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Abstract

Satyrium favonius ontario is considered to be one of the rarest

eastern butter�ies. We conducted a status survey and studied the

ecology of this hairstreak at Great Blue Hills Reservation in

Canton, MA—New England’s most reliable colony. Burlap

banding to sample larvae proved to be a more productive

censusing technique than traditional time-intensive and

weather-dependent adult searches. Our preliminary data

suggest that Leucobalanus (white and post) oaks serve as the

primary hosts for the butter�y in the Northeast. We supply a

larval key and diagnoses that will allow accurate identi�cation of

four synchronic and sympatric thecline lycaenids associated

with Quercus (oaks) in New England. We document adults of four

congeneric Satyrium hairstreaks (S. calanus, S. caryaevorus, S.

edwardsii, and S. liparops) feeding at pip galls on Quercus ilicifolia

made by the cynipid gall wasp Callirhytis balanacea. We present

arguments that adults of S. f. ontario are canopy-dwelling

animals that feed on non-nectar resources (such as galls and

Hemiptera honeydew) and that �oral nectars, while used

commonly by the adults, may be unnecessary as a source of

nutrients when other non-nectar resources are available. We

conclude with a discussion of how the use of such resources,

combined with canopy-dwelling behavior, may yield an

impression of great rarity, and that conservation agencies
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Issue Section:  Arthropod Biology

The oak hairstreak [Satyrium favonius (J. E. Smith, 1797)] is

distributed from southeastern Colorado to Michigan, east to

Massachusetts, and south into Florida and Texas. Four subspecies are

currently recognized: S. f. favonius (J. E. Smith, 1797), S. f. ontario (W.

H. Edwards, 1868), S. f. autolycus (W. H. Edwards, 1871), and S. f. violae

(D. Stallings and Turner, 1947). The butter�y is generally regarded to

be scarce to rare, with the exception of the nominate subspecies

which appears to be “secure” in its range (NatureServe 2016).

Satyrium favonius ontario, the focus of this paper, the “northern” oak

hairstreak (Integrated Taxonomic Information System [ITIS] 2016),

occurs from Georgia, north through New England, and west through

the Great Plains (Opler 1998, Butter�ies and Moths of North America

[BAMONA] 2013, NatureServe 2016, New York Natural Heritage

Program [NYNHP] 2016). Scudder (1889) in his “Butter�ies of the

Eastern United States and Canada” regarded it to be the “rarest of our

Theclinae.” Farquhar’s (1934) benchmark dissertation on the

Lepidoptera of Massachusetts treated it as “very rare.” Only three

adults were seen over the 5-yr course of the Connecticut Butter�y

Atlas Project (O’Donnell et al. 2007). Primary literature on S. f. ontario

is almost nonexistent; most information about its biology can only be

acquired from gray literature, �eld guides, books, and personal

accounts from butter�y collectors and watchers. In Massachusetts, it

receives legal protection under the Massachusetts Endangered

Species Act as a Species of Special Concern (Massachusetts Natural

Heritage and Endangered Species Program [MA NHESP] 2016). The

current paper grew out of a status survey for the hairstreak that we

conducted on Great Blue Hill (GBH), Canton, Norfolk Co., MA—the

only location in New England where the species can be found in most

years (Stichter 2014).

seeking legal protection for S. f. ontario may want to do so

guardedly.

https://academic.oup.com/aesa/search-results?f_TocHeadingTitle=Arthropod+Biology
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;


7/4/22, 11:50 AM ‘Northern’ Oak Hairstreak (Satyrium favonius ontario) (Lepidoptera: Lycaenidae): Status Survey in Massachusetts, False Rarity, and Its Use of …

https://academic.oup.com/aesa/article/109/4/503/2195180?login=true 3/29

GBH is a 285-m monadnock covered primarily by pine-oak forest.

The hill is topographically unique in that its pitch is steep (with ski

slopes descending from its summit on the northwestern side) and its

soils are shallow to absent where bare rock is exposed. Because of the

shallow soils, average tree heights are lower than adjacent

woodlands. Close to the summit, where soils are especially shallow,

bear or scrub oak (Quercus ilicifolia Wangenh.) grows in abundance—

individuals are usually <4 m in height. Some mature white oaks

(Quercus alba L.) reach heights of only 10–15 m. GBH is a famous

butter�y-watching locality in Massachusetts and is well known as

one of the few locales in the eastern portion of the state where one

can �nd Edward’s hairstreaks [Satyrium edwardsii (Grote and

Robinson, 1867)] in abundance and sporadically encounter

“northern” oak hairstreaks (Stichter 2014).

Below we report on our 2-yr study of oak-feeding hairstreaks on

GBH. In addition to adult surveys, we used beating sheets and burlap

banding techniques to survey for hairstreak larvae on oaks. We

document feeding of four species of Satyrium hairstreaks at sugary

exudates produced over the surface of pip galls on bear oak made by

the cynipid wasp Callirhytis balanacea Weld. We also include a key,

diagnoses, and images for larvae of the four thecline hairstreaks that

co-occur during the spring on Quercus catkins and leaves in the

Northeast.

