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ABSTRACT

The endangered Karner Blue Butterfly (KBB) (Lycaeides melissa samuelis
Nabokov) is an indicator taxon for the globally rare oak savannah habitat. Since the
extirpation of the KBB from Ontario, which is the only province in Canada where the
butterfly was originally found, a Recovery Team was established in 1991 and restoration
work has been done, trying to improve the quality of various potential KBB
reintroduction sites in Ontario as preparation for reintroduction of the butterfly from the
U.S.A. Though promising results have been observed, no systematic scheme has been
employed to evaluate the quality of these restored oak savannah sites to see if they are
ready for KBB reintroduction. This study evaluated five potential KBB reintroduction
sites in Ontario by looking‘ at both biotic (vegetation, especially the larval host plant wild
lupine (Lupinus perennis), 1% and 2™ brood adult nectar source plants, and tending ant
species) and abiotic (temperature, relative humidity and light intensity) aspects. Field
data were collected in the summers of 2002 and 2003 from these five sites and in 2003
from three potential founder KBB sites in the U.S.A. The Ontario and U.S. sites were
then compared in terms of the ecological requirements of the KBB. The results show that
all five potential reintroduction sites in Ontario are of lower quality, at least in certain
aspects, compared to the three potential founder butterfly sites in the U.S.A. This implies
that success is not guaranteed if the KBB is reintroduced to these sites in Ontario under
current habitat conditions. Comparisons of the Ontario and the U.S. sites also reveal that
Indiana Dunes National Lakeshore (IDNL) is the most similar to four of the five Ontario

sites in terms of biological community and microhabitat structure. IDNL is therefore
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identified as the priority source butterfly site for KBB reintroduction in Ontario.
Meanwhile, restoration and management of the potential KBB reintroduction sites in
Ontario should continue and request for permission from the U.S. Fish and Wildlife
Service to take butterflies from IDNL for experimentation in captive rearing techniques

in the Metropolitan Toronto Zoo is strongly recommended.
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Preparation for Species Reintroduction

Species reintroduction is not a risk-free process (Stanley Price 1989). Success is
rarely guaranteed. In fact, failure has often been reported (Baris 1992; Snyder et al 2000;
Lumsden and Drever 2002). Hence, before performing the final test of indicator species
reintroduction to evaluate habitat restoration success, it is always useful to assess the
potential reintroduction sites to see if all the minimum ecological requirements of the
species to be reintroduced are met. The importance of feasibility studies, evaluation of
potential reintroduction site and selection of founder stock in reintroduction programs is
emphasized in the [IUCN guidelines for reintroduction (Kleiman et al 1994; IUCN 1998).
Such site evaluation process is particularly important when the species is threatened or
endangered. It should include quantitative methods that describe environmental variables
relevant to the species (Witkowski et al 1997; Joachim et al 1998; Merrill e al 1999). In
cases where little is known about the minimum ecological requirements of the species to
be reintroduced, studying the sites where healthy populations of the species are found can
help to obtain such information provided that healthily persisting populations of the
species are still found in the wild. Comparisons between the potential reintroduction sites
and the potential founder population sites can also help to determine which population
will be the best choice for the reintroduction site as the source of founder population
based on their similarities in species composition and various environmental conditions.

In this research, the eventual goal is to use reintroduction of the endangered
Karner Blue Butterfly (KBB) (Lycaeides melissa samuelis Nabokov) to test whether

