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Abstract.—Surveys of the caterpillars of Area Conservacion de Guanacaste
(ACG), northwestern Costa Rica, documented an array of litter moths (Erebidae:
Herminiinae) feeding on ferns in at least 17 families. This represents the first doc-
umentation of extensive oligophagous fern-feeding among Herminiinae and possibly
within New World Erebidae. Collectively, the taxonomic composition of foodplants
of pteridivorous Herminiinae in ACG differs markedly from those of corresponding
fern foodplants of sympatric Noctuidae: they are less concentrated in Polypodiales
and tree ferns (Cyatheaceae) are among the primary foodplants of several hermi-
niines. These have been recorded only rarely as foodplants of ACG noctuids. Pter-
idivorous herminiines also appear closely related to species variously recorded from
dead leaves, algae, mosses (Bryophyta), spikemosses (Selaginaceae), palms (Are-
caceae), and the exclusively New World family Cyclanthaceae. Feeding on mono-
cots and mosses by caterpillars with pteridivorous congeners may even represent a
more general pattern that is shared, for example, with certain sawflies (Ten-

thredinidae).
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Although a range of polyphagous
herbivorous insects feed incidentally or
opportunistically on ferns, specialized
fern-feeding (pteridivory) invites ques-
tions concerning plant-herbivore coevo-
Iution due to the considerable age and
complex allelochemistry of ferns (Balick
et al. 1978, Cooper-Driver 1980). A first
step towards—and an empirical prereq-
uisite of—addressing any such questions
is the resolution of the number and se-
quence of independent origins of pter-

idivory in a given lineage, and their
timing relative to the origins of and re-
lationships among major fern groups.
Polypodiopsida date back nearly 400
mya and there is evidence of at least
isolated stasis in chromosomal arrange-
ments (Bomfleur et al. 2014), However,
recent phylogenetic work has character-
ized the extant leptosporangiate orders
(subclass Polypodiidae) as having orig-
inated much more recently during the
Cretaceous, following the explosion of
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dominance by flowering plants (Schneider
et al. 2016).

Obligate pteridivory by insects also
draws interest because of its alleged
ecological rarity in nature, which has
been variously asserted and inferred
from observations of low herbivore loads
on ferns in nature. This general para-
digm was reviewed and challenged by
Hendrix’s (1980) summary of apparently
independent origins of specialized pter-
idivory in each of the most species-rich
herbivorous insect orders (Coleoptera,
Diptera, Hemiptera, Hymenoptera, and
Lepidoptera). Although it has yet to be
assessed critically, evolutionary coloni-
zation events by herbivorous insects onto
ferns may have taken place over a span
of 250 my or more. These include cases
within the Hemiptera and Coleoptera
(ages of origin ~ 290-285 mya) relative
to Hymenoptera (189 mya), Diptera and
Lepidoptera (both ~ 160 mya). Among
the most conspicuous of the early hol-
ometabolan origins is that of sawflies
(Symphyta), a primitive hymenopteran
lineage in which pteridivory appears to
have arisen multiple times (Schneider
et al. 2016). Within the macro-hetero-
ceran Lepidoptera, pteridivory is per-
haps most commonly associated with
Musotiminae (Pyraloidea: Crambidae),
Lithinini (Geometridae: Ennominae),
and Eriopinae (Noctuidae). Several of
the Geometridae and Erebidae: Arctii-
nae (= Arctiidae) in Balick et al.’s (1978)
review represent incidental feeding rec-
ords of highly polyphagous species (e.g.,
Cingilia catenaria (Drury)). Within the
Noctuoidea, pteridivory has not been
reported widely, if at all, from within the
‘deltoid’ subfamilies. These are all for-
merly Noctuidae and now placed within
the Erebidae, including Herminiinae, or
litter moths. They are so named because
many of their caterpillars are de-
tritivores, feeding on dead leaves and
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soft substrates within leaf litter. Within
the Noctuidae, pteridivory is most com-
monly observed by caterpillars of Eriopi-
nae (Noctuidae), a cosmopolitan subfamily
with substantial species richness in
tropical Asia and significant number of
Neotropical species. An exception is
Pseudobryomima Barnes & Benjamin
(Noctuinae), at least two species of
which feed on ferns, first as early-instar
leafminers that then construct shelters in
later instars (McCabe et al. 2002). As the
boundaries of the Herminiinae are re-
evaluated, a growing body of evidence
based in large part on the rearing of
caterpillars in Area Conservacion de
Guanacaste, Costa Rica (ACGQG), suggests
greater complexity in the extent of
noctuid fern-specialization outside the
Eriopinae.

