycnocarpon can continue to produce new fronds throughout the growing season
(Hamilton 1992) but its spore-bearing fronds are generally late to emerge. Wagner (1955)
observed that the furled tops of young fertile fronds were not yet evident in early July and spore
production did not begin until August. In New Jersey spores are most likely to be present on D.
pycnocarpon from late August through mid-September, although many populations are primarily
vegetative and rarely develop fertile fronds (Hough 1983). Glade Fern fronds begin to turn
yellow in late summer and are deciduous in the fall (Montgomery and Fairbrothers 1992).
Experimental work in Michigan showed that D. pycnocarpon was inactive during the winter but
not fully dormant, as plants that were moved into a greenhouse could rapidly begin to grow (Hill
1976).

Pollinator Dynamics

Because Diplazium pycnocarpon is a non-flowering plant, pollination does not take place. In
some species of Diplazium, antheridia on the gametophytes release their gametes through a pore-
like opening that develops in the cap cell but in others the cap cell collapses (Nayar and Kaur
1971). Fertilization is dependent on water, which allows the movement of the multiflagellate
sperm toward a receptive egg cell (Raven 1986).

Fern gametophytes can be functionally female (producing only archegonia), male (producing
only antheridia) or hermaphroditic (producing both types of reproductive cells). Each spore is
capable of following multiple developmental paths, and the sex of the gametophyte is not
determined until after the spore has germinated (Banks 1999). In three populations of Diplazium
pycnocarpon studied by Greer and McCarthy (1999) all of the gametophytes initially developed
as females. The female gametophytes of many ferns, including D. pycnocarpon, release a
hormone (antheridiogen) that induces male development in nearby undifferentiated
gametophytes. Antheridiogen can also stimulate the germination of nearby spores beneath the
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soil surface, which then develop as males or hermaphrodites (Banks 1999, Greer and McCarthy
1999). The system benefits the species by utilizing spores that would otherwise fail to
germinate, promoting rapid reproduction in low-quality microsites, and increasing the likelihood
of cross-fertilization (Schneller et al. 1990, Hamilton and Lloyd 1991a, Hamilton 1992).

Seed Dispersal and Establishment

Dispersal in Diplazium pycnocarpon is carried out by spores rather than seeds. Diplazium
indusia usually wither at maturity, exposing the sori (Butters 1917). The spores of D.
pycnocarpon are dark brown and tiny, with a mean diameter of 31.2 x 25.5 um (Kato and
Darnaedi 1988). A detailed illustration is available in Oliver (1968). Many ferns disperse their
spores slowly over a long period, sometimes continuing into the following spring (Farrar 1976).
The dust-like spores are transported by wind and the majority are likely to be deposited locally
but some can end up thousands of kilometers away (Hamilton 1988, Kessler 2010).

A high rate of spore germination has been observed in Diplazium pycnocarpon (Greer and
McCarthy 1999). Hamilton (1998) confirmed that the species can maintain a spore bank in the
soil. Although light is generally required for the germination of ferns, D. pycnocarpon spores
that have been buried in the soil or litter can also be triggered to develop by the release of
antheridiogen from newly established female gametophytes (see previous section).

Earthworms can act as agents of spore burial and re-emergence and may play an important role
in bringing buried spores to the surface and placing them in favorable sites for germination.
Experiments with container-grown ferns (Deparia acrostichoides) demonstrated that spore
germination and the establishment and reproductive success of gametophytes were enhanced in
the presence of earthworms. In addition to repositioning the spores in the soil, the worms
removed fungi and algae that could inhibit the growth of the young plants (Hamilton and Lloyd
1991b). It is not clear whether Glade Fern forms mycorrhizae during either the gametophyte or
sporophyte phase, although they have been documented in several other species of Diplazium
(Wang and Qiu 2006).

Habitat

Diplazium pycnocarpon can occur at elevations of 150-1000 meters above sea level (Kato 2020).
The fern is typically found in moist, shady places such as woodlands or thickets. The substrate is
generally rich and it may be circumneutral but it is frequently calcareous. Glade Fern can grow
on the sloping sides or bottoms of ravines, and populations are sometimes situated along stream
borders (Taylor 1915, Fernald 1941, Cobbe 1943, Coddington and Field 1978, Graves and
Monk 1982, Hough 1983, Gaddy 1990, Hill 1992, Ware and Ware 1992, Angelo and Boufford
1996, Greer and McCarthy 1999, Leopold 2005, Rhoads and Block 2007, LADWF 2009, Wade
et al. 2009). Occurrences on two salt dome islands along the gulf coast of Louisiana are
probably the southernmost populations in the species' range—those also are located in deep,
sheltered ravines (Reese and Thieret 1996).
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All of New Jersey's Diplazium pycnocarpon populations are associated with limestone substrate.
The occurrences are located in rich, wet or moist woods. They are variously situated adjacent to
streams, in rocky ravines, and at the bases of ridges, outcrops, or talus slopes (Fairbrothers and
Hough 1973, Montgomery 1982, Montgomery and Fairbrothers 1992, NJNHP 2022).