several oak savannah sites in Ontario are sufficiently restored.
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soon after wild lupine, the only larval food plant of the KBB, starts sprouting in spring
time. After feeding on the leaves of wild lupine and undergoing four instars, the KBB
larvae pupate in late-May to early-June in leaf litter, on twigs and stems, and sometimes
on wild lupine leaves (Dirig 1976; Cryan and Dirig 1978). The 1* brood adult butterflies
emerge and are in flight from late-May to early-June (Swengel and Swengel 1996). They
depend on a variety of flowers as their nectar sources. Their lifespan is around 4 to 7 days
on average but some individuals can live up to two or even three weeks. After mating, the
1* brood females lay their eggs primarily on wild lupine plants on leaves, petioles or
stems. The eggs hatch in 5 to 10 days and the larvae again feed on the leaves of wild
lupine from early-June to late-July. They pupate in July and the 2" brood adult butterflies
are in flight from mid-July to late-August, and sometimes into early-September (Swengel
and Swengel 1996) if the summer has been cool and wet. Despite high degree of annual
fluctuation in population sizes (Bleser 1993; Swengel and Swengel 1996), the 2™ brood
is usually about three to four times as numerous as the 1% brood of the same year
(Maxwell and Givnish 1994; Schweitzer 1994). The 2" brood KBB also feed on nectar
of many different flowering plants. Mated 2™ brood females lay their eggs primarily on
stems of grasses and sedges or leaf litter close to wild lupine and occasionally on wild
lupine (Lane 1999b). The eggs laid by the 2™ brood KBB over-winter in the litter layer
(Haack 1993; Spoor and Nickles 1994; van Luven 1993, 1994a) and do not hatch until

the next spring.
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savannahs into forests. Furthermore, in the 1920s and 1930s, many savannah habitats
were planted with pine trees in order to “maximize” the productivity of these areas and
support the timber industry. As a result of all these influences, only 0.02% of savannah is

left in North America (Nuzzo 1986).

Conservation Measures of the Karner Blue Butterfly in the U.S.A.

Due to loss of suitable habitat, the current range of the KBB is much reduced and
fragmented compared to its historic range (Map 1.1). It has been extirpated from six
states in the U.S.A.: Pennsylvania, Illinois, Iowa, New Jersey, Maine and Massachusetts,
while it is still present in New Hampshire, Indiana, New York, Minnesota, Wisconsin and
Michigan (Baker 1994). In Ohio, the KBB was extirpated in 1988, but successfully
reintroduced in 1998 (Tolson et al 1999).

In the U.S.A, all the KBB sites are actively managed and the KBB populations
carefully monitored. Other than the ongoing reintroduction program at the Kitty Todd
Preserve (KTP) in Ohio which started in 1998, there is one KBB reintroduction program
in Concord, New Hampshire which started in 2000 following the recent extirpation of the
last local population (Amaral 2000) and another one in West Gary, Indiana which also
started in 2000 after wildfire eliminated the KBB from the Ivanhoe Nature Preserve (The
Nature Conservancy 2002). Butterflies have been released at these two sites since 2001
and these reintroduced populations are carefully monitored. It is still too early to

conclude whether these two reintroduction projects are successful. In addition, a
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frequently to restore the native prairie plants. The most recent burn was performed in

spring 2004.

High Park — 456 (HP 456)

This 0.5-hectare (1.2-acre) area is located on the west side of West Road close to
the lamp post numbered 456. This is the old plot “M” where test burns were performed in
1997 and 1998. Scattered mature oak trees are present in this area while the canopy cover
of the surrounding areas is much higher. This area was burnt again in spring 2003 and

2004.

High Park — 444 (HP 444)

This is a 0.4-hectare (1.0-acre) area again located on the west side of West Road.
It is south of HP 456, close to the lamp post numbered 444. This is the management unit
1C of the park. Habitat of this area is very similar to that of HP 456, except that the

canopy cover is a bit higher here. HP 444 was burnt in spring 2001, 2003 and 2004.

High Park — Soccer Field (HP SF)

This area of 0.3 hectare (0.7 acre) is located on the east side of West Road,
southeast of HP 456, close to a soccer field. This area is very open with only a few

mature trees. This area was burnt in 2000 and 2001.
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4. Pinery Provincial Park

The Pinery Provincial Park (PPP) (N43.24° W81.84°) is located on the southeast
shore of Lake Huron, about 8 km (5 miles) south of Grand Bend. It covers 2532.5
hectares (6258 acres) of dune ridges and interdunal depressions composed of mixed
forests and oak savannahs. PPP alone now contains almost 50% of the remaining oak
savannah on this planet. The park is open to the public with facilities such as
campgrounds and recreational trails. Paved roads are present in the park for vehicle
access. PPP is managed by Ontario Parks. Several prescribed burns were performed in
the past decade. Wild lupine was planted at several locations in the 1980s. Wild lupine is
also found outside of the park in nearby residential areas. The white-tailed deer
population has been controlled by deer culling as their overgrazing has had a great impact

on the vegetation of the park.