Materials and Methods

Occurrence Database

We compiled a database of occurrence records for S. f. ontario based on

museum specimen data, label data on specimens in private

collections, and con�rmed sightings from butter�y clubs, naturalists,

and online resources (  [online only]). We

restricted the scope of our database to the Northeast United States (=

Connecticut, Maine, Massachusetts, New Hampshire, New Jersey,

New York, Pennsylvania, Rhode Island, and Vermont). All records

included a locality and date of capture or observation, as well as the
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collector or observer and other data as available, e.g., mention of

�ower visitation. The Massachusetts Butter�y Club supplied GBH

sight records from their occurrence database for three additional

species of hairstreaks: Parrhasius m-album (Boisduval and Le Conte,

1833), Satyrium calanus (Hübner, 1809), and S. edwardsii.

To investigate the potential e�ect of climate change on S. f. ontario in

the Northeast, we compared the mean dates of observation for

records prior to and after 1980—a year commonly used to parse

phenological data in climate change studies (e.g., Bartomeus et al.

2011). We used only adult occurrence records in USDA plant hardiness

zones 6a and 6b and omitted records without date information. Plant

hardiness zone was determined for records in our database by

plotting occurrence data points over USDA Open Plant Hardiness

Zones (OPHZ) in Quantum Geographic Information System (QGIS

2.0.1-Dufour). The ANOVA analysis was done in Microsoft Excel.

Adult Field Observations

We were on site at GBH from mid-June to early July in both �eld

seasons (June 22, 24, 25, 26, 28, 30, and July 1, 2, 5, 6, 9, 10 in 2013;

June 17, 19, 21, 24, 25, 27, 30 and July 2, 5, 7, 9, 12 in 2014), and logged

a total of 142 �eld-hours. Visits were made at various times between 7

a.m. and 8 p.m., but concentrated between 10 a.m. and 4 p.m. on

sunny days. Nectar sources near the summit were regularly

monitored throughout the duration of each visit; likewise potential

perches were investigated and revisited and the oak canopy was

routinely scanned with binoculars. Hairstreaks and other butter�ies

often perch on or in the vicinity of their host plants, especially in

open, sunny areas (Pyle 1984); knowing such, B. L. G. used a net

handle to �ush adults by tapping branches deemed likely to be

suitable perches. Oaks along sunny edges or in woodland glades and

sun�ecks were the main targets of this search technique though many

other plant species and locations were tapped during each visit.

In an attempt to observe this species in the canopy—where we believe

the butter�y spends most of its time—we secured a bucket truck on

June 27, 2014, to achieve a vantage point above the treetops. The truck

was parked at the summit so that the bucket could be positioned over
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an area where S. f. ontario prepupae had been collected. Starting at

9:30 a.m., two observers took shifts lasting up to 1 h to scan the

canopy with binoculars and by eye.

Larval Sampling

We used burlap bands (as described in Wagner 2005, Wagner et al.

2011) to collect last instars and prepupal caterpillars as they

descended host oak trees to pupate. Bands of burlap, 25–35 cm in

width, were wrapped twice around the trunks of various oak trees,

stapled in place along the upper margin, and slit vertically to create

three to four liftable �aps. We banded boles of varying diameters

(ages) from 50–90 cm. At the start of our �rst �eld season on May 30,

2013, we banded 94 white oaks (Quercus alba), 49 red oaks (Q. rubra

L.), and 5 scarlet oaks (Q. coccinea Münchh.). These were checked

eight times (June 1, 4, 5, 6, 10, 15, 18, and 22), between 8–11 a.m., but

as late as 1 p.m. In 2014, we started our surveys two weeks earlier on

May 15 and banded 96 white oaks and 49 red. Bands were checked 13

times (May 16, 18, 20, 21, 23, 24, 27, 29, 30, June 3, 6, 11, and 12) at

various times of the day. All caterpillars under burlap were identi�ed

and recorded (these data available upon request).

S. f. ontario larvae, prepupae, and pupae were removed from the

burlap �aps or bark, placed individually into plastic vials, and brought

to our insectary at the University of Connecticut, where they were

monitored daily for emerging adults or parasitoids. Accessible

branches of each tree that produced a larva of S. f. ontario were

thoroughly sampled by beating all limbs below 3 m over a white sheet.

The leaf litter and du� within a 1-m radius of the base of each tree

that yielded hairstreak larvae were extensively searched by hand for

prepupae and pupae.

In addition to burlap band sampling, we searched for larvae at night

on June 4, 2013 and May 26, 2014 using BioQuip ripstop beating

sheets (Rancho Dominguez, CA). Beating, especially at night, is an

e�ective means for collecting caterpillars (Wagner 2005, Wagner et

al. 2011). The locally abundant Q. ilicifolia was thoroughly sampled as

well as accessible branches of Q. alba and various red oaks (Q. coccinea,

Q. rubra, and Q. velutina Lam.).
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Voucher Specimens

Three adults that successfully eclosed in our rearing facility were

freeze-killed, pinned, spread, and stored with associated data as

voucher specimens for this project in the Biological Collections

Facility at the University of Connecticut (UCSM). These are in the

process of being DNA barcoded (BOLD Systems 2015), and their

sequence information will be made publically available. Other reared

adults were transported back to GBH and released within 24 h of

eclosion.

