Ries and Sisk Appendices – Page 1

Appendix 2.  Habitat preferences of focal butterfly species in adjacent habitat pairs.  The use of this information in generating predictions is illustrated in Figure 4b. To compare densities in each habitat pair, all plots were classified according to the five habitat types used in the study, cottonwood (CW), open grassland (GRASS), grassland-mesquite mix (MIX), mesquite-dominated bosques (MES) and desert scrub (DS). The plots situated 0-10 m from the edge were excluded from the analysis to avoid transition zones between habitat types.  Density values from each plot within an area were pooled to arrive at one mean density for each habitat type within each independent area.  Density data were not normal, but were consistent with having an underlying Poisson distribution.  Therefore, a square root transformation was used to allow parametric analysis.   ANOVA was then performed to determine if habitat type, year, or habitat-by-year interactions were a significant source of variation for each species’ density.  If there was a significant habitat-by-year interaction, habitat associations were described separately for each year, otherwise data were pooled among years.  When habitat was a significant source of variation, a pair-wise comparison was performed between CW and the adjacent GRASS, MIX, and MES patches.  A similar pair-wise comparison was also made for GRASS, MIX, and MES patches compared to DS.  When there was a significant difference in butterfly density between adjacent pairs, then the habitat with a higher density was identified as “preferred”, and the habitat with a lower density as “less-preferred”.   Habitat pairs were identified as being “equally preferred” when differences in density were not significant.  For the determination of “equally preferred”, we used a p-value of 0.30 to avoid Type II errors.  When p-values fell between 0.10 and 0.30, no predictions were generated because habitat preferences could not be clearly determined.

The magnitude of difference in density between adjacent habitat types is shown when significant (*P<0.1, **P<0.05, ***P<0.01).  No preference ("No Pref") was indicated when P > 0.30.  When P-values were intermediate (0.10 < P < 0.30), no predictions were made for that habitat pair (indicated with an "X").

	
	
