Microhabitat Analysis of Selected Sand Barren Areas in the Kitty Todd Preserve, Oak Openings, Lucas County, Ohio: Evaluation for Potential for Reintroduction of the Karner Blue Butterfly.
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Introduction

Oak savanna ecosystems, typified by the Oak Openings of Northwest Ohio, are one of the most endangered types of natural habitat within the continental United States.  Agricultural practices, fire suppression, and drainage projects have severely modified this area, causing alterations to the water table which in turn have allowed tree invasion and establishment of exotic plants.  This has resulted in the local extirpation of many rare and unique taxa, including the Karner blue butterfly (KBB). KBBs require oak savanna habitat that includes extensive patches of wild lupine, Lupinus perennis, and adult nectaring plants that consist of a variety of native forbs (see Tables VI and VIII). Before the KBB is reintroduced to the State of Ohio, evaluation and reclamation of habitat at potential reintroduction sites is critical for evaluating the long term survival prospects of this insect. The restoration and management of this oak savanna habitat has been identified as one of the critical components of the Ohio KBB Conservation Plan (ODNR, in prep.). 

The Ohio KBB Recovery Team conducted site evaluations to determine the quality of existing habitat at potential KBB reintroduction sites in 1996. These sites included the Lou Campbell State Nature Preserve, the Toledo Express Airport, the Oak Openings Metropark, and the Nature Conservancy's Kitty Todd Preserve (KTP). Through this process, KTP was selected as the most appropriate location for the initial release of the butterfly. In the past there has been little collection of data relating to the environmental factors that may be critical for the survival and successful reproduction of this taxon, including patterns of fluctuation in temperature and relative humidity in KBB microhabitats (i.e. at the level of the lupine crown).  This research compared habitat attributes of potential KBB reintroduction sites on the KTP with those of three sites within the Allegan State Game Area (ASGA), Allegan County, Michigan.  The ASGA has an apparently healthy population of the KBB and will be used as the source of founder stock for the Ohio KBB reintroduction efforts.
Materials and Methods:
Site selection-sites on KTP were chosen to represent a spectrum of lupine habitat, including mature oak savanna (Oak Dune, Julia's Savanna), lupine partially shaded by secondary forest (Bond Tract) and lupine in full sun on essentially treeless dunes (North Piels, South Piels). These sites included one which formerly supported populations of the Karner blue (Bond Tract), two which were not known to have KBBs but which support populations of the frosted elfin, Incisalia irus, and the Persius dusky wing, Eryennis persius (Oak Dune, Julia's Savanna), and two which have extensive patches of lupine but which do not support populations of any lupine-dependent butterflies (North Piels, South Piels). Data was collected concurrently in the Allegan State Game Area, Allegan County, Michigan, at three sites that support reproducing populations of the KBB (42nd St., Gun Club, and Pipeline). Sites were chosen in the Allegan State Game Area based on their similarity in vegetation structure and species composition to those sites on the Kitty Todd preserve that once supported populations of the KBB. 

Methodology- percent canopy cover and density, frequency, and phenology of lupine and nectaring plants were quantified at the sites described above.  These data were collected in randomly selected 0.5m2 quadrats using the transect-quadrat method of Bonham (1989) at the density of one transect / 850m2 (Papp 1996). Density of lupine was calculated as the number of lupine stems/ m2 within each quadrat.  Brood 1 and brood 2 nectar plant densities were calculated as the number of flowering stems of nectar plants / m2 within each quadrat (see Appendix 1 for species list of first and second brood nectar plants).  Canopy cover was calculated using a crown densitometer.  The number of hits per transect (one reading for each quadrat) were divided by the total number of quadrats at the site to give the percentage of canopy cover.

Analysis- Data on nectaring plant resource availability were recorded and analyzed separately for first and second brood KBBs.  Comparisons between locations (Michigan and Ohio) were made using an independent measures t-test (Table II) and analysis of variance (ANOVA).  Tests were performed to determine differences among sites within each location (Table III).  ANOVA was followed up with the Tukey test to determine which sites within ASGS and KTP varied from each other. The two highest potential reintroduction sites on KTP, i.e. those with the highest mean densities of lupine and nectaring plants (Bond Tract, Julia's Savanna), were compared with each of the ASGA sites independently using an independent measures t-test.