Results

Occurrence Database

We compiled 362 occurrence records from CT (21), MA (132), NJ (104),

NY (61), PA (30), and RI (14). The majority of our records are from the

last 25 years, with a few (i.e., Titian Peale records) ranging back as far

as the 1800s. A number of popular localities contributed numerous

individual sightings (i.e., 55 records from Lakehurst, NJ, and 37 from

GBH), but ∼155 unique sites are represented. The northernmost data

point is Old Town Hill, Newbury, MA (42° 46′7.33″ N, −70° 50′58.19″

W).

Most adult sightings and collections of S. f. ontario were made in June

(n = 198) and July (n = 126). Both the peak and median date of

observation was 30 June. Approximately 86% of the sightings

occurred between 15 June and 15 July. Records prior to and after 1980,

are plotted separately in Fig. 1. The mean date of observation in

records prior to 1980 was 6 July and from 1980 onward was 3 July, but

this di�erence was not signi�cant (ANOVA, F (1, 167) = 1.04, P = 0.31).

The median observation date (2 July) was identical in the two year-

groups. Thus, we did not detect a signi�cant signal of advancing

phenological activity as has been reported for some New England

butter�ies, bees, and �owers (Rodenhouse et al. 2009, Bartomeus et

al. 2011, Breed et al. 2012, Polgar et al. 2012, Davis et al. 2015).
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Fig. 1.

Records of S. f. ontario adults in USDA plant hardiness zones 6a and 6b. Occurrence
data overlaid on USDA plant hardiness map in QGIS. Records range from 1961 to
2014. Records prior to 1980 (n = 26) (dark gray). Records from 1980 and later (n =
143) (light gray).

Our database contains 116 nectaring records from 14 plant species in 9

families (Table 1). The most �oral visitations were to milkweeds

(Asclepias spp.)(30), New Jersey tea (Ceanothus americanus L.)(26),

dogbanes (Apocynum spp.)(19), and thistle (Cirsium spp.)(12). There is

a substantial female bias in the data: of the 92 records where nectar

source and sex were recorded (or later identi�ed via photograph), 62

are female and 30 are male.

Table 1. Floral nectaring sources for S. f. ontario in the Northeast

Species Common name Family Records

Asclepias spp. Milkweed Apocynaceae 30 

Ceanothus
americanus 

New Jersey Tea Rhamnaceae 26 

Apocynum spp. Dogbane Apocynaceae 19 

Cirsium spp. Thistle Asteraceae 12 

Achillea millefolium Yarrow Asteraceae 8 
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Cornus racemosa Gray Dogwood Cornaceae 6 

Rubus spp. Dewberry Rosaceae 4 

Itea virginica Virginia Sweetspire Iteaceae 3 

Melilotus albus Sweetclover Fabaceae 2 

Buddleja alternifolia Butterfly Bush Scrophulariaceae 2 

Spiraea alba White
Meadowsweet 

Rosaceae 1 

Trifolium pratense Red Clover Fabaceae 1 

Tanacetum vulgare Tansy Asteraceae 1 

Hydrangea spp. Hydrangea Hydrangeaceae 1 

Larval Host Preferences

Due to a delayed start related to permitting approvals in 2013, we did

not recover any S. f. ontario larvae under burlap. In 2014, starting our

censusing 15 d earlier, we collected six S. f. ontario individuals (three

prepupal larvae and three pupae) beneath burlap bands on four white

oak trees ranging from 50 to >90 cm in diameter (Table 2). Further

sampling of these trees using beating sheets and searching the

surrounding du� did not produce additional prepupae or pupae. No S.

f. ontario were collected from the 49 red oaks that were banded in

2014, or any of the bear oaks sampled with beating sheets. We did

recover three Satyrium calanus larvae in 2014 and >30 S. edwardsii

larvae during the evening visits from bear oak—all of the S. calanus

and nine of the S. edwardsii were retained for rearing. We sampled the

same set of Q. ilicifolia shrubs during the day on four visits, but only

six S. calanus caterpillars were found. Satyrium edwardsii caterpillars

shelter at or below ground by day, in vestibules or “byres” made by

their attendant ants (Webster and Nielsen 1984, Allen 1997, Cech and

Tudor 2005), so their absence was not wholly unexpected.

Table 2. Thecline hairstreak larvae collected from Quercus at GBH, Canton, MA
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Species Number of
individuals

Date
collected

Date
emerged

Quercus
species

Collection
method (tree
diameter)

S. f.
ontario 

1 27 May
2014 

11 June
2014 

Q. alba Burlap (90 cm) 

 1 29 May
2014 

12 June
2014 

Q. alba Burlap (90 cm) 

 1 6 June
2014 

17 June
2014 

Q. alba Burlap (80 cm) 

 1 11 June
2014 

21 June
2014 

Q. alba Burlap (50 cm) 

 1 12 June
2014 

21 June
2014 

Q. alba Burlap (50 cm) 

 1 12 June
2014 

23 June
2014 

Q. alba Burlap (50 cm) 

S.
calanus 

1 1 June
2013 

N/A Q.
rubra 

Burlap (80 cm) 