	
	Association between CW and
	
	Association between DS and

	SPECIES
	YEAR
	ANOVA
	GRASS
	MIX
	MES
	
	GRASS
	MIX
	MES

	Battus philenor
	Pooled
	0.001
	X
	X
	-0.19*
	
	+0.11***
	+0.1***
	+0.08***

	Brephidium exilis
	Pooled
	0.003
	+0.91***
	+0.17***
	+0.09**
	
	+0.88***
	+0.14*
	No Pref

	Chlosyne lacinia
	1999
	0.001
	+0.34* 
	+1.11***
	+0.34*
	
	+0.37**
	+1.14***
	+0.37**

	
	2000
	0.06
	X
	+0.15***
	No Pref
	
	No Pref
	X
	X

	
	2001
	0.005
	+0.36* 
	+0.46**
	--
	
	+0.4***
	+0.5**
	--

	Colias cesonia
	Pooled
	0.01
	+0.55***
	X
	No Pref
	
	+0.4**
	No Pref
	No Pref

	Colias eurytheme
	1999
	0.001
	+1.79***
	+0.8*
	No Pref
	
	+2.01***
	+1.02***
	No Pref

	
	2000
	0.02
	+0.63***
	X
	No Pref
	
	+0.68***
	+0.45*
	No Pref

	
	2001
	0.01
	No Pref
	No Pref
	--
	
	+0.29***
	X
	--

	Danaus gilippus
	Pooled
	0.01
	No Pref
	+0.09*
	No Pref
	
	X
	+0.13***
	X

	Euptoieta claudia
	Pooled
	0.002
	+0.32***
	+0.21***
	X
	
	X
	No Pref
	X

	Eurema nicippe
	Pooled
	0.74
	No Pref
	No Pref
	X
	
	No Pref
	No Pref
	X

	Eurema proterpia
	Pooled
	0.31
	No Pref
	No Pref
	X
	
	X
	No Pref
	No Pref

	Libytheana carinenta
	Pooled
	0.1
	+0.15**
	No Pref
	No Pref
	
	+0.17**
	No Pref
	No Pref

	Nathalis iole
	1999
	0.06
	No Pref
	No Pref
	No Pref
	
	-0.53*
	X
	X

	
	2000
	0.02
	+0.07**
	No Pref
	No Pref
	
	+0.09***
	+0.03*
	No Pref

	
	2001
	0.57
	No Pref
	No Pref
	--
	
	X
	X
	--

	Phoebis sennae
	Pooled
	0.0001
	+0.44**
	No Pref
	X
	
	+0.65***
	+0.2***
	No Pref

	Pholisora catullus
	2000
	0.0002
	+0.94***
	X
	No Pref
	
	+0.71**
	No Pref
	No Pref

	
	2001
	0.63
	No Pref
	No Pref
	--
	
	No Pref
	No Pref
	--

	Pontia protodice
	2001
	0.05
	+3.28**
	+4.36**
	--
	
	X
	X
	--

	Pyrgus albescens
	Pooled
	0.0001
	+0.57***
	+0.15***
	+0.08**
	
	+0.57***
	+0.15***
	+0.08**


Appendix 3.   For each species at each edge type, whether resources in the adjacent habitat were complementary or supplementary, based on the relative probability of encountering host and nectar plant resources. For each plot, the presence or absence of each resource was recorded and the overall probability of occurrence of those key resources was calculated for each habitat type within an area (excluding the 0-10m plots).  Proportions were arcsine transformed to permit appropriate use of parametric tests.   Analyses were once again either pooled between years or, when there was a significant habitat-by-year interaction, presented separately for each year.  


In order to identify resource use as complementary or supplementary, it was necessary to determine if either host or nectar plant resources were concentrated in adjacent habitats.  When a species was identified as a nectar or host generalist, resource use was listed as supplementary for that resource.  We considered resource distribution to be complementary if either nectar or host plant resources were at least twice as likely to be encountered in the adjacent habitat.  This standard was used to ensure a strong association between resources and habitat type.  Otherwise, resources were listed as supplementary.   For five species, we had only limited data on their host plant usage and distribution between some habitat pairs, so, in those cases, our determination of resource distribution was partially based on observations we made throughout the three year study.   In cases where data on resource use and distribution were limited, we identified confidence in our resource data as low, otherwise it was identified as high. Relative probabilities were calculated by dividing the probability of encountering a resource in the adjacent patch by the probability of encountering a resource in the focal patch.  When resources are more than twice as likely to be encountered in the adjacent habitat (values in bold), resource distribution is listed as complementary (C).  Otherwise, it is listed as supplementary (S).  Div/0 indicates that the resource was not encountered and resources were classified as complementary (C).  When resource data were not collected, we list whether our observations indicated whether resources were concentrated in the focal patch (F), adjacent patch (A), neither patch (N), or both (B).  Each species’ host and nectar resources are listed, along with our source for their identification (BB=Bailowitz and Brock 1991; JB=James Brock, personal communication; PO=personal observation).  Confidence in resource use was listed as low (1) or high (2) for each designation.

	SPECIES
	CW- MES
	CW- GRASS
	CW- MIX
	DS- 

MES
	DS- GRASS
	DS- 

MIX
	MES -CW
	MES –DS
	MIX -CW
	MIX -DS
	GRASS -CW
	GRASS -DS

	Battus philenor
	Host*: Aristolochia watsoni (BB,PO); Nectar: Ipomoea hederifolia L., I. letpotoma,Torr. and I. purpurea Roth

	Host
	1
	
	
	
	
	
	
	0
	
	0
	
	0

	Nectar-1999
	1.48
	
	
	
	
	
	
	0.39
	
	0.37
	
	0.54

	Nectar-2000
	0.57
	
	
	
	
	
	
	0.25
	
	0.38
	
	0.14

	Nectar-2001
	
	
	
	
	
	
	
	
	
	1.00
	
	3.50

	Resource dist.
	S2
	
	
	
	
	
	
	S2
	
	S2
	
	S,S,C2

	Brephidium exile
	Host = Atriplex and Salsola spp. (BB).  We had data only for Atriplex (shown), but observations on Salsola indicated it was concentrated in Grass/Mix; nectar generalist.
	

	Host
	 
	
	
	2.00
	
	
	0.00
	0.50
	F
	F
	F
	F

	Resource dist.
	
	
	
	C2
	
	
	S1
	S1
	S1
	S1
	S1
	S1

	Chlosyne lacinia
	Host: Viguiera dentata and Helianthus annus (BB,PO); Nectar: V. dentata and Verbesina enceloides.Bent & Hook

	Host
	2.50
	
	
	
	5.50
	
	0.40
	0.06
	0.43
	0.07
	1.18
	0.18

	Nectar
	2.39
	
	
	
	3.06
	
	0.42
	0.25
	0.36
	0.22
	0.54
	0.33

	Resource dist.
	C2
	
	
	
	C2
	
	S2
	S2
	S2
	S2
	S2
	S2

	Colias cesonia
	Host (Dalea sp., BB) is not found in the area; nectar generalist.