Here we characterize the fern associ-
ations among several genera of tropical
Herminiinae. This represents the first
discussion of a substantial group of re-
lated fern-feeding species within Erebi-
dae. Our purpose is to characterize the
botanical associations of herminiine
pteridivore caterpillars observed at ACG
with reference to the most current un-
derstanding of fern classification, and to
contrast the taxonomic and phylogenetic
distributions of these foodplants with
those of hosts records for sympatric
pteridivorous Noctuidae, in which fern-
feeding was derived independently. A
more expansive treatment of the larvae
and their hosts will accompany ongoing
taxonomic revisionary work as in Gold-
stein et al. (2018a, 2018b, 2019) and
Goldstein and Zilli (2019).

Herminiinae comprise a diverse and
cosmopolitan array of more than 140
recognized genera, many of which are
poorly circumscribed and polyphyletic.
Many of the species reared at ACG are
undescribed, and herminiine genera
represent one of the more abyssal gaps in
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our current understanding of noctuoid
systematics. A systematic treatment of
the group is beyond the scope of this
paper and consequently many of the
generic assignments used here are pro-
visional and will likely change following
revision. Inference of the number of or-
igins of fern-feeding within the sub-
family awaits comparative phylogenetic
analyses.

MATERIALS AND METHODS

Caterpillars have been, and still are
being, sampled in the course of general
inventory efforts undertaken at ACG
since 1978 (Janzen and Hallwachs 2011,
2016; Diaz et al. 2018, Metz et al. 2020).
Identification of foodplants (and their
confirmation by professional plant taxon-
omists), rearing of larvae and parasitoids,
and DNA barcoding were undertaken
by the parataxonomist team in collab-
oration with the Consortium for the
Barcode of Life (CBOL) and the Centre
for Biodiversity Genomics (CBG), Uni-
versity of Guelph. Provisional barcode
analyses (NJ, Kimura 2-parameter) were
used to differentiate species; and among
these, provisional determinations were
made for specimens matching recogniz-
able species morphologically and pro-
visional generic assignments were made
for others. All ACG vouchered speci-
mens included in this assessment were
found on and had to continue feeding on
their associated foodplants. Original
adult species identifications were made
by examination of morphology and DNA
barcodes, followed up with identifica-
tions by R. W. Poole and refined subse-
quently by P. Z. Goldstein. Adult
voucher specimens are deposited at the
U. S. National Museum of Natural His-
tory, Washington, DC, USA and identi-
fied by unique voucher codes referring to
the inventory master database at http://
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janzen.sas.upenn.edu, a FileMaker Pro
copy of which is deposited in the De-
partment of Entomology, NMNH; much
of the collateral data are also available in
the BOLD public database of the CBG.

A survey of ACG rearing records
quickly revealed repeated records of
novel fern feeding records in both the
Noctuidae and Herminiinae. Among the
noctuids, primarily pteridivorous larvae
were documented for at least three gen-
era within the likely boundaries of
Eriopinae (Argyrosticta Hiibner, Callo-
pistria Hiibner, and Phuphena Walker),
and were newly reported from three
Noctuinae genera considered incertae
sedis (Leucosigma Druce, Lophomyra
Schaus, 1911b, and Aprica Goldstein).
Provisional generic assignments of fern-
feeding Herminiinae include Dusponera
Dognin, Ipanephis Nye, Mamerthes
Druce, Nicetas Druce, Rejectaria Gue-
née, Salia Hiibner, Scopifera Herrich-
Schiffer, Strathocles Druce, and Tarista
Schaus. Just as the discovery of several
incertae sedis Noctuidae feeding on
ferns raises questions that require taxo-
nomic resolution at the supra-generic
levels, the numerous herminiine fern-
feeders highlight specific nomenclatural
problems that require extensive taxo-
nomic revision in the subfamily. Spe-
cifically, fern-feeding species of ACG
include described and undescribed spe-
cies distributed among several genera
that are either polyphyletic or pending
synonymy, most prominently among the
Mamerthes-Nicetas-Rejectaria complex.
While clustering of DNA barcodes sug-
gest prospective groups of closely re-
lated species with shared suites of
foodplant records, their ultimate taxo-
nomic placement awaits proper revision.
Given our current understanding, based
on type specimens and type species, we
have endeavored to minimize our use of
provisional generic names, but retain
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provisional morphospecies names for
undescribed species. Undescribed spe-
cies bear an interim, informal, non-
italicized species-specific epithet that
contains numerals and capital letters.
Such names are constructed as to be
computer- and database-friendly, not
containing spaces and indicating, where
possible, the taxonomist or parataxonomist
who coined the name (e.g., Rejectaria
Poole03).

