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Chapter 1: Nectaring behavior and resource composition

Abstract

Understanding how species interact with their environment is crucial to conservation and
protection of vulnerable ecosystems. One such ecosystem is the rapidly disappearing network of
prairies in the South Puget Sound of Washington state. These unique prairies are home to many
species found nowhere else, including the Puget blue butterfly (Icaricia icarioides blackmorei).
However, little is known about this butterfly’s life history or how it interacts with its
environment. One major facet of these interactions is adult nutrition and nectaring. Female adult
nutrition is crucial to the success of butterflies and their offspring, but little is yet known about
their nectar resource use or what nutrients are available to them. | examined adult female
nectaring behavior via field observation of nectaring and determined availability of nectar
species via sugar and amino acid content, and floral abundance. | found that female Puget blues
nectar on nine flower species, notably spending the majority of their nectaring time feeding on
the closed racemes of their larval host plant Lupinus albicaulis. These racemes contain not only
sugars, but relatively high amounts of amino acids compared to other floral species examined.
Puget blues are generalist feeders in that they feed on a several species for nectar but are
selective in their high use of closed L. albicaulis racemes. These results convey the importance

of complete ecosystem preservation, even for species that seem selective in their resource use.



Introduction

It is commonly understood that habitat loss is the greatest threat to wildlife in all ecosystems
(Wilcove, et al., 1998). Loss of habitat leads to decreases in population sizes which makes vulnerable
species more prone to extinction (Fahrig, 1997). Loss of habitat also threatens biodiversity through
reduction in habitat area, habitat fragmentation, habitat deterioration, and deterioration of the area
between habitat patches (Sih et. al., 2000). For unique habitats with many specialized species, the effects
of habitat loss can be drastic. One such disappearing ecosystem is the short grass prairies in the South
Puget Sound of Washington state (Figure 1). Created by receding glaciers after the last ice age, these
prairies evolved with the Native American tribes that managed and sustained them through frequent
controlled burns (Peter and Harrington, 2014). These areas occur in well-drained soils and were
historically composed of native short grasses, fire-adapted forbs, and scattered trees in the Puget Lowland
in southwest Washington (Crawford and Hall, 1997). With the rise of western colonization, prairie lands
across the continental United States began to decline. South Sound prairie land was lost and fragmented
both to land use conversion and forest encroachment (Peter and Harrington, 2014). Colonizers suppressed
fires, allowing the invasion of introduced species and radically altering the composition of prairie land
(Chappell and Crawford, 1997). Now, native South Sound prairie occurs in just 8% of its historical area,
and native prairie species dominate only 3% of the grassland soils (Crawford and Hall, 1997). Due to
their scarcity, these prairies are one of the most endangered ecosystems in the United States (Noss et. al.,

1995)

The prairies that remain are of particular importance due to the decline of species which depend
on these unique landscapes (Chappell and Crawford, 1997). Butterflies are an important indicator group
that depend entirely on these fragile ecosystems. At least 48 species of butterflies have been identified in
South Puget Sound prairies, and while some of them are abundant and found in many patches of this
habitat, others are relatively rarer (Dunn and Fleckenstein, 1997). The Puget blue butterfly (Icaricia

icarioides blackmorei) is one of these rare species (Figure 2). A subspecies of Icaricia icarioides, this



state-listed threatened butterfly relies entirely on South Puget Sound’s small, fragmented prairie patches
(Dunn and Fleckenstein, 1997). Though this species occurs as far north as Vancouver Island BC, Canada
it is found in less than 12 sites in Washington. While exact numbers are not current, Dunn and
Fleckenstein counted only five populations of Puget blues in 1997. Their scarcity is in part because Puget
blues are strongly associated with their larval hostplant, Lupinus albicaulis (Schultz et. al. 2009). Female
butterflies lay eggs singly on the underside of L. albicaulis leaves, and larvae feed on those leaves before
entering diapause (Schultz et. al. 2009). While their larval resource use is relatively simple and well
understood, nutritional use in their adult stage is far less clear. These butterflies must feed on nectar as
adults and are likely generalists in their food choice, but exactly which resources they use remains

relatively unknown.

Adequate adult nutrition is important to many butterflies, especially egg-laying females. For most
butterflies, crucial nutrients like sugars and proteins are supplied by floral nectar. Adequate adult
nectaring is important to longevity in both sexes of butterflies, but female nectaring is likely more
complex and nutrient-dependent (Mevi-Schutz and Erhardt, 2005). While males can gain nutrients from
puddling, females are generally more dependent on nectar nutrients (Sculley and Boggs, 1996). Female
adult nutrition is crucial to the success of butterflies and their offspring, as access to nectar increases
female fecundity (O’Brien et al. 2004, Gillespie and Wratten, 2012). While larval herbivory supplies most
proteins and other nutrients used for oogenesis, the sugars, water, and other compounds found in nectar
are also important to reproduction (O’Brien et. al., 2004, Mevi-Schutz and Erhardt, 2005). Sugar has long
been understood as an important resource for adult fecundity, but important links between amino acids
and reproduction have also been established (Boggs and Ross, 1993, Boggs, 2003, Mevi-Schutz and
Erhardt, 2005). In species where eggs are already developed upon emergence, such as the Puget blue,
adequate access to nectar rich in amino acids prevents reabsorption of eggs, thereby directly contributing
to reproductive success (Mevi-Schutz and Erhardt, 2005, Kelsey King, personal communication).

Effective nectar resource use is important to individual and species success: Common blue butterflies that



selected nectar-rich areas have been shown to exhibit higher rates of oviposition (Janz, 2005). Because
female nectaring is so important to population success, we must identify what nectar resources and
nutrients female Puget blue butterflies use to properly preserve and restore complete habitats for this

species.

There is little known about the feeding patterns of Puget blue butterfly adults. The only existing
study on Puget blues was performed in 2000 by Hays et. al. with the Washington Department of Fish and
Wildlife. This report determined that females nectar on a variety of sources, spending the majority of their
nectaring time on the flowers and closed racemes of their larval hostplant, Lupinus albicaulis, but actively
avoid many species that are abundant on the prairie. | seek to add to this body of knowledge by evaluating
female nectaring behavior separately. Because male Puget blues are blue and fly often to find females,
they can be over-sampled compared to their brown, more sedentary female counterparts. | also wish to
expand on the work of Hays et. al. to observe how much of the butterflies’ active time is spent nectaring,
and observe nectar use at several periods throughout the flight season. Additionally, South Puget Sound
prairies are rapidly changing, and the butterflies’ nectaring patterns may have changed in the 20 years
since this report was written. It is therefore time to update and complete our knowledge on female Puget

blue butterfly nectaring, so that we may effectively protect and restore its unique habitat.