 1 23 May
2014 

N/A Q. alba Burlap (80 cm) 

 3 26 May
2014 

12–16
June
2014 

Q.
ilicifolia 

Beating 

 6 6 June
2014 

23 June
2014 

Q.
ilicifolia 

Beating 

 1 11 June
2014 

17 June
2014 

Q. alba Burlap (50 cm) 

 1 12 June
2014 

N/A Q. alba Burlap (50 cm) 

S.
edwardsii 

15 4 June
2013 

N/A Q.
ilicifolia 

Visual
search/beating 

 18 26 May
2014 

12–19
June
2014 

Q.
ilicifolia 

Visual
search/beating 



7/4/22, 11:50 AM ‘Northern’ Oak Hairstreak (Satyrium favonius ontario) (Lepidoptera: Lycaenidae): Status Survey in Massachusetts, False Rarity, and Its Use of …

https://academic.oup.com/aesa/article/109/4/503/2195180?login=true 10/29

P. m-
album 

1 5 June
2013 

10 July
2013 

Q. alba Burlap (80 cm) 

Adult Observations

We did not observe S. f. ontario adults on GBH in 2013. B.L.G. spent 12 d

(∼26 h) in the �eld from mid-June to early-July. Four congeneric

species [Satyrium calanus, S. edwardsii, S. liparops (Le Conte, 1833), and

S. titus (F., 1793)] were seen in good numbers, as well as at least one

hickory hairstreak [S. caryaevorus (McDunnough, 1942)], many gray

hairstreaks [Strymon melinus (Hübner, 1818)], and a single white-M

hairstreak (Parrhasius m-album). The Massachusetts Butter�y Club

reported four adult sightings of S. f. ontario in 2013, one of which was

on GBH (MBC 2014).

In 2014, B.L.G. spent >48 h in the �eld over 12 d beginning on June 17.

Through branch tapping, �ower monitoring, and general

observations, two adult S. f. ontario were documented. The �rst was a

robust female observed on June 25, 2014, around 9 a.m., perching on

Q. ilicifolia at the top of the slope in close proximity to mature Q. alba.

The perched female was observed rubbing its hindwings together in a

characteristic hairstreak display. The individual remained on the

plant for 1–2 min before retreating into the canopy where it could not

be relocated. The second was a worn male nectaring at milkweed on

July 7 after 7 p.m., just before a light rain. It was observed for 10–15

min before it �ew o� into the canopy. According to MBC records,

three additional adult sightings were made in the state in 2014.

Our attempt to observe the butter�ies in the canopy using a bucket

truck was challenged by windy conditions and mechanical limitations.

We observed three to four hairstreak butter�ies that appeared to be

Satyrium hairstreaks, but all were too far (>5 m) from the lift to be

identi�ed to species. Two Satyrium individuals were observed

perching and interacting on the top of a white pine. We also observed

a single dog�ght between the two adults, which suggests that at least

one canopy-dwelling butter�y was actively engaging others and/or

defending a mating station.
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Pip-Gall Feeding

We recorded >50 sightings of adult Satyrium hairstreaks (S. calanus, S.

caryaevorus, S. edwardsii, and S. liparops) at GBH feeding at acorn pip

galls on Q. ilicifolia (Figs. 2–4). Both male and female hairstreaks fed

at secretions exuded by the galls made by the cynipid wasp C.

balanacea (Fig. 5). Greatest feeding activity was coincident with

warmer and sunnier conditions, peaking during the middle of the day

and beginning as early as 9 a.m. By contrast, �owers proximate to the

galled bear oaks at GBH had only modest visitation by these same

Satyrium hairstreak species on the days when the butter�ies were

feeding at the pip galls. Our observations constitute the �rst records

of any New World hairstreak feeding at cynipid gall exudates.

Figs. 2–5.

Satyrium hairstreaks and Callirhytis pip galls. (2) S. edwardsii female feeding at gall
on Q. ilicifolia. Note ant in background also seen feeding at gall [photo by Bruce
deGraaf]. (3) S. edwardsii (upper right) and S. caryaevorus (lower le�) females at
same pip gall cluster [photo B.L.G.]. (4) Close-up of two S. edwardsii females with
proboscises extended [photo by Bruce deGraaf]. (5) Honeydew-secreting acorn pip
gall of C. balanacea [photo and identification by Charlie Eiseman].

Key to Oak-Feeding (Quercus) Hairstreak
Caterpillars in New England
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There are four species of oak-feeding hairstreaks in New England.

Below we o�er a key for the identi�cation of their larvae. Despite

considerable phenotypic variation and plasticity in Satyrium larvae

(Allen 1997, Allen et al. 2005, Wagner 2005), our key, because it is

based on structural characters and only to a limited extent on color

patterning, should allow certain identi�cation of all four taxa. Last

instars are shown in Figs. 6–9, with the head to the left. Additional

morphological and biological characters for each of the hairstreaks

are provided in . A brief diagnosis for Strymon

melinus, which is exceptionally polyphagous (Cassie 2006b, Stichter

2014), but uses only young oak leaves under rare circumstances

(D.L.W. unpublished data), is also included. Integumental characters

should be evaluated with magni�cation.

