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The following is a report of the genetic analysis of the Calico Mountains and Granite Range 
(north and south pastures), NV HMAs.

METHODS

A total of 75 blood samples (25 from the Calico Mountains Herd and 25 from two separate pasture areas for the Granite Range herds) were received by the University of Kentucky on March 3, 2005.   Seventeen genetic marker systems were analyzed.  Seven systems were red blood cell alloantigen loci (the A, C, D, K, P, Q and U horse blood groups) tested by standard serological methods of agglutination and compliment mediated hemolysis.  The other 10 systems were biochemical polymorphisms detected by electrophoretic techniques.  These systems were Albumin (ALB), Alpha-1-beta Glycoprotein (A1B), Serum Cholinesterase (ES), Vitamin D Binding Protein (GC), Glucose Phosphate Isomerase (GPI), Alpha Hemoglobin ((HB), Phosphoglucomutase (PGM), Phosphogluconate Dehydrogenase (PGD), Protease Inhibitor (PI), and Transferrin (TRF).  The samples were not in good condition as they were collected three or more weeks before arrival in the lab and not all could be tested for all systems.  In addition to the above genetic system, DNA was extracted from the blood samples and tested for variation at 12 equine microsatellite (mSat) systems.  These were AHT4, AHT5 ASB2, ASB17, ASB23, HMS3, HMS6, HMS7, HTG4, HTG10, LEX33, and VHL20.  These systems were tested using an automated DNA sequencer to separate Polymerase Chain Reaction (PCR) products.


A variety of genetic variability measures were calculated from the gene marker data.  The measures were observed heterozygosity (Ho) which is the actual number of loci heterozygous per individual and is based upon biochemical loci only; expected heterozygosity (He), which is the predicted number of heterozygous loci based upon gene frequencies and was calculated for biochemical loci and all marker systems (Het); effective number of alleles (Ae) which is a measure of marker system diversity; total number of variants (TNV); and estimated inbreeding level (Fis) which is calculated as 1-Ho/He.  These same measures were calculated for the mSat data.  However, the DNA data will not be reported here due to limited comparative information.


Genetic markers also can provide information about ancestry in some cases.  Genetic resemblance to domestic horse breeds was calculated using Rogers’ genetic similarity coefficient, S.  This resemblance was summarized by use of a restricted maximum likelihood (RML) procedure.

RESULTS AND DISCUSSION


Variants present and allele frequencies for the blood group and biochemical markers are given in Table 1.  No variants were observed which have not been seen in horse breeds.  Table 2 gives the values for the genetic variability measures of the Calico Mountains, Granite Range-north and Granite Range-south horse herds.  Also shown in Table 2 are values from a representative group of domestic horse breeds. The breeds were selected to cover the range of variability measures in domestic horse populations.  Mean values for feral herds (based upon data from 54 herds) and mean values for domestic breeds (based upon 118 domestic horse populations) also are shown.


Mean genetic similarity of the Calico Mountains and Granite Range horse herds to domestic horse breed types are shown in Tables 3a and 3b.  A dendrogram of relationship of the herds to a standard set of domestic breeds is shown in Figure 1a and 1b.  

Genetic Variants:  A total of 49 variants were seen in the Calico Mountains herd which is slightly low for feral horses but the blood group loci could not be typed for most individuals so the TNV value is probably close to the feral average.  Of these, 9 had frequencies below 0.05.  This is about average for the proportion of rare variants for a feral herd but high considering the small amount of blood group data.  
The Granite Range-north herd had a TNV of 58 which is above the feral average.  Allelic diversity is relatively low with an Ae of 2.084.  Again, there are sampling issues that result in the low diversity values.  However, there were 7 rare variants which is a relatively good number.

Granite Range-south has good allelic diversity with a TNV of 57 (with only 5 rare variants) and high Ae.

Genetic Variation: Genetic variation in the Calico Mountains herd is low but not below the critical value for Ho of 0.31.  Ho is higher than He  which suggests that inbreeding is not yet taking place at a significant level.