Equipment- remote computerized data loggers were programmed to take data readings every 30 minutes for surface temperature, solar radiation, and relative humidity at the level of the lupine crowns (i.e. ca. 5.0 cm above soil surface).  Equipment used was Onset Computer Corp.'s StowAway temperature logger model STIB-37+46, StowAway relative humidity logger model SRHA-32, and Hobo light intensity logger model HLI.  Each site had one each of the listed data loggers.  Data were downloaded weekly, using the Onset Computer Corp. Stowaway and Logbook software, to a laptop computer. Percent canopy cover of oak and invasive secondary forest was also quantified at each site. Canopy readings were taken weekly over the season of activity for the KBB (normally May-July) as the canopy emerged using a crown densitometer. 

Results

Lupine- densities of lupine at the Allegan State Game Area ranged from a low of 1.67 stems/ m2 at Pipeline to a high of 9.35 stems/ m2 at the Gun Club.  On KTP, lupine densities ranged from a low of 0 stems/ m2 at North Piels (lupine is present on the site, but none was present on the randomly selected quadrats) to a high of 4.08 stems/ m2 at Julia's Savanna (Table I).  Lupine frequencies at the Michigan sites ranged from 20% at Pipeline to 63% at Gun Club. ANOVA showed that mean densities of lupine differed significantly among the ASGA sites (F= 9.9052, p< 0.0001, Table III).  The Tukey test showed that mean density of lupine did not differ significantly between 42nd St. and Pipeline.  However, the Gun Club site had significantly more lupine than both 42nd St. and Pipeline. In Ohio, lupine frequencies ranged from 0% at North Piels to 23% at Bond Tract (Table IV). Mean numbers of lupine did not differ significantly among the five sites within the KTP (F=1.6414, p> 0.05, Table III). 

Allegan State Game Area
Gun Club
Pipeline
42nd St.










Lupine
9.35 (n=60)
1.67 (n=30)
5.15 (n=54)



Brood 1 nectar plants
16.75 (n=60)
0.30 (n=30)
19.37 (n=54)



Brood 2 nectar plants
0.98 (n=60)
0.07 (n=30)
0.75 (n=48)










Kitty Todd Preserve
Bond Tract
Julia's Savanna
North Piels
South Piels
Oak Dune

Lupine
4.08 (n=26)
2.39 (n=36)
0.00 (n=30)
2.57 (n=30
0.77 (n=78)

Brood 1 nectar plants
3.04 (n=26)
1.03 (n=36)
0.87 (n=30)
0.03 (n=30)
0.50 (n=78)

Brood 2 nectar plants
0.70 (n=30)
2.42 (n=36)
0.43 (n=30)
3.00 (n=30)
0.27 (n=78)

Table I.  Summary of lupine and first and second brood nectar plant mean densities (stems/ m2) for selected sites within the Allegan State Game Area and the Kitty Todd Preserve.

Mean densities of lupine plants were significantly greater at ASGA relative to KTP (t=5.0577, p< 0.001, Table II).  However, when lupine densities of Bond Tract and Julia's Savanna were compared independently with each of the ASGA sites, it was found that both Bond Tract and Julia's Savanna did not differ significantly from either 42nd St. (t= -0.4938, p> 0.05; t= -1.6338, p> 0.05, Table VI) or Pipeline (t= 1.3041, p> 0.05; t= 0.7577, p> 0.05, Table VI).  Gun Club had significantly more lupine than either of these KTP sites and the other ASGA sites as well.

Lupine
t= 5.0577
p= 0.0000
N= 344

Brood 1 nectar plants
t= 8.3182
p= 0.0000
N= 344

Brood 2 nectar plants
t= -1.4950
p= 0.1359
N= 344

Table II.  Summary of results from an independent t-test comparing lupine and nectaring plant densities between the Allegan State Game Area and the Kitty Todd Preserve.

