
ELECTROPHORETIC EXAMINATION AND
OXYGEN CAPACITIES OF HEMOGLOBINS IN
ARIZONA COTTON RATS (SIGMODON SP.)

Item Type text; Dissertation-Reproduction (electronic)

Authors Bronander, Roy Oliver, 1941-

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 24/05/2023 21:01:41

Link to Item http://hdl.handle.net/10150/287536

http://hdl.handle.net/10150/287536


INFORMATION TO USERS 

This dissertation was produced from a microfilm copy of the original document. 
While the most advanced technological means to photograph and reproduce this 
document have been used, the quality is heavily dependent upon the quality of 
the original submitted. 

The following explanation of techniques is provided to help you understand 
markings or patterns which may appear on this reproduction. 

1. The sign or "target" for pages apparently lacking from the document 
photographed is "Missing Page(s)". If it was possible to obtain the 
missing page(s) or section, they are spliced into the film along with 
adjacent pages. This may have necessitated cutting thru an image and 
duplicating adjacent pages to insure you complete continuity. 

2. When an image on the film is obliterated with a large round black 
mark, it is an indication that the photographer suspected that the 
copy may have moved during exposure and thus cause a blurred 
image. You will find a good image of the page in the adjacent frame. 

3. When a map, drawing or chart, etc., was part of the material being 
photographed the photographer followed a definite method in 
"sectioning" the material. It is customary to begin photoing at the 
upper left hand corner of a large sheet and to continue photoing from 
left to right in equal sections with a small overlap. If necessary, 
sectioning is continued again — beginning below the first row and 
continuing on until complete. 

4. The majority of users indicate that the textual content is of greatest 
value, however, a somewhat higher quality reproduction could be 
made from "photographs" if essential to the understanding of the 
dissertation. Silver prints of "photographs" may be ordered at 
additional charge by writing the Order Department, giving the catalog 
number, title, author and specific pages you wish reproduced. 

University Microfilms 
300 North Zeeb Road 
Ann Arbor, Michigan 48106 

A Xerox Education Company 



70-22,315 

BRONANDER, Roy Oliver, 19^1-
ELECTROPHORETIC EXAMINATION AND OXYGEN 
CAPACITIES OP HEMOGLOBINS IN ARIZONA COTTON 
RATS (Signodon Sp.). 

University of Arizona, Ph.D., 1970 
Zoology 

University Microfilms, A XEROX Company, Ann Arbor, Michigan j 



ELECTROPHORETIC EXAMINATION AND OXYGEN CAPACITIES OP 

HEMOGLOBINS IN ARIZONA COTTON RATS (Sigmodon S£.) 

P y 

Roy 0. Bronander 

A Dissertation Submitted to the Faculty of the 

DEPARTMENT OF BIOLOGICAL SCIENCES 

In Partial Fulfillment of the Requirements 
For the Degree of 

DOCTOR OF PHILOSOPHY 
WITH A MAJOR IN ZOOLOGY 

In the Graduate College 

THE UNIVERSITY OF ARIZONA 

19 7 0 



THE UNIVERSITY OF ARIZONA. 

GRADUATE COLLEGE 

I hereby recommend that this dissertation prepared under my 

direction by Roy 0. Bronander 

entitled ELECTROPHORETIC EXAMINATION AND OXYGEN CAPACITIES 

OP HEMOGLOBINS IN ARIZONA COTTON RATS (Sigmodon sp.) 

be accepted as fulfilling the dissertation requirement of the 

degree of DOCTOR OF PHILOSOPHY 

4/z//70 (e\ 

Dissertation Tfxrector / Date 

After inspection of the final copy of the dissertation, the 

following members of the Final Examination Committee concur in 

its approval and recommend its acceptance:"'* 

//TJ,y 6Juj 4/z>/7V 

Uo-

.P J) 2/ Arf&J? HlO 

TW H  j  / '  
id. 1 /3-! /Ti 

This approval and acceptance is contingent on the candidate's 

adequate performance and defense of this dissertation at the 
final oral examination. The inclusion of this sheet bound into 
the library copy of the dissertation is evidence of satisfactory 
performance at the final examination. 



STATEMENT BY AUTHOR 

This dissertation has been submitted in partial 
fulfillment of requirements for an advanced degree at 
The University of Arizona and is deposited in the Uni
versity Library to be made available to borrowers under 
rules of the Library. 

Brief quotations from this dissertation are allow
able without special permission, provided that accurate 
acknowledgment of source is made. Requests for permission 
for extended quotation from or reproduction of this manu
script in whole or in part may be granted by the head of 
the major department or the Dean of the Graduate College 
when in his judgment the proposed use of the material is 
in the interests of scholarship. In all other instances, 
however, permission must be obtained from the author. 



ACKNOWLEDGMENTS 

The author wishes to express appreciation to 

Dr. William J. McCauley, major advisor, for his guidance 

of this research and for suggestions on the manuscript. 

The author also expresses appreciation to Dr. Russell P. 

Davis for his interest in this research problem. 

The author would like to acknowledge the technical 

help of David W. Salter with the oxygen analysis and for 

his photographic assistance. Gratitude is also extended 

to Colin E. Campbell for his help in collecting some of the 

animals. 

Finally the author would like to thank his wife, 

Jackie, for her sacrifices and complete understanding, 

without which this work would not have been a reality. 

iii 



TABLE OF CONTENTS 

Page 

LIST OP ILLUSTRATIONS vi 

ABSTRACT viii 

INTRODUCTION 1 

MATERIALS AND METHODS 7 

Collection of Animals 7 
Karyotypes 7 
Determination of Grams Hemoglobin 9 
Vertical Polyacrylamide Gel Electrophoresis ... 10 

Preparation of Blood Samples 10 
Preparation of the Gel and Introduction 
of the Samples 13 
Electrophoretic Separation of 
Hemoglobins 15 

Quantification of Multiple Hemoglobins 16 
Dissociation and Recombination of 
Hemoglobins 16 
Oxygen Capacity 17 
Oxygen Equilibration Curves 18 
Determination of the Hematocrit 19 

RESULTS 20 

Karyotypes 20 
Electrophoretic Comparisons of Cotton Rat 
Hemoglobins 20 

Electropherograms .... 21 
Ionograph ..... 27 
Relative Quantities of the Multiple 
Hemoglobins 31 
Dissociation and Recombination of 
Hemoglobins 33 

Oxygen Binding Characteristics and Related 
Blood Values for Pour Populations of Cotton 
Rats 33 

Oxygen Equilibrium Curves 35 
Oxygen Binding Coefficients 35 
Percent Red Blood Corpuscles 40 

iv 



V 

TABLE OF CONTENTS (Continued) 

Page 

Gram Percent Hemoglobin 40 
Milliliters Oxygen per 100 ml Red 
Blood Corpuscles 43 
Grams Hemoglobin per 100 ml Red 
Blood Corpuscles . 43 

DISCUSSION • 45 

Comparison of Techniques 45 
Karyotypic Populations and Hemoglobin 
Patterns . 48 
Oxygen Equilibrium Curves 59 
Oxygen Binding Coefficients 61 
Grams' Hemoglobin, Hematocrit and Elevation ... 63 
Specialization and Speciation 65 

SUMMARY AND CONCLUSIONS 68 

APPENDIX A: KARYOTYPES OF Sigmodon hispidus 
cienegae, Sigmodon hispidus arizonae, 
AND Sigmodon fulviventer 70 

APPENDIX B: KARYOTYPES OF Sigmodon hispidus FROM 
ANIMAS, NEW MEXICO, Sigmodon hispidus 
eremicus 3 - AND Sigmodon ochrognathus . . 72 

APPENDIX C: ADDITIONAL DATA FOR THE ELECTRO-
PHEROGRAMS 74 

APPENDIX D: OXYGEN BINDING COEFFICIENTS, OXYGEN 
CAPACITIES AND RELATED BLOOD VALUES 
FOR FOUR POPULATIONS OF COTTON RATS . . 83 