1a Pale green ground color with abundant mushroom setae (white

granules) over dorsum; body in cross-section somewhat �attened

and hemispherical …… Satyrium favonius

1b Body coloration variable without abundant mushroom setae

(white granules) over dorsum; body in cross-section appearing

trapezoidal to somewhat �attened and hemispherical …… 2

2a Pale to lime green ground color with reddish middorsal spot

(nectary organ) at posterior of A7; dorsum salted with white scale-

like setae; spiracles orange; batoid-shaped plate over prothoracic

middorsum …… Parrhasius m-album

2b Coloration variable without obvious reddish middorsal spot at

posterior of A7; dorsum not salted with white scale-like setae;

spiracles pale tan to white; batoid-shaped plate over prothoracic

middorsum inconspicuous or absent …… 3

3a Ground color dark, smoky, red to brown, integument peppered

with minute black spines (those running along subdorsal stripe

and projecting forward from prothorax longest) …… Satyrium

edwardsii

3b Ground color variable, often with contrasting pattern elements

but never entirely dark and smoky; integument without black

spines …… Satyrium calanus
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Figs. 6–9.

Oak-feeding hairstreak larvae of New England. (6) S. f. ontario (“northern” oak
hairstreak). (7) S. calanus (banded hairstreak). (8) S. edwardsii (Edwardsʼ
hairstreak). (9) P. m-album (white-M hairstreak). Additional larval images of these
species can be found in Allen et al. (2005), Minno et al. (2005), and Ogard and Bright
(2010).

Discussion

Host Use and Larval Key

Although our sample size is small (n = 6), the results of burlap

banding suggest that Leucobalanus (white) oaks and not

Erythrobalanus (red and scrub) serve as the primary host species for S.

f. ontario in the northern portion of its range. Larry Gall (personal

communication) collected two last instar S. f. ontario larvae from post

oak (Quercus stellata Wangenh.), a Leucobalanus oak, in mid to late

May in southern CT. According to Richard Boscoe (personal

communication), gravid females of S. f. ontario held in captivity prefer

to oviposit on white and post oaks, and early instars also prefer this

foliage. Allen (1997) reported that early instars feed principally on

buds and �owers, showing special interest in pollen, but switch to

young leaves in middle instars. We regard older reports of the species

from hawthorn (Crataegus) (Field 1938, Macy and Shepard 1941, Klots

1951, Pyle 1981) to be erroneous. Our skepticism is shared by Hildreth

(2006) and NatureServe (2016). Feeding preference trials using a

selection of Quercus species (and other plants) as well as di�erent

plant tissues (�owers, buds, young vs. mature leaves) are needed to

better understand the insect’s host speci�city and dietary preferences

through its �ve instars.
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There are four species of oak-specialized thecline hairstreaks that co-

occur in the Northeast. All can be contemporaneously active as larvae

on Quercus in mid-spring. We provide the �rst key to di�erentiate

these species based solely on larval characteristics. Conspicuous

integumental elements and cross-sectional body shapes di�er

markedly among the four taxa. Two of the four appear to be

specialized on a single species or subgenus within Quercus in the

Northeast: S. edwardsii feeds only on bear oak (Q. ilicifolia) (Wagner et

al. 2003, Cassie 2006a, O’Donnell et al. 2007), and S. f. ontario feeds on

white (Leucobalanus) oaks (this paper) . We have larval collections of

S. calanus from both white (Leucobalanus) and red oaks

(Erythrobalanus), as well as chestnut (Castanea) and hickories (Carya

spp.). Our only P. m-album larva was recovered from Quercus alba

(Table 2), but it is known to feed on other oak species (Wagner 2005,

O’Donnell et al. 2007).

Adult Biology

Based on literature and interviews with entomologists and butter�y

watchers in the Northeast, it is evident that the majority of sightings

of S. f. ontario are made when adults visit �owers, often in the late

afternoon (Klots 1951, Iftner et al. 1992, O’Donnell et al. 2007). As

noted by Pyle (1981),Satyrium favonius is observed on “typical

‘hairstreak �owers.’” Previously documented nectar sources for this

species include yarrow (Achillea millefolium L.), dogbanes, milkweeds,

New Jersey tea, knapweeds (Centaurea spp.), thistle, maleberry

(Lyonia ligustrina L.), and meadowsweet (Spiraea spp.) (Allen 1997,

Pyle 1981, Cech and Tudor 2005, Hildreth 2006, Stichter 2014). Opler

and Krizek (1984) also list wild quinine (Parthenium integrifolium L.)

and blueberry (Vaccinium spp.). Records in our database add another

eight nectar plants (Table 1), further documenting that the hairstreak

is generalized in choice of nectar resources. In addition to nectar,

David Wright observed an adult male S. f. ontario feeding on aphid

honeydew (Wagner and Gagliardi 2015: Fig. 4).