Figure 1. Johnson Prairie, Ranier,
Washington. The field site for this
study, Johnson Prairie, is one of the
few remaining South Puget Sound
glacial outwash prairies. It is home to
a variety of native plants and animals
and is managed by the Department of
Defense. Image courtesy of Dr.
Rachael Bonoan.




Figure 2. Male and female Puget blue
butterflies. Puget blue butterflies are a stated-
listed threatened species are endemic to the
prairies of western Washington state. Male
Puget blue butterflies (a) are bright blue in color
while females (b) are mostly brown and blend in
with their environment. Images courtesy of Dr.
Rachael Bonoan.

Methods

Field Site

Research for this study was done on Joint Base Lewis-McChord’s (JBLM) Johnson
Prairie in Ranier, Washington. JBLM owns and manages 95% of the small fraction of remaining

South Puget Sound glacial outwash prairies (JBLM Fish and Wildlife, n. d.).
Butterfly Behavioral Observation

Methods for behavioral observation were modified from Schultz and Dlugosh 1999. Adult Puget
blue were collected from May 20 - July 3, 2020 between 1000 and 1700 hours. Both males and
females were collected; however, females were preferentially used for observation. Following
capture via an insect net, butterflies were cooled in tubes in a cooler with ice packs for 20
minutes to an hour. This cooling temporarily decreased the butterflies’ activity and allowed for
easier handling. Cooling has not been shown to have any effects on behavior or movement in
similar species (Samantha Bussan, personal communication). They were held with forceps while
a unique colored code was marked on the outer hindwing with a permanent felt tip pen to avoid
over sampling one individual. After marking, butterflies were released at the site of capture for

observation.



Observations took place when the temperature exceeded 15.5 °C and the wind was three
Beauforts (7 to 10 knots) or less. Individuals were observed for a minimum of five minutes and a
maximum of 40 minutes, or until the butterfly was lost. During each observation, instances of
“nectaring” were recorded. Because this species is small, observing the act of feeding was
impossible in the field, so probing (maneuvering the probiscis in and around the flower) was
used as a proxy because it could be more easily observed and often is concurrent with actual
feeding (Goulson, 1997). Therefore, for this study, nectaring was defined as any time the
butterfly probed in or around a flower with its proboscis. A nectaring instance is defined as the
action of beginning probing with the proboscis until probing stops and the proboscis is fully
withdrawn from the flower. When a butterfly nectared, the duration of the nectaring instance and
species of flower nectared on were recorded. After an observation was completed, the butterfly
was released. If a butterfly | had already observed was recaptured, | prioritized observing new

individuals.

Nectar plant availability

To determine which nectar resources are available to the butterflies, | utilized three
metrics from Schultz and DIlugosch (1999) to determine flower nutrients and availability:
flowering units/m? of species i (Ui ), mean sugar (mg) produced in 24 hours by flowers of species
i (Si), and mean concentration of amino acids (mg) produced in 24 hours by flowers of species i
(Ai). I chose Ui to represent species availability because it reflects the density of flowers
apparent to a butterfly foraging on the landscape (Schultz and Duglosch, 1999; Thomas and
Schultz, 2016). When feeding, butterflies will land on one flowering unit and feed on several

florets in rapid succession before ending a nectaring instance and moving to a different flowering



unit. All availability data were collected in 2020 by myself and a field team lead by Dr. Rachael

Bonoan.

To establish Ui, we laid thirteen parallel transects (generally running east to west), 100 m
apart, along the entire area of the prairie that is likely Puget blue habitat (i.e., host plants
present). We haphazardly selected a point on each transect to be the start of a perpendicular
(generally running north to south) 0.5 m x 25 m belt transect. Before data collection, belt
transects were surveyed to make sure they represented all abundant and common flowering
species on the prairie. Along the belt transects, we counted the number of flowering units of each
species with flowers in bloom and thus, available to butterflies. A flowering unit is defined as the
complete flowering head, bunch, umbel, or other form of inflorescence, which was dependent on
species and may be composed of many individual flowers (Figure 3). Counts were done before
the Puget blue flight season (early May); during the flight season at early (mid-May), peak (early

June), and late time points (mid-June); and after the flight season (early July).

Si and A were determined for 16 species available to Puget blues during their flight
season. For each species we collected nectar from 15 flowering units and washed each flowering
unit individually, following methods from Morrant et. al., 2009 and Pavlik et. al., 2018. After
washing, all floral parts were removed from the liquid, and liquid was stored in a freezer at 0 °C
for no more than two months prior to chemical analysis (Amato and Petit, 2017). Nectar
chemistry was analyzed using an absorbance assay modified from McKenna and Thomson, 1988
for sugar content, and a fluorescence assay modified from O’Reilly and Lanza, 1995 for amino
acid content. Processed samples were read with a plate spectrophotometer at either a wavelength
of 620 nm (sugar), or an excitation wavelength of 390 nm and emission wavelength of 465 nm

(amino acids). Flowering heads of Hypochaeris radicata deposited relatively high amount of



pollen into the washing solution, which likely affected spectrophotometry analyses. Thus, | do

not use H. radicata in the following analyses.

Figure 3. The four types of flowering units of the species in this study: a cyme (e.g., P. gracillis), a
flowering head (e.g., E. lanatum) an umbel (e.g., A. millefolium), or a raceme (e.g., L. albicaulis). In each
photo, an individual flower is circled in red. Images courtesy of Dr. Rachael Bonoan.

Results

Over two field seasons, | completed 81 observations on female Puget blue butterflies (61
in 2020, 20 in 2019), of which 44 contained at least one nectaring instance (30 in 2020, 14 in
2019). The average length of an observation was 34.3 minutes (SD = 9.2 minutes). Over all
observations, | observed 272 nectaring instances, and butterflies spent an average of 9.3% of the
observation time nectaring. The average length of a nectaring instance was 51.7 seconds (SD =

77.5 seconds).

A total of 32 floral species were identified in transects in 2020. The total floral counts
(Ui) for each period of the flight season increased from early to late periods, with the greatest Ui
in the late period being 3,615 flowering units (Figure 4). In 2020, | performed the most
observations during the peak period of the flight season, and the fewest were done in the early

period (Figure 4). Because sampling effort was constant throughout the flight season, these



counts can be used as a reasonable proxy for female Puget blue abundance (trends corroborated
by unpublished data from R. Bonoan, 2020). Together, these data for floral count and butterfly
abundance in 2020 show that the number of floral resources available to butterflies throughout
the flight season is variable, the peak floral abundance and peak butterfly activity occur at

different times.