Nectar plants, brood 1- densities of brood 1 nectar plants at the Allegan State Game Area ranged from a low of 0.30 stems/ m2 at Pipeline to a high of 19.37 stems/ m2 at 42nd St.  Mean densities of brood 1 nectaring plants differed significantly among the ASGA sites (F= 8.1733, p< 0.0001, Table III).  Pipeline had significantly fewer brood 1 nectar plants than both 42nd St. and Gun Club.  The mean densities at Gun Club and 42nd St. did not differ significantly.  On the KTP, brood 1 nectar plant densities ranged from a low of 0.03 stems/ m2 at South Piels to a high of 3.04 stems/ m2 at Bond Tract (Table IV). Mean densities of brood 1 nectar plants differed significantly among the KTP sites (F= 11.2113, p< 0.0001, Table III).  The Bond Tract had significantly more brood 1 nectar plants than Julia's Savanna, North Piels, Oak Dune, and South Piels. All other between site 

Allegan State Game Area









Lupine
F= 9.9052
p= 0.0001
N= 144

Brood 1 nectar plants
F= 8.1733
p= 0.0004
N= 144

Brood 2 nectar plants
F= 2.6558
p= 0.0739
N= 137






Kitty Todd Preserve









Lupine
F= 1.16414
p= 0.1654
N= 200

Brood 1 nectar plants
F= 11.2113
p= 0.0004
N= 200

Brood 2 nectar plants
F= 2.6558
p= 0.0000
N= 204

Table III.  Analysis of Variance (ANOVA) results for among-site comparisons within the Allegan State Game Area and the Kitty Todd Preserve.


t
p
n

Julia's Savanna vs. Pipeline
0.7577
0.4514
36/30

Julia's Savanna vs. 42nd St.
-1.6338
0.1059
36/54

Julia's Savanna vs. Gun Club
-3.2814
*0.0015
36/60






Bond Tract vs. Pipeline
1.3041
0.1978
26/30

Bond Tract vs. 42nd St.
-0.4938
0.6229
26/54

Bond Tract vs. Gun Club
-2.0050
*0.0482
26/60

Table VI.  Summary of results from an independent measures t-test comparing lupine mean densities from Julia's Savanna and Bond Tract with those of all three ASGA sites.
comparisons for brood 1 nectar plants at KTP were not significantly different. Brood 1 nectar plant frequencies at the Michigan sites ranged from 23 % at Pipeline to 75% at Gun Club.  In Ohio, brood 1 nectar plant frequencies ranged from 3% at South Piels to 62% at Bond Tract (Table IV).

Mean densities of brood 1 nectar plants differed significantly between the two reserves (t=8.3182, p<0.0001). When brood 1 nectar plant densities of Bond Tract and Julia's Savanna were compared independently with each of the ASGA sites, it was found that Julia's Savanna did not differ significantly from Pipeline, but had significantly fewer brood 1 nectar plants than 42nd St. (t= -3.9193, p< 001, Table V) or Gun Club (t= -4.6263, p< 0.0001, Table V).  Bond Tract had significantly greater densities of brood 1 nectar plants than Pipeline (t= 3.8263, p< 0.001, Table V), but lower densities than both 42nd St. (t= -2.9534, p< 0.005, Table V) and Gun Club (t= -3.4074, p< 001, Table V). 


t
p
n

Julia's Savanna vs. Pipeline
1.8662
0.0666
36/30

Julia's Savanna vs. 42nd St.
-3.9193
*0.0002
36/54

Julia's Savanna vs. Gun Club
-3.2814
*0.0000
36/60






Bond Tract vs. Pipeline
1.3041
0.1978
26/30

Bond Tract vs. 42nd St.
-0.4938
0.6229
26/54

Bond Tract vs. Gun Club
-2.0050
*0.0482
26/60

Table V.  Summary of results from an independent measures t-test comparing brood 1 nectar plant mean densities from Julia's Savanna and Bond Tract with those of all three ASGA sites.