Hamilton (1992) characterized Diplazium pycnocarpon as an early-successional species, but
once established the populations can be long-lived (Coddington and Field 1978) and the fern has
been found in remnants of old-growth forest (Cobbe 1943, Dolan and Moore 2017). Greer et al.
(1997) noted that D. pycnocarpon habitats were high in moisture, pH, nutrients, and canopy
cover. In Massachusetts, Glade Fern was cited as an indicator species of Rich Mesic Forest, an
Acer saccharum dominated community that is usually associated with calcareous bedrock and
nutrient-rich soils (Bellemare et al. 2005).

Wetland Indicator Status

Diplazium pycnocarpon is a facultative species, meaning that it occurs in both wetlands and
nonwetlands (U. S. Army Corps of Engineers 2020).

USDA Plants Code (USDA, NRCS 2023Db)

DIPY

Coefficient of Conservatism (Walz et al. 2018)

CoC =9. Criteria for a value of 9 to 10: Native with a narrow range of ecological tolerances,
high fidelity to particular habitat conditions, and sensitive to anthropogenic disturbance (Faber-
Langendoen 2018).

Distribution and Range

The global range of Diplazium pycnocarpon is restricted to the United States and Canada
(POWO 2023). The map in Figure 1 depicts the extent of Glade Fern in North America.

The USDA PLANTS Database (2023b) shows records of Diplazium pycnocarpon in three New

Jersey counties: Bergen, Sussex, and Warren (Figure 2). The data include historic observations
and do not reflect the current distribution of the species.
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State distribution map of Homalosorus pycnocarpos - Glade Fern

Map Color Key: -
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Figure 1. Distribution of D. pycnocarpon in North America, adapted from BONAP (Kartesz

2015).
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Figure 2. County records of D. pycnocarpon in New Jersey and vicinity (USDA NRCS 2023b).
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Conservation Status

Diplazium pycnocarpon is considered globally secure. The G5 rank means the species has a
very low risk of extinction or collapse due to a very extensive range, abundant populations or
occurrences, and little to no concern from declines or threats (NatureServe 2023). The map
below (Figure 3) illustrates the conservation status of D. pycnocarpon throughout its range.

The fern is critically imperiled (very high risk of extinction) in six states, imperiled (high risk of
extinction) in five states and one province, vulnerable (moderate risk of extinction) in six states,
and possibly extirpated in Kansas. In other places where D. pycnocarpon occurs it is secure,
apparently secure, or unranked.
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Figure 3. Conservation status of D. pycnocarpon in North America (NatureServe 2023).

Diplazium pycnocarpon is critically imperiled (S1) in New Jersey (NJNHP 2022). The rank
signifies five or fewer occurrences in the state. A species with an S1 rank is typically either
restricted to specialized habitats, geographically limited to a small area of the state, or
significantly reduced in number from its previous status. Glade Fern is also listed as an
endangered species (E) in New Jersey, meaning that without intervention it has a high likelihood
of extinction in the state. Although the presence of endangered flora may restrict development
in certain communities being listed does not currently provide broad statewide protection for
plants. Additional regional status codes assigned to the fern signify that the species is eligible
for protection under the jurisdictions of the Highlands Preservation Area (HL) and the New
Jersey Pinelands (LP) (NJNHP 2010).

Diplazium pycnocarpon has been documented at ten locations in New Jersey but two of the
populations are known to be extirpated and two others are considered historical. Although six
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occurrences are potentially extant, two of those were limited to a few scattered plants when last
viewed several decades ago (NJNHP 2022). Fairbrothers and Hough (1973) reported that the
state's populations of D. pycnocarpon were mostly in decline and at least one had been infertile
for years. Montgomery and Fairbrothers (1992) also observed that fertile fronds were rarely
produced in New Jersey populations and that has continued to be the case for the majority of the
state's occurrences, although vigorous vegetative reproduction has been noted at some of the
sites (NJNHP 2022).

Threats

There is no single threat that has been widely identified as a concern for Diplazium pycnocarpon.
Throughout the range of the species, individual populations may be in danger of habitat loss or
degradation resulting from land use conversion, forest management practices, erosion, livestock
grazing, or feral hogs (LADWF 2009, Smith 2021, NatureServe 2023).