APPENDIX E: COLLECTION DATA 85 

LITERATURE CITED 87 



LIST OP ILLUSTRATIONS 

Figure Page 

1. Map of southern Arizona and southwestern 
New Mexico 8 

2. The standard curve used for the determina
tion of the gram percent hemoglobin 11 

3. A cross-section of the vertical electro-
phoretic cell 14 

4. Electropherograms for three S. ochrognathus 
and three S. h.' eremicus 22 

5. Electropherograms for 10 S. hispidus with 
2N chromosome number of 52 23 

6. Electropherograms for four S. h. eremicus 
and a single White Rat 25 

7. Electropherograms for seven T. bottae, one 
S. fulviventer and four S. h. cienegae . ... 26 

8. Electropherograms for seven different 
populations of cotton rats 28 

9. Ionograph for seven different populations 
of cotton rats 29 

10. Histograms of the relative concentrations 
of multiple hemoglobin fractions 32 

11. Electropherograms for the hemoglobin from 
the dissociation-recombination experiment . . 34 

12. Oxygen equilibrium curves for four cotton 
rats 36 

13. Oxygen binding coefficients for four 
populations of cotton rats 37 

14. A scatter diagram and regression lines for 
the oxygen capacities and gram percent 
hemoglobin 39 

vi 



vii 

LIST OF ILLUSTRATIONS (Continued) 

Figure Page 

15. The hematocrit values ($RBC) for four 
populations of cotton rats 4l 

16. The gram percent hemoglobin for four 
populations of cotton rats 42 

17. The ml-of oxygen bound by 100 ml of red 
blood corpuscles for four populations of 
cotton rats 44 

18. The gram percent hemoglobin per 100 ml of 
red blood corpuscles for four populations 
of cotton rats 44 



ABSTRACT 

The hemoglobins of three' species of cotton rats 

(Sigmodon hispidus, Sigmodon ochrognathus and Sigmodon 

fulviventer) from southern Arizona and southwestern New 

Mexico were subjected to vertical'polyacrylamide gel 

electrophoresis. The electrophoretic patterns were com

pared for the number, concentration and mobility of the 

fractions. Multiple hemoglobins were evident for four 

subspecies of.S. hispidus 3 and for S. fulviventer. Sigmodon 

ochrognathus showed only a single hemoglobin band. The 

slowest migrating bands represented the bands of greatest 

relative concentrations. The mobility of cotton rat blood 

ranged from just slower (0.99) than Human A hemoglobin to 

1.6 times faster. The electrophoretic patterns allowed for 

the identification of the species and for the resolution of 

three different subspecies of S. hispidus. Electrophoretic 

groups based on hemoglobin patterns agreed with the two 

chromosome groups for S. hispidus in Arizona. Sigmodon 

hispidus eremicus and S. h. confinus, both with 52 diploid 

chromosome numbers had similar patterns, while S. h. 

arizonae and S. h. cienegae with 22 diploid chromosome 

numbers exhibited identical patterns. 

viii 
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Analysis of oxygen capacities, gram percent hemo

globin, and the hematocrit values showed that S. ochro

gnathus had a higher oxygen capacity (17-2 ml 02/100 ml 

blood), but did not differ from the three subspecies of 

S. hispidus in the other two parameters. The greater 

oxygen binding ability (1.26 ml O2/S Hb) suggested that S. 

ochrognathus had less inactive hemoglobin than S. hispidus 

of Arizona (1.19 to 1.20 ml 02/g Hb). This increased 

capacity may allow for the higher elevational range of 

S. ochrognathus in Arizona. 

Multiple hemoglobins appeared to impart no recog

nizable adaptive advantages in these cotton rats. There 

was no correlation between electrophoretlc hemoglobin 

mobilities and oxygen affinities of the blood,. 

The electrophoretlc patterns did not r-llow fpr the 

reconstruction of phylogenetic relationships, but close 

agreement was evident between electrophoretlc hemoglobin 

groups and groups designated by the diploid chromosome 

numbers. 

It may be inferred that S. h. eremicus and S. h. 

confinus are different species from S. h. arizonae and 

S. h. cienegae. Support for this inference is three-fold: 

(1) different hemoglobins, (2) different 2N chromosome 

numbers, and (3) inability to interbreed members of the 

two groups. 



INTRODUCTION 

The absence of obvious morphological differences 

between certain species of animals has led to the analysis 

and description of less obvious structures, including 

certain biochemical characters. The ideal taxonomic char

acters must be constant in their occurrence and size. The 

analysis of such characters from adequate samples (Ras-

mussen 1969) would allow the investigator to succeed in 

identifying, naming and relating animals from different 

genetic systems. 

Some attempts have been made' to use blood param

eters as taxonomic characters. Dunaway and Lewis (1965) 

attempted to show taxonomic relationships between the size 

of erythrocytes and the body size in the class Rodentia. 

Gough and Kilgore (1964) reported different blood values 

(RBC size, count, and hemoglobin content) for Peromyscus 

in Colorado when compared to Peromyscus in Louisiana. The 

resolution of such measurements is not great taxonomically. 

The size of the red blood corpuscle, hemoglobin content, 

and erythrocyte number are labile under environmental 

changes, just as are the more classical morphological 

features (body size, foot length, or skull dimensions). 

1 
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The study of proteins has proven to be a useful 

tool for the determination of relationships. Proteins 

are composed of specific sequences of amino acid's, which are 

ordered by the genetic codes. Within a species, proteins 

may be polymorphic as a result of genetic variability. 

Various protein patterns, such as those of blood serum 

and hemoglobin, have been attributed to single segregating 

chromosome loci. Thus the occurrence of different proteins 

car; give information which is taxonomically useful at the 

subspecific and populational levels (Johnson 1968). 

Hemoglobin, a chromoprotein, is a complex molecule 

composed of four hemes and four polypeptide chains (two a 

and two 3)- It functions as a respiratory pigment for 

vertebrates and, in slightly different forms, for many 

invertebrates as well. Absorption spectra show that the 

heme portion of the molecule is quite stable in structure 

in all vertebrate animals from lamprey to human. The pro

tein (globin), however, may be modified (Gratzer and 

Allison I960). Heterogeneous hemoglobins may be separated 

by electrophoresis. This technique depends on the principle 

of differential migration of charged particles in an elec

trical field. Bertini and Rathe (1962) stated that electro-

phoretic patterns of hemoglobins in anurans are most useful 

when species of the same genus are compared. The electro-

phoretic patterns allow for the determination of the 
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number, mobility, and density (concentration) of individual 

bands. 

Electrophoretic studies of hemoglobins from 

Australian lampreys by Potter and Nicol (1968) showed 

that two closely related species were identical in pattern, 

while the hemoglobins for another genus of lamprey were 

markedly different. 

Johnson (1968) was unable to separate two sub

species of Peromyscus maniculatus from other members of the 

same species, However, Ahl (1968) showed a diffuse hemo

globin pattern for a low altitudinal population of Pero

myscus maniculatus, while two higher populations of the 

same species had a single hemoglobin band plus the diffuse 

pattern. 

The appearance of a diffuse hemoglobin was pre

viously reported by Gluecksohn-VJaelsch, Ranney, and Siskin 

(1957) in mice. The diffuse pattern is probably the result 

of duplication of the original hemoglobin alleles with 

subsequent mutations. 

Multiple hemoglobins (the appearance of more than 

one type per animal) have been reported for many animals: 

Atlantic Salmon (Wilkins 1968), fur seal and marmot (Blum-

berg, Allison and Garry i960), bats (H. A. Mitchell 1966, 

G. C. Mitchell 1969) and for rats (Rekun and Starodub 1969). 

Two rather complete reviews on multiple hemoglobins have 



been published by Saha and Ghosh (1965)and Gratzer and 

Allison (i960). 

Multiple hemoglobins may be homogenous or hetero

genous for a particular taxon of animals. Rasmussen, 

Jensen, and Koehn (1968) showed that polymorphism of hemo

globins exist in Peromyscus maniculatus in northern Arizona 

while members of the same species in Michigan exhibited 

two homogenous bands (Rasmussen 1964). 

Stormont, et al. (1968) reported three hemoglobin 

types among nine breeds of sheep. Thus it appears that 

hemoglobins may be conservative or they may exhibit multi

ple forms within various genetic groups. 