Prior to collating foodplant data, we
initially arranged specimens according
to NJ dendrograms generated from DNA
barcode sequences, then collated and
labeled specimens with available met-
adata (additional metadata are in the
individual data base record for each
specimen, as located by its unique
voucher code). Species generally match
Barcode Index Numbers (BINs; Ratna-
singham and Hebert 2013), though some
BINs contain more than one species.
Species determinations and provisional
generic assignments for undescribed
morphospecies were retained or revised
on the basis of ongoing revisions, with
the understanding that herminiine no-
menclature is in a state of flux. Records
of unvouchered or unavailable speci-
mens (such as all of those that die of
disease, parasites, or mistreatment, al-
though they do have their own records
in the master data base) and speci-
mens with foodplants that could not be
assigned to genus were excluded from
this paper. We examined all foodplant
records, including non-pteridophytes,
for species and putative congeners
of species recorded from ferns. Food-
plant records were arranged taxo-
nomically following the Pteridophyte
Phylogeny Group (PPG I, 2016) and
the Angiosperm Phylogeny Group (APG
1V, 2016).

Since field caterpillar capture methods
at the massive scale of the ACG effort
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cannot be standardized, we do not at-
tempt to quantify or even assert spe-
cies-level oligophagy beyond that
which is obvious in the data analysis.
For example, if Callopistria floridensis
(Guenée, 1852) caterpillars are found
1,370 times out of roughly 720,000
wild caterpillars during 43 years of
inventory, and all were feeding on ferns
(which they were), we consider them
pteridivores. Although in many specific
cases the distributions of foodplant
records were heavily weighted towards
a particular taxonomic group of plants,
implying some level of oligophagy, the
recorded feeding records of most spe-
cies are dispersed across multiple plant
families. We summarize repeated ob-
servations of foodplant as a step to-
wards constructing diet breadths, and
use ensembles of foodplant records to
generate coarse comparisons between
two unrelated groups of noctuoids. For the
purposes of this paper, we avoid the
conventional use of ‘hostplant’, which
often includes random encounters of
caterpillars starving or searching for
cocooning foliage. Again, our usage of
“foodplant™ is restricted to documented
feeding at the time of and after capture,
not incidental occurrence, and in gen-
eral we restrict the usage of ‘host’ to
parasitized caterpillars.

We examined the taxonomic distri-
butions of parasitoids (excluding hyper-
parasitoids) reared from pteridivorous
Herminiinae and Noctuidae species and
their putative congeners. Parasitoid rec-
ords were arranged taxonomically by
caterpillar host genus and plant genus;
parasitoids that were not assigned to
family were excluded.

REsULTS

We examined 2,298 foodplant records
of 42 species of Herminiinae fern-feeders
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and 18 putative congeners with foodplant
records outside Polypodiopsida (Table 1,
Figs. 1-10) and 2,545 records of 27
species of Noctuidae fern-feeders (Table
2). The taxonomic distributions of feed-
ing records among species and families
of foodplants are non-uniform among
among both Herminiinae and Noctuidae
taxa; both recorded diet breadths and
taxonomic concentrations of recor-
ded foodplants vary widely. Excluding
pteridivore species for which only a
singleton feeding record species exists,
most fern-feeders were recorded from
more than one fern family (29/35 her-
miniines and 17/24 noctuids), and the
mean number of fern families repre-
sented in the recorded diet of a given
fern-feeder is 3 for herminiines (n = 35,
x =3, M = 3, Range 1-9) and 2 for
noctuids (n = 24, x =2, M = 3, Range 1—
13). We hasten to point out that in con-
trast to non-ferns, we have no idea of
how distinctive are the allochemical
signatures of individual fern families,
although they may be more homoge-
neous than those of dicotyledonous
angiosperms. Despite the paucity of po-
tentially species-level or family-level fern
specialists, several well-sampled species of
both Herminiinae and Noctuidae have rec-
ords limited to a narrow taxonomic range of
foodplants, just as the collective feeding
records on certain ferns and fern families
are narrowly concentrated within a small
number of herbivore species. We stress that
while all of these species are ‘“fern spe-
cialists” in the sense that they feed only on
ferns, most appear to be ‘fern-polyphagous’
with respect to multiple fern taxa.
Collectively, Herminiinae are recor-
ded from a greater taxonomic breadth of
fern foodplants (17 families in 5 orders)
than Noctuidae (13 families in 3 orders)
(Figs. 11, 12; Tables 1, 2). However,
there are very few records of herminiine
foodplants within the primitive lep-
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tosporangiate fern orders Hymeno-
phyllales, Gleicheniales, and Schizeales.