            For Granite Range-north, Ho is very low and is below the critical level.  He is greater than Ho which could indicate inbreeding but it also may indicate this is not a sample from a single interbreeding group of horses.  This seems possible because of the proximity of other herds in the region and this could be the cause of the high TNV but low Ae.
            Genetic variability in the Granite Range-south herd is well above average so variability levels are of no concern at this time and the herd is in reasonably good genetic equilibrium. 

            Genetic Similarity:  Overall, the analysis indicates all herds have origins from North American riding and ranch stock.  The lack of blood group data for the Calico Mountains herd makes the average S values low and less confidence can be placed in them.  The two Granite Ridge herds appear to be of a common origin but show differences in allele frequencies and presence or absence of some rare alleles.  
SUMMARY


The Calico Mountains herd has low and almost critically low variability and allelic diversity is near the average for feral horses.   Granite Range-north has critically low variability.  Granite Range-south has above average genetic variability.  All herds appear to be from North American ranch stock ancestry.

RECOMMENDATIONS


The Calico Mountains herd should be monitored as levels of variation are low.  The Granite Range-north herd has critically low variation.  It is suggested that animals from another HMA be added to this herd in the next year or two, probably about 5 young mares.   The Granite Range-south area would be one possibility but possibly a more distinct herd from this same region would be better.  The Granite Range-south herd requires no action at this time as variation levels are adequate as is the AML, at least for the combined area. 
Table 1. Allele frequencies of genetic variants

observed in the Calico Mountains, Granite Range feral horse herds.