Pinery Provincial Park — Roundabout (PPP RA)

This 0.5-hectare (1.2-acre) area is close to the roundabout northwest of the main
entrance of the park. A dense population of wild lupine which was planted there in the
1980s is still present in the small opening on the side of the paved road. This area was

last burnt in 2000.

Pinery Provincial Park — Ski-hill (PPP SH)

This area of 1.5 hectares (3.7 acres) is located next to the small hut where

children’s programs are held. The area is almost treeless with only a few shrubs at the
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6. Manistee National Forest

Manistee National Forest (MNF) (N43.48° W86.22°) is located in the
northwestern part of lower-Michigan. It covers 360,000 hectares (890,000 acres) of
deciduous and mixed forests with occasional openings. The forest is not one continuous
mass but broken by private properties and towns. Much of the land had been abandoned
by logging companies after being logged out a century ago. Small residential homes are
present in the area but there is no industrial complex. Within MNF, both paved and
unpaved road systems are present. The forest is managed by the Forest Service of United

States Department of Agriculture (USDA).

Manistee National Forest — #1 (MNF #1)

This area is about 1.2 hectares (3.0 acres) in size, close to an unpaved road. This
is an opening with low tree density within a much denser forest habitat. Brush hogging
has been used to reduce the canopy cover in this area. Signs of deer herbivory were
obvious at this site, with about 10% of the wild lupine inflorescences having been

selectively browsed.

Manistee National Forest — #2 (MNF #2)

This 2.8-hectare (7.0-acre) area is north of MNF #1. It is much more open
compared to MNF #1, with large open areas with scattered mature trees surrounded by

forests. Abandoned unpaved trails are found in this area. It has also been managed using
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CHAPTER 3: Are We Ready to Reintroduce the Karner Blue Butterfly?
Introduction

Several oak savannahs in Ontario, which are historic localities of the KBB, have
been restored and actively managed. Though promising results have been observed from
the restoration work done at these restored oak savannah sites, no systematic scheme has
been employed to evaluate these restored sites to see if they are ready for reintroduction
of the KBB.

According to the IUCN guidelines for reintroductions, at reintroduction sites that
have undergone “substantial degradation caused by human activities”, a habitat
restoration program should be initiated before reintroduction (IUCN 1998). However,
after implementation of the restoration program, what method should be used to
determine if habitat quality has improved to the extent that reintroduction can proceed is
not suggested.

The Ohio KBB Recovery Team chose the Kitty Todd Preserve (KTP) in Lucas
County as the first KBB reintroduction site in Ohio based upon qualitative comparison of
several potential reintroduction sites in 1996 (Ohio Division of Wildlife 1998). Then,
Tolson (1997) quantitatively measured environmental variables that were relevant to the
KBB, including densities of wild lupine and KBB nectar source plants, canopy cover,
light intensity, temperature and relative humidity at several locations in the KTP and the
Allegan State Game Area (ASGA) in Allegan County, Michigan, where the KBB was to

be taken for reintroduction in the KTP. He compared the potential reintroduction areas in
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Tolsen (1997) used quadrats of 0.5m’ in size in his study. I chose to use quadrats
sized 1m® because this has been more commonly used and it could double the sample
area without increasing the number of transects (Hanson and Love 1930).