Butterflies nectared on nine species throughout the flight season: Achillea millefolium,
Apocynum androsaemifolium, Eriophyllum lanatum, Leucanthemum vulgare, Potentilla gracilis,
Vicia sativa, Hypochaeris radicata, Symphoricarpos hesperius (mollis), and Lupinus albicaulis
(Figure 5). In 2019 they did not feed at all on E. lanatum, and in 2020 they did not feed on A.
androsaemifolium; all other species were nectared on in both years. Butterflies nectared on the
racemes of their larval hostplant, L. albicaulis, at three stages of floral development:
undeveloped closed, developed closed, and open flowers (Figure 6). Remarkably, they spent
54.1% of their nectaring time on the closed racemes of L. albicaulis, which dwarfs the portion of
time spent on the open flowers of that species (3.7%) (Figure 7). L. vulgare (12.5% of nectaring
time) and E. lanatum (11.7% of nectaring time) were nectared on next most often, but their

percentages are much smaller than that of either of the closed L. albicaulis racemes.

Patterns of nectaring vary considerably over the flight season (Figure 8). Butterflies of
different flight periods have very different diet composition. The greatest variation in diet occurs
during peak flight, where butterflies nectar on seven different floral species, and all three
developmental stages of L. albicaulis racemes. In the early and late flight periods, they feed on
only five and four floral species respectively. The butterflies in different flight periods also fed

on species in different amounts. Notably, the percentage of time spent nectaring on undeveloped



closed racemes of L. albicaulis, decreased steadily over the flight season, while the percentage of

time spent on the developed closed and open flowers of that species increased.

Floral abundance of nectaring species also varied over the flight season in 2020 (Figure
9). During the early period, V. sativa composed 42% of the total Uj, with the remaining species
used for nectar making up less than 10% of the total. As the percentage of V. sativa fell in the
peak period, that of H. radicata rose dramatically to 21% of total U; and continued to increase in
the late period. L. vulgare became much more abundant in the late period as well, making up
18% of the total Ui. L. albicaulis, however, remained in relatively low abundance throughout the
flight season in all three stages. It is also worth noting that the cumulative sum of the percent of
total U; for species used by Puget blue females was lowest when the butterflies are at their most

abundant.

The floral resources used by Puget blues have differing amino acid and sugar contents
(Figure 10). L. albicaulis closed racemes had the highest amino acid content, but relatively low
sugar. A. androsaemifolium lies on the other side of the spectrum, containing relatively low
amino acid content but the most sugar. Interestingly, the species fed on most often after L.

albicaulis, L. vulgare and E. lanatum, both have low concentrations of sugar and amino acids.
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Figure 4. Butterfly observations and floral count by period of flight season 2020. The total number of
flowering units counted in transects (floral count) increased throughout the flight season. The humber of
butterfly observations was highest during peak flight season, and lowest in the early flight season.

Figure 5. Floral species nectared on
by Puget blue females. Female Puget
blue butterflies nectared on a)
Leucanthemum vulgare, b) Achillea
millefolium, ¢) Eriophyllum lanatum,
d) Symphoricarpos hesperius (mollis),
e) Lupinus albicaulis, f) Potentilla
gracilis, g) Vicia sativa, h)
Hypochaeris radicata, and i)
Apocynum androsaemifolium. Images
courtesy of Dr. Rachael Bonoan.




Figure 6. Lupinus albicaulis raceme
development and feeding. Lupinus
albicaulis undergoes three general stages of
raceme development. Those stages are
referred to as a) undeveloped closed, b)
developed closed, and c) open. Puget blue
female butterflies nectar on all three stages
of development but spend the most time on
d) developed closed and e) undeveloped
closed racemes. Figure courtesy of Dr.
Rachael Bonoan.
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Figure 7. Percent nectaring time by floral species for Female Puget blues. Female Puget blues (N =
44) nectared on nine flower species during field observations. They spend over half of their nectaring
time (54.1%) on closed racemes of their larval hostplant, Lupinus albicaulis.



Species

B Achitlea miliefolium

. Apocynum androsaemifolium

. Leucanthemum vulgare

. Eriophyllum lanatum

. Hypochaeris radicata

. Lupinus albicaulis developed closed

1.001

0.751

0.50 4

. Lupinus albicaulis open

. Lupinus albicaulis undeveloped closed
. Potentilla gracilis

. Symphoricarpos hesperius (mollis)

. Vicia sativa

Percent of total time nectaring
o
X
o

0.00 4

early peak late
Period

Figure 8. Percent nectaring time by floral species and flight period for Female Puget blues. Puget
blue butterfly females (N=44) nectar on a variety of floral resources throughout their flight season. They
fed on the greatest diversity of species at the peak period. Their percentage of time spent nectaring on
each species or developmental stage also varies during this time.
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Figure 9. Percent of total U; by flight period for species nectared on by Puget blue females 2020. The
percent of total U; for species nectared on remained below 60% throughout the flight season. In the early
period, V. sativa was most abundant, but was replaced by H. radicata in the peak and late periods.
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Figure 10. Sugar and amino acid content of floral species used by Puget blue females. Racemes of
the butterfly’s larval hostplant, L. albicaulis, contain relatively high amino acids but low sugar. Several
species contain relatively low amounts of both macronutrients.

Discussion

Puget blue butterflies nectar on a variety of different species, spending the most time on

closed racemes of L. albicaulis, followed by E. lanatum and L. vulgare. These results

corroborate the observation in the report from Hays et. al. in 2000, which noted that females

spend the majority of their time on closed racemes. However, the other species nectared on

varied between these two studies. At Johnson prairie Hays et. al. noted that Puget blues avoided

L. albicaulis flowers, E. lanatum, H. radicata, and V. sativa, among other species. These four

species were used by Puget blues in this study, indicating that the diet of this butterfly may have

changed over time. Additionally, the butterflies did not nectar on P. gracillis, and did not avoid

the same species in 2000 at the Scatter Creek site. In contrast, the only major difference between

2019 and 2020 observations was the use of E. lanatum in 2020. This difference suggests Pugets

may vary their diets depending on differing habitats.