_________________________________
System|Allele| Frequency 

______|______|___________________
	
	
	GRANITE RANGE 
	CALICO MOUNTAINS 

	Tf
	D
	0.19
	0.204

	
	D2
	0
	0

	
	E
	0
	0

	
	F1
	0.01
	0.041

	
	F2
	0.44
	0.571

	
	F3
	0
	0

	
	H1
	0
	0

	
	H2
	0.04
	0

	
	M
	0
	0

	
	O
	0.1
	0.082

	
	R
	0.22
	0.102

	A1B
	F
	0
	0

	
	K
	1.0
	1.0

	
	S
	0
	0

	Es
	F
	0.18
	0.16

	
	G
	0.09
	0.1

	
	H
	0
	0

	
	I
	0.67
	0.7

	
	L
	0.01
	0

	
	S
	0.01
	0

	
	O
	0
	0

	
	R
	0.04
	0.04

	Al
	A
	0.3
	0.18

	
	B
	0.7
	0.82

	Gc
	F
	0.74
	1.0

	
	S
	0.26
	0

	PGD
	D
	0
	0

	
	F
	0.95
	0.9

	
	S
	0.05
	0.1

	PGM
	F
	0.08
	0.06

	
	S
	0.92
	0.94

	GPI
	F
	0
	0

	
	I
	0.99
	1.0

	
	S
	0.01
	0

	Hb
	A
	0.01
	0

	
	AII
	0.01
	0

	
	BI
	0.7
	0.64

	
	BII
	0.28
	0.36

	Pi
	F
	0
	0

	
	G
	0.061
	0

	
	H
	0.061
	0.043

	
	I
	0
	0.087

	
	J
	0
	0

	
	K
	0
	0

	
	L
	0.215
	0.283

	
	L2
	0
	0.043

	
	N
	0.133
	0.087

	
	O
	0.02
	0.065

	
	P
	0.061
	0.022

	
	Q
	0
	0

	
	R
	0.041
	0.065

	
	S
	0.204
	0.022

	
	T
	0.102
	0.087

	
	U
	0.102
	0.196

	
	V
	0
	0

	
	X
	0
	0

	
	Z
	0
	0

	
	E
	0
	0

	A
	adf
	0.495
	0.748

	
	adg
	0.011
	0

	
	a
	0
	0

	
	b
	0.142
	0

	
	c
	0.022
	0.25

	
	e
	0
	0

	
	bc
	0
	0

	
	-
	0.33
	0.002

	C
	a
	0.744
	0.97

	
	-
	0.256
	0.03

	D
	ad
	0.065
	0

	
	d
	0.152
	0

	
	dk
	0.285
	0.125

	
	dgh
	0.043
	0.25

	
	de
	0
	0

	
	deo
	0.186
	0.5

	
	dek
	0.125
	0.125

	
	dfk
	0.035
	0

	
	bc
	0
	0

	
	cg
	0.075
	0

	
	cegi
	0.012
	0

	
	cefg
	0.022
	0

	
	cfgk
	0
	0

	K
	a
	0.022
	0

	
	-
	0.978
	1.0

	P
	ac
	0.178
	0.167

	
	ad
	0.178
	0.167

	
	b
	0.056
	0.334

	
	-
	0.588
	0.332

	Q
	abc
	0
	0

	
	ac
	0.011
	0

	
	b
	0.022
	0

	
	c
	0.313
	0.293

	
	-
	0.654
	0.707

	U
	a
	0.41
	0.97

	
	-
	0.59
	0.03


Table 2.  Genetic variability measures.

	
	N
	Ho
	He
	Fis
	Het
	Ae
	TNV

	Calico Mountains 
	 25
	0.316
	0.298
	-0.060
	0.310
	2.078
	49

	Granite Range-north
	 25
	0.284
	0.294
	 0.034
	0.379
	2.084
	58

	Granite Range-south 
	 25
	0.408
	0.378
	-0.079
	0.416
	2.309
	57

	
	
	
	
	
	
	
	

	Thoroughbred
	265
	0.294
	0.288
	-0.019
	0.325
	2.009
	64

	Arabian
	117
	0.307
	0.327
	 0.061
	0.376
	2.132
	67

	Andalusian
	140
	0.348
	0.362
	 0.039
	0.425
	2.508
	75

	Shetland Pony
	 50
	0.368
	0.407
	 0.095
	0.452
	2.595
	71

	Welsh Pony
	 42
	0.388
	0.387
	-0.002
	0.453
	2.603
	76

	American Saddlebred
	259
	0.404
	0.409
	 0.013
	0.435
	2.625
	96

	Peruvian Paso
	141
	0.451
	0.445
	-0.014
	0.469
	2.761
	77

	Belgian Draft
	 82
	0.427
	0.415
	-0.028
	0.451
	2.386
	66

	
	
	
	
	
	
	
	

	Feral Horse Mean
	 54
	0.360
	0.351
	-0.035
	0.385
	2.218
	53.5

	Standard Deviation
	
	0.051
	0.053
	 0.118
	0.067
	0.339
	12.5

	Domestic Horse Mean
	118
	0.371
	0.365
	-0.014
	0.414
	2.398
	65.4

	Standard Deviation
	
	0.049
	0.043
	 0.065
	0.039
	0.253
	11.1


Table 3a.  Rogers’ genetic similarity of the Calico Mountains feral horse herd to major groups of domestic horses.

	
	Mean S
	Std
	Minimum
	Maximum

	Light Racing and Riding Breeds
	0.771
	0.025
	0.739
	0.803

	
	
	
	
	

	Oriental and Arabian Breeds
	0.804
	0.020
	0.768
	0.842

	
	
	
	
	

	Old World Iberian Breeds
	0.765
	0.026
	0.729
	0.805

	
	
	
	
	

	New World Iberian Breeds
	0.773
	0.025
	0.750
	0.797

	
	
	
	
	

	North American Gaited Breeds
	0.790
	0.023
	0.729
	0.828

	
	
	
	
	

	Heavy Draft Breeds
	0.746
	0.028
	0.672
	0.790

	
	
	
	
	

	True Pony Breeds
	0.737
	0.030
	0.680
	0.798


Table 3b.  Rogers’ genetic similarity of the Granite Range feral horse herd to major groups of domestic horses.

	
	Mean S
	Std
	Minimum
	Maximum

	Light Racing and Riding Breeds
	0.835
	0.017
	0.776
	0.888

	
	
	
	
	

	Oriental and Arabian Breeds
	0.847
	0.015
	0.789
	0.889

	
	
	
	
	

	Old World Iberian Breeds
	0.836
	0.017
	0.793
	0.879

	
	
	
	
	

	New World Iberian Breeds
	0.849
	0.016
	0.817
	0.883

	
	
	
	
	

	North American Gaited Breeds
	0.860
	0.014
	0.810
	0.898

	
	
	
	
	

	Heavy Draft Breeds
	0.824
	0.017
	0.758
	0.871

	
	
	
	