The contrast between the taxonomic
distributions of foodplants of ACG
Noctuidae versus those of Herminiinae
can be visualized coarsely at the ordi-
nal level and with reference to the
two largest suborders of Polypodiales,
Aspleniineae and Polypodiineae (Fig.
12). Of 42 ACG Herminiinae species
captured and reared on ferns, all but one
were recorded from Polypodiales, 20 of
them exclusively from the order; 21
herminiine species have foodplant rec-
ords in four families in the suborder
Aspleniineae (Aspleniaceae, Blechna-
ceae, Thelypteridaceae, and Athyriaceae),
including 7 with all their foodplant rec-
ords confined to Aspleniineae (Table 1).
Of the 27 fern-feeding Noctuidae, eight
species have foodplant records in As-
pleniineae, with only Phuphena multi-
linea recorded exclusively from the
suborder (220 records from Salpi-
chlaena volubilis, Blechnaceae; a single
specimen from Polypodiineae (Poly-
botrya osmundacea, Dryopteridaceae)
was parasitized so its identification is
questionable) (Table 2). Among the
noctuid fern feeders, the Polypodiineae
represents a majority of all the foodplant
records. All 27 pteridivorous Noctuidae
species examined were recorded from
foodplants in Polypodiineae: 16 of these
were recorded exclusively from the
suborder, and 19 were recorded from
Polypodiaceae, including 12 chiefly or
exclusively from that family (Table 2).
Only three species of noctuid fern-
feeders had foodplant records in addi-
tion to Polypodiales, and these included
two of the three least oligophagous
fern-feeders in terms of foodplant fami-
lies, C. floridensis and Phuphena cilix
(Druce, 1898) (Godman and Salvin
1898); all three species were recorded
from Cyatheaceae (Cyatheales) and one
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from Lygodiaceae (Schizeales) (Table 2).
In contrast, 28 species of the 42 Herminii-
nae fern-feeders have host records among
six families of Polypodiineae (Didymo-

3 . | chlaenaceae, Dryopteridaceae, Lomariop-
St §7|7|8] sidaceae, Nephrolepidaceae, Tectariaceae,
AREE ~| and Polypodiaceae), of which the food-
il — plant records of three species are confined
z E & entirely to the suborder (Table 1).
"é g & Among the most conspicuous differ-
= z -| ences in the suites of fern foodplants in
E % s| Herminiinae versus Noctuidae is that
z = 2| 995 foodplant records for tree ferns
3 B - (Cyatheales, Cyatheaceae; e.g., Also-
Z - phila, Cyathea) are widespread among
JLE ~| Herminiinae species (18 species)
g % = 2| (Table 1), but are nearly absent (7 rec-
:§ z o|e| || |<|g] ords) from Noctuidae and confined to
£ = only 3 species) (Table 2). Both Denn-
" g " “I7|”|%] staedtiaceae (e.g., Hypolepis, Pteridium)
g g - 2| and Didymochlaena (Didymochlaenaceae)
§ = _ =| are also well-represented among her-
g 3 ; miniine foodplant records, but records of
= g < “| Blechnaceae (e.g., Blechnum, Salpi-
5 Ele 8 8| chlaena) and Pteridaceae (e.g., Adiantum,
Z a| Pityogramma, Pteris) are few among
z T2 ¢/ Herminiinae relative to Noctuidae, and
; - - ; almost all records of noctuids feeding
= on Pteridaceae are of Callopistria flo-
f “| ridensis. Although tree ferns (Cya-
CYATHEALES & ~[&[2[7|"| ||§] theaceae), represent perhaps the most
SCHIZAEALES 3 -| conspicuous difference between the
GLEICHENIALES 3 .| collective diet breadths of Herminiinae
= versus Noctuidae, the herminiine larvae
HYMENOPHYLLALES ol — .
= {1 1| that feed on them are rarely if ever spe-
p g cialists at the fern family level (Table 1).
H s | || Every one of the 18 species of Hermi-
ol E f niinae feeding on tree ferns also had
% § % | |=le é =la foodplant records for at least one other
% = E Egééé iéié fe?'n species. None of these 18 herme-
= EN niines, however, had foodplant records
é;é . from non-ferns (Table 1). Again, we
;—:5 IRERE §§§§ sls clarify that although most fem—.specialists
SHEEEEEEEEHNEE do not appear restricted to a given group

of ferns, the near absence of tree ferns
from the spectrum of noctuid foodplants
is noteworthy.