	Resource dist.
	S2
	
	
	S2
	
	S2
	S2
	S2
	
	S2
	S2
	S2

	Colias eurytheme
	Host generalist (BB) and nectar generalist, but all common local hosts are found within the riparian zone (PO).

	Host
	
	
	
	A
	
	
	
	
	
	
	
	

	Resource dist.
	S2
	S2
	S2
	C1
	
	
	S2
	S2
	S2
	S2
	S2
	S2

	Danaus gillipus
	Host: Matelea sp. (PO)  and Sarcostemma sp. (BB,PO); nectar: Viguiera dentata

	Host
	2.00
	0.25
	
	
	
	
	0.50
	
	1.33
	0.33
	4.00
	

	Nectar
	2.95
	0.68
	
	
	
	
	0.34
	
	0.37
	0.07
	1.47
	

	Resource dist.
	C2
	S2
	
	
	
	
	S2
	
	S2
	S2
	C2
	

	Euptoieta claudia
	Host generalist (JB,BB) and nectar generalist.
	
	
	
	
	
	
	

	Resource dist.
	
	
	
	
	
	S1
	
	
	S1
	S1
	S1
	

	Eurema nicippi
	Host: Cassia leptocarpa (BB,PO) and Cassia roemeriana (PO); nectar generalist

	Host
	
	0
	0
	
	0.00
	0.03
	
	
	Div/0
	30.00
	Div/0
	Div/0

	Resource dist.
	
	S2
	S2
	
	S1
	S1
	
	 
	C1
	C1
	C1
	C1

	Eurema proterpia
	Host:  Cassia leptadenia Greenm. (BB) - observations indicated it was concentrated in CW; nectar generalist

	Host
	
	F
	F
	N
	
	N
	
	N
	A
	N
	A
	

	Resource dist.
	
	S1
	S1
	S1
	
	S1
	
	S1
	C1
	S1
	C1
	 

	Libytheana carinenta
	Host:  Celtis sp. (BB); nectar generalist

	Host
	0.77
	
	0.23
	Div/0
	
	Div/0
	1.30
	0.00
	4.33
	0.00
	Div/0
	0.00

	Resource dist.
	S2
	
	S2
	C2
	
	C2
	S2
	S2
	C2
	S2
	C2
	S2

	Nathalis iole
	Host generalist on Asteraceae (JB,BB) and nectar generalist.

	Resource dist.
	S2
	S2
	S2
	S2
	S2
	
	S2
	S2
	S2
	S2
	S2
	S2

	Phoebis sennae
	Host: Cassia leptocarpa (BB,PO); Nectar: Ipomoea hederifolia, I. letpotoma, and I. purpurea

	Host
	
	
	0.00
	0.00
	0.00
	0.00
	
	0.00
	Div/0
	0.00
	Div/0
	0.00

	Nectar-1999
	
	
	1.58
	2.55
	
	
	
	0.39
	0.63
	0.37
	0.93
	0.54

	Nectar-2000
	
	
	0.37
	4.00
	
	
	
	0.25
	2.69
	0.38
	0.97
	0.14

	Nectar-2001
	
	
	0.26
	
	
	
	
	
	3.86
	1.00
	13.50
	3.50

	Resource dist.
	
	
	S2
	C2
	
	
	
	S2
	C2
	S2
	C2
	S,S,C2

	Pholisora catullus
	Host: Amaranthus palmerii Watson or Atriplex sp. are the most likely (JB).  We only had data on Atriplex which is most common in Mix/Mes, but A. palmerii is concentrated in Grass/Mix/Mes (PO); nectar: Machaeranthera pinnatifida Shinners, Zinnia acerosa Gray, Portulaca sp. Kallstroemia grandiflora Gray.

	Host
	A
	A
	A
	A
	A
	A
	F
	F
	F
	F
	F
	F

	Nectar
	3.17
	2.67
	3.83
	0.27
	0.23
	0.32
	0.32
	3.74
	0.26
	3.09
	0.38
	4.44

	Resource dist.
	C1
	C1
	C1
	C1
	C1
	C1
	S1
	C1
	S1
	C1
	S1
	C1

	Pontia protodice
	Host:  Lepidium thurberi (BB, PO), Nectar generalist

	Host
	
	
	
	
	
	
	
	
	0.04
	
	0.08
	

	Nectar - generalist
	
	
	
	
	
	
	
	
	
	
	
	

	Resource dist.
	