When wild lupine was present in a quadrat, the number of stems rather than
individuals was counted even though some previous studies have been quantifying wild
lupine using the number of individuals or patches (Cryan 1980; Savignano 1990). This is
because it is sometimes difficult to distinguish individual wild lupine plants, especially
when they grow very close to one another since each individual may have multiple stems
that come up from underground. Secondly, the size of wild lupine plants is highly
variable. A mature plant is often more than 20 times the size of a seedling, and one can
expect that a mature plant can support a lot more KBB larvae than a seedling. Therefore,
the number of individuals may not be a good representation of the quantity of wild
lupine. On the other hand, the number of stems gives a better estimation of the quantity of
wild lupine because the stems usually start growing at the same time of year and
therefore stay approximately the same size, with the only exception being newly
germinated seedlings and stems of those that have been physically damaged. Moreover,
Tolsen (1997) quantified wild lupine density in stems/m>. To make my results
comparable to his, the number of stems, instead of individuals, of wild lupine was
counted in each 1m? quadrat.

When quantifying nectar source plant density, the number of stems per quadrat
was again used, but such number may not be as representative as in the case of wild

lupine because it involves multiple species. The amount of nectar in each flower, the
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1% brood and 2" brood LBB nectar source plants per 1m? quadrat were calculated for

each site.

Ant Species Data

Since ant specimens were not collected in any systematic way, using the number
of specimens collected for each species as quantitative data is not appropriate because
they may not reflecting the relative abundance of each ant species despite similar effort
spent to collect the ant specimens at all sites. Therefore, when compared among study

sites, only the number of tending ant species found at each site was used.

Integrated Light Intensity Data

Petri dish lightmeters were brought back to the lab after exposed for
approximately 40 days. The stacks of photographic paper in the Petri dish lightmeters
were then developed in ammonia vapour (Friend 1961; Sullivan and Mix 1983). The
layers light had penetrated through were “bleached” by light energy and therefore
appeared white while the unexposed layers underneath turned black (Sullivan and Mix
1983). The number of layers light had penetrated through each stack of photographic
paper was estimated to the nearest % layer according to the darkness of the “image” on
the last sheet light has reached (Sullivan and Mix 1983).

Since the amount of light energy received and the number of layers light
penetrates through the stacks of photographic paper have a log-linear relationship (Friend

1961; Sullivan and Mix 1983), the natural logarithm of the amount of light energy
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Summary of Comparisons

The densities of wild lupine and nectar source plants for both broods of the KBB,

the number of tending ant species and the standard deviation of the 100 integrated light

intensity measurements at each site, together with their associated standard errors, are

summarized in Table 3.4. The lowest wild lupine density reported by Tolsen (1997) from

three study areas in the ASGA is also included in Table 3.4 for comparison. The lowest

values among the three (in the case of wild lupine density, four) potential founder

butterfly sites in the U.S.A. are underlined in Table 3.4. The italicized numbers shown in

the bottom row in Table 3.4 are 90% of the underlined values. The values for the Ontario

sites that are larger than these italicized values are shown in bold, indicating that those

conditions are probably good enough for reintroduction of the KBB.

Lupine Nectar plant density Number of | Standard deviation
density [stems/m’] tending ant | of integrated light
Site [stems/m’] | 1*'brood 2" brood species intensity [%]

HP 9.74+2.43 | 25.43+2.87 | 51.83+3.29 15 18.98 % +2.13%
AFN 0.37+0.16 | 104.45+8.76 | 121.10+8.70 7 19.65 % +1.60%
MT 3.15+0.73 | 45.40+2.56 | 34.43+3.59 13 15.07%+1.23%
PPP 4.27+1.73 | 84.17+9.64 | 36.73+£3.97 11 18.64%+1.41%
KBS 2.12+0.68 | 63.73+5.66 | 49.83+4.33 18 16.54%+1.35%
MNF 14.27+2.85 | 67.22+4.35 | 75.80+8.30 12 23.46%+1.92%
IDNL 15.97+3.18 | 52.50+3.71 | 53.17+4.08 10 18.79 % +1.46%
SCA 7.47+1.69 | 100.85+9.69 | 72.00+9.92 5 18.68 %0 +1.44%
ASGA 1.67
cut-off 1.50 47.25 47.85 5 16.82%

Table 3.4 Summary of comparison of wild lupine density, nectar source plants density,
number of tending ant species and site heterogeneity among all study sites.
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Tolsen (1997) measured light intensity in the ASGA. However, his method of
light measurement was totally different from mine. He measured instantaneous light
intensity continuously for an extensive period of time, concurrently at several different
locations and reported the maximum and minimum values at different locations but did
not calculate the averages and standard deviations, while I measured the integrated light
intensity over a 40-day period at 100 locations at each study site. Therefore, it is
impossible to compare our results. Again, only the three U.S. sites I visited were included
in setting the minimum standards for site heterogeneity in terms of light conditions.