The application of hemoglobin electrophoresis to 

the genus, Sigmodon, in Arizona was initiated for.the 

following reasons: (1) The serum blood proteins of the 

genus show a variation in transferrin patterns for the 

species, Sigmodon hispidus. Analysis of other blood pro

teins suggests that other members of the genus are con-

specifis (Dalby and Lillevik 1969). (2) It has been 

reported that there is a difference between the diploid 

chromosome numbers of S. hispidus in Arizona as compared 

to S. hispidus in southeastern United States (Zimmerman 

and Lee 1968). This difference indicates that reproductive 

isolation may exist between members of the same species. 

Variation in chromosome numb.ers has been the basis for 
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numerous taxonomic works (Baker and Patton 1967 s Patton 

1969s Nadler 1964, and Holden and Eabry 1970). (3) The 

occurrence in Arizona of six subspecies of Sigmodon hispldus 

and two other species, S. ochrognathus and S. fulviventer, 

allow for adequate sampling of these animals. (4). There 

are indications in the literature that hemoglobins may 

prove to be reliable phenotypes for the elucidation of . 

taxonomic relationships. (5) Hall and Kelson (1959) have 

stated that the genus, Sigmodon, is badly in need of re

vision. 

The species, Sigmodon hispidus, in North America 

is represented by 33 subspecies according to the classifi

cation of Hall and Kelson (1959). Presently cotton rats 

range from the Canal Zone to Kansas and from the Atlantic 

Coast of the United States to eastern California. Sigmodon 

ochrognathus has three subspecies and S. fulviventer is 

considered to have either four or five subspecies, depending 

on the realignment based on serum proteins (Dalby and 

Lillevik 1969). The name, Sigmodon minimus, as designated 

by Hall and Kelson (1959) and Cockrum (i960) for the small 

Red-bellied Cotton Rat in Arizona, is regarded as a synonym 

for the older name, S. fulviventer by Baker and Greer 

(1962). Thus the appropriate name for this taxon in 

Arizona is S. fulviventer minimus. Sigmodon ochrognathus 
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is represented in southeastern Arizona by only one sub

species j S. o. montanus. 

The second part of this study was suggested by the 

possibility that hemoglobins of different mobilities have 

different oxygen binding abilities as a physiological 

adjustment to the oxygen tensions of the environment. 

Cotton rats in Arizona have an altitudinal range from 120 

feet (S_. h. eremicus) at Yuma to 8,^100 feet (S. ochrognathus) 

in the Huachuca Mountains (Pindley and Jones i960). 

It has been shown by Burke (1953) that animal 

species have different oxygen capacities (volume of oxygen 

bound by a standard volume of blood). Schmidt-Nielsen 

and Larimer (1958) reported that dissociation curves of 

blood are related to body size. Gluecksohn-Waelsch (i960) 

suggested that multiple hemoglobins might be advantageous 

to the carrier. In 1954, Foreman showed that among closely 

related species having similar habits and habitats, there 

is considerable variation in the hemoglobin-oxygen affinity. 

Thus in the study reported here, the blood of four popula

tions of Sigmodon from different elevations were examined 

to determine their oxygen capacities, hemoglobin content 

and hematocrit values. 



MATERIALS AND METHODS 

Collection of Animals 

Cotton rats were collected from various localities 

in southern Arizona and southwestern New Mexico by live 

trapping with Sherman Collapsable Galvanized-steel Traps 

(H. B. Sherman, De Land, Fla.). The traps were set in 

grassy microhabitats (washes, canyons, fence rows and 

roadsides) and were baited with rolled oats. Most of the 

animals were caught during the day. The pocket gophers 

were collected by David Salter. The map (Pig. 1) shows 

the collection sites of the three species of cotton rats. 

Karyotypes 

The diploid number of somatic chromosomes was 

determined by a modification of the technique of Patton 

(1967). The animals were injected intraperitoneally with 

1/2 ml of Velban (vinblastine sulfate, Eli Lilly and Co., 

Indianapolis, Ind.). Three hours later, the animals were 

anesthetized with 50 mg sodium pentobarbital per Kg body 

weight (Abbott Laboratories, North Chicago, 111.) and the 

bone marrow flushed from the cavity of one femur with 1 ml 

1% sodium citrate. The clumps of cells were broken-up 

by aspiration. The resulting suspension was diluted 

7 
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Figure 1. Map of southern Arizona and southwestern New Mexico. 
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ten-fold with additional sodium citrate and was filtered 

through cheese-cloth into a 15 ml centrifuge tube. The 

suspension was centrifuged for five minutes at 1550 rpm in 

a Precision Clinical Centrifuge )Precision Scientific Co., 

Chicago, 111.). The resulting pellet of cells was fixed 

with 1-1/2 ml of 3:1 methanol and glacial acetic acid fixa

tive for 30 minutes. The pellet was then resuspended and 

centrifuged and the supernatent removed. This step was 

repeated two more times and the pellet finally resuspended 

with 1/2 ml of the fixative. Three drops of this final 

suspension were placed on a 3 X 1 inch glass slide and flame-

dried. The chromosomes were stained with 10 ml Giemsa's 

Blood Stain (Matheson, Coleman, and Bell, Norwood, Ohio) 

in 50 ml distilled water for seven minutes. Cover-slips 

were applied and the chromosomes photographed. 

Determination of Grams Hemoglobin 

The gram percent hemoglobin was determined by the 

Cyanmethemoglobin Method (Crosby, Munn, and Furth 1954). 

In this procedure, 20 ul of blood are reacted for five 

minutes with 5 ml of cyanmethemoglobin reagent (1.0 g 

sodium bicarbonate, 0.2 g potassium ferricyanide, 0.5 g 

potassium cyanide in water to one liter) to form cyan

methemoglobin. The percent transmittance of this solution 

was read on a Bausch and Lomb Spectronic-20 Colorimeter 
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at 5^0 my. The percent transmittance was converted to 

gram percent hemoglobin by the use of the standard curve 

(Fig. 2). The points on the graph represent the percent 

transmittance of three different known concentrations of 

hemoglobin (human). The amount of hemoglobin in these 

three samples was determined by the Wong Method (Wong 1928), 

which utilizes the amount of iron in the blood. The values 

obtained for the standards were checked by a local clinic 

and found accurate to within 0.1 g. 

Vertical Polyaerylamide Gel 
Electrophoresis 

Preparation of Blood Samples 

Blood was withdrawn from the animals by heart 

puncture with a 2-1/2 cc disposable syringe fitted with a 

5/8 inch 22 gauge needle. Heparin (NK heparin, Medical 

Chemical Corp., Los Angeles, Calif.) was used as the anti

coagulant. The animals were anesthetized in the same manner 

as they were in the karyotyping technique. 

Three ml of blood were centrifuged at 1550 rpm for 

five minutes and the plasma removed .by aspiration. The 

corpuscles were then resuspended in physiological saline 

and centrifuged for another five minutes. This washing 

procedure was repeated two more times to remove the plasma 

proteins. After the third washing, the packed corpuscles 
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were resuspended in an equal volume of barbital buffer, • 

pH of 8.6 (10.3 g sodium barbital, 1.4 g barbital in one 

liter of CC^-free water), and bubbled for four minutes 

under a hood with carbon monoxide. The blood was then 

transferred to small vials (1 dram) and frozen at -7°C. 

Alternate procedures for producing lysis of the corpuscles 

were to treat the blood in this same manner, except that 

no carbon monoxide was used, or to resuspend the packed 

corpuscles with an equal volume of distilled water and 1/8 

volume toluene, followed by vigorous shaking for .five 

minutes. The frozen samples were thawed and from this 

point on, the three methods were identical. The blood 

was centrifuged for 20 minutes at 7,000 rpm in an Inter

national Clinical Centrifuge (International Equipment Co., 

Needham Hts., Mass.) at 4°C. The centrifugation separates 

the erythrocyte stroma from the supernatant, which contains 

the hemoglobin. 

The concentration of hemoglobin following centri

fugation was determined by the cyanmethemoglobin method. 

The hemoglobin was diluted and increased in density by 

adding 50 ml hemoglobin supernatant to 250 ml barbital 

buffer and 300 ml sucrose (40$ in barbital buffer). 