	

	True Pony Breeds
	0.811
	0.031
	0.770
	0.878


Figure 1.  Partial RML tree of genetic similarity to domestic horse breeds.

a. Calico Mountains
                     +--MORGAN HORSE

                +----|  

                |    |     +------STANDARDBRED TROTTER

                |    +-----|  

                |          +----STANDARDBRED PACER

             +--|  

                |      +----AMERICAN SADDLEBRED

                |  +---|  

                |  |   +------ROCKY MOUNTAIN HORSE

                +--|  

                   |  +----------------------CALICO MOUNTAINS

                   +--|  

                      +---TENNESSEE WALKER

b. Granite Range          
                 +------TENNESSEE WALKER

              +--|  

              |  +------GRANITE RANGE

           +--|  

           |  |   +----AMERICAN SADDLEBRED

           |  +---|  

        +--|      +------ROCKY MOUNTAIN HORSE

           |  

           |   +--MORGAN HORSE

           +---|  

               |     +----STANDARDBRED PACER

               +-----|  

                     +------STANDARDBRED TROTTER

Appendix 1.  Blood group and biochemical data for individual horses of the Calico Mountains, Granite Range-north and Granite Range-south, NV feral herds.
____________________________________________________________________

         Biochemical Systems                                
Blood Group Systems

Accno.   Loc  TF   A1B  ES   AL   GC   PGD  PGM GPI   HB    PI  

A       C D              K P    Q   U 

____________________________________________________________________

Calco Mountains, NV

05-02201 cm78 D F2 K K  F I  B B  F F  F F  F S  I I  B1B1  S U  

a-cd- - a ---de-gh - m-o - -b   --c a 

05-02202 cm78 F2F2 K K  F I  A B  F F  F F  S S  I I  B1B1  L L 

05-02203 cm78 F2F2 K K  I I  B B  F F  F F  S S  I I  B1B2  L U  

05-02204 cm78 F2F2 K K  I R  A B  F F  F F  S S  I I  B1B1  L N  

05-02205 cm78 F2O  K K  G I  A B  F F  F F  S S  I I  B1B1  N*  

05-02206 cm78 D F2 K K  F G  A B  F F  F F  S S  I I  B1B2  * *  
a--d- - a ---de--- k --o - a-   --- a 

05-02207 cm78 D F2 K K  F F  B B  F F  F S  S S  I I  B1B2  N O  
05-02208 cm78 F2F2 K K  F I  B B  F F  F F  F S  I I  B1B1  O U  
05-02209 cm78 D F2 K K  I I  A B  F F  F F  S S  I I  B1B2  P U  

05-02210 cm78 F2O  K K  F I  B B  F F  F F  F S  I I  B1B1  L L 

05-02211 cm78 F2R  K K  I I  B B  F F  F F  S S  I I  B1B2  I T 

05-02212 cm78 D F2 K K  F I  B B  F F  F S  S S  I I  B1B2  O T  

05-02213 cm78 D F2 K K  I R  A B  F F  F F  S S  I I  B1B2  L U  

05-02214 cm78 F2F2 K K  I I  A B  F F  F F  S S  I I  B1B2  H N  

05-02215 cm78 F2R  K K  I I  B B  F F  F F  S S  I I  B2B2  I U  

05-02216 cm78 F2F2 K K  G I  B B  F F  F F  S S  I I  B1B2  L L  

05-02217 cm78 D F1 K K  I I  B B  F F  F S  S S  I I  B1B2  L2U  

05-02218 cm78 F2R  K K  I I  B B  F F  F S  S S  I I  B1B2  T T  

05-02219 cm78 F2F2 K K  I I  A B  F F  F S  S S  I I  B2B2  L N  

05-02220 cm78 D R  K K  I I  A B  F F  F F  S S  I I  B1B1  R R  
05-02221 cm78 F1O  K K  G I  B B  F F  F F  S S  I I  B1B1  L R  