Puget blues exhibit unique nectar use compared to other closely related species. The
Fender’s blue, also a subspecies of Icaricia icarioides, uses 18 different nectaring species
(Schultz and Duglosh, 1999). This may indicate that Puget blues are more selective in their
nectar choices, or that they have less variety available to them. Both Puget and Fender’s blues
nectar on L. vulgare, H. radicata, and V. sativa. Additionally, Fender’s blues also nectar on the
flowers of their larval hostplant, Lupinus sulphureus spp. kincadii, however they do not nectar on
the closed racemes. Mission blues, another subspecies of Icaricia icarioides, feed on a variety of
flowers but also do not feed on the closed racemes of any Lupinus species (Arnold, 1983). Based
on the evidence available it appears that feeding on closed Lupinus racemes, let alone feeding on

them as the majority of the diet, is a behavior unique to Puget blues.

Such reliance on closed L. albicaulis racemes is an unusual behavior not only in that it
appears to be unique to this species, but also in that it is unclear where the nutritional resource.
Hays et. al., 2000 hypothesized that the fluid Puget blues collect could be honeydew from aphids
feeding on the plant. However, | only occasionally observed aphids on the raceme peduncle
(main stem), and never witnessed a butterfly nectaring on or near an aphid. Another theory is that
Puget blues may take advantage of holes made in the peduncles by weevils and other
herbivorous insects (Figure 11). This is certainly a possible explanation, as butterflies could take
advantage of sugary phloem sap through these breaks in stem tissue. In Lupinus mutabilis,
incisions in the stems may leak phloem sap for several hours, which would allow insects such as
the Puget blue to feed on the excretions (Atkins, 1999). However, Puget blues generally probed
around the base of the pedicels (flower stalk) and base of flower buds (Figure 12). Such
consistency in the location of nectaring on these closed racemes could indicate there may be a

specific extrafloral nectary in these locations. Extrafloral nectaries are glands which secrete



sugars, water, and amino acids, and are generally implicated in plant defense (Weber and Keeler,
2013). Members of the order Fabales, to which species of Lupinus belong, may have extrafloral
nectaries on a variety of structures including pedicels, peduncles, sepals, and floral bracts, all of
which | observed being probed by Puget blue females (Weber and Keeler, 2013). Though
Lupinus species are not known to have extrafloral nectaries, it is possible that they (or some

similar structure) could be present on these racemes.

One factor that may help explain nectar resource use is available macronutrients (Figure
10). All three stages of L. albicaulis racemes contained the greatest amount of amino acids but
had low sugar content relative to other floral species. In contrast, butterflies fed on those species
with high sugar content considerably less often than other floral species. Because sugar has a
great effect on fecundity, as demonstrated in Speyeria mormonia and Jalmenus evagoras, it is
interesting that the butterflies fed the most on a species with so little sugar (Boggs and Ross,
1993; Hill and Pierce, 1989). This could indicate that Puget blues may procure all the necessary
sugar from relatively few flowers, thereby nectaring less on those species with high sugar
content in nectar. For amino acids, the opposite may occur, where the butterflies need to spend
considerable time nectaring on L. albicaulis to ingest enough amino acids. This finding is
consistent with the results of Alm et. al. 1990, which found that Cabbage white butterflies
preferred nectar rich in amino acids, as Puget blues also appear to seek amino acids for
consumption. Amino acids from nectar have been shown to enhance fecundity in several species,
such as map butterflies and wall brown butterflies, by enhancing the number of eggs laid (Mevi-
Schutz an Erhardt, 2003, 2005). Because L. albicaulis appears to be the Puget blues’ only source

of amino acids, this species is likely of utmost importance for conservation.



Puget blue females nectar on L. albicaulis more than any other species throughout the
flight season, but their use of other species changes depending on the flight period (Figure 7).
This phenomenon is likely driven for some species by the flowering phenology of the nectar
species (Figure 8, from 2020). For example, Puget blue females visit the most V. sativa in the
early period, then less in the peak, and none in the late. V. sativa is most abundant in the early
period, its availability decreases in the peak, and is not available by the late period. A similar
pattern is seen with the undeveloped closed racemes of L. albicaulis. These trends show a
possible link between use and availability. According to the use-availability method, if an
organism uses a resource in proportion to its availability, it is selecting its resources based on
their abundance (lvlev, 1961; Manly et al., 2002; Boitani and Fuller, 2000). Butterflies are
generally considered to be opportunistic feeders (such as subalpine butterflies in Colorado [Sharp
et. al., 1974] and Pierid butterflies [Courtney, 1986]), so their use of some species is proportional
to availability, Puget blues may be opportunistic feeders on these species (Rusterholz and
Erhardt, 2000). However, this pattern does not hold for many of the species that Puget blues
nectar on, indicating there may be some other factor determining when and how much they

nectar on those species, or that the variation in use may be due in part to chance.

The phenology of flowering may have an impact on the nectaring behavior of Puget blue
females. It is important that the phenology of an organism’s resource aligns with its own
phenology, so that the organism may use that resource while it is available. If there is a
phenological mismatch, it could modify interactions between species in a negative manner
(Kudo and Ida, 2013). Mismatch can occur between butterflies and their larval hosts, as in
Karner blues (Patterson et. al., 2019), or between adult butterflies and their nectar sources, as in

marbled white butterflies and their key adult nectar plant (Hindle et. al., 2015). Phenological



mismatch likely to occur when the growing periods of a resource are short, as in the flower
species used for nectar by Puget blues (Miller-Rushing et. al., 2010; McKinney et. al., 2012).
There may be evidence for a mismatch between the phenology of flowering species on the
prairie and Puget blue butterflies. The greatest abundance of butterflies is during the peak period
of the flight season, but the floral count is not (Figure 4). Additionally, the floral count for the
species Puget blues use for nectar is lowest at that time. However, while the availability of nectar
is low, floral species diversity is high. The greatest number of nectar species are present during
this time, and Puget blues nectar on the greatest number of different species. It is possible then

that the variety of nectar species, not the number, is an important factor for butterfly feeding.

The results of this study show that while Puget blues exhibit some generalist tendencies
by feeding on a variety of nectar sources, they are also specialists in their high use of L.
albicaulis as a nectar source. It is important to note that the terms specialist and generalist exist
on a continuum (Ramos et. al., 2009). They do they not feed on 23 of the available flower
species in their habitat, demonstrating that they are somewhat specialized in the species they
choose to nectar on. Additionally, they use L. albicaulis substantially more than any other flower
species, despite it being relatively scarce. Where animals fall along the specialization continuum
can determine how well they adapt to changing conditions. The resource-use hypothesis states
that generalist species will have lower speciation and extinction rates than specialist species, as
they can more readily adapt to changes in selective pressures, as was first documented in
mammal clades (Hernandez Fernandez and Vrba, 2005; Vrba, 1980, 1987). Puget blue females
are specialist in their high use of L. albicaulis, but they are more general in the other species they
eat. They can feed on several species of flowers and have changed their diet over time (Hays et.

al., 2000), demonstrating they can alter their resource use. These traits may indicate that their



generalist feeding habits could make them less likely to become extinct. For this threatened
species, adaptability in diet could contribute to resilience. It is therefore important for land
managers to provide a variety of nectar sources for Puget blue butterflies throughout the field

season, so that adults have plentiful options should their environment or phenology change.