Human hemoglobins A and C (Hyland Div., Travenol 

Laboratories, Inc., Los Angeles, Calif.) were prepared by 

dissolving the lypholized hemoglobin in barbital buffer 



and adding an equal volume of the sucrose (40$). The con

centration of hemoglobin in these standards was approx

imately one gram percent. The standards were transferred 

to capillary tubes and stored at -7°C. 

Preparation of the Gel and Introduction 
of the Samples 

The procedures described here are modification of 

the procedures in the Technical Bulletin l4l (E-C Apparatus 

Corp., Philadelphiaj Pa.). A 1% gel of polyacrylamide 

(14 g cyanogum, 0.2 g AP catalyst, 0.2 ml N,N,N',N' tetra-

methlenediamine in buffer A to 200 ml) was made and poured 

into the 3 nun space between the cooling plates of the EC470 

Electrophoretic Cell. An eight-place slot former was 

placed in the unpolymerized gel and tap water was circulated 

through the cell during the polymerization to maintain a 

constant temperature. Following polymerization, the buffer 

tanks (upper and lower) were filled with buffer A (43.1 g 

Tris, 3.7 g Na2EDTA*H20, 22.0 g boric acid in distilled 

water to 4 liters) and the slot former removed. A cross-

section of the cell appears as Pig. 3. The cell was placed 

in a walk-in refrigerator and water at 4°C from a 30-gallon 

container was circulated.through the cooling lines by a 

pump. The cell was connected to a power supply (EC454) 

and was pre-run for one hour at 400 volts to remove the 

catalyst from the gel. 
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Figure 3. A cross-section of the vertical electrophoretic 
cell (0.7X). — The principal parts are labeled 
directly on the plate. 
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Following the pre-run, the cell was removed from 

the refrigerated room. Hemoglobin samples of 5, 10, and 

15 ml were placed in the slots and allowed to settle for 

15 minutes. The 'sample volumes were varied in order to 

equate the grass of hemoglobin per slot with respect to a 

particular gel. The grams of hemoglobin per slot ranged 

it _ q 
during the various runs from 2 X 10 to 1 X 10 J. The 

human hemoglobins A. and C were thawed and placed in at 

least one of the eight slots in 5 and 10 ml volumes equaling 

—•s —4 
approximately 5 X 10 J and 1 X 10 g respectively. 

Electrophoretic Separation of 
Hemoglobins 

The electrophoretic separation was performed for 

two hours at 400 volts and 60 to 80 milliamperes current 

at a temperature of 4 to 6°C. Following the separation, 

the gel was removed from the cell and the hemoglobin was 

stained in the dark with a specific stain, peroxidase 

(0.2 g dimethoxybenzidine, 5 ml glacial aceteic acid, 

95 ml distilled water and 0.1 ml hydrogen peroxide), for 

hemoglobin. After 20 minutes, the gel was washed and the 

distance of migration of all the bands were measured with 

a metric ruler. The gels were photographed to provide a 

permanent record and the gels were stored at 4°C in plastic 

bags. 



The relative migration of the hemoglobin bands as 

compared to Human A (Ra value) was determined by the formula 

^ _ mm from origin to band 
a mm from origin to Human A. 

Quantification of Multiple Hemoglobins 

The quantification of individual bands of multiple 

hemoglobins was determined by macerating the excised bands 

with 4 ml glacial acetic acid in a tissue grinder. The 

polyacrylamide gel fragments were separated from the hemo

globin-glacial acetic acid by centrifugation at 1550 rpm. 

The optical densities were read at 405 mu in a Spectronic-

20 Colorimeter. The individual optical densities were 

divided by the sum of the optical densities to give the 

relative concentration of each band. 

Dissociation and Recombination 
of Hemoglobins 

The procedure for dissociation and recombination of 

hemoglobin was modified from that of Huehns and Shooter 

(1962). Frozen CO-hemoglobin hemolysates of S. ochrognathus 

and S. h. cienegae were thawed and centrifuged. The super

natant hemoglobins were diluted with barbital buffer so 

that they were approximately 3 gram percent solutions. 

Two bags containing 100 ml of S. ochrognathus 

hemoglobin each were placed in separate 250 ml flasks of 

a sodium acetate buffer (pH 4.8). Two bags of S. h. 



cienegae hemoglobin were treated in the same mariner. After 

12 hours, two bags (one for each animal) were transferred 

to a sodium phosphate buffer (pH 7-0) for 24 hours, The 

other two bags remained in the acid buffer for the total 

36 hours. Fifty microliters of S_. ochrognathus and 50 ml 

of S. h. cienegae hemoglobin were mixed in a single bag 

and dialyzed against 250 ml of the sodium acetate buffer. 

After 12 hours of dissociation, the bag was transferred to 

the sodium phosphate buffer for 24 hours to accomplish 

recombination. A control of mixed hemoglobins was placed 

in 250 ml of the sodium phosphate buffer for the entire 

36 hours. 

Electrophoresis of the dissociation and recombined 

hemoglobins and their controls was carried-out in a Tris 

buffer (pH 8.4) at 400 volts and 70 milliamperes current 

for two hours at a temperature of 4 to 6°C. 

Oxygen Capacity 

The blood for the determination of the oxygen 

capacity was obtained from the rats in the same manner as 

the blood for electrophoresis. The fresh-blood pH was 

read with a Beckman Model G pH Meter. The blood (2-1/2 

ml) was transferred to a tonometer (glass syringe, 20 cc). 

The tonometer was then rotated in a water bath at 37°C 

for 15 minutes. 
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A small sample of blood was withdrawn from the 

tonometer and set aside for the determination of the hemat

ocrit values and the gram percent hemoglobin , Prom the 

blood remaining in the tonometer, a standard volume (39.3 

mm^) was removed and its volume of oxygen determined by 

the method of Roughton and Scholander (19^3). In this 

method, the addition of an acetate buffer to ferricyanide 

solution produced an excess C02, which drove-off the gases 

(O2 , N2j and CO) from the blood sample. Sodium hydroxide 

was added to absorb the C02 and the volume of gases (V^) 

was measured in the capillary portion of the syringe. The 

oxygen was then absorbed by pyragallol and the remaining 

volume (V2) of gases (N2 and CO) was subtracted from V]_. 

A blank for the amount of oxygen in the reagents was also 

subtracted. The remainder was multiplied by a correction 

factor for standard temperature and pressure. ' The product 

was the volume percent of oxygen in the blood. The pH of 

the blood after exposure to atmospheric pressure in the 

tonometer for 15 minutes was also determined. 

Oxygen Equilibration Curves 

The partial pressures of oxygen in the tonometer 

was reduced to four hypobaric pressures of 65, 45, 25, and 

5 mm Hg. Samples of blood that had equilibrated at these 

respective pressures for 15 minutes at 37°C were analyzed 



for oxygen in volume percent. These values were then 

divided, by the volume percent of oxygen contained by the 

blood at atmospheric pressure and then multiplied by 100 

to give the percent saturation of the blood at the four 

hypobaric pressures. 

Determination of the Hematocrit 

The percent of the blood that represents the red 

blood corpuscles was determined by the microhematocrit 

method. Blood was drawn into the heparinized capillary 

tubes and the sealed tubes centrifuged at 11,000 rpm for 

10 minutes in an International Hemacrit Centrifuge (Inter' 

national Equipment Co., Boston, Mass.). The percent of 

packed corpuscles was read directly on an Adams Micro-

Hematocrit Reader (Clay-Adams, Inc., New York, N. Y.). 



RESULTS 

Karyotypes 

Ink tracings of matched chromosomes from six cotton 

rats appear in Appendices A and B. The four subspecies of 

Sigmodon hispidus are divided karyotypically into two 

groups. Sigmodon hispidus eremicus (Yuma, Arizona), S. 

h. confinus (Artesia, Arizona, no illustration), and S. 

hispidus (Animas, New Mexico) have a 2N of 52. Sigmodon 

hispidus cienegae (Tucson, Arizona) and S_. h. arizonae 

(Stanfield, Arizona) have 22 diploid chromosome numbers. 