In Table 3.4, the lowest standard deviation of integrated light intensity was found
in the SCA among all U.S. sites. This was not surprising because there was no tree in the
SCA and the only source of light intensity variation comes from a small number of low
growing shrubs and the directional signs erected for the aircraft in the airport. In Ontario,
the MT and the KBS were the only sites where the standard deviation of integrated light
intensity was lower than 90% of that of SCA, which is 18.68% x 90% = 16.82%. In the
MT, the low variability in light conditions under which wild lupine plants grow is caused
by the high percentage of canopy cover. Under high canopy cover, there are not many
sunny spots where wild lupine can thrive, and most wild lupine plants grow under semi-
shade conditions. That limits the width of the range of light conditions under which wild
lupine can grow. In the KBS, even though the site is heterogeneous and there were quite
some openings, wild lupine does not grow in areas where they once did before the
prolonged drought in the late 1980s. Most wild lupine plants were concentrated in the

semi-shade regions. Therefore, in both the MT and the KBS, the standard deviation of
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The MT and PPP do not seem to be ready for KBB reintroduction. KBB nectar
source plant densities for both broods of the KBB and site heterogeneity are too low at
the MT. This is probably due to canopy overgrowth which has led to reduced light and
hence low density of savannah plant species as nectar sources for the KBB. In PPP, lack
of 2™ brood KBB nectar source plants is probably due to low species richness at the
study areas within the park, especially at PPP-SH where grasses and Rubus spp.
dominated the area. Over-grazing by white-tailed deer (Odocoileus virginianus Boddaert)
in the 1980s and early 1990s could have also contributed to this problem.

In conclusion, none of the potential KBB reintroduction sites included in this
study has habitat characteristics as favourable as the potential founder butterfly sites in
the U.S.A., indicating that under current conditions, successful reintroduction of the KBB
at these restored oak savannah sites in Ontario is not guaranteed. Despite this, the KBS
has been identified as the priority KBB reintroduction site in Ontario. Meanwhile, further
studies which include KBB sites of lower quality are required to help define a set of more
realistic standards for KBB reintroduction. Such studies might show that U.S. sites of
similar quality to the oak savannah sites in Ontario can support persisting KBB
populations (as in the case of wild lupine density in the ASGA (Tolsen 1997)), which
might then suggest that the potential KBB reintroduction sites included in this study are
in fact able to support healthy KBB populations and KBB reintroduction can therefore
proceed in Ontario. Also, future restoration and management of the potential KBB
reintroduction sites in Ontario should focus on their particular problems identified in this

study.
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CHAPTER 4: Identification of the Most Suitable Founder Butterfly Sites
Introduction

In species reintroduction, the choice of founder population may be crucially
important in determining success. To avoid outbreeding depression (Templeton 1986;
Gharrett et al 1999; Aspi 2000; Marr et al 2001; Quilichini et al 2001), individuals to be
reintroduced to a site should come from no more than one founder population. This
founder population should, ideally, be genetically closely related and show similar
ecological characteristics (morphology, physiology, behaviour and habitat preference) to
the extirpated one (IUCN 1998). This can maximize their chances of survival and reduce
the probability of their being mal-adaptated to the environment of the reintroduction site.
However, since the original native population has already been extirpated, genétic
comparison between the extirpated population and the potential founder populations are
often difficult if not impossible. Also, when the reintroduction site is not a historic site of
the species to be reintroduced, no such genetic comparison can be made. In such cases,
the choice of founder population may be determined based upon the similarity of the
reintroduction site and the potential founder population sites in terms of environmental
variables relevant to the species to be reintroduced.