Table 1. Continued.
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Figs. 1-10. Representative examples of fern-feeding larvae and their relatives (Erebidae: Hermi-
niinae) with food substrate records outside Polypodiopsida. 1, 05-SRNP-33660 DHJ424715 Tarista
Poole02 on Polybotrya osmundacea (Dryopteridaceae). 2, 06-SRNP-32792 DHIJ415934 Tarista
Poole02 on Lomariopsis vestita (Lomariopsidaceae). 3, 07-SRNP-65271-DHJ429409 Nicetas Poole19
on moss (Bryophyta). 4, 08-SRNP-41994-DHJ446615 Scopifera antelia on Lomariopsis vestita
(Lomariopsidaceae). 5, 09-SRNP-31750-DHJ455150 Rejectaria Poolel4 on algae. 6, 09-SRNP-
32562-DHJ464251 Herminiinae sp. on Calyptrogyne trichostachys (Arecaceae). 7, 11-SRNP-40811-
DHJ482826 Nicetas Poolel3 on Trichomanes collariatum (Hymenophyllaceae). 8, 14-SRNP-44574
DHI724243 Dusponera PooleO1 (= D. fannia). 9, 05-SRNP-4748-DHJ403124 Nicetas Poolel8 on
Alsophila firma (Cyatheaceae). 10, 09-SRNP-73178-DHJ465672 Nicetas BioLep218 on Selaginella
arthritica (Selaginellaceae).
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Table 2. Taxonomic distribution of foodplant records for ACG Noctuidae (Table 2). Genus assignments are

provisional.

(Abbreviations: LYG = Lygodiaceae, CYA = Cyatheaceae, PTE = Pteridaceae, DEN = Dennstaedtiaceae, ASP = Aspleniaceae,
THE = Thelypteridaceae, ATH = Athyriaceae, BLE = Blechnaceae, DRY = Dryopteridaceae, LOM = Lomariopsidaceae,
NEP = Nephrolepidaceae, TEC = Tectariaceae, POL = Polypodiaceae)

@ @]

S|z

N =~

2|5 POLYPODIALES

A=

1 %] w»

HERMINIINAE Aspleniineae Polypodiineae
Provisional Genus
Assignment Provisional Species LYG |CYA| PTE | DEN |ASP |THE |ATH |BLE |DRY |LOM |NEP |TEC |POL | TOTAL
Aprica atula 13 1 3 5 2 3 27
Argyrosticta aurifundens 1 103 104
Argyrosticta bellinita 1 4 5| 197 207
Argyrosticta ditissimaPoole02 14 14
Argyrosticta eubotes 2 13 15
Argyrosticta Janzen01 5 5
Argyrosticta Janzen05 9 9
Argyrosticta meres 2 1 5 3 11
Argyrosticta Poole01 3 3
Argyrosticta scionePoole01 1 2 3
Argyrosticta vauaurea 1| 60 61
Callopistria [floridensis 27 1| 585 35| 18] 15| 39| 473] 12| 20 35 9 2 1271
Callopistria Poole01 1 1
Callopistria mexicana 3 16 6 82 2 109
Callopistria mexicanaDHJO1 6 6
Callopistria mexicanaDHJ02 4 2 63 1 70
Leucosigma albimixta 1 1
Leucosigma Chloe (= Poole(02) 8 12 20)
Leucosigma Poolei (= Janzen242) 1 2 3
Leucosigma reletiva 1 1
Leucosigma Schausi (= Janzen839) 1 9 10
Lophomyra Commixta (= Poole02) 74 74
Lophomyra Tacita (= Poole01) 48 48
Phuphena cilix 1 12| 126 3 44 1 5 192]
Phuphena zelotypa (= cilixDHJ02) 5 1 48 54
Phuphena multilinea 220 1 221
Phuphena tura (=Poole(2) 1 4 5
TOTAL| 27 | 7 [599 18 | 24 | 51 [843] 43 | 122 | 43 [ 167 | 564 | 2545