Based on our observations of four congeners feeding at sugary

secretions from cynipid wasp galls and David Wright’s observation,

we suspect that these and other non-nectar resources in the canopy
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are the primary nutrient sources for S. f. ontario, and that �ower

feeding is of secondary importance (Wagner and Gagliardi 2015). The

presence of adults at �owers may re�ect reduced availability of sugars

and other nutritional resources in the canopy, perhaps during hot

weather or dry periods, after heavy rains that have washed away

accumulated honeydew, or drop-o�s in population density of

honeydew producers. Phenological drop-o�s in exudates by the galls

and hemipterans, or increases in the number of sugar-harvesting

competitors such as ants, may also drive hairstreaks to seek nectar

from on-the-ground sources. Conversely, the scarcity of the butter�y

at �owers in some years may re�ect elevated levels of gall wasp and

hemipteran activity and nutrient availability in the canopy. We

wonder if during extended dry or hot periods �owers might be visited

as much for their water content as for their sugars and other

nutrients. While sugar is a primary and stoichiometrically dominant

solute of nectars, extra-�oral nectaries, honeydews, and gall

secretions, these resources can be quite varied in chemical

composition; in addition to sugars, they contain amino acids,

proteins, lipids, and myriad other compounds that have important

�tness advantages (and disadvantages) to the insects that feed on

them (Baker and Baker 1973, 1983; Wäckers 2000, Lee et al. 2004,

Faria et al. 2008, Wäckers et al. 2008).

Of the 92 nectaring records where we have information on sex,

slightly more than two-thirds of these were females, a surprising

result because butter�y sex ratios are typically close to 1:1 at �owers

(Richard Boscoe personal communication; Dale Schweitzer personal

communication). Given that Satyrium hairstreaks actively defend

mating perches (territories) with sustained dog�ghts (Pyle 1981,

Opler and Krizek 1984, Tveten and Tveten 1996, Allen 1997, Cech and

Tudor 2005), we would expect males to have high energy demands.

We have no explanation for this sex-bias conundrum, but at least

want to suggest that the relative scarcity of males at �owers provides

further evidence that the males are mostly active elsewhere, i.e., well

above the ground.

Canopy Dwelling and Apparent Rarity
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Our limited observational data suggest that S. f. ontario larvae feed on

white oaks and that adults maintain themselves on inconspicuous

non-�oral sugar resources in the canopy (and subcanopy). Some of

our behavioral observations corroborate claims that this butter�y

(and some other hairstreaks) are canopy dwellers. When �ushed from

their perches, male S. edwardsii and S. calanus typically settle in close

proximity to their original perches (>50 observations at GBH). This

behavior is common in many Satyrium hairstreaks, making them

relatively easy to relocate despite their rapid and erratic �ight

(Glassberg 1993). However, both S. f. ontario adults that we observed

in 2014, as well as all adults reared from wild-caught larvae and

subsequently released at GBH, �ew into the canopy after taking wing.

John Howard (personal communication) has encountered four or �ve

S. f. ontario adults perched or basking on foliage in Ohio—all retreated

untraceably into the canopy once airborne.

A treetop proclivity of S. f. ontario would translate into the vertical

strati�cation of Satyrium adults. S. edwardsii would be expected to

have the lowest mean perch height on its shrubby host, Q. ilicifolia,

and S. f. ontario, the highest mean perch height. Vertical strati�cation

is well documented for many butter�ies and moths in tropical forests

where dense and diverse canopy plants o�er many resources that are

more limited at the ground level (De Vries 1988, Beccaloni 1997,

Schultze et al. 2001, Fermon et al. 2005, Brehm 2006, and others).

Numerous studies describe a positive correlation between adult �ight

height and larval host-plant height. Accepting that Leucobalanus oaks

are the hosts for the oak hairstreak in the Northeast, the apparent

rarity of S. f. ontario in this region might simply re�ect that adults

often perch high on these trees.

Male hairstreaks defend their mating territories by engaging in

male–male dog�ghts- i.e., with males spiraling skyward—with the

usual outcome of the resident male returning to the same or a nearby

perch in his chosen territory (Pyle 1981, Opler and Krizek 1984,

Tveten and Tveten 1996, Allen 1997, Cech and Tudor 2005). We saw

dozens of such interactions in S. calanus and S. edwardsii at GBH over

the 142 h of observations in 2013 and 2014. We are unaware of any

butter�y collector or watcher that has seen a male–male dog�ght, or

other investigative or pugnacious interaction, in S. f. ontario—i.e.,
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behaviors suggestive that males defend perches or territories at

ground level or even in subcanopy foliage. We note that many records

in our occurrence database do include some behavioral notes or

speci�c habitat information associated with an observation (n = 107),

e.g., 78 of our records made mention of �oral visitations. No records

in our database, literature, or conversations with those who have seen

the animal alive, mention interactions with another hairstreak,

butter�y, or any other kind of insect, which collectively suggests to us

that this hairstreak’s principal mating stations are not at ground or

near-ground level.

Iftner et al. (1992) guessed that this species’ rarity might be because

“This hairstreak may spend most of its time perched high in trees.”

Ogard and Bright (2010) deem Oak Hairstreaks “an enigma” because

“their range is statewide, their hosts plants are common, yet

sightings are spotty, and colonies seem transient.” They too guessed

that the butter�y’s scarcity was because it was a canopy species. More

recently, Schweitzer et al. (2011) speculated that the hairstreak’s

penchant for spending most of its time in the tree canopy might

result in the animal’s “false rarity.”

