
Investigating the Role of a Cryptic Life Stage in Fern Community Assembly
Joel H. Nitta and Charles Davis

Harvard University Herbaria, Department of Organismic and Evolutionary Biology, Harvard University

Conclusions
The results of our study suggest that, despite the developmen-
tal link between fern sporophytes and gametophytes, commu-
nity assembly dynamics may differ between these two genera-
tions. Although phylogenetic community structure of gameto-
phytes does not change with elevation, sporophytes become 
more clustered at higher elevations. Furthermore, we found ga-
metophytes of multiple fern species that exist beyond the 
ranges of their sporophyte counterparts, and that these game-
tophytes tend to have non-cordate morphologies. The ability of 
fern gametophytes to persist in favorable microhabitats even 
when the conditions do not allow growth of the sporophyte 
may be important for the evolutionary success of ferns.
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 We used Pagel’s (1994) method to test for correlated evolution 
between gametophyte morphotype and occurrence beyond 
conspecific sporophytes; a model of correlated evolution was 
found to be more likely (log likelihood -99) than one in which the 
two traits were independent (log likelihood -107).
Phylogenetic structure of each gametophyte and sporophyte com-
muity was characterized using Mean Phylogenetic Distance (MPD) 
and Mean Nearest Taxon Index (MNTD) with the Picante package 
(Kembel et al. 2010) in R (R Core Team 2012). Sporophyte communi-
ties decreased in MPD with increasing elevation, but no correlation 
between phylogenetic community structure was observed in game-
tophytes (Fig. 4).

Figure 4: Community phylogenetic structure (standard effect 
size of MPD) of gametophytes (left) and sporophytes (right) 
along an elevational gradient from 200 to 2000m.  Positive SES 
values indicate overdispersion; negative values indicate cluster-
ing. Significant Pearson correlation of SES with elevation shown 
for sporophytes. Communities significantly different from null 
distribution in black. n = 22 sites total. 
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SporophytesGametophytesOver 1000 fern gametophytes were collected across the 
gradient; of these, 985 (85%) were successfully identified 
to species using the DNA barcode marker.  Species rich-
ness was higher for sporophytes (total 123 spp all plots; 
mean 25.3 ± 7.6 spp per plot) than gametophytes (total 
63 spp all plots; mean 9.8 ± 2.1 spp per plot). Sporo-
phytes reached maximum richness at mid-elevations; 
however, this humped distribution was not observed in 
gametophytes (Fig. 2).
Most gametophytes occurred near conspecific sporo-
phytes. However, gametophytes of 35 species were ob-
served growing in plots that lacked conspecific sporo-
phytes (”x” in Fig. 3). Furthermore, gametophytes of two 
species, Antrophyum sp. and Vaginularia cf. angustissima, 
were found which appear to completely lack sporo-
phytes on Moorea or Tahiti (arrows in Fig. 3).

Figure 3: Maximum likelihood rbcL (1206 bp) phylogeny of ferns 
of Moorea and Tahiti inferred using RAxML (Stamatakis 2006), and 
scaled to be ultrametric using r8s (Sanderson 2003). Colored dots 
indicate gametophyte morphotype.  “X” indicates gametophytes 
observed growing without sporophytes. Arrows indicate game-
tophytes lacking sporophytes on Moorea or Tahiti. Families sensu 
Smith et al. (2006) on right.