Within Herminiinae, Mamerthes nig-
rilinea Druce, 1891 (Godman and Salvin
1891), Scopifera antelia (Druce, 1891)
(Godman and Salvin 1891), and two
putative Nicetas account for most of the
records of tree ferns (Cyathaceae) (pre-
dominantly Alsophila firma (Baker) D.S.
Conant.). Ipanephis esperanzalis (Schaus,
1913) and an indeterminate species
“Ipanephis” account for most herminiine
feeding records on Dennstaedtiaceae,
predominantely Hypolepis repens (L.) C.
Presl. Thelypteris species (Theylypter-

idaceae), primarily 7. palustris Schott
and T. nicaraguensis (E. Fourn.) C.V.
Morton are primary or shared primary
foodplant records for a number of Ni-
cetas and two species of Salia Hiibner,
[1818] that may be specialists. Records
for D. fannia Schaus, 1916 (= D.
Poole01) are confined to Asplenium
serratum L.; Aspleniaceae account for
multiple foodplant records of only one
other herminiine species (Nicetas
Poolel3). Nicetas Poole21 is recorded
predominantly from Didymochlaena



324

M Herminiinae
Noctuidae

I
3

Number of fern-feeding noctuid species

-
[
>
%
%

2, e %
= 2.
. z
E %
2
3

1 ,.
3 “ %

Fig. 11.

J
2 %
% %

PROCEEDINGS OF THE ENTOMOLOGICAL SOCIETY OF WASHINGTON

A3

\..
o

Taxonomic distribution of fern foodplant records by family of 60 species of fern-feeding

Herminiinae (based on 1851 foodplant records; See Table 1) and 27 species of Noctuidae (based on 2545
foodplant records; See Table 2) at ACG. These records represent the total number of plant family feeding
records per caterpillar species, and are not mutually exclusive (i.e., The number of plant families exceeds
the number of caterpillar species they represent.). No ACG noctuid species are recorded feeding on five
fern families (Hymenophyllaceae, Gleicheniaceae, Schizaeaceae, Saccolomataceae, and Didymo-
chlaenaceae). Columns marked with * indicate three of eighteen fern families with more noctuid species
than herminiine species (Lygodiaceae, Tectariaceae, and Polypodiaceae).

truncatula and accounts for most of
the ACG herminiine records on Didy-
mochlaenaceae. The records for Salia
PooleO1 on Nephrolepis brownii and
N. biserrata represent most of the
herminiine records on Nephrolepidaceae.
Likewise the 16 records of Nicetas an-
tonalis Schaus, 1916 on Tectaria spp.
account for most of the records of ACG
Herminiinae on Tectariaceae, which are
more widespread among recorded noctuid
foodplants. Nicetas Poolel4 is recorded
predominantly on Polypodium and Serpo-
caulon, and accounts for a majority of the
herminiine records on Polypodiaceae.
Among the Noctuidae, aside from the
fern-polyphagous C. floridensis, three
species of Phuphena Walker, 1858 ac-
count for most of the noctuid foodplant
records on Blechnaceae and Lomariop-

sidaceae. Most of the feeding records on
Blechnaceae are accounted for by P. cilix
on Blechnum occidentale 1.. and by
Phuphena multilinea, a possible spe-
cialist on Salpichlaena volubilis J. Sm.;
both P. cilix and P. zelotypa Schaus,
1911a were encountered repeatedly on
Lomariopsis vestita (Lomariopsidaceae),
on which P. zelotypa is a possible spe-
cialist. Excluding C. floridensis, Phu-
phena species also account for a majority
of the noctuid records on Cyatheaceae,
Athyreacae, and Nephrolepidaceae; Lopho-
myra and Argyrosticta Hiibner, [1821] ac-
count for most of the noctuid records from
Polypodiaceae genera. Aprica Goldstein,
2019 (Goldsteain et al. 2019) accounts for
almost all the records on Pteridaceae.

The many records of the fern-
polyphagous and highly abundant
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Fig. 12. Taxonomic distribution of fern foodplant records by order and suborder (for Polypodiales
only) of 60 species of fern-feeding Herminiinae (based on1851 foodplant records; See Table 1) and 27
species of Noctuidae (based on 2545 foodplant records; See Table 2) at ACG. These records represent all
the plant groups recorded per caterpillar species, and are not mutually exclusive (i.e., The number of
plant groups exceeds the number of caterpillar species they represent.). No ACG noctuid species are
recorded from Hymenophyllales, Gleicheniales, or Saccolomatineae.

species Callopistria floridensis accounted
for 1271/2545 (50%) of all the successfully
reared adult noctuid foodplant records ex-
amined, and represent all 13 of the fern
families recorded for Callopistria species at
ACG. Like other Callopistria, C. floridensis
is considered a fern-specialist, but it is
highly fern-polyphagous. It accounts for all
the Schizeales and Aspleniaceae records
and most of the Pteridineae (all Pteridaceae)
records among the Noctuidae.