Management implications

When managing Puget blue habitat, it is important to consider adult nectar resources to
ensure butterflies have adequate energy and nutrients. The results of this study emphasize the
importance of L. albicaulis for all stages of Puget blue life. Because females spend so much time
nectaring on the closed racemes, it is important that L. albicaulis is abundant on the landscape.
Because the most productive habitat is that where adult and larval resources co-occur, it is
important that other nectar sources be interspersed among lupine plants (Singer et. al., 1972).
Puget blues exhibit some generalist tendencies in their nectaring, so providing a variety of nectar
sources is important to ensure they maintain this variation in their diet. Because flowering
phenology may change due to climate change, managers should monitor floral availability and
adult activity should the butterflies experience mismatch with their nectar sources. To mitigate
this potential risk, managers should cultivate nectar sources that bloom both before and after the
flight season. Puget blue females nectar on several introduced nectar species (H. radicata, V.
sativa, and L. vulgare), so removal of these introduceds need not be a priority for conservation.
Rather, efforts should focus on maintaining plentiful native nectar flowers and removing harmful

invasives.



Figure 11. Insect tissue damage on
peduncles of L. albicaulis. Weevils and
other insects may damage tissue on
peduncles of L. albicaulis racemes (red
arrow points to damage), causing phloem
sap to leak. This excretion could be a
food source for Puget blue butterflies.
Photo courtesy of Kelsey King.

Figure 12. Puget blue female
nectaring on closed raceme of L.
albicaulis. Female Puget blues are
often seen nectaring on the pedicels,
flower buds, and floral bracts of
closed L. albicaulis racemes. Image
courtesy of Dr. Rachael Bonoan.



Chapter 2: Measuring strength of preference for nectar sources of Puget blue butterfly

females

Abstract

The resources an organism acquires provide the foundation on which all parts of an
organism are constructed. It necessary to understand not only which resources organisms use, but
which are most important to them. This can be done by examining preference from the use-
availability perspective and combining those metrics into one that measures strength of
preference. This single metric, specificity, allows us to understand the degree to which resources
are preferred over others and investigate what factors might inform that preference. Butterflies
are one type of organism which can be readily studied using this method, as their resource use
and availability can be readily observed. One important factor in butterfly resource use is adult
nectaring. This is especially important in in females, as inadequate nutrition can have negative
consequences for fecundity. I studied specificity in adult nectaring for the threatened Puget blue
butterfly (Icaricia icarioides blackmorei). | observed their nectar resource use and recorded their
nectar flower availability to find values for specificity. I also examined nectar plants’ sugar and
amino acid content and native status in Puget blue habitat. | found that Puget blues exhibit
strongest preference for closed racemes of their larval hostplant, Lupinus albicaulis, but also
have strong preference for Symphoricarpos hesperius, L. albicaulis flowers, and Eriophyllum
lanatum. Puget blue females demonstrate significantly stronger preference for native nectar
species than introduced species. Females exhibit no strong preferences based on sugar or amino
acid content of nectar, but likely receive many amino acids from L. albicaulis. These results can
be used to inform conservation of this species and its vulnerable habitat, and methods from this

study could be adapted to gain insight into other species’ resource use.



Introduction

An organism’s dietary resource use is commonly understood as consisting of two parts:
acquisition of resources and allocation of those resources within the organism (Jénsson, 1997).
While allocation is often focused on in basic research, acquisition provides the foundation on
which all parts of an organism are constructed (Boggs, 1992). It is therefore necessary to
understand which resources are used, how they are used, and which are important to fitness a
species. While it can be simple to find which resources are used, it can be much more difficult to
find which are important. This is because an individual’s use of a resource does not necessarily
mean that it is optimal for that organism’s fitness. In situations where habitat quality is poor or
proper resources are not available, organisms may be forced to use resources which are not
optimal. This dearth of key resources can have negative impacts on fitness because the organism
could not use the resources which are important to its survival. In some cases, identifying
important resources can be done via controlled feeding experiments that test which resources
result in the highest fitness (e.g. Cruz-Rivera and Hay, 2000). However, in many organisms these
feeding experiments can be difficult, time consuming, or expensive. In these cases, it is

necessary to use methods of studying resource use in the field.

Resource use studies often use what is commonly referred to as the use-availability
method, in which proportional resource use is compared to proportional availability of that
resource to the organism (lvlev, 1961, Manly et al., 2002). This analysis operates under the null
hypothesis that use is proportional to availability, and therefore resource selection is based on
abundance alone (Boitani and Fuller, 2000). However, this analysis does not quantify which
resources are preferred by a species, as high use is not always an indication of high preference

(for example, a resource may be used often only because it is highly abundant). It is important



therefore not only to identify what resources are needed for effective growth and reproduction,
but to discern a species’ preference for certain resources. This preference-based approach is
useful in assessing which resources are important to a species, because if an animal prefers a

resource, it is an indicator that that resource will be beneficial (Gaillard et al., 2010).

When an organism prefers a resource, it means that they value it over other resources
available. They demonstrate this value by consuming more of a resource and visiting it more
frequently (Alm et al., 1990). Preference is traditionally quantified as the expected use of a
resource compared to the actual use (Rusterholz, 2000). The expected use is derived from the
availability of a resource as a proportion of all available resources. Observed use is defined as
the proportion of use that takes place on the resource in question (Mevi-Schutz, 2003). This
approach is an extension of the use-availability method. The null hypothesis of this measure of
preference is that the organism’s observed use is proportional to its expected use, thus using it in
proportion with its availability and showing no preference for the resource. If the observed use
for a particular resource is greater than the expected use, the organism prefers this resource. It is

important to note that the opposite results do not indicate the organism is avoiding the resource.