Although, as concluded in Chapter 3, none of the restored oak savannah sites in
Ontario is in such good quality that we can be certain that it is ready for reintroduction of
the KBB, identification of the most suitable founder butterfly population sites according
to their degree of similarity to the Ontario sites is still possible. In this chapter, I

compared the potential KBB reintroduction sites in Ontario to the potential founder
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Figure 4.1 Diagrammatic illustration of the nearest-neighbour method used for woody
species survey.
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together with that potential reintroduction site. Also, this method does not allow down-
weighting of rare species which tend to be overrepresented by their frequencies in
vegetation surveys (Jongman et al 1995). This may skew the results and exaggerates the
effect of the presence of rare species. Despite these shortcomings, it is still useful in
showing the similarities among all the sites. Cluster Analysis was performed using the
software PC-ORD version 4.0 using Sorensen distance measure, which generally gives

the best performance (Beals 1984).

Detrended Correspondence Analysis

When Cluster Analysis fails to pinpoint which U.S. site is the most similar to each
of the Ontario sites, Detrended Correspondence Analysis (DCA) was performed using the
software CANOCO version 4.5. DCA is an ordination technique that tries to explain the
maximum amount of wvariation among different samples by using hypothetical
environmental gradients to which species abundance has a unimodal response (Hill and
Gauch 1980; ter Braak 1986, 1994; Jongman et al 1995; LepS and Smilauer 2003).
Instead of showing dendrograms with sites grouped together, DCA display the sites in a
2-dimensional plot where the similarity of the sites is represented by the distances among
them. This allows comparisons of potential KBB reintroduction sites to various potential
founder butterfly sites, which may not be possible in a dendrogram.

In DCA plots, the two ordination axes are shown in standard deviation (S.D.)
units. A distance of four S.D. units represents a complete species turnover (Hill and

Gauch 1980; Jongman et al 1995; Lep$ and Smilauer 2003). That means when the
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were then substituted into the normal distribution equation (Zar 1996) to generate normal

distribution curves of integrated light intensity for site comparison.

Temperature and Relative Humidity

Temperature and relative humidity were measured continuously for three days
during each site visit and the measurements were not done simultaneously at all sites.
Because of the temporal variability of temperature and relative humidity, the
measurements recorded may not reflect the “average” condition of the sites. Therefore,
the recorded data were standardized and transformed according to the data collected from
the weather stations closest to the study sites between April 1* and September 30™ 2003
before site comparison was done. The six-month period of April 1st to September 30th
2003 instead of a 12-month period was chosen because the over-wintering KBB eggs do
not hatch until April and the 2" brood adult butterflies all die before the end of
September even in years with a wet and cool summer (Swengel and Swengel 1996). Also,
since the annual frequency distribution of daily average temperature is usually bimodal
for temperate areas, inclusion of the period from April to September captures only one of
the two “modes”, making the frequency distribution of temperature of the chosen period
resemble a normal distribution. This allows a better estimation of the frequency
distribution of temperature by generating normal distribution curves from the estimated
means and standard deviations resulted from the linear regression between data recorded

at the sites and those gathered from the closest weather stations.
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Cluster Analysis

Dendrograms generated by performing cluster analyses upon 1) all herbaceous
species; 2) only 1% brood KBB nectar source plants; 3) only 2" brood KBB nectar source
plants; 4) all woody species; and 5) all tending ant species are presented as Figures 4.3 to
4.7 respectively. In all these figures, the potential KBB reintroduction sites in Ontario are
represented by the colour black while the potential founder butterfly sites in the U.S.A.

are in grey. This colour scheme will also be used in all subsequent Figures and Tables.

Distance (Objective Function)

26402  2BE+403 . BI1E+03 _ 76E+03 . 1E+04
HP
MT
IDNL—
MNF
PPP —
KBS
SCA

AFN

Figure 4.3 Dendrogram showing results of cluster analysis (including all herbaceous
species) of all study sites.
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Figure 4.8 Diagram of DCA (including all herbaceous species) showing the scatter plot
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MNF IDNL SCA
HP 0.0120 (2) 0.0121 (3) ()
AFN 0.0242 (2) 0.0344 (3) (1)
MT 0.0241 (2) 0.0301 (3) 1)
PPP 0.4842 (3) 0.0636 (2) (1)
KBS 0.5649 (3) 0.1605 (2) (1)

Table 4.5 Probability values resulting from MRPP (including all woody species)
between the potential KBB reintroduction sites in Ontario and the potential

founder KBB sites in the U.S.A. (except the Saratoga County Airport).