Sigmodon fulviventer (one individual) had 29 chromosomes. 

This particular population has previously been reported to 

have 28, 29 or 30 depending on the degree of centric fission 

of two autosomes (Lee and Zimmerman 1969). Sigmodon 

ochrognathus exhibited 52 diploid chromosomes. 

Electrophoretic Comparisons of 
Cotton Rat Hemoglobins 

Blood samples of 62 cotton rats, genus Sigmodon, 

representing the three species recognized in Arizona by 

Hall and Kelson (1959) were subjected to vertical poly-

acrylamide gel electrophoresis. 
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Electropherograms 

Photographs of the polyacrylamide gels, electro

pherograms, were combined in pairs (some of the slots were 

removed) so that the number of hemoglobin fractions, the 

relative distance of migration with respect to Human A 

hemoglobin, and the relative concentrations of the frac

tions could be compared. 

Pig. M shows the electrophoretic patterns of the 

hemoglobin from two. species of Sigmodon. Sigmodon hispidus 

eremicus (slots 9-11) exhibited a heterogenous pattern. The 

hemolysate used in slot 11 was not converted to carboxhemo-

globin before freezing. The hemolysate for slot 10 was con

verted and frozen. The hemoglobin for slot 9 was prepared 

by lysing the corpuscles with distilled water and was used 

fresh. The other hemolysates (slots 10 and 11) were stored 

for 30 days and then run against the fresh sample. The non-

CO-hemoglobin hemolysate showed five visible bands, which 

differ in concentration when compared to the fractions of 

the other two hemolysates. Sigmodon hispidus confinus 

(slots 5 and 6) showed three bands (two major and one 

minor) and S. ochrognathus showed a single hemoglobin 

type. 

Three 13. h. confinUs (slots 9-1*0 from Artesia, 

Arizona were analyzed against seven S. hispidus (slots 

1-7) from Animas, New Mexico in Pig. 5- The mobilities, 
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Origin i£in 

5 

6 

7 

8 

9 

10 

11 

12 

Sigmodon ochrognathus 

D Sigmodon ochrognathus 

Sigmodon ochrognathus 

Human A 

D 

CO 

D 

CO 

CO 

Sigmodon hispidus confinus 

Sigmodon hispidus eremicus 

Sigmodon hispidus eremicus 

Human C and A 

Figure 4. Electropherograms for three S. ochrognathus 
and three S. h. eremicus. — Human hemoglobins 
A and C serve as standards. 
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13 

14 
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23 

tiD 

» 
5' 
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C 0 Sigmodon hispidus 

CO Sigmodon hispidus 

CO Sigmodon hispidus 

CO Sigmodon hispidus 

CO Sigmodon hispidus 

CO Sigmodon hispidus 

CO Sigmodon hispidus 

Human A 

Sigmodon hispidus confinus 

Sigmodon hispidus confinus 

Sigmodon hispidus confinus 

Human C and A 

3 5. Electropherograms for 10 S, hispidus with 2N 
chromosome number of 52. — The upper seven 
animals were from southwestern New Mexico and 
the lower three animals were from Artesia, 
Arizona. 
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concentrations and number of fractions appeared to be 

identical. 

The hemoglobin patterns of four S. h. eremicus 

(Yuma, Arizona) are represented in Pig. 6. The CO-hemo-

globin hemolysates of slots 3, 5, and 6 were prepared 37, 

37j and 48 days respectively prior to the distilled water 

hemolysates for slots 4 and 7- The hemolysates of slots 

9-11 and 13-15 were produced the same day. This period of 

storage of the CO-hemoglobin samples did not alter the 

molecular species of hemoglobin with respect to the 

resolving ability of polyacrylamide electrophoresis. 

The blood from a White Rat provided five fractions 

of hemoglobin, with the fractions being separated by approx

imately the same distances. This pattern seems to agree 

with that reported for rats (probably White Rats) by Rekun 

and Starodub (1969). The major fraction was the second 

fastest in mobility. 

The electrophoretic separation of hemoglobins from 

four S. h. cienegae collected in three different localities 

in Arizona and from one S. fulviventer are combined with 

electropherograms of seven subspecies of the Valley Pocket 

Gopher, Thomomys bottae, in Pig. 7. The migration of the 

major component for the gopher hemoglobin was less than 

that for Human A. Sigmodon hispidus cjenegae from the 

different localities appeared to be homogenous but 
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Electropherograms for 
a single White Rat. ~ 
from Yuma, Arizona. 

White Rat 

Sigmodon hispidus eremicus 

Sigmodon hispidus eremicus 

C and A 

Sigmodon hispidus eremicus 

A 

• Sigmodon hispidus eremicus 

four S. h. eremicus and 
The cotton rats were 
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Origin 
—r— 

CO Thomomys bottae grahamensis 

CO Thomomys bottae catalinae 

CO Thomomys bottae proximus 

CO Thomomys bottae extenuotus 

CO Thomomys bottae alienus 

CO Thomomys bottae modicus 

CO Thomomys bottae aibatus 

Human A 

D Sigmodon fulviventer 

CO 

D 

Slgmodon hispidus cienegae 

D Sigmodon hispidus cienegae 

D Sigmodon hispidus cienegae 

D Sigmodon hispidus cienegae 

Human A 

Figure 7. Electropherograms for seven T. bottae, one S. 
fulviventer and four S. h. cienegae. — The 
pocket gophers, T. bottae, were collected in 
southern Arizona. 



strikingly different from the Red-bellied Cotton Rat, S. 

fulviventer. The latter had a diffuse hemoglobin plus a 

major and a minor fraction. The CO-bemolysate of S_. h. 

cienegae (slot 10) was 20 days older than the freshly 

distilled water preparation (slot 11). Examination of the 

fraction of slot 10 showed that its minor component had a 

greater concentration than the same fraction in slot 11. 

The electropherogram in Figure 8 shows a composite 

of the hemoglobin patterns of seven different cotton rats 

from seven localities representing three species, S. 

ochrognathus , S. fulviventer, and S. hispidus, with possibly 

five subspecies of the latter. There is considerable 

similarity in the hemoglobin patterns among the subspecies 

of S. hispidus that have the same diploid chromosome num

bers. It is interesting to note, however, that S. 

ochrognathus with a 2N of 52 has a single hemoglobin, which 

is quite similar to the major component of S. hispidus 

with 22 chromosomes but not to S. hispidus with 52 chromo

somes . 

The grams hemoglobin placed in each slot and the 

trapping locality of each animal are shown in Appendix C. 

Ionograph 

Fig. 9 is an ionograph of the electrophoretic mo

bilities of the hemoglobins from all of the cotton rats 
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Origin 2N 

3 

4 

6 

7 

30 Sigmodon fulvi venter 

52 Sigmodon ochrognothus 

22 Sigmodon hispidus cienegae 

22 Sigmodon hispidus arizonae 

52 Sigmodon hispidus eremicus 

52 Sigmodon hispidus confinus 

52 Sigmodon hiSpidus 

Human C and A 

Figure 8. Electropherograms for seven different popula
tions of cotton rats. — The S. hispidus of 
slot 7 was from southwestern New Mexico. All 
others were trapped in southern Arizona. Each 
hemoglobin sample was converted to CO-hemoglobin. 
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* :  •  • '  * .  '  •  .  
* • • • S. fulviventer 

S. ochrognathus 

I I I S. hispidus eremicus 

S. hispidus confinus 

S. hispidus 

—1 
Origin 

S. hispidus arizonae 

S. hispidus cienegae 

HUMAN 

Figure 9- lonograph for seven different populations of 
cotton rats. — Major fractions are represented 
by solid vertical lines, while fractions con
sidered to be minor are represented by the dash
ed vertical lines. The stippled zone for S. 
fulviventer represents a diffuse hemoglobin 
pattern. 
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used in the electrophoretie studies reported here. The 

mobilities varied slightly in different runs and thus the 

graph represents averages of these values. Human hemo

globins C and A are also included. 

The data for the ionograph are found in Table 1. 