The families represented by food-
plants of putative fern-oligophages
among the Herminiinae are more nu-
merous than among the noctuid pter-
idivores (Figs. 11, 12) outside as well as
within Polypodiales. Non-pteridophyte
foodplants recorded for putative conge-
ners of pteridivorous species are dis-
tributed asymmetrically among ACG
Noctuidae and Herminiinae. Among
Noctuidae, they consist of records of
angiosperm-feeding by C. carmioli on
Gesneriaceae (Lamiales) and C. dapsilis

on Bombacaceae (Malvales), but these
species are probably misplaced in Cal-
lopistria and are excluded from Table 2
and Fig. 12.

Among the Herminiinae, however, sev-
eral primary non-fern hosts of apparent
oligophages appear repeatedly. Records of
grazing on algae, mosses (Bryophyta),
Selaginellaceae (Lycophyta), and dead
leaves, as well as palms (Arecaceae) and
the New World family Cyclanthaceae are
conspicuous among Herminiinae, either as
alternative foodplants of fern-feeders or
(particularly in the case of the cyclanth-
feeders) as primary foodplants of their
congeners (Table 1). The non-fern food-
plant groups most frequently recorded for
herminiine fern-feeders and their putative
congeners are as follows, with numbers of
species of Herminiinae recorded from
group of plant or substrate in parentheses:
20 (5) Algae, 1 Bryophyta, 4 (3) dead
leaves, 74 (4) Selaginellaceae (Lycophyta);
and among the monocot angiosperm
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families 4 (3) Arecaceae and 347 (7) Cy-
clanthaceae.

From the database of over 73,000 para-
site records we culled 322 records of 67
species of parasitoids reared from ACG
noctuoid pteridivores and their congeners
(Table 3). There was little taxonomic
overlap among suites of noctuid versus
herminiine parasitoids, nor do we expect
any. Of 46 parasitic wasps and 21 flies,
herminiine caterpillars hosted 26 and 9,
respectively, and noctuid caterpillars 24 and
13; but only 5 parasitoid species (3 ich-
neumonids, 1 braconid, and 1 tachinid)
were recorded from species in both groups,
and all of these require more DNA bar-
coding of larger samples to determine
conspecificity. The disparity between suites
of parasitoids attacking herminiine versus
noctuid herbivores is consistent across
parasitoid taxa. Nineteen of 22 species of
ichneumonids, 18 of 19 braconids, all five
of the remaining recorded wasps and 20 of
21 recorded flies were exclusive to either
noctuids or herminiines. Although a ma-
jority of these are singleton records, several
of the more frequently sampled parasitoids;
including species of braconids, eulophids,
ichneumonids, and tachinids, were not
recorded from any Lepidoptera other than
pteridivorous species treated here. Among
the species recorded only from pteridivorous
Noctuidae are Enicospilus maculipennis
(Cameron) (Ichneumonidae), 24 of which
were from one batch of caterpillars and
were probably siblings); the braconids
Glyptapanteles Whitfield150 (29 of which
recorded from one batch of 31 Phuphena
multilinea) and G. Whitfield309; Euplec-
trus eowilsoni Hansson (Eulophidae); and
Houghia crypta (Townsend) (Tachinidae).
Both G. Whitfield309 and H. crypta are
recorded only from Callopistria and Phu-
phena species. Parasitoids specific to Her-
miniinae appear to include at least two
more species of Glyptapanteles and the
tachinids Winthemia aureonigra Thompson

HERMINIINAE FOODPLANT
Family, Genera

Family, Genera

Tectariaceae, Tectaria

NOCTUIDAE FOODPLANT

[Dennstaedtiaceae, Pteridium
[Pteridaceae, Ceratopteris

TOTAL
# Records
1
2
1
322
67

106 (17)
35

#RECORDS (# Host spp.)
HERMINIINAE

216 (11)
37

# RECORDS (# Host spp.)
NOCTUIDAE
1
2(1)
1

PARASITOID SPECIES
TOTAL]
TOTAL # Parasitoid spp.

Siphona Janzen66
Siphona Janzen67

sarcJanzen01 Janzen18

Subfamily
Tribe

FAMILY
Siphonini cont.

Table 3. Continued.

SARCOPHAGIDAE




330

and Chrysoexorista Janzen35. One of the
Glyptapanteles (Whitfield118) is recorded
only from an undescribed Nicetas species
(BioLep218) feeding on Selaginella. At
least two well-sampled species, Charops
GauldADHIJO04 and Zelomorpha paulgold-
steini Meierotto recorded from multiple
species of both Herminiinae and Noctuidae
and have not been reared from any non-
pteridivorous species.