An organism’s preference can then be measured by comparing observed and expected use
to determine the strength of preference. For this strength metric we use the term “specificity”,
which is derived from Singer et. al., 1992. Singer used specificity as a measure of the strength of
preference, as opposed to ranking resources by order of preference. In the case of this study,
specificity will be defined as the difference in proportion of expected and observed use for each
resource, which will measure the strength of preference. This approach is helpful because each
resource is compared only to itself to derive the organism’s preference for it, extending the use-

availability method to provide a single metric. Other techniques to measure preference often



compare resources to each other by ranking them in order and assigning some measure of
preference based on that rank alone (Johnson, 1980), or by comparing if use differs significantly
from availability (Thomas and Schultz, 2016). However, these techniques have shortcomings as
they ignore the degree to which an organism prefers a resource. This can artificially create large
differences in supposed importance of resources which may be nearly equally preferred. By
eliminating these comparisons of preference each resource is examined in its own capacity, and

its importance cannot be artificially inflated or decreased.

Butterflies are one type of organism for which specificity-based measures of resource use
could be applied successfully. While it can be difficult to observe feeding and resource
availability in many animals, butterflies can be readily observed in the field. Additionally, it is
easy to sample their specific food sources. Butterflies are often considered to be opportunistic
feeders; however many species do not feed randomly and exhibit distinct preferences for adult
resources (Rusterholz and Erhardt, 2000). While some butterfly species may be reared in a lab
setting to determine which resources are most important, it is a nearly impossible task for others.
Butterfly species which are very rare often experience habitat degradation or loss, which could
affect what nectar resources are available to adults. In these cases, it is necessary to determine
not just which resources butterflies use, but which resources they prefer to adequately support

declining populations and their habitats.

It is particularly important to examine which resources female butterflies use, as female
adult nutrition is crucial to the success of butterflies and their offspring, as access to nectar
increases female fecundity (O’Brien et al. 2004, Gillespie and Wratten, 2012). While larval
herbivory supplies most proteins and other nutrients used for oogenesis, the sugars, water, and

other compounds such as amino acids, found in nectar are also important to reproduction. An



adult diet rich in amino acids could overcome the effects of poor larval nutrition in Map
butterflies (Mevi-Schutz and Erhardt, 2005), and nectar carbon was found to contribute to egg
production in several species (O’Brien et. al., 2004). Effective nectar resource use is important to
individual and species success: Common blue butterflies that selected nectar-rich areas have
been shown to exhibit higher rates of oviposition (Janz, 2005). Additionally, some butterflies
choose to ingest this resource: Cabbage white butterflies exhibit preference for nectar rich in
amino acids (Alm,1990). In rare butterfly species, enhancing fecundity through adequate adult

nutrition is crucial to population success.

One such rare species is the Puget blue butterfly (Icaricia icarioides blackmorei) (Figure
13). A subspecies of Icaricia icarioides, this state-listed threatened butterfly relies entirely on the
small, fragmented prairie patches of the South Puget Sound in Washington state (Dunn and
Fleckenstein, 1997). Puget blues are strongly associated with their larval hostplant, Lupinus
albicaulis, on which female butterflies lay eggs and larvae feed on before entering diapause
(Schultz et. al. 2009). While their larval resource use is relatively simple and well understood,
that of their adult stage is far less clear. These butterflies must feed on nectar as adults, but
exactly which resources they use remains relatively unknown. My recent research (Chapter One)
as well as Hays et. al. 2000 gave us valuable insight into which species the butterflies might use
but did not evaluate preference for all nectar species (Hays et. al. evaluated preference for three
species, using the rank method described above). Now that we understand what nectar resources
Puget blues use, | examined preference using the specificity metric to accurately determine

which resources are most important and inform restoration and land management efforts.



Figure 13. Female Puget blue
butterfly. Puget blue butterflies
(Icaricia icarioides blackmorei) are
stated-listed threatened species are
endemic to the prairies of western
Washington state. Female butterflies
are mostly brown and blend in with
their surroundings.

Methods
Data collection

Required data was collected according to procedures in Chapter one.
Local and Site Categorical Density

Site density

In 2020, site-wide floral density was determined in the same belt transects used for Ui
(Chapter One). In those transects, | also recorded abundance of flowering units per species
categorically. | used a categorical density scale from 0 (none present) to 5 (highly abundant)
which generally followed a log base 4 scale. Because the relative density for some species is
much higher than others, the scale was species specific. Categorical surveys were done at

roughly the same dates and times of day as the flowering unit counts.
Local density

To determine whether the relative density of flowering species was similar between the

entire site and the areas where Puget blues nectared, these categorical density surveys were also



done at locations where butterflies nectared. During nectaring observations, numbered pin flags
were placed at the location of each nectaring instance. Categorical observations then took place
after completion of each observation in a roughly 7.4 meter radius from the numbered flag. This
radius was chosen because it is the average step length of Puget blue movement (Kelsey King,
personal communication). Within this circle, the same method for categorical density was used

to find the relative density of flower species.

Analysis

| ran paired t-tests to compare whether the mean density of flowers was different between
the local and site areas for each period of the flight season (R package stats, R core team, 2008).
| then determined which species were significantly different in their density between local and

site areas from those results.

Preference Analysis

To understand which nectar resources are most preferred by Puget blue females, I
quantified preference following Singer et al., 1992. Expected use was derived as a proportion of
each species’ Uj from the total U; of all flower species, also referred to as floral availability. |
calculated this for each of the three periods of the Puget blue flight season (early, peaks, late).
Observed use was calculated for each period of the flight season as the proportion of the
observed nectaring instances on a species compared to the total amount of nectaring instances
that occurred in all observations. The amount of nectaring was determined by feeding instances
(Defined in chapter 1). I calculated the average observed and expected uses for the entirety of the

flight season by averaging use proportions during each of the three periods of the flight season. I



weighted these averages by the number of butterfly observations performed during that period to
ensure no observations were given greater influence on the mean. This produced weighted
average proportions of expected and observed use for each species. | then used the delta method
(R package msm, C. Jackson, 2011) was then used to calculate the standard error of each

weighted average proportion.

Specificity was then derived by subtracting the weighted average proportions of ability
from that of use. This yielded a value of specificity for each species between 1 and -1. Positive
specificity thereby indicates that the species was used in greater proportion to its availability,
with the converse true for negative specificity. The standard errors for measures of specificity

were calculated using the delta method as described above.

Specificity correlations
Native vs introduced species

I next determined if specificity was correlated to a floral species’ status as native or
introduced. For each species with significant specificity (standard error of specificity not
overlapping 0), I determined if each was native or introduced. | then ran a Student’s T test to
determine if the specificity of those species which were native differed from the introduced

species (R package stats, R Core Team, 2008).
Nectar nutrients

| also investigated the relationship between each species specificity and its S;, and A;

values. | compared these values for each species (omitting Hypochaeris radicata) using



generalized linear models with a normal distribution. I compared significance of correlation with

p-values from Anova tests (R package car, R Core Team, 2008).