	
	
	
	
	
	
	
	S2
	
	S2
	

	Pyrgus albescens
	Host: Shaeralcea sp. (BB,PO) and Sida sp. (BB); nectar generalist.
	
	
	
	
	

	Host
	
	
	
	
	
	
	0.20
	1.30
	0.18
	1.18
	0.10
	0.62

	Resource dist.
	
	
	
	
	
	
	S2
	S2
	S2
	S2
	S2
	S2


 Appendix 4.   Direction of edge responses for fifteen species at twelve edge types over the three year study period.  Edge types are identified with focal habitat listed first and the adjacent habitat next.  So, for example, CW-MES indicates edge responses were measured within cottonwood habitat adjacent to mesquite.  Responses are indicated with a "+" (positive responses), "-" (negative responses) and "o" (no response) .  The years for which responses were measured are indicated for each species and the several responses in each cell correspond to those years respectively.  Cases where more than one significant edge response was seen at the same edge type are highlighted to show the general consistency in directional responses.   Years when data were insufficient for analysis are indicated with an "x".

	
	
	EDGE TYPE
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	SPECIES
	Years
	CW- MESa
	CW- MIX
	CW- GRASS
	DS- MESa
	DS- MIX
	DS- GRASS
	MESa -CW
	MESa -DS
	MIX -CW
	MIX -DS
	GRASS -CW
	GRASS -DS

	Battus philenor
	99,00,01
	oo
	ooo
	ox-
	
	o-
	o-o
	x+o
	
	xo
	ox
	
	oo+
	oox
	
	++o
	oo-

	Brephidium exilis
	99,01
	x
	xx
	xx
	
	+
	xx
	xx
	
	-
	x
	
	o-
	ox
	
	xx
	oo

	Chlosyne lacinia
	99,00,01
	ox
	xx-
	oxx
	
	x-
	xo+
	oox
	
	xx
	ox
	
	xoo
	ooo
	
	oo+
	x+o

	Colias cesonia
	99,00
	o-
	ox
	oo
	
	ox
	xo
	ox
	
	-o
	oo
	
	xo
	xo
	
	oo
	x-

	Colias eurytheme
	99,00,01
	xx
	xo-
	xox
	
	ox
	oxo
	+xo
	 
	oo
	oo
	
	-oo
	ooo
	
	-xo
	xxo

	Danaus gilippus
	99,00,01
	oo
	oox
	xoo
	
	-x
	xxo
	oox
	
	xo
	oo
	
	ooo
	-ox
	
	oox
	xox

	Euptoieta claudia
	99,00
	ox
	ox
	xx 
	
	ox
	o- 
	oo
	
	xo
	ox
	
	--
	xo
	
	--
	++

	Eurema nicippe
	99,00,01
	oo
	x-o
	oo-
	
	xo
	x+x
	ox+
	
	oo
	xx
	
	+oo
	oox
	
	++x
	+-o

	Eurema proterpia
	00,01
	x
	o+
	o-
	
	o
	ox
	+x
	
	o 
	o 
	
	-o
	oo
	
	++
	ox

	Libytheana carinenta
	99,00,01
	x+
	xoo
	-ox
	
	oo
	oox
	o-o
	
	xo
	o+
	
	x-x
	o++
	
	ooo
	+xo

	Nathalis iole
	99,00,01
	oo
	oxx
	xxx
	
	ox
	oxx
	+xx
	
	xo
	xx
	
	ooo
	xxx
	
	o+x
	oxx

	Phoebis sennae
	99,00,01
	oo
	o-o
	x-x
	
	ox
	o++
	+++
	
	oo
	ox
	
	ox+
	oox
	
	+++
	x-x

	Pholisora catullus
	00,01
	x
	ox
	o+
	
	x
	-x
	+o
	
	x
	x
	
	x+
	+x
	
	xx
	oo

	Pontias protodice
	01
	
	-
	x
	
	
	o
	o
	
	
	
	
	-
	o
	
	x
	+

	Pyrgus albescens
	99,00,01
	x-
	xxx
	oxo
	
	ox
	ooo
	oxo
	
	--
	oo
	
	--o
	--o
	
	+xo
	-ox


aData were not collected in 2001 at Mesquite edges, so results refer to 1999 and/or 2000 respectively.