Species
Common name
Present 
Present
Exotic



at ASGA
at KTP


Amelanchier spicata
Dwarf serviceberry
?
Yes
No

Arabis lyrata
Lyre-leaved rock cress
Yes
Yes
No

Arenaria stricta
Rock sandwort
Yes
?
No

Berteroa incana
Hoary alyssum
Yes
?
No

Fragaria virginiana
Wild strawberry
Yes
Yes
No

Geranium maculatum
Wild geranium
?
Yes
No

Helianthemum canadense
Frostweed
Yes
Yes
No

Hieraceum pillosella
Mouse-ear hawkweed
Yes
No
No

Krigia virginica
Dwarf dandelion
Yes
Yes
No

Lithospermum canescens
Hoary puccoon
?
Yes
No

Lithospermum caroliniense
Golden puccoon
Yes
Yes
No

Lupinus perennis
Wild lupine
Yes
Yes
No

Potentilla sp.
Cinquefoil sp.
Yes
Yes
No

Rosa carolina
Rose
Yes
Yes
Yes

Rubus sp.
Dewberry
Yes
Yes
No

Tephrosa virginiana
Goat's rue
Yes
Yes
No

Viola pedata
Birdfoot violet
Yes
Yes
No

Table VI. Inventory of  brood 1 nectar plants at ASGA and KTP utilized by the Karner Blue butterfly.

Inventories of brood 1 nectar plants at ASGA were similar to those from KTP (Table IV).

Nectar plants, brood 2- densities of brood 2 nectar plants at the Allegan State Game Area ranged from a low of 0.07 stems/ m2 at Pipeline to a high of 0.98 stems/ m2 at Gun Club. The ANOVA showed that mean densities of brood 2 nectar plants did not differ significantly among the ASGA sites (F= 2.6558, p> 0.05, Table III).  On the KTP, brood 2 nectar plant densities ranged from a low of 0.27 stems/ m2 at Oak Dune to a high of 2.42 stems/ m2 at Julia's Savanna (Table IV). Mean densities of brood 2 nectar plants differed significantly among the KTP sites (F= 7.1620, p< 0.0001, Table III).  When brood 2 nectar resources were compared, it was found that South Piels had significantly more brood 2 nectar plants than Bond Tract, North Piels, and Oak Dune, but did not differ significantly from Julia's Savanna. Mean densities of brood 2 nectar plants were not found to be significantly different between Allegan and KTP (t=-1.4950, p>0.05).  



t
P
N

Julia's Savanna vs. Pipeline
2.5313
*0.0138
36/30

Julia's Savanna vs. 42nd St.
2.0402
*0.0446
36/48

Julia's Savanna vs. Gun Club
1.9767
0.0510
36/59






Bond Tract vs. Pipeline
2.1405
*0.0365
30/30

Bond Tract vs. 42nd St.
-0.1083
0.9141
30/48

Bond Tract vs. Gun Club
-0.7202
0.4734
30/59

Table VII.  Summary of results from an independent measures t-test comparing brood 2 nectar plant mean densities from Julia's Savanna and Bond Tract with those of all three ASGA sites.