Results

Puget blues nectared on developed closed and undeveloped closed L. albicaulis racemes
more than any other floral resource with weighted proportions of use 0.372 and 0.286,
respectively. Of the total 61 observations | performed on Puget blue females, 12 occurred in the
early period of the flight season, 29 in the peak period, and 20 in the late period. This resulted in
weights of 0.197, 0.475, and 0.0.328 for early, peak, and late periods respectively. The most used
floral species were E. lanatum (0.067) and L. vulgare (0.060), and the species with the lowest
use was H. radicata (0.014). Despite being used the most, closed L. albicaulis racemes had
relatively low weighted availability (0.0072 developed closed, 0.016 undeveloped closed). Of the
species use for nectar, the most abundant were H. radicata (0.19) and V. sativa (0.13).
Comparing weighted use and weighted abundance shows the difference in proportion between
these metrics (Figure 14). Puget blue females used several species in greater proportion than
their abundance (closed L. albicaulis), or much lesser proportion than abundance (H. radicata
and V. sativa). Species not used for nectaring had a similar distribution of weighted proportion of

abundance as those species which were used for nectaring.

Each resource’s weighted use (hereafter observed use) was then compared to its weighted
availability (hereafter expected use) to determine the measure of specificity (Figure 15). A
specificity of 0 indicates that the observed use and expected use are equal. The two stages of
closed L. albicaulis had the highest specificity, meaning they were used significantly greater

proportion than they were expected to based on the species’ abundance (0.27 [SE=0.033] for



undeveloped closed, and 0.36 [SE= 0.037] for developed closed). V. sativa and H. radicata both
had negative specificity, indicating that they were used in lesser proportion than expected (-0.11
[SE=0.012] and -0.18 [SE=0.011] respectively). Butterflies fed on several species, such as E.

lanatum and L. vulgare, in roughly equal proportions to their availability.

Of the species nectared on, five are native to South Puget Sound prairies. | compared the
specificity of the non-native species (L. vulgare, V. sativa, H. radicata) and native species (A.
millefolium, E. lanatum, P. gracilis, S. hesperius, and L. albicaulis), revealing that native flower
species were given significantly greater mean specificity (0.14) than introduced species (-0.09)

(t-test, df = 6.0162, p-value = 0.03485).

There was no correlation between the sugar content of floral species’ nectar and weighted
specificity. There was however a significant positive correlation between nectar amino acid
content and weighted specificity (p=0.00467) (Figure 16). This correlation is likely influenced
by the three stages of lupine development, all of which had high amino acids and generally high
use. To evaluate if the significance of the correlation was retained without lupine, I ran the same
models with lupine excluded, and with the three stages averaged into one species. These models

revealed no significant correlation between specificity and either macronutrient.

Local relative flower species density was significantly greater than that of the site as a
whole at all periods of the flight season (early: t = 2.8334, df = 23, p-value = 0.009418, peak: t =
3.4223, df = 23, p-value = 0.002329, late: t = 3.4676, df = 23, p-value = 0.002086). The mean of
the differences was highest at the peak flight period (0.499), followed by the late period (0.491),
and lowest during the early period (0.341). The densities of all stages of L. albicaulis raceme

development were significantly much higher in all three flight periods (Figure 16)
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Figure 13. Proportion of use of nectar flowers by female Puget blues compared to proportion of
floral abundance, weighted by flight period. Colors display whether the floral species was used for
nectaring (Y, blue) or not (N, yellow). Black line indicates a 1:1 relationship between use and availability.
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Figure 14: Preference analysis using weighted measures of specificity (Singer, 1992) for female Puget
blue butterfly nectaring reveals high preference for feeding on secretions from closed racemes of their
larval hostplant, L. albicaulis.
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Figure 15. Sugar (A) and amino acid (B) concentration of floral nectar vs. weighted specificity. The
macronutrients of the nectar from species that Puget blue females nectared on were analyzed. A: The
sugar concentration of nectar species did not correlate with the specificity. B: The amino acid
concentration of nectar species was significantly positively correlated to specificity (p= 0.00467). The
three points with highest amino acid concentration are nectar samples from the three stages of L.
albicaulis raceme development.

Discussion

Examining resource use via the use-availability method not only allows comparison of
use and expected use (availability) on the same scale, but it also provides additional information
about the metrics which are used to calculate specificity. Puget blue butterfly females netcared
on five species in significantly different proportion than their expected use. While the expected
use of H. radicata and V. sativa were high relative to the other nectar species, Puget blue females
nectared on them much less often than other species. In contrast, S. hesperius, L. albicaulis
flowers, and E. lanatum, had neither very high expected use nor very high use. However, they
were used significantly more than they were available. Most notably, both undeveloped and
developed closed L. albicaulis racemes did not have high expected use but were used

significantly more than any other nectar species.



By combining observed and expected use (availability) into the specificity metric, we can
examine exactly how strongly Puget blue females prefer one resource over another. Undeveloped
closed and developed closed L. albicaulis racemes had the highest specificity, indicating they
were used significantly more than we would expect based on availability. L. albicaulis often
occurs surrounded by other nectar species which Puget blue females regularly nectar on, but this
strong preference indicates that the butterflies seem to overlook those resources in search of
closed L. albicaulis racemes. S. hesperius, L. albicaulis flowers, and E. lanatum had the next
highest significantly positive specificity. H. radicata and V. sativa both had significantly
negative specificity, indicating they were used in lesser proportion than we would expect based
on availability. It is important to note that negative specificity does not indicate that an organism
does not prefer a resource, but rather indicates that its strength of preference for that resource is
low. In this case, Puget blue females prefer to nectar on H. radicata and V. sativa over other
floral species which were not used at all, but they often overlook this species for nectaring.
Specificity helps us examine the degree to which a resource is preferred over another. In this
case, the strength of specificity for the third most preferred species, S. hesperius, is less than two
thirds that of the first most preferred (developed closed L. albicaulis). We can distinguish which
species are significantly more preferred than others by ranking resources in order of preference
(as is done by Thomas and Schultz, 2016), but measuring exact specificity provides a more

complete understanding of preference.

Local (areas where Puget blues nectared) availability did not significantly differ from site
availability, indicating that preference is not affected by the part of the prairie Puget blues
inhabit. Because there is no significant difference between local and site availability, there would

be no significant difference in the specificity depending on the location of butterflies. This is



important because it dismisses the hypothesis that Puget blues may show strong preference for L.

albicaulis because they encounter it more often in the areas where they nectar.