Invasive plants were identified as a general menace to Diplazium pycnocarpon in Louisiana
(LADWEF 2009) and as a threat to a specific occurrence in New Jersey (NJNHP 2022). During
2021 it was noted that the habitat at the New Jersey site had been overrun by nonnative flora,
particularly barberry (Berberis thunbergii). In addition to forming dense stands that crowd out
other plants, the decaying leaves of Berberis can alter soil chemistry and make the habitat less
suitable for native shrubs, herbs, and fungi (Kaufman and Kaufman 2007).

Young Diplazium pycnocarpon fronds can occasionally be damaged by slugs or snails (NCCE
2023), but the plants appear to have some natural defenses that deter herbivory. When tested by
Markham et al. (2006), proteins that had been extracted from the species and applied to soybean
leaves were found to notably decrease leaf damage by moth larvae. The D. pycnocarpon
proteins also significantly increased caterpillar mortality and caused a decline in larval growth
rates. Although White-tailed Deer (Odocoileus virginianus) occasionally browse on the fern's
leaves (Hilty 2020), no reports of extensive mammalian herbivory on D. pycnocarpon were
found.

New Jersey populations of Diplazium pycnocarpon may be expected to have a relatively low
level of vulnerability to climate change because the fern has been found in both cooler and
warmer climates and seems to tolerate some variation in moisture conditions. However the
fronds can turn brown if the soil dries out and remains dry for an extended period of time (NCCE
2023) and since New Jersey is experiencing more frequent and prolonged droughts as a result of
rising temperatures and altered precipitation patterns (Hill et al. 2020), D. pycnocarpon
populations could be affected. Loss of leaves during the growing season may reduce
photosynthetic activity and consequently decrease energy storage and overall vigor. Low genetic
diversity could also make populations of Glade Fern less able to adapt as conditions continue to
change. One D. pycnocarpon population examined by Hamilton (1992) included 200 individual
ramets but only four genotypes. Comparable limited diversity is likely in New Jersey colonies,
most of which are thought to be maintained primarily by clonal reproduction (Montgomery and
Fairbrothers 1992, NJNHP 2022).
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Management Summary and Recommendations

Only one of the six potentially extant New Jersey populations of Diplazium pycnocarpon has
been monitored in recent years and updated site visits are needed in order to assess current
population status and viability. Since the spore-bearing structures of Glade Fern develop late in
the season the best time to monitor the species would be late summer (August-September) when
fertile fronds are most likely to be present.

Generally speaking, Diplazium pycnocarpon is a species that could benefit greatly from land
conservation and habitat protection because populations can persist for a long time when
conditions are favorable. Conservation planning for the species might be appreciably enhanced
by new research. Few details are available regarding suitable microenvironments for the
gametophyte stage or the factors which trigger development of fertile fronds in populations that
are primarily vegetative. It is possible that similar circumstances are advantageous for both
spore production and gametophyte development. D. pycnocarpon's potential mycorrhizal
relationships and competitive interactions with other species are also suggested as areas for
further study.

Synonyms and Taxonomy

The accepted botanical name of the species is Diplazium pycnocarpon (Spreng.) Broun.
Orthographic variants, synonyms, and common names are listed below (ITIS 2023, POWO 2023,
USDA NRCS 2023b). Glade Fern was placed in the genus Athyrium during the mid-1800s and
although Butters (1917) observed that the species was more closely aligned with Diplazium
many botanists continued to include it in Athyrium throughout the 1900s (eg. Gleason and
Cronquist 1991, Montgomery and Fairbrothers 1992). Detailed morphological and genetic
studies have determined that D. pycnocarpon is more closely related to some Asian ferns
(Diplazium flavoviride, Diplaziopsis spp.) than to any of the North American Athyrium species
(Kato and Darnaedi 1988, Chunxiang et al. 2011). Some sources now identify Glade Fern as
Homalosorus pycnocarpos (eg. Kartesz 2015, POWO 2023). Pichi Sermolli (1977) was credited
with the establishment of the monotypic genus Homalosorus to accommodate this species
(Chunxiang et al. 2011): A similar strategy had been proposed earlier by Small (1935) but the
name was not adopted because it had not been validly published (Weatherby 1936, POWO
2023).

Botanical Synonyms Common Names
Homalosorus pycnocarpos (Spreng.) Pichi Sermolli Glade Fern
Diplaziopsis pycnocarpa (Spreng.) M. G. Price Narrow-leaved Spleenwort

Diplazium angustifolium (Milde) Butters
Asplenium pycnocarpon Spreng.
Athyrium angustifolium Milde

Athyrium pycnocarpon (Spreng.) Tidestr.
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