Figure 2: Observed species richness of fern gametophytes (left) 
and sporophytes (right) along an elevational gradient from 200 
to 2000m. n = 22 sites total. 
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Prosaptia contigua
Archigrammitis tahitensis
Oreogrammitis raiateensis
Dasygrammitis purpurascens
Calymmodon orientalis
Ctenopterella blechnoides
Grammitis marginelloides
Selliguea plantaginea
Pyrrosia serpens
Microsorum grossum
Microsorum punctatum
Microsorum commutatum
Microsorum membranifolium
Microsorum sp1
Belvisia spicata
Microsorum powellii
Humata anderssonii
Humata pectinata
Davallia solida
Wibelia denticulata
Oleandra sibbaldii
Tectaria decurrens
Tectaria tahitensis
Tectaria dissecta
Arthropteris palisotii
Nephrolepis exaltata
Nephrolepis hirsutula
Nephrolepis cordifolia
Lomariopsis brackenridgei
Elaphoglossum savaiense
Elaphoglossum samoense
Lomagramma tahitensis
Teratophyllum wilkesianum
Bolbitis lonchophora
Dryopteris dicksonioides
Dryopteris macrolepidota
Arachniodes aristata
Ctenitis sciaphila
Leucostegia pallida
Asplenium affine
Asplenium polyodon
Asplenium caudatum
Asplenium australasicum
Asplenium nidus
Asplenium tenerum
Asplenium gibberosum
Blechnum patersonii
Blechnum raiateense
Blechnum vulcanicum
Blechnum pacificum
Blechnum orientale
Diplazium ellipticum
Diplazium grantii
Diplazium harpeodes
Deparia petersenii
Sphaerostephanos subpectinat.
Pneumatopteris mesocarpa
Christella dentata
Amphineuron opulentum
Sphaerostephanos invisus
Chingia longissima
Plesioneuron attenuatum
Plesioneuron sp1
Coryphopteris sp1
Macrothelypteris torresiana
Macrothelypteris polypodioides
Hypolepis tenuifolia
Hypolepis dicksonioides
Hypolepis sp1
Paesia divaricatissima
Histiopteris incisa
Microlepia scaberula
Antrophyum plantagineum
Antrophyum sp1
Antrophyum reticulatum
Haplopteris elongata
Vaginularia angustiss.
Adiantum trapeziforme
Adiantum raddianum
Adiantum hispidulum
Doryopteris concolor
Cheilanthes nudiuscula
Pteris ensiformis
Pteris mertensioides
Pteris comans
Pteris tripartita
Pityrogramma calomelanos
Acrostichum aureum
Lindsaea rigida
Lindsaea sp1
Lindsaea repens
Sphenomeris chinensis
Cyathea epaleata
Alsophila tahitensis
Sphaeropteris medullaris
Schizaea dichotoma
Lygodium reticulatum
Crepidomanes minutum1
Crepidomanes minutum3
Crepidomanes minutum2
Crepidomanes bipunctatum
Crepidomanes kurzii
Crepidomanes humile
Vandenboschia maxima
Didymoglossum tahitense
Polyphlebium borbonicum
Polyphlebium endlicherianum
Abrodictyum caudatum
Abrodictyum asaegrayi2
Abrodictyum asaegrayi1
Abrodictyum dentatum
Callistopteris apiifolia
Hymenophyllum flabellatum
Hymenophyllum pallidum
Hymenophyllum multifidum
Hymenophyllum polyanthos
Hymenophyllum sp1
Hymenophyllum digitatum
Hymenophyllum javanicum
Sticherus tahitensis
Dicranopteris linearis
Diplopterygium longissimum
Angiopteris evecta
Ptisana salicina
Psilotum nudum
Psilotum complanatum
Tmesipteris gracilis
Ophioglossum pendulum
Ophioglossum falcatum

No sporophyte in plot
No sporophyte on island

Filamentous RibbonCordate

Non-cordate

0.4 mm

50 my

Hymenophyllaceae

Gleicheniaceae
Marattiaceae
Psilotaceae
Ophioglossaceae

Schizaeaceae
Cyatheaceae

Lindsaeaceae

Pteridaceae

Dennstaedtiaceae

Thelypteridaceae

Woodsiaceae

Aspleniaceae

Dryopteridaceae

Lomariopsidaceae

Tectariaceae
Oleandraceae
Davalliaceae

Polypodiaceae

Blechnaceae

Moorea and Tahiti are part of the Society Island archipelago, one 
of the most isolated island chains in the world (Fig. 1). The islands 
harbor several habitat types, including coastal strand, low eleva-
tion rainforest, and cloud forest.  The Tahitian fern flora comprises 
ca. 150 species (Nitta et al. 2011), and is phylogenetically diverse, 
including 20/37 families of Smith et al. (2006). These encompass a 
variety of habitat preferences (e.g., epiphytic, epipetric, terres-
trial), sporophyte morphologies, and gametophyte morphotypes.
 
• We constructed DNA libraries using chloroplast rbcL to use for 
phylogenetic analysis and identification of field-collected cryptic 
gametophytes.
• We conducted field surveys along an elevational gradient to in-
vestigate species ranges of both sporophytes and gametophytes.  
Sporophyte diversity was sampled in 10x10 m plots, and gameto-
phytes in 50 x 50 cm subplots. Sampling plots were located at ca. 
200m intervals along an elevational gradient from 200m to 
2000m.
• We analyzed physiological (e.g., desiccation tolerance) and mor-
phological traits (e.g., morphotype, frond anatomy) in a phyloge-
netic framework to investigate how characteristics of both the 
gametophyte and sporophyte influence fern community assem-
bly.
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Figure 1: World map centered on French Polynesia. Red circle in-
dicates location of Tahiti.
Inset: Moorea and Tahiti. Red triangles indicate sampling sites.
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Ferns have a unique life cycle, alternating between morphologically 
distinct sporophyte (diploid) and gametophyte (haploid) generations. 
The majority of the life span of each generation is nutritionally and 
physically independent from the other. This characteristic makes ferns 
unique; although bryophytes and seed plants also have alternation of 
generations, in these plants one life phase is completely dependent 
on the other. Fern gametophytes, as the sexual phase of the life 
cycle, are particularly significant to fern evolution. However, due to 
their highly cryptic nature  (typically <1 cm in size and lacking mor-
phological characters for species-level identification), the ecology of 
fern gametophytes is virtually unknown. 

The goal of this project is to analyze ecological traits of fern gameto-
phytes and sporophytes in a phylogenetic context to elucidate the 
processes driving community assembly and evolution in an island 
fern flora.

Introduction