Examining preference using this metric of specificity allows us to test correlations
between preference strength and nectar species characteristics such as native status and nectar
nutrients. This allows us to understand what factors might influence the strength of preference
for nectar species. One factor to consider is whether a nectar species is native to the Puget blues’
habitat. Encroachment of introduced species has altered the composition of the South Puget
Sound prairies Puget blues inhabit (Chappell and Crawford, 1997). It is not uncommon for
species to use introduced resources, as either for larval or adult resources (Graves and Shapiro,
2003; Thomas and Schultz, 2016). Fender’s blue females will use introduced nectar sources, but
prefer native species (Thomas and Schultz, 2016). Puget blues exhibit a similar trend: the native
species were significantly more preferred than introduced species (p-value = 0.03485).
Introduced species (L. vulgare, V. sativa, H. radicata) were given either significant negative
preference or neutral preference, while the native species were always significantly positive or
neutral. Native species likely provide some sort of benefit to female Puget blues, as they select

those resources over introduceds (Gaillard et. al., 2010).

The presence of sugars and amino acids can affect which resources are chosen by
butterflies (Alm et. al., 1990; Erhardt, 1992; Rusterholz and Erhardt, 1997). | found no
correlation between sugar content and specificity. However, | did not test for specific sugar types
in nectar, some of which may be preferred over others in some species (Erhardt, 1992).
However, there was a significant positive correlation between amino acid content and specificity
(p=0.00467). This would appear to indicate that amino acids and specificity might be linked.

However, this trend is driven by the relatively high specificity and amino acid content of L.



albicaulis racemes and flowers. If all three L. albicaulis stages are averaged to one point, or if L.
albicaulis is excluded from analysis entirely, this trend is no longer significant. Therefore, Puget
blues likely do not have an overall preference for amino acids in all nectar. However, Puget blue
females still imbibe a relatively large amount of amino acids due to their strong preference for
closed L. albicaulis racemes compared to other nectar species. Thus, my data suggest Puget blue
female nectaring behavior may not be motivated by amino acids, however future research should
investigate this relationship in controlled environments with a variety of amino acid
concentrations in nectar. Some butterflies, such as the peacock butterfly and common green
birdwing, do not prefer nectar with amino acids over nectar with no amino acids when presented
with the choice in a controlled environment (Erhardt, 1991, 1992). Because female Puget blues
emerge with a full set of developed eggs, it is possible that the amino acids gained from
nectaring on L. albicaulis is sufficient so that amino acids are not sought after in other nectar

species.

Puget blue females have changed their nectaring behavior in the last 21 years. In
comparing use and availability of Puget blue nectar sources Hays et. al. found closed racemes to
be the only significantly preferred resource on Johnson Prairie. While Hays et al. combined data
for both sexes, here we show specificity for female Puget blues. Focusing on the sexes
individually is important because males and females often exhibit different nectaring patterns
(Thomas and Schultz, 2016). Since Hays et. al. surveyed Puget blues in 1998 and 1999, it
appears that Puget blue females have expanded their preferences to also significantly prefer S.
hesperius, L. albicaulis flowers, and E. lanatum. Additionally, S. hesperius was never used by
Puget blues in 1998 or 1999, and L. albicaulis flowers were listed as being “actively avoided”.

The differences in preferred species likely indicate that female butterflies have different nectar



preferences than males. Additionally, the addition of new nectar species could indicate that Puget

blues may be adapting their diet over time.

Those species whose standard error of specificity overlaps zero are of neutral preference,
meaning they were used in proportion to their availability. This opportunistic feeding
demonstrates that Puget blue females are generalist in their use of a variety nectar species, while
being specialists in that they prefer native flowers. Lycaenid species fall in a variety of places
along the specialization continuum when it comes to nectar plants (Ramos et. al., 2019). Fender’s
blue females are generalist in that they use many nectar species but are specialists in their use of
some species such as (Thomas and Schultz, 2016). The common blue butterfly is considered a
nectar generalist however this conclusion is not based on the abundance of any nectar species,
but rather on the number of instances of nectaring and number of flower groups visited (Tudor
et. al., 2004). The Karner blue feeds on a variety of nectar species but selects those which have
the most flowering heads (Grundel et. al., 2000). In using specificity, we can find the exact
degree to which an organism is a specialist or generalist. This is an important life history strategy
to understand, as species which are generalist in their resource use may be better able to adapt to
changing selective pressures and are therefore less likely to go extinct (Hernandez Fernandez and
Vrba, 2005; Vrba, 1980, 1987). Because Puget blue females exhibit generalist tendencies in
some nectar species, they may be able to adapt to changing environmental conditions. However,
Puget blue females’ strong preference for closed L. albicaulis racemes indicates that they are
specialized in this resource both for larval and adult feeding. Therefore, ensuring the availability

of L. albicaulis of the preferred phenology should be a top priority for conservation.

Using specificity to study preference adds more context to resource selection than

measuring use alone. For example, while we know what floral species the large copper butterfly



(another Lycaenid species) nectars on, we do not know which species are available to it
(Bakowski et. al., 2010). We therefore cannot discern whether this species of butterfly feeds
preferentially or the degree to which any species is preferred. By comparing the nectar species’
use to their expected use, we better understand how species select a resource. This approach was
taken in studying another closely related Lycaenid, the Fender’s blue (also a subspecies of
Icaricia icariodes) (Thomas and Schultz, 2016). In comparing a nectar species use to its
expected use, Thomas and Schultz were able to find which species were used more than their
expected use. By then comparing use and expected use, their results tell us which nectar species
are important for Fender’s blue females. However, without reporting the difference between use

and expected use we cannot know which species are most strongly preferred.

Measuring preference with specificity could be useful in other threatened butterfly
species such as Karner blues and Fender’s blues. For these species, the necessary datasets for use
and expected use already exist, so this approach could be easily applied to gain more information
on the most important species to these endangered butterflies. Specificity can also be used to
measure preference in species for which data is not readily available. Measuring observed and
expected use in the field can be done in a relatively short amount of time and requires little
equipment. Measuring strength of preference is important because it allows us to understand
which resources are most important for a species. When restoring habitat for rare butterflies and
other threatened species, it could be more efficient to use specificity to prioritize conservation
and restoration of the most important nectar species. In the case of Puget blue butterflies, my
results indicate that native nectar species, especially L. albicaulis, should be prioritized for

conservation to ensure this rare butterfly can thrive in its rapidly changing habitat.
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