05-02222 cm78 D F2 K K  G I  B B  F F  F F  S S  I I  B1B1  L U   

05-02223 cm78 F2R  K K  I I  B B  F F  F F  S S  I I  B1B2  H L  

05-02224 cm78 F2O  K K  I I  B B  F F  F F  S S  I I  B1B2  I U 

05-02225 cm78 D O* K K  I I  B B  F F  F F  S S  I I  B1B2  I L2

Granite Range South Pasture, NV

05-02151 gr77 F2R  K K  I I  B B  F S  F F  S S  I I  B1B2  S T  

a--d- - a ---d---- - -n- - ab   --c a 

05-02152 gr77 F2R  K K  F F  B B  F S  F F  S S  I I  B1B1  H N  
ab-d- - a --cd--g- k m-- - --   --c a 

05-02153 gr77 F2R  K K  F F  B B  S S  F F  F S  I I  B1B2  G H  
-b--- - a ---de--- - -no - --   -bc - 

05-02154 gr77 F2F2 K K  I I  B B  F F  F F  S S  I I  B1B2  N S  
ab-d- - a ---d---- - -n- - a-   --- a 

05-02155 gr77 H2R  K K  G I  A B  F S  F F  S S  I I  B1B1  H L  
a--d- - a a--d---- k --- - a-   --- - 

05-02156 gr77 O R  K K  I I  B B  S S  F F  F S  I I  A B2  N P  
----- - a ---d---- k -n- - a-   --- - 

05-02157 gr77 F2O  K K  G I  A B  F S  F F  F S  I I  B1B2  P S  
a--d- - a ---de--- - -no - --   --c a 

05-02158 gr77 F2O  K K  I I  A B  F S  F F  S S  I I  B1B1  L S  
----- - a ---de--- k --- - --   --- a 

05-02159 gr77 F2R  K K  I I  B B  S S  F F  S S  I I  B1B2  S T  
a--d- - a ---de--- k -n- - a-   --- a 

05-02160 gr77 D R  K K  I I  B B  F S  F F  F S  I I  B1B2  H T  
a--d- - a ---de--- - -no a a-   --c a 

05-02161 gr77 D R  K K  G I  B B  F S  F F  S S  I I  B1B1  G U  
----- - a ---de--- k --o - --   --- - 

05-02162 gr77 R R  K K  F I  A B  F F  F F  S S  I I  B1B2  G H  
a--d- - a --cdefg- k m-- - a-   --- a 

05-02163 gr77 F2O  K K  I I  A B  F S  F F  S S  I I  B2B2  N S  
ab-d- - a ---d-f-- k --- - -b   --- a 

05-02164 gr77 F2R  K K  G I  B B  F S  F S  S S  I I  B2B2  G N* 
a--d- - a ---de--- - -no a a-   --c - 

05-02165 gr77 D H2 K K  I I  B B  S S  F F  F S  I I  B1B2  P S  
a--d- - a ---de--- - --o - a-   --- - 

05-02166 gr77 H2O  K K  I I  A B  F F  F F  S S  I I  B1B1  P S  
-b--- - a --cde-g- k m-- - a-   --- a 

05-02167 gr77 F2F2 K K  G I  B B  F S  F F  S S  I I  B1B2  N S  
-b--- - - ---d-f-- k -n- - a-   --- a 

05-02168 gr77 D H2 K K  I I  B B  F F  F F  F S  I I  B1B2  T U  
a--d- - a ---de--- k --o - a-   --c a 

05-02169 gr77 F2F2 K K  F F  A B  F S  F F  S S  I I  B1B2  G N* 
ab-d- - a --c-e-g- - mn- - a-   --- - 

05-02170 gr77 D F2 K K  F I  A B  F S  F F  S S  I I  B1B2  P S  

a--d- - a ---d---- k --- - --   --- a 

05-02171 gr77 F2F2 K K  I I  B B  S S  F F  F S  I I  B1B2  S U  

a--d- - a ---d---- k -n- - --   --c a 

05-02172 gr77 D D  K K  F I  B B  S S  F F  S S  I S  B1B2  L U  

a--d- - a ---d---- k -n- - --   --c - 

05-02173 gr77 D R  K K  I I  B B  S S  F F  S S  I I  B1B1  G L  
a--d- - a ---de--- k --o - a-   --c a 

05-02174 gr77 D F2 K K  G I  A B  F F  F S  S S  I I  B1B1  L N  
a--d- - a ---de--- k --o - --   --c a 