Species
Common name
Present
Present
Exotic



at ASGA
at KTP


Achillea millefolium
Yarrow
Yes
Yes
Yes

Asclepias tuberosa
Butterfly milkweed
Yes
Yes
No

Asclepias verticillata
Whorled milkweed
Yes
Yes
No

Baptisia tintoria
Yellow indigo
Yes
Yes
No

Ceanothus americanus
New Jersey tea
Yes
Yes
No

Centaurea maculosa
Spotted knapweed
Yes
No
Yes

Coreopsis lanceolata
Lance-leaved coreopsis
Yes
Yes
No

Dianthus armeria.
Deptford pink
Yes 
Yes
Yes

Erigeron annuus
Daisy fleabane
Yes
Yes
Yes

Euphorbia corollata
Flowering spurge
Yes
Yes
No

Helianthus divaricatus
Woodland sunflower
Yes
Yes 
No

Helianthus occidentalis
Western sunflower
Yes
Yes
No

Hieraceum aurantiacum
Orange hawkweed
Yes
No
Yes

Hieraceum pratense
Yellow hawkweed
Yes 
No
Yes

Hypericum perforatum
St. Johnswort
Yes
Yes
Yes

Lespedeza sp.
Bush clover
Yes
Yes
No

Liatris aspera
Blazing-star
No
Yes
No

Liatris cylindracea
Cylindric blazing-star
Yes
No
No

Lotus corniculatus
Birdsfoot trefoil
Yes
?
No

Monarda fistulosa
Wild bergemot
Yes
Yes
No

Monarda punctata
Dotted horsemint
Yes
Yes 
Yes

Polygala polygama
Racemed milkwort
Yes 
Yes
No

Rudbeckia hirta
Black-eyed Susan
Yes
Yes
No

Solidago sp.
Goldenrod
Yes 
Yes
No

Specularia perfoliata
Venus looking-glass
Yes
?
Yes

Vicia cracca
Cow vetch
Yes
?
Yes

Table VIII. Inventory of  brood 2 nectar plants at ASGA and KTP utilized by the Karner Blue butterfly.
However, Bond Tract had significantly greater densities of brood 2 nectar plants than Pipeline (t= 2.1405, p< 0.05, Table VII).  Similarly, Julia's Savanna had significantly higher densities of brood 2 nectar plants than both Pipeline (t= 2.5313, p< 0.05, Table VII) and 42nd St. ((t= 2.0402, p< 0.05, Table VII) but did not differ significantly from Gun Club (t=1.9767, p> 0.05, Table VII).

Inventories of brood 2 nectar plants at ASGA were also similar to those from KTP (Table VIII).

Canopy cover

Mean percentage of canopy cover at ASGA varied from a low of 27% at Gun Club to a high of 30% at Pipeline.  42nd St. had mean canopy cover of 29%. At KTP, canopy cover varied from a low of 0% at South Piels to a high of 32% at Oak Dune. Bond Tract, Julia's Savanna, and North Piels had a canopy covers of 20%, 14% and 23%, respectively. 

Neither 42nd St., Gun Club, nor Pipeline differed significantly from Bond Tract (t= 0.6433, p> 0.05; t= 0.6174, p> 0.05; t= 0.9733, p> 0.05) or Julia's Savanna (t= 1.1351, p> 0.05; t= 1.2382, p> 0.05; t= 1.7616, p> 0.05) in mean percentage of canopy cover.

Light intensity-at the ASGA mid day light intensity at lupine crown level was recorded from 12 MAY 97 through 5 AUG 97.  It ranged from 1.57 log lumens/ m2 on 12 MAY to 4.03 log lumens/ m2 on 6 JUN at 42nd St., from 1.71 log lumens/ m2 on 20 JUN to 4.14 log lumens/ m2 on 16-17 MAY at Gun Club, and from 1.11 log lumens/ m2 on 20 JUN to 3.94 log lumens/ m2 on 16 MAY at Pipeline. Light intensity was highest at mid day and lowest after sundown and during daytime periods of rain. The lowest level recorded was 1.11 log lumens/ m2 on Pipeline at 1146 h. on 20 JUN 97. The highest level recorded was 4.14 log lumens/ m2 on 16-17 MAY at 1149 h at Gun Club.

On the KTP mid day light intensity at lupine crown level was recorded from 12 MAY 97 through 5 AUG 97, except for North Piels, where sampling began on 6 JUN 97.  Data from Oak Dune was lost from 18-25 JUN due to a data logger malfunction. Mid day light intensity ranged from 1.57 log lumens/ m2 on 12 MAY to 4.03 log lumens/ m2 on 6 JUN at Bond tract, 2.0 log lumens/ m2 on 16 JUN to 3.83 log lumens/ m2 on 30 MAY at Julia's Savanna, from 1.45 log lumens/ m2 on 6 JUN to 3.68 log lumens/ m2 on 19 JUN at North Piels, 2.0 log lumens/ m2 on 16 JUN to 3.83 log lumens/ m2 on 30 MAY at Julia's Savanna, from 2.31 log lumens/ m2 on 14 JUN to 4.34 log lumens/ m2 on 16 MAY on Oak Dune, and 2.31 log lumens/ m2 on 16 JUN to 4.05 log lumens/ m2 on 16 MAY at South Piels. The lowest level recorded was 1.45 log lumens/ m2 on North Piels at 1142 h on 6 JUN 97. The highest level recorded was 4.34 log lumens/ m2 on 16 MAY at 1159 h at Oak Dune. Table IX summarizes light intensity data for each site from MAY-JUL 97.