MNF IDNL SCA
HP 0.0315 (3) 0.0170 (1) 0.0225 (2)
AFN 0.0209 (2) 0.0237 (1) 0.0572 (3)
MT 0.0243 (2) 0.1862 (3) 0.0258 (1)
PPP 0.0248 (2) 0.1629 (3) 0.0217 (1)
KBS 0.0818 (3) 0.0420 (2) 0.0329 (1)

Table 4.6  Probability values resulting from MRPP (including all tending ant species)
between the potential KBB reintroduction sites in Ontario and the potential

founder KBB sites in the U.S.A.
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Figure 4.16 Spatial frequency distribution of integrated light intensity at all study sites.

MNF IDNL SCA
HP 1 2 3
AFN 1 2.5 2.5
MT 1 3 2
PPP 1 3 2
KBS 1 3 2

Table 4.8 Similarity scores of potential founder KBB sites in the U.S.A. for each
potential KBB reintroduction sites in Ontario based upon integrated light
intensity.
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MNF IDNL SCA

HP 2 2.44 1.56
AFN 2 1.94 2.06
MT 1.78 2.56 1.67
PPP 2.22 2.33 1.44
KBS 2.22 2.28 1.5

Table 4.11 Summary of the most similar potential founder KBB sites in the U.S.A.
identified for each potential KBB reintroduction sites in Ontario based on
average similarity ranking of different biotic and abiotic characteristics.

Discussion
Overall Herbaceous Vegetation

When the overall herbaceous vegetation is compared among all sites using Cluster
Analysis, it is clear that AFN is an outlier (see Figure 4.3), which means that the
vegetation community structure in AFN is very different from all the other siters. HP and
the MT grouped together with IDNL. This means that the most similar potential source
butterfly site in terms of overall vegetation community to these two Ontario sites is
IDNL, which is therefore assigned a similarity score of “3” to its comparisons with HP
and the MT (Table 4.2). For PPP and the KBS, Figure 4.3 cannot tell which of MNF or
IDNL is more similar to them in terms of overall vegetation community structure.

The results of DCA reconfirm those of the Cluster Analysis for the overall
herbaceous vegetation. AFN was excluded from the DCA shown in Figure 4.9 because it
causes a “tongue-effect” in the DCA diagram when it is included in the analysis (Figure
4.8), indicating that it is an outlier. As in the cluster analysis, the points representing HP
and the MT are closer to those representing IDNL than those of MNF and the SCA,

meaning that IDNL is the U.S. site most similar to these two Ontario sites in terms of
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together with IDNL, meaning that IDNL is the most similar U.S. Site to HP and AFN in
terms of tree community. Also, the KBS forms a group with MNF. This means MNF is
the most similar potential founder butterfly site to the KBS in terms of tree community.

The DCA using tree density data yields very similar results (Figure 4.13). Again,
the SCA was excluded because of lack of trees at that site. The points representing HP
and AFN are closer to those of IDNL than those of MNF, supporting the notion that these
two Ontario sites are more similar to IDNL than MNF in terms of tree community. Also,
the points of the KBS and those representing MNF are close together, suggesting that
MNEF is the best match for the KBS. In the cases of the MT and PPP where inconclusive
results were obtained from Cluster Analysis, the points representing the MT are closer to
the ones of IDNL while the ones representing PPP are closer to those of MNF, suggesting
that IDNL is the most similar in terms of tree community to the MT and MNF the most
similar to PPP.