05-02175 gr77 D F2 K K  I L  A B  F F  F F  S S  I I  B1B2  O U  
a--d- - a ---de--- k --o - a-   --c a 

Granite Range North Pasture, NV

05-02176 gr77 D R  K K  I I  A B  F F  F F  S S  I I  B1B2  O S  
a--d- - a a--d---- k --- - --   --c - 

05-02177 gr77 F2F2 K K  I I  A A  F F  F S  S S  I I  B1B2  H T  
a--d- - a ---d---- k --- - --   --c a 

05-02178 gr77 F2R  K K  F F  A B  F F  F F  S S  I I  B1B2  T U  
a--d- - a ---de-gh - m-o - a-   -b- a 

05-02179 gr77 D O  K K  F I  B B  F F  F F  F S  I I  B1B1  L L  
05-02180 gr77 D R  K K  I S  B B  F F  F F  S S  I I  B1B1  P S  
a--d- - a --cdefg- k m-- - a-   --c - 

05-02181 gr77 F2F2 K K  G I  A A  F F  F F  S S  I I  B1B1  L S  
----- - a a--d---- - --- - --   --- a 

05-02182 gr77 F2F2 K K  F R  A B  F F  F F  S S  I I  B1B1  N S  
a--d- - a ---d---- k --- - a-   --c - 

05-02183 gr77 F2R  K K  G I  A B  F F  F F  S S  I I  B1B2  L U  
--c-- - a ---d---- k --- - a-   --c a 

05-02184 gr77 D F2 K K  I I  B B  F F  F F  S S  I I  B1B1  L N  

-b--- - a ---d--gh k m-- - --   --- - 

05-02185 gr77 O R  K K  F I  A B  F F  F F  S S  I I  B1B1  L S  
a--d- - a ---de--- k --o - ab   a-c a 

05-02186 gr77 R R  K K  I I  A A  F F  F F  S S  I I  A2B1  L L  
05-02187 gr77 F2R  K K  I I  B B  F F  F F  S S  I I  B1B2  N S  
-b--- - a ---de--- k --o - -b   --c - 

05-02188 gr77 D F2 K K  I R  B B  F F  F F  S S  I I  B1B1  R T  
ab-d- - a --cde-g- k m-- - a-   --c a 

05-02189 gr77 F2F2 K K  I I  B B  F F  F F  S S  I I  B1B1  S T  
a--d- g a ---de--- k --- - a-   --c a 

05-02190 gr77 F2O  K K  I I  A B  F F  F F  S S  I I  B1B1  L T  

05-02191 gr77 F1O  K K  I I  A B  F F  F F  S S  I I  B1B2  L T  

-bc-- - a ---d---- k -n- - a-   --- - 

05-02192 gr77 F2R  K K  I I  B B  F F  F F  S S  I I  B1B1  N S  

a--d- - a --cde-g- k m-- - a-   --c a 

05-02193 gr77 D D  K K  F F  A A  F F  F F  S S  I I  B1B2  L L  

05-02194 gr77 F2F2 K K  I R  A B  F F  F F  S S  I I  B1B1  L U  
a--d- - a a--de--- - --o - a-   --- a 

05-02195 gr77 F2F2 K K  F I  B B  F F  F F  S S  I I  B1B1  N S  
a--d- - - ---de--- k --- - --   --- a 

05-02196 gr77 D F2 K K  F I  A B  F F  F F  S S  I I  B1B1  N N  
a--d- - - ---def-- k --- - a-   --- a 

05-02197 gr77 F2F2 K K  G I  A B  F F  F S  S S  I I  B1B1  L R  
a--d- - a a--de--- - --o - -b   --c - 

05-02198 gr77 F2F2 K K  I I  A A  F F  F S  S S  I I  B1B1  L U  -b--- - a --c---g- - m-- - --   --- - 

05-02199 gr77 O R  K K  I I  B B  F F  F F  S S  I I  B1B2  L R  
a--d- - a ---d--gh - m-- - --   --c a 

05-02200 gr77 D F2 K K  I R  B B  F F  F F  S S  I I  B1B1  R U 
 a--d- - a ---de--- k --o - a-   --c a 