Band II was present in the hemoglobins from all the Sigmodon 

populations investigated. The average Ra values for this 

band range from 1.17 to 1.25. The greatest agreement of 

Ra values occurred between cotton rats of the same species 

and chromosome numbers. 

Table 1. The'"5N chromosome number, samples size and hemo
globin Ra values for seven cotton rat populations 
of the genus Sigmodon. 

Sample Bands 
2N size I II III IV 

s. fulviventer 28-30 4 1.25 1.45 
(0. 14 —diffuse -1.61) 

s. ochrognathus 52 5 1.23 

s. hispidusa 52 8 1.00 1.20 1.37 

s. h. confinus 52 16 0.99 1.19 1.36 

s. h. eremicus 52 25 0.99 1.17 1.38 1.50 

s. h. arizonae 22 .. 3 1.21 1.40 

s. h. cienegae 22 6 1.21 1.39 

aSigmodon hispldus represents the population from 
southwestern New Mexico. 
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Relative Quantities of the 
Multiple Hemoglobins 

The electrophoretic separation of the hemoglobins 

of the species, Sigmodon hispidus, with 52 chromosomes, 

S. h. eremicus (Yuma, Arizona) and S_. h. confinus (Artesia, 

Arizona), resulted in varying numbers of fractions. The 

number of fractions appeared to be dependent upon the method 

of producing and storing the hemolysates. Generally the 

CO-hemoglobin showed fewer fractions than non-CO-hemoglobin 

or distilled water hemolysates. The histograms in Pig. 10 

represent the relative concentrations of the individual 

fractions. The fractions with a Ra value of 0.99 had the 

greatest quantities, but in turn, they experienced the 

greatest loss (hatched zones) in percentages when the 

additional minor bands were also present. These fractions 

(0.99) were also the slowest migrating fractions. 

Quantification of the two hemoglobin fractions of 

S. h. cienegae showed likewise that the slower fraction was 

the greater in concentration (Fig. 10). The relative con

centration of the fraction (Band II), when all the rats 

are considered, was the greatest in the multiple hemo

globins of S. h. cienegae and least in S. h. eremicus. 

This particular band of the latter was absent from some of 

the CO-hemoglobin electrophoretic patterns. 



Figure 10. Histograms of the relative concentrations of multiple hemoglobin 
fractions. 

S. hispidus cienegae had only the two fractions. The other two 
subspecies had two or more fractions, thus two separate graphs 
appear for these animals. 
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Figure 10, Histograms of the relative concentrations of multiple hemoglobin 

fractions. 



Dissociation and Recombination 
of Hemoglobins 

The electropherogram produced following the dis

sociation and recombination of S. ochrognathus and S. h. 

cienegae is shown in Fig. 11. Slots 2 and 3 contained 

dissociated hemoglobins. Slot 4 contained a mixture of 

hemoglobins that had dissociated at a pH of 4,8 and then 

recombined at a pH of 7. Slot 5 contained a mixture that 

remained at the neutral pH and thus did not dissociate. 

Slots 6 and 7 contained hemoglobins that had dissociated 

and recombined separately. Both mixtures of dissociated-

recombined hemoglobins resulted in Ra values which were 

similar to the Ra values given in Table 1 for these two 

species. The dissociated unmixed hemoglobins (slot 2 and 

3) showed new Ra values (1.03-1.07) for the additional 

bands of lesser mobilities. 

Oxygen Binding Characteristics and Related 
Blood Values for Four Populations 

of Cotton Rats 

Forty-five cotton rats were used to determine 

oxygen curves, oxygen capacities, the hematocrits and the 

grams hemoglobin (Appendix C). The four populations 

selected for these experiments were representatives of 

two species and four elevations (S. h. eremicus 125 feet, 

S. h. cienegae 2,400 feet, S_. h. confinus 3,^00 feet, and 

S. ochrognathus 53^00 feet). 
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Origin pH 

I 

I 
I 

i 
11 

Human A 

4.8 S. hispidus cienegae 

4.8 S. ochrognathus 

48 TS hispidus cienegae 
LS. ochrognathus 

j J"S. hispidus cienegae 
LS. ochrognathus 

7 S. ochrognathus 

7 5. hispidus cienegae 

Human C and A 

Figure 11. Electropherograms for the hemoglobin from the 
dissociation-recombination experiment. — Slots 
6 and 7 contain undissociaffed hemoglobins. The 
mixed hemoglobins of slot 4 were subjected first 
to an acid buffer and then to a buffer of pH 7. 
Slots 2 and 3 contained dissociated hemoglobins 
as indicated by the additional bands. There 
appeared to be no recombinant hemoglobins for 
the mixed hemoglobins of slot 4. 



Oxygen Equilibrium Curves 

Oxygen equilibrium curves were obtained for the 

blood of four cotton rats (3 S. h. eremicus and 1 S. h. 

confinus). The pH values during the determination of the 

curves ranged from 7.2 to 8.0. The amount of oxygen nec

essary to saturate the blood at the 50$ level increased as 

the pH decreased. This fact can be observed by the ex

amination of the curves in Pig. 12. The blood at a pH 

of 8.0 had a P^q (p°2 ̂ or saturation) at 11 mm Hg, 

while the blood at a pH of 7.2 had a P^q at 48 mm Hg, The 

equilibrium curves also exhibited a typical sigmoid shape. 

Oxygen Binding Coefficients 

A total of 43 animals representing the four popula

tions were analyzed for the oxygen capacities of their 

blood (Pig. 13). The ability of the blood to bind oxygen 

may be indicated by dividing the volume percent oxygen 

(ml O2 per 100 ml blood) by the gram percent hemoglobin 

(g hemoglobin per 100 ml blood). The values obtained by 

this calculation are referred to as the oxygen binding 

coefficients. Sigmodon ochrognathus had the highest 

coefficient (1.26 ml 02/g Hb) of the four cotton rat 

populations. The two populations with the same coefficient 

(1.20 ml 02/g Hb), S. h. eremicus and S. h. confinus, 

have the same chromosome numbers and similar electrophoretic 
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Figure 12. Oxygen equilibrium curves for four cotton rats. 
— The upper curve represents blood from S. h. 
confinus. The other three were obtained from 
three S_. h. eremicus. The pH values during the 
determinations appear at the right. 
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(125) (2400) (3400) (5400) 

Oxygen binding coefficients for four populations 
of cotton rats. — The vertical lines represent 
the range, the horizontal lines the means, and 
the boxed-areas are the mean ± t95 S.E. The 
numbers above the ranges indicate the sample 
size. 
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patterns (Fig, 7). The coefficient ranges for S. h. 

eremicus and S. ochrognathus were considerably extended 

by four animals; one at each end of the two ranges. The 

oxygen binding coefficients of S. ochrognathus were sig

nificantly different at the 95$ confidence level from those 

of the other animals. It appears that the single hemoglobin 

of S. ochrognathus is superior to the multiple hemoglobins, 

of S. hispidus in the amount of oxygen bound per unit 

hemoglobin. 

The same values used to determine the oxygen bind

ing coefficients have been plotted against each other in 

a scatter diagram (Fig. 14). The pocket gopher, a fossorial 

mammal, is compared with S. ochrognathus and S. hispidus 

confinus by means of regression lines determined by the 

least squares method. The superiority of the gopher blood 

to that of the cotton rats and, similarly, S. ochrognathus 

over S. h. confinus in oxygen binding ability was determined 

by the actual oxygen capacities at a standard gram percent 

hemoglobin. The ml O2/IOO ml blood bound by 13-5 gram 

percent hemoglobin were respectively: Thomomys bottae 

18.3, S. ochrognathus 17.0, and S_. h. confinus 16.1. This 

shows that at normally occurring hemoglobin concentrations 

for these animals, the pocket gopher carried 2.2 ml more 

of oxygen than S. h. confinus for the same volume (100 ml) 



Figure 14. A scatter diagram and regression lines for the 
oxygen capacities and gram percent hemoglobin. 

The elevations for the collecting sites of the 
three populations are 125 feet (Thomomys bottae), 
5,400 feet (Sigmodon ochrognathus), and 3»400 
feet (S. hispidus conflnus). 
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of blood. The pocket gopher data were obtained by David 

Salter (.personal communication 1970). 