The results of MRPP (Table 4.5) further reassure the results of Cluster Analysis
(Figure 4.6) and DCA (Figure 4.13) for the comparisons in tree community. The SCA is
again excluded from the analysis. The higher probability was obtained from IDNL for
HP, AFN and the MT, and from MNF for PPP and the KBS. This suggests that IDNL is
the most similar U.S. site to HP, AFN and the MT while MNF is the most similar to PPP
and the KBS in terms of tree community, which is exactly what the results of the DCA
diagram implies (Figure 4.13). Similarity scores were once again assigned according to
the probability values in Table 4.5 due to complete agreement between the results of

Cluster Analysis, DCA and MRPP.
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(P = 0.373) temperatures could be quite different between different areas with different
light intensities (P = 0.062) as shown by the results of paired t-tests. This further suggests
that spatial heterogeneity of daily average temperature and relative humidity is limited
and will unlikely have a significant impact in the comparison of temperature and relative
humidity among the study sites.

Even though spatial variation in temperature and relative humidity do not seem to
be high enough to affect direct comparison among different sites, reconstruction of the
spatial heterogeneity of temperature was attempted by using the integrated light intensity
data collected by the Petri dish lightmeters (Bello, personal communications). It was
assumed that the difference in temperature at two locations was directly related to the
difference in the‘amount of light energy available. Unfortunately, this method does not
seem to work as the two variables do not show a clear correlation. This is so probably
because availability of light energy is only one of the many determining factors
influencing air temperature. Also, not all the light energy available is used to heat up the
air on vegetated surfaces. At least some of the energy is used for transpiration. In
addition, the pyranometer sensor and the temperature/relative humidity sensor that were
attached to the same datalogger were placed at least 2m apart from each other. This was
so because such a distance between them guarantees that the temperature/relative
humidity sensor would not cast a shadow on the pyranometer, affecting the light intensity
measurement. This means that the temperature and light intensity were not recorded at
the same spot, but at two different spots that were at least 2m apart. Due to the highly

spatially variable nature of light intensity, the measured light intensity could have been
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terms of biological and environmental variables relevant to the KBB. The sites were first
compared in terms of individual variables. Similarity scores were assigned to the
potential founder population sites according to their relative similarity to each of the
reintroduction site. The scores assigned to individual variables for the same potential
founder population site were then averaged to calculate the overall similarity scores for
the potential founder population sites. These overall scores can then be used to determine
which potential founder population site is the most similar to each reintroduction site,
hence the most suitable as the source of the founder stock. These procedures are not only
useful for this particular study. They can also be applied to select one single founder
population out of several available ones in other reintroduction projects.

In summary, results of this study suggests that none of the potential founder KBB
sites in the U.S.A. matches perfectly with any of the potential KBB reintroduction sites in
Ontario in terms of various biotic and abiotic variables relevant to the survival and
persistence of the KBB. However, overall, IDNL is the most similar to four of the five
Ontario sites. It is therefore identified as the priority founder butterfly site for KBB
reintroduction in Ontario. Once the oak savannah sites in Ontario are shown to be ready
for KBB reintroduction, hopefully in the near future, butterflies from IDNL should be
taken, with permission from the United States Fish and Wildlife Service (USFWS), for

reintroduction in Ontario.
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the three potential founder butterfly sites in the U.S.A. (Table 3.1). However, such high
quality habitat only covers a small area (less than 2 hectares) in the park which is far from
enough to support a healthy KBB population in the long run. Therefore, the wild lupine
areas in HP should be expanded.

One way to enlarge the area of wild lupine coverage is to use prescribed burns
which have been used in HP since the 1980s. In fact, in spring 2003 and 2004, the two
areas HP 456 and HP 444 and their adjacent areas were treated with a prescribed burn,
and the range of wild lupine was observed to have slightly expanded (personal
observation), possibly as a response to this. However, the effect of prescribed burns on
the range expansion of wild lupine in HP is very limited.

Wild lupine does not disperse its seeds for a long distance. The seeds disperse
when the seedpods dry up and crack open, “shooting” the seeds to about 2m to 3m away
from the parent plant (Chan, personal observation). No other dispersal method is known
for wild lupine. Since wild lupine is a perennial which does not start reproducing until the
second year of establishment, even if the adjacent areas are perfect for wild lupine
establishment, the range of the 