_____________________________________________________________________

Appendix 2.  DNA data for the Calico Mountains, Granite Range-north, and Granite Range-south, NV herds
_____________________________________________________________

              Microsatellite Loci          

              V  H  A  H  H  A  H  A  H  H  H  H  A  A  L  L

              H  T  H  M     H  M  S  T  T  M  M  S  S  E  E

              L  G  T  S     T  S  B  G  G  S  S  B  B  X  X

              2  4  4  7     5  6  2  1  7  3  2  1  2  3  3

    ID        0                       0           7  3  3

_____________________________________________________________

Calico Mountains, NV

05-02201 cm83 MO ** ** ** ** ** ** ** II ** PP ** ** ** ** ** 

05-02202 cm83 IM ** ** ** ** ** ** ** RR ** IO ** MN ** ** ** 

05-02203 cm83 MM LP HH JL ** JO ** MO IO ** PQ ** MS ** OQ LL 

05-02204 cm83 MM ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** 

05-02205 cm83 NN MM HJ LL ** NO ** MO RR ** PP ** RR KU ** FM 

05-02206 cm83 MR MN ** ** ** JM ** ** KM ** IP ** NO ** ** ** 

05-02207 cm83 ** ** ** ** ** ** ** ** ** ** NP ** ** ** ** ** 

05-02208 cm83 ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** 

05-02209 cm83 ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** 

05-02210 cm83 IN PP HK NN ** NN OO NN LM ** IP ** QR TU LQ LO 

05-02211 cm83 RR MP HH NN ** MN ** KN IL ** IP ** NR ** QR FL 

05-02212 cm83 MM MM HH ** ** KN ** NO OP ** PR ** NO ** OO ** 

05-02213 cm83 MM MM HJ ** ** JL ** MO KS ** II ** OO KK LL FP 

05-02214 cm83 MR MP ** ** ** KN ** KM II ** IR ** NR ** ** FH 

05-02215 cm83 RR ** ** ** ** ** ** ** ** ** ** ** HO ** ** ** 

05-02216 cm83 MN MO HJ JL ** JN KL MN LQ ** PQ ** OR JJ OS HP 

05-02217 cm83 ** MN HJ JL ** ** ** ** KR ** PP ** ** JJ ** ** 

05-02218 cm83 MN MP HK ** ** OO ** MQ IR ** IQ ** NR KK ** OO 

05-02219 cm83 ** ** ** ** ** ** ** ** IQ ** IR ** ** ** ** ** 

05-02220 cm83 II MN OO LL ** LO ** IK LP ** MP ** HS SS ** KK 

05-02221 cm83 NR LM HO LN ** JM KP MN OR ** OP ** QS IK ** MM 

05-02222 cm83 MR MM JN JL ** KN ** KN LM ** OP ** FO JJ QS HL 

05-02223 cm83 ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** 

05-02224 cm83 IM MP ** ** ** MO ** ** PS ** OR ** NN ** ** ** 

05-02225 cm83 MM KP ** ** ** JO ** NO II ** MQ ** ** ** OO FM 

Granite Range South Pasture, NV

05-02151 gr82 LP MM ** ** ** KO ** KM OQ ** IQ ** GS ** ** FF 

05-02152 gr82 IN KP HJ OO ** KN ** KN OO ** IN ** GN IS QQ FM 

05-02153 gr82 IM MP ** ** ** KN ** ** LL ** NO ** GP ** ** ** 

05-02154 gr82 IP MP ** ** ** ** ** ** LO ** NQ ** ** ** ** ** 

05-02155 gr82 ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** 

05-02156 gr82 IL MP HJ LL ** JJ PP KK QR ** IN ** LN IJ OQ FN 

05-02157 gr82 LP MM ** LL ** KO ** KN OO ** OP ** LO ** OO FH 

05-02158 gr82 IM MM ** ** ** ** ** KK LQ ** IO ** ** ** ** ** 