Allegan State  Game Area
May 1997
June 1997
July 1997






42nd Street
3.43
3.44
3.17

Gun Club
3.62
3.47
3.33

Pipeline
3.56
3.23
3.18






Kitty Todd Preserve









Bond Tract
3.39
3.18
2.92

Julia's Savanna
3.50
3.32
3.18

North Piels
-
3.24
3.29

Oak Dune
3.84
3.52
3.44

South Piels
3.70
3.47
3.30

Table IX.  Comparisons of mid day light intensity between sites at ASGA and KTP. Intensity is expressed as log lumens/ m2.
Microhabitat data

Relative humidity-at the ASGA relative humidity at lupine crown level was recorded from 12 MAY 97 through 5 AUG 97.  It ranged from 0.0% to 100% at 42nd St., 0.5% to 100% at Gun Club, and 1.8% to 100% at Pipeline. Relative humidity soared to 100% each night and during daytime periods of rain and plummeted to the lowest levels between 1100 and 1200 at all three ASGA sites.  The lowest level recorded was 0% at 42nd St. from 1000-1200 on 17 JUL 97. The highest extended levels recorded (100%) were at the same site from 22-23 JUL 97.

On the KTP relative humidity at lupine crown level was recorded from 15 MAY 97 through 1 AUG 97.  It ranged from 0.1% to 100% at Bond tract, 0.0% to 100% at Julia's Savanna, 3.7% to 100% at North Piels, 6.4% to 100% at Oak Dune, and 1.5% to 100% at South Piels. Relative humidity increased to 100% each night and during daytime periods of rain and was reduced to the lowest levels between 1100 and 1200 at all five KTP sites.

Temperature- at the ASGA temperature at lupine crown level was recorded from 7 MAY 97 through 18 AUG 97.  Extreme fluctuations were common over the length of the season and even within the same day.  Temperatures at 42nd St. ranged from a night low of  -7.59o C in early MAY to a high of 46.70 o C in mid JUL.  At Gun Club temperatures ranged from a night low of  0.43o C in early JUN to a high of 46.43 o C in mid JUL to late AUG. At Pipeline the lowest temperature recorded was 1.97 o C in early JUN; the highest temperature recorded, 47.38 o C, was recorded in early JUN as well.  No readings were recorded from 30 JUN- 7 JUL at 42nd St., 7-14 JUL at Gun Club, and 30 JUN- 7 JUL and 14-21 JUL at Pipeline due to malfunctions of data loggers.

Similar extremes were recorded at KTP.  At Bond Tract temperatures ranged from a low of -1.87o C in late MAY to a maximum of 46.89 o C in mid-JUL and late AUG.  At Julia's Savanna the minimum temperature recorded was -2.93 o C in early MAY; the maximum recorded was 46.89 o C in mid-JUL and late AUG. On North Piels a low of -1.16 o C was recorded in early MAY. A maximum temperature of 46.70 o C was recorded in mid JUN and late JUL.  At Oak Dune a low temperature of -1.89 o C was recorded in mid-MAY and a high temperature of 46.80 o C in early to mid AUG.  On South Piels the low temperature recorded was 4.19 o C in mid JUN; the highest was 46.83 o C in mid JUL and early and late AUG.  Malfunctions prevented temperature recordings from 6-13 and 20-27 JUN at Oak Dune and from 15-30 MAY on South Piels.

Discussion

This project resulted in collection of data that are critical for understanding the environmental factors that ensure the survival and successful reproduction of the KBB.  This information was needed in order to maximize the chances for survival of the released animals and to ensure the establishment of a viable population of the Karner blue butterfly in the Oak Openings.  There is little doubt that the ASGA is a superior site for KBB management.  The sheer size of this reserve, ca. 42,000 acres, dwarfs the habitat available in Northwestern Ohio, and host and nectar plant resources are generally better than KTP taken as a whole. Nonetheless, KBBs exist in smaller isolated patches within the ASGA, and continued aggressive elimination of invasive trees and exotic plants on the KTP and in the surrounding environs will significantly increase the chance of establishment of the KBB in Ohio.  Additionally, the trial KBB release sites chosen at KTP, Bond Tract and Julia's Savanna, compare favorably with the Pipeline and 42nd St. sites within the ASGA in terms of host and nectar plant resources.  Both Gun Club and 42nd St. have significantly more brood 1 nectar plants than each of the other sites; however, the brood 1 nectar plant community at 42nd St. and Gun Club is overwhelmingly dominated by exotic hawkweeds, Hieraceum sp. 

Sand barren microhabitat temperature and relative humidity fluctuations are virtually the same at all sites monitored both in the ASGA and at KTP, as are percent canopy cover and light intensity.  These conditions further increase the likelihood of success of the initial KBB trial releases scheduled for 1998.  
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