In the Northeast, canopy-dwelling behaviors are believed to explain

the scarcity of the early hairstreak [Erora laeta (W.H. Edwards)],

Hessel’s hairstreak [Callophrys hesseli (Rawson & Ziegler)], white-M

hairstreak, and others (Allen 1997, Leahy 2006, Schweitzer et al. 2011,

Wagner and Gagliardi 2015). In Massachusetts, many known locations

of S. f. ontario (such as GBH) are near ridges and hilltops, where tree

height can be physiologically (due to shallow soils) or functionally

(due to topography) lowered, allowing for more connectivity between

forest strata—at such sites an observer on the ground has a higher

probability of observing canopy taxa and phenomena.

In contrast to the nectar-rich canopies of tropical forests, the treetop

strata of temperate deciduous forests are nectar poor. Most trees in

Northeastern forests are dominated by wind-pollinated taxa. By way

of example, at our study site there are almost no trees that produce

nectar, let alone bloom during the period when the four oak-feeding

hairstreaks that we treat in this paper are active. Temperate forest

butter�ies forage near the ground because under most circumstances
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they have no other option. Canopy-dwelling behavior in temperate

insects is largely unstudied. Small insects, such as hairstreaks, have

the potential to circumvent �oral visitation by collecting sugars and

other nutrients from more modest and scattered resources such as

hemipteran honeydew, extra-�oral nectaries, and gall exudates

(Wagner and Gagliardi 2015).

In locations where honeydew is less available, either because of

abiotic or biotic reasons, we suspect the butter�y to be a more regular

�ower visitor. Likewise, weather conditions that are unfavorable for

honeydew accumulation (availability) would also be expected to

increase �oral visitation by canopy species, e.g., after extended or

drenching rains that wash away honeydew. Because honeydew

production peaks in the East during the late spring and early summer,

one might also expect �oral visitation to increase during mid to late

summer and through the fall, as is the case of the white-M hairstreak

—the butter�y is virtually never seen at �owers in the spring, but it

regularly visits �owers in the summer and fall generations (Wagner

and Gagliardi 2015, Dale Schweitzer personal communication).

It is our hypothesis that S. f. ontario adults spend much of their lives in

the canopy and that ground-level sightings are not indicative of

population numbers. Our direct observations and those of others are

very limited in number, but the numbers of S. f. ontario larvae and

prepupae we collected under burlap (N = 6) relative to those of the S.

calanus (N = 3) and numbers of the adults of the two species seen at

GBH over two years (N = 2 S. f. ontario; N > 100 S. calanus) suggest that

adult S. f. ontario are more common than can be easily assessed by

normal count methods for other hairstreaks. At GBH, from 2001 to

2014, total sightings of S. calanus (n = 616)  outnumbered those of S. f.

ontario (n = 36) by a factor of 17 (Fig. 10). While sampling oaks (among

other trees) for Catocala caterpillars in southern CT from 2011–2015,

Larry Gall (unpublished data) serendipitously collected eight Satyrium

larvae, two of which were S. f. ontario and six S. calanus. It was

surprising to him that 25% of the larvae collected would be those of a

species considered to be one of the rarest butter�ies in the Northeast.
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Fig. 10.

Adult occurrence records of four oak-feeding thecline lycaenids (S. calanus, S.
edwardsii, S. f. ontario, and P. m-album) on GBH in Canton, MA, from 2001–2014.
Note: while larvae and prepupae of S. f. ontario (n = 6) and S. calanus (n = 3) under
burlap bands were recovered in approximately equal numbers, adults observed by
members of the MBC at GBH over 14 yr di�ered dramatically: 36 of S. f. ontario
versus 616 of S. calanus. S. edwardsii, which feeds on and defends mating stations
on Q. ilicifolia (a shrub that attains heights at GBH of only 4 m), was seen 373 times.
Parrhasius m-album, another suspected canopy dweller (Schweitzer et al. 2011,
Wagner and Gagliardi 2015), was sighted only 13 times.

It is our guess that the adult’s behavior places it outside the typical

zone for human detection, and consequently that much of its rarity is

one of perception. Other circumstantial evidence that bears on the

matter of the animal’s apparent rarity include the fact that there are

no known climatic parameters that limit the extent of this species’

range in southern New England (Gagliardi and Wagner unpublished

data); its host oaks are abundant; many observations are made along

ridges where much canopy foliage is functionally lowered; and the

butter�y is sporadically reported from mundane habitats, e.g., �elds,

roadsides, backyards, nurseries, and undeveloped lots (Iftner et al.

1992, O’Donnell et al. 2007, Ogard and Bright 2010).

Results of our �eld study at GBH support our claim that this seldom-

encountered butter�y may not actually be as rare as it seems in the

Northeast, but simply di�cult to census. Further observational data

of adult activity, especially in the canopy, and larval surveys are

needed to bolster our understanding of the biology, behavior, and life

history of this species. It is our recommendation that burlap banding

be added to faunal surveys and censusing e�orts for the species,
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especially in cases where legislation, conservation actions, and

dollars are at play, and that conservation agencies seeking legal

protection for the species may want to do so guardedly.
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Supplementary Data

Supplementary data are available at Annals of the Entomological Society

of America .