DiscussioNn

Many species of Herminiinae cater-
pillars are generally thought of as
ground-dwelling detritivores because
they feed on leaf litter where drably
colored adults also conceal themselves.
Our focus here has been the documen-
tation of pteridivory among multiple
Neotropical herminiine species, and a
coarse comparison of their feeding
habits with similarly inclined noctuid
relatives in ACG. The documentation of
a substantial number of fern-feeding and
all the fern-obligate Herminiinae found
in this study represents a significant ex-
pansion of our understanding of fern-
feeding insects. To our knowledge, the
breadth of these associations is consid-
erably broader than that documented
for any group of New World noctuid pter-
idivores, although the data and folklore to
date is based almost entirely on extra-
tropical feeding records. It is a considerable
challenge to evaluate the reliability, much
less the generalizability, of literature-based
foodplant records, and the rearing efforts
reflected in this paper present a rare op-
portunity to document behavioral obser-
vations while enabling the corroboration of
taxonomic identities through vouchered
specimens, images and DNA barcodes.

Many pteridivorous insects appear to
specialize on ferns in the broad sense
(Balick et al., 1978), and this is certainly
the case for many of the noctuoids exam-
ined here. As in Herminiinae, fern-feeding
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noctuids exhibit a range of oligophagy,
with foodplant records for some spe-
cies indicating considerable breadth
across fern families. Excepting single-
ton foodplant records, rarely do we see
in either group or a species recorded
exclusively from a single foodplant.
Callopistria, the most species-rich of
fern-associated noctuids, accounts for a
dominant number of reared pteridivorous
ACG larvae, and the highly fern-
polyphagous C. floridensis includes all
of the recorded plant family diversity
among pteridivorous Noctuidae at ACG,
yet does not feed on angiosperms. Al-
though inferences of subspecialization
on particular ferns or fern groups are
often unwarranted because of the diffi-
culty of parsing records scattered across
a wide taxonomomic array of plants,
the non-uniform distributions of feeding
records among ferns and fern families for
ACG Herminiinae and Noctuidae sug-
gests a range of foodplant preferences for
species in both groups. And although this
is to be expected from any large group
of tropical caterpillars, those encoun-
tered in the ACG inventory represent the
first opportunity to examine noctuoid
fern foodplant records with any preci-
sion. What all of this may suggest is
that while some of the chemical traits
that “matter” most to numerous pter-
idivorous caterpillars may be distributed
throughout leptosporangiate fern fami-
lies, different suites of those that matter
differently to noctuids versus hermi-
niines may vary among families.
Although several of the more fre-
quently sampled parasitoids have not
been recorded from any Lepidoptera
other than pteridivorous species treated
here, this is not unusual for any given
taxonomic group of caterpillars; in gen-
eral, ACG parasitoids tend to be recor-
ded exclusively from one or a few host
species. We note the differences not



VOLUME 123, NUMBER 2

because two unrelated groups of host in-
sects have minimally overlapping suites of
parasitoids, but because this pattern per-
sists despite the hosts’ shared foodplants
and ecological space.

The available foodplant records of
fern-feeding among the Geometridae are
more limited than among the noctuoids,
but based on ACG foodplant records and
observations of North American species
(e.g., Cingilia catenaria, mentioned
earlier), several geometrids recorded
from ferns tend towards polyphagy
within fern families. If this is the case,
and fern-feeding is facultative in such
species, it represents a broadening of
dietary tolerance, and not an evolved
exploitation of a novel resource. We re-
frain from opining further because the
Geometridae feeding records from ACG
are only now beginning to receive the
taxonomic attention required to address
this kind of question empirically.

Non-fern plants and substrates, pri-
marily algae, Cyclanthaceae, Arecaceae,
bryophytes, Selaginella, and dead leaves,
are fed upon by many herminiines at
ACG, including documented fern-feeders
and their congeners. This assemblage
may loosely parallel that of selandriine
sawflies (Hymenoptera: Symphyta: Ten-
thredinidae: Selandriinae), in which un-
specified monocots and mosses are both
hosts of species related to fern-feeders
(Schneider et al. 2016).

The establishment of monophyly for
the major fern groups and the increas-
ingly refined understanding of their re-
lationships represent a critical tool for
evaluating the extent to which herbivore
diets are evolutionarily constrained. Al-
though it will not be possible to address
with precision the origins or evolution-
ary lability of such associations until the
muddled state of herminiine generic
taxonomy is further refined, the docu-
mentation of unusual and potentially
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conserved foodplant associations pres-
ents a welcome taxonomic tool.
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