05-02159 gr82 LP MM JJ LL ** OO OO KM RR ** IN ** NS IJ OO FF 

05-02160 gr82 ** LM JJ LL ** OO ** KM NR ** ** ** ** ** ** FF 

05-02161 gr82 IN ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** 

05-02162 gr82 NP ** ** ** ** ** ** ** OR ** IO ** ** ** ** ** 

05-02163 gr82 MP PP ** ** ** NO ** KM OR ** NQ ** ** ** ** LN 

05-02164 gr82 NP MM HN LQ ** KN MO KM LO ** IQ ** MP IK LO MM 

05-02165 gr82 II MM ** LQ ** ** ** KM OQ ** IN ** NR IK LO LN 

05-02166 gr82 IN MP JJ ** ** LO ** ** OO ** IO ** LN ** ** FM 

05-02167 gr82 ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** 

05-02168 gr82 IR KN ** ** ** NO ** ** LO ** II ** OS ** ** ** 

05-02169 gr82 ** ** ** ** ** ** ** ** QR ** IP ** ** ** ** ** 

05-02170 gr82 ** ** ** ** ** ** ** ** MO ** IN ** ** ** ** ** 

05-02171 gr82 MN MM ** ** ** OO ** KK OR ** IO ** ** ** OO FH 

05-02172 gr82 NP KM HO LL ** JN PP KQ OO ** PQ ** OP IJ OR MN 

05-02173 gr82 ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** 

05-02174 gr82 IL KM HJ LN ** JK OO IQ LO ** OO ** LN KL LO FF 

05-02175 gr82 MN KM HJ LN ** KN OP ** LO ** IP ** NN KL ** FF 

Granite Range North Pasture, NV

05-02176 gr82 MO MM HJ LN ** NN ** KN LM ** PP ** JM ** LO FP 

05-02177 gr82 ** ** ** ** ** ** ** ** KO ** IP ** ** ** ** ** 

05-02178 gr82 MR MN ** ** ** JM ** KM IL ** MR ** MR ** ** PP 

05-02179 gr82 MN MM ** ** ** JJ ** ** MR ** PP ** JM ** ** ** 

05-02180 gr82 IO KK HI LN ** NO OO KM LR ** OQ ** NQ KL OR MP 

05-02181 gr82 NO ** HH LN ** NO ** KM ** ** IQ ** GM KL OR MP 

05-02182 gr82 ** LP HJ LN ** KO ** ** OR ** IP ** KM ** ** NP 

05-02183 gr82 NO MM OO LO ** LM ** IM MO ** NQ ** QR LS OO MN 

05-02184 gr82 MQ LM HJ ** ** NO ** IM MN ** PP ** QT KK ** MN 

05-02185 gr82 MP LP ** ** ** JN ** ** RR ** IP ** MN ** ** ** 

05-02186 gr82 LN MM ** ** ** NO ** KQ LL ** II ** NS IL ** HK 

05-02187 gr82 MN KM ** ** ** JO ** MN LR ** IP ** NN ** ** MN 

05-02188 gr82 II KL JO LQ ** NO ** OQ LO ** NP ** MN JU OP MN 

05-02189 gr82 IN MM ** NN ** LO ** ** OQ ** IP ** ** KS ** ** 

05-02190 gr82 MM PP HO LN ** MN PP NN RR ** OQ ** RR JK LR LL 

05-02191 gr82 MP PP ** ** ** MN ** KN QR ** OO ** RR ** ** NP 

05-02192 gr82 NN MM HJ JN ** OP ** ** RR ** IP ** KR JS OQ LP 

05-02193 gr82 MN KP HN LL ** MN OP IM RR ** PP ** MR JU OQ FM 

05-02194 gr82 OR MM JJ LN ** KN PP PQ LO ** IP ** MR IJ LO LM 

05-02195 gr82 MM MP HO NN ** KL OP KN OR ** IP ** KN KS LO HN 

05-02196 gr82 IM MM JO LL ** NN ** KK OR ** OR ** JM KT LL LO 

05-02197 gr82 LM KL HJ LN ** KO ** KN KR ** IN ** NN ** LP MM 

05-02198 gr82 IM LM JL MM ** NO LL NO MM ** QQ ** JN KS LO FF 

05-02199 gr82 MP KM ** ** ** JN ** KN LR ** IO ** JR ** LP FO 

05-02200 gr82 IO LM ** ** ** OO ** ** OO ** PQ ** MR ** ** ** 

_____________________________________________________________