 While both hairstreaks are hostplant specialists in the Northeast, their diet is

known to encompass additional oak species westward and southward: S. edwardsii

uses Q. mühlenbergii, and especially Q. velutina, in Ohio (I�ner et al. 1992, John

Howard unpublished data) and S. f. favonius uses white, red, and live oaks in the

Southeast (Allen et al. 2005, Minno et al. 2005, Ogard and Bright 2010).

 The total likely includes a few individuals of Satyrium caryaevorus, which is

exceedingly similar to S. calanus, and o�en misidentified as that species. However,

it is rare there: there are only four confirmed sightings of S. caryaevorus in the last

25 years at GBH (MBC 2016 unpublished data; this paper Fig. 3).
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Appendix 1. Larval Diagnoses

‘Northern’ oak hairstreak (Satyrium favonius ontario): The larva

appears obovate and somewhat �attened. The body is widest through

A1 and A2, then tapers to posterior end; A8 is roughly 30% the width

of A1. The white mushroom-like granules over the trunk immediately

distinguish the caterpillar from those of other oak-feeding

hairstreaks in the East. Its ground color is usually pale to sea green

with a heartline (middorsal stripe) visible over abdomen. Through the

latter half of the last instar, it often takes on a pinkish cast. The

oblique, pale supraspiracular lines found on other Satyrium larvae are

absent or faint. In the Northeast, the butter�y is con�rmed from

white and post oak, but known to use other Quercus southward. This

species is active early in the season, somewhat ahead of the banded

and Edwards’ hairstreaks, but broadly overlapping phenologically

with both; the spring brood of the white-M hairstreak is also active

quite early. Our six larval collections extend from 27 May to 12 June,

all in 2014.

Edwards’ hairstreak (Satyrium edwardsii): The larva is immediately

distinguished by an examination of its integument, which bears a

multitude of minute, dark spines with dark �attened bases. The

ground color is smoky red. There are pale middorsal, subdorsal, and

subventral stripes that run the length of the trunk, and two sets of

pale, oblique supraspiracular lines (as in S. calanus), with the upper

being more evident. In cross section, the body appears to be rounded

to trapezoidal, but it is proportionately higher through the midline

than the body of the oak and white-M hairstreaks. In the Northeast,

this species is restricted to bear or scrub oak (Q. ilicifolia), but it is
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known to feed on other red (Erythrobalanus) oaks to the south and

west. It is active mostly in early June when bear oak leaves are still

young and soft. Our larval records extend from 23 May to 4 June, in

2013 and 2014 (circa 15 larvae by eye and >15 in beating samples). All

were penultimate and last instars and in the presence of ants. Middle

and late instars feed only at night.

Banded hairstreak (Satyrium calanus): The larva is highly variable in

ground color and pattern, and so much so that the most reliable

means that we have found to identify the caterpillar is to eliminate

the other three oak feeders and accept the remainder as S. calanus. Its

ground color may be green, pink, tan, or brown; frequently with

darkened dorsal patches on T2–A1 and A7–A10. The middorsal and

subdorsal stripes are variously expressed; most forms have well-

de�ned, white, oblique supraspiracular lines. Sometimes there is a

white line that starts below the spiracle on A8 and runs rearward to

the anal plate. Our larval records extend from 23 May to 1 June (circa 6

with a beating sheet and 4 under burlap bands). On GBH, we found

larvae feeding on red (including bear) and white oaks. Elsewhere

chestnut (Castanea) as well as hickories (Carya) are used (Iftener et al.

1992, Allen et al. 2005, O’Donnell 2007). It is by far the most common

(and often the only) hairstreak found in beating samples from oak

carried out in the daytime (D.L.W. unpublished data).

White-M hairstreak (Parrhasius m-album): The larva is yellow-

green, shallowly hemispherical, and mostly unmarked with a

conspicuous middorsal nectary organ on A8 embedded in a di�use

dull red spot. There is an orange batoid spot, divided by a white

medial line, over the prothorax. Larvae can be immediately

distinguished by the white scale-like setae that are salted over the

thoracic and abdominal segments. The integumental setae may have

an orange cast and are both denser and consistently shorter than

those of the three Satyrium species treated here. It is the largest

hairstreak of the four. Hosts in the Northeast are not well known: our

single larva descended from a white oak on 5 June, 2013. It uses a

variety of oaks in the South (Cech and Tudor 2005, Minno et al. 2005,

Ogard and Bright 2010).
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Gray hairstreak (Strymon melinus): The ground color of the caterpillar

is highly variable (often approximating that of its diet). On oak we

suspect the caterpillar could be either green, tan, or brown; that

found in Texas on young Quercus leaves was smoky brown. The

principal pattern elements are closest to those of S. calanus. The larva

can be recognized by its longer setae (which sometimes have an

orange cast). It is the same size as our Satyrium hairstreaks. In the

Northeast, it is most commonly seen feeding on the reproductive

tissues of legumes and presumably mallows (such as garden

hollyhocks). D.L.W. reared the species from silver oak (Q.

hypoleucoides) in the Davis Mountains of West Texas.
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