Percent Red Blood Corpuscles 

The results of the micro-hematocrit determinations 

for the cotton rats are shown in Pig. 15. There was no 

significant difference between the data from any of the 

populations. Sigmodpn hispidus cienegae had the lowest 

average hematocrit (40.8), while the other three popula

tions had an average of 42,7#• The range for single in

dividuals extended from a low of 34.5 to a high of 47-5$ 

RBC. 

Gram Percent Hemoglobin 

The number of grams of hemoglobin per 100 ml blood 

ranged from 10.4 to 14.6 in the animals examined. Analysis 

of the data showed that there was no significant difference 

between the four populations with respect to the amount of 

hemoglobin per unit of blood. The highest population in 

elevation, S_. ochrognathus (5a400 feet), however, had the 

highest individual amount and the highest mean gram percent 

hemoglobin (13.4). The next elevational population, S. h. 

confinus (3>400 feet) had the next highest value of 12.7 

gram percent. These data are shown in Fig. 16. 



41 

o 
m 
cr 

46-

44-

42'  

40-

38-

36 

+ 

S.h.eremicus S.h.cienegae S.h.confinus S.ochrognathus 

Figure 15. The hematocrit values ($RBC) for four popula
tions of cotton rats. •— The respective eleva
tions of the populations are from left to right: 
125', 2,400' , 3,400' and 5,400'. 
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Figure 16. The gram percent hemoglobin for four popula 
tions of cotton rats. 



Milliliters Oxygen per 100 ml 
Red Blood Corpuscles 

Sigmodon ochrognathus proved to be significantly 

superior (Fig. 17) to the other three populations in the 

number of ml of oxygen that its blood contained per unit 

hematocrit (#RBC). The means for other species were within 

1/2 ml of each other and thus they did not differ sig

nificantly. Sigmodon ochrognathus carried 2.2 ml more 

oxygen per 100 ml of red blood corpuscles than S. h. 

cienegae. 

Grams Hemoglobin per 100 ml 
Red Blood Corpuscles 

The division of the gram percent hemoglobin by the 

percent red blood corpuscles gives the number of grams of 

hemoglobin per unit hematocrit. There was no significant 

difference in these values for the four populations (Pig. 

18). Sigmodon ochrognathus had the highest average (31.5 

g/100 ml RBC) and S. h. eremicus, the lowest elevational 

population, had the lowest average (30.7 g/100 ml RBC). 
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DISCUSSION 

Comparison of Techniques 

The method of hemolysate production is an im

portant consideration when the hemoglobin is used in 

electrophoresis. In many situations, it is convenient 

to store the hemolysate and it appears that frozen samples 

of Sigmodon blood tend to be labile. In fact some re

searchers (Dr. R. K. Selander, personal communication, 

1969) insist that rodent blood can not be frozen if "nor

mal" hemoglobin patterns are desired. Results obtained 

here show that the storage of native hemoglobin at -7°C 

is not sufficiently cold to prevent hemoglobin denatura-

tion and aberrant hemoglobin patterns upon electrophoresis. 

Alternatives to freezing unconverted hemoglobin are to 

bubble carbon monoxide through the blood or to produce 

hemolysis by the addition of distilled water. Carbon 

monoxide replaces the ligand, oxygen, of oxyhemoglobin 

due to the greater affinity (240X) of CO for hemoglobin. 

The comparison of stored native hemoglobin, stored C0-

hemoglobin and fresh distilled-water hemoglobin showed 

that in most cases, . CO-hemoglobin is stable since it gives 

similar electrophoretic patterns to those of the distilled-

water samples (Pig. 4). The degree of conversion of 
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hemoglobin to the carbon monoxide form is important and 

the lack of complete conversion coupled with lengthy 

storage may account for the tendencies of some converted 

samples to approach the aberrant stored native hemoglobin 

(slot 5, Fig. 8). 

Foreman (i960) reported that cotton rat hemo

globin tended to precipitate upon shaking the hemolysate 

with toluene and thus it appeared that this method of 

lysing the erythrocytes with distilled water followed by 

various hydrocarbons (toluene or CClij) also had adverse 

effects. Precipitation of hemoglobin by toluene was not 

observed in this work; however, toluene was used in much 

smaller volumes (1/8 vs. 1/2) than reported by Foreman. 

The medium for electrophoretic separation has much 

to do with the degree of separation of proteins. At 

present, polyacrylamide gels are considered the most ef

fective medium. Polyacrylamide gel gives somewhat similar 

resolution to starch gel (Shaw 1969), but by varying the 

acrylamide gel concentration, molecular sieving can be 

controlled. Thus the separation of proteins is accomplished 

not only by electrophoretic mobility, but also by the dif

ferential sizes and shapes of the protein molecules. These 

additional characteristics may explain the variations in 

electrophoretic mobilities obtained for hemoglobins when 

different media are used. Foreman (i960) used paper 



electrophoresis with Slgmodon hispidus hemoglobin and showed 

two fractions, one with a Ra of 0.8 and the other of 1.2. 

The rats represented species from the eastern United States 

and thus may be quite different from Arizona Cotton Rats. 

Polyacrylamide gel electrophoresis separates hemoglobin 

with Ra values of 0.99 to 1.50 for the latter animals. 

H. A. Mitchell (1966) reported that Human C hemoglobin was 

the fastest migrating fraction on a cellulose acetate gel. 

This is quite different from the Ra value of 0.57 for 

Human C used in this study and the similar values for 

polyacrylamide gel reported by G. C. Mitchell (1969). 

The comparison of electrophoretic patterns must, therefore, 

be made with reference to the supporting media. 

The determination of Ra values with electro

phoretic techniques classified as the zone type (poly

acrylamide, paper, agar, starch gel, and cellulose acetate 

gel) is not, perhaps, the most accurate. Moving boundary 

electrophoresis gives exact migrational values and is con

sidered superior by Shaw (1969). Thus the Ra values ob

tained here serve only for comparison of the hemoglobins 

of certain species of Cotton Rats when separated by vertical 

polyacrylamide electrophoresis. 



Karyotypic Populations and 
Hemoglobin Patterns 

The discovery of Sigmodon hispidus populations in 

Arizona with diploid chromosome numbers of 52 facilitated 

the comparison of these animals with other S. hispidus 

populations with 22 chromosomes that had been previously 

reported by Zimmerman and Lee (1968). Their initial find

ing was that S. h. cienegae from Tucson, Arizona had 22 

chromosomes as compared to the 52 chromosomes exhibited 

by ubiquitous members of the species outside the state of 

Arizona. Information by personal communication with 

Zimmerman (1969) led to the collection of S. h. eremicus 

with 52 chromosomes from Yuma County, Arizona. Eventually 

S. h. confinus, a supposed restricted population around 

Safford, Arizona, was shown also to have a 2N of 52. The 

other subspecies collected in this study, S. h. arizonae, 

had a 2N of 22. Thus under the present classification, 

Sigmodon hispidus in Arizona has four subspecies with two 

different diploid chromosome numbers (Appendices A and B). 

These karyotypic data are highly suggestive that the two 

populations with a 2N of 52 are more closely related to 

each other than to the two populations with a 2N of 22 that 

separate the former geographically. 

The electrophoretic hemoglobin patterns support 

these relationships based on the chromosome numbers. 



Sigmodon hispldus eremicus and S. h. confinus show approx

imately equal Ra values for three fractions (S. h.' eremicus 

having four) even though the relative concentrations of 

estctl differ. There is much more similarity between their 

patterns than to the patterns of S. h. cienegae and S. h, 

arizonae. In fact the hemoglobin patterns of the 52 and 

22 chromosome populations of cotton rats differ as much as 

those of animals representing different rodent genera. 

Sigmodon hispidus cienegae and S. h. arizonae from 

six localities in Arizona have identical hemoglobin pat

terns. Distribution maps show that the two subspecies may 

be allopatric. The similarities of their hemoglobins 

would indicate, however, that they have had a common gene 

pool in their recent past. There was no evidence of poly

morphism and geographic variation within populations of 

these cotton rats. Such variations are not uncommon in 

other rodents representing the same family as does Sigmodon 

(Rasmussen, Jensen, and Koehn 1968). 

The Red-bellied Cotton Rat, Sigmodon fulviventer, 

has 28 to 30 diploid chromosome numbers (Lee and Zimmerman 

1969) and a hemoglobin pattern which is unique among the 

cotton rats of Arizona. The diffuse pattern indicates 

that a variety of hemoglobins are normally occurring in 

the blood. A similar pattern has been reported by Ahl 

(1968) for Feromyscus maniculatus. Gleucksohn-Waelsch 
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(I960) postulated that the genes for diffuse hemoglobins 

may undergo duplication and if this phenomenon is followed 

by mutations, multiple forms of hemoglobin genes may exist. 

The diffuse pattern with a major hemoglobin fraction was 

consistent with different methods of hemolysate production 

and from animals of two populations that are separated by 

approximately 50 miles (Appendix C). 

The only single hemoglobin among the cotton rats 

in Arizona was exhibited by the Yellow-nosed Cotton Rat, 

Sigmodon ochrognathus. This rat has proven to be very 

difficult to distinguish by classical taxonomic' characters 

from S. h. cienegae, which occurs sympatric with it in 

southern Arizona (Hoffmeister 1963). Karyotypic analysis, 

however, readily separates the two species, though the 

hemoglobin patterns proved to be more alike than was 

originally expected. Since S. ochrognathus has 52 chromo

somes, it is interesting that its hemoglobin pattern was 

different from the two subspecies of S. hispidus with 52 

chromosomes. In turn it was more like the hemoglobins of 

the cotton rats with 22 chromosomes (S. h. cienegae and 

S. h. arizonae). 

The subspecific relationship of the Sigmodon 

hispidus population in southwestern New Mexico (around 

Animas) is not known, but the karyotypic and electrophoretic 

data may show that they relate to either S. h. confinus 



or S. h. berlandieri. These•Animas, New Mexico rats have 

52 chromosomes3 so they are obviously distinct from the 

22 chromosome group (S. h. cienegae) that Hall and Kelson 

(1959) show as inhabiting this area. If S>. h. berlandieri 

should be found to have 52 chromosomes as expected, then 

there is karyotypic agreement between the animals from 

Animas and 3. h. berlandieri> which occupies much of New 

Mexico and extends into Mexico. Data presented here show 

identical hemoglobin patterns and diploid chromosome 

numbers for the Animas, New Mexico population and for S. 

h. confinus from Artesia, Arizona. Goldman (1918) indi

cated that, based on general characters, S_. h. confinus 

appears to be closely related to S. h. berlandieri of the 

Rio Grande Valley in New Mexico. In a recent paper, 

Gennaro (1968) suggested that the cotton rats in western 

New Mexico could have moved into this area recently 

(present century) and points out that these rats in 

western New Mexico are similar in color to S. h. confinus 

and S. h. cienegae. There seems to be no geographical 

boundary that would prevent the cotton rats in southwestern 

New Mexico from being sympatric with either S_. h. ber

landieri or S. h. confinus. The latter is known to range 

up the Gila River (Pig. 1) from Safford, Arizona and thus 

the population may presently reach into New Mexico. Since 

the hemoglobins of this genus have proven to be genetically 



labile, the similarities of hemoglobin patterns, the addi

tional karyotypic data and geographical proximity strongly 

suggest that the southwestern New Mexico cotton rats may 

belong to the species, S. h. confinus. However, data for 

S. h, berlandieri are necessary before confirmation of 

relationship can be made. 

The relative concentrations of hemoglobin repre-

senbed by individual fractions were determined by the com

parison of the optical densities of the excised bands. The 

accuracy of this technique may not be great. Thus the 

attempt to quantify the bands was made only to supplement 

the visual analysis and to yield objective numerical values 

for the amount of hemoglobin contained by each distinct 

band. The faults in the technique are two-fold:. (1) the 

inaccuracy of the Spectronic.-20 Colorimeter to the small 

heterogenous volumes of hemoglobin (CO-hemoglobin and native) 

with respect to the wave length and (2) the subjective 

excision of the hemoglobin bands. 

The two subspecies of S. hispidus in Arizona and 

the one in southwestern New Mexico with 52 chromosomes 

have similar hemoglobin patterns, but not similar concen

trations. In some instances, electrophoretic separation 

showed in these rats two bands, while after other runs, 

S. h. eremicus showed four bands and S. h. confinus and 

S. hispidus (New Mexico) showed three each (Figs. 5, 6 



and 8). These additional bands changed the concentration 

percentages of each component when they were considered. 

The origins of these additional bands may have been the 

major fractions, with the band with a Ra of 0.99 contribut

ing the most. This is inferred from the fact that percent

ages of the other major fractions (1.19, 1-38) were af

fected little (Pig. 10). If S. h. eremicus has only the 

two major fractions, it is interesting that one of the 

additional bands has a mobility (Ra of 1.17) that relates 

it with at least one fraction for each of the other' 

species of cotton rats analyzed in this work. 

Analysis of the stored native hemoglobin showed 

that the red hemoglobin had turned black and subsequent 

electrophoretic separation resulted in fractions that 

differ in their relative concentrations. From a visual 

comparison, the fraction of Ra of 1.17 appears as great in 

concentration as the one of least mobility (Ra of 0.99) 

(slot 11, Pig. 4). 

Sigmodon hispidus eremicus and S. h. confinus were 

considered to actually have the additional bands because 

of the agreement of the fresh distilled-water hemolysates 

with most of the CO-hemoglobin electrophoretic patterns. 

If another type of electrophoresis was used, it may be that 

only the fractions considered to be major in this study 

will be separated. It is not as important to decide 



whether these cotton rats have ^ or 3 bands as it is to 

note that the two consistent major bands were dissimilar 

for these two populations. This indicates that these two 

populations are genetically distinct. This is not surpris

ing, since they are separated by approximately 250 miles. 

If the additional bands were due to denaturation of the 

hemoglobin, then there is a particular pattern for this 

process, as the end products have definite electrophoretic 

mobilities, 

The possibility that the additional fractions of 

lesser concentrations are not tetrameric hemoglobin, but, 

instead, are monomers of a and 3 globins with associated 

hemes, was discounted following electrophoresis at a pH of 

7. At this neutral pH, the 3 chains are negatively charged 

and the a chains are positively charged (Riggs 1965). 

Actual electrophoresis at a pH of 7 produced no migration, 

though an anodal migration of the negatively charged 3 

chains would be expected if they existed as separate units. 

The occurrence of multiple hemoglobins in cotton 

rats is not surprizing due to the previous reports of 

multiple hemoglobins in vertebrates (Saha and Ghosh 1965, 

Gratzer and Allison I960, Manwell I960, Mitchell 1969). 

The presence of multiple hemoglobins of different mobilities 

among animals of a subspecific category appears to be . 

unique. Mitchell (1969) attempted to use hemoglobins as a 



taxonomic tool and found that the resolution was signifi

cant only for family distinction in bats. Homogenous 

electrophoretic patterns are also seen in rodents. Seven 

subspecies of Thomomys bottae and the species Cratogeomys 

castanops exhibited identical patterns (Salter, personal 

communication). Thus the Family Gfeomyidae may. be char

acterized by homogenous hemoglobins. 

Zimmerman and Lee (1968) suggested that the cotton 

rats; with a 2N of 22 may be different species than the ones 

with a 2N of 52. If this is true, as seems likely, the 

differences in the hemoglobins of these two groups is not 

surprising. Breeding experiments during this work have not 

been successful between members of these two groups, thus 

providing some support for the above hypothesis. 

Two hypotheses have been proposed for the retention 

in the genotype of multiple hemoglobin genes. Perultz, 

et al. (1959) postulated that the biological advantage of 

the two factions of horse hemoglobin lay in the fact that 

normal horse oxyhemoglobin is rather insoluble, yet the red 

cell contains over 30$ hemoglobin. Thus the two fractions 

allow the cell to contain more total hemoglobin than would 

be possible with a suturated solution of either one alone. 

Their joint presence seems to prevent crystallization of 

the hemoglobin in the red cell. Gluecksohn-Waelsch (19.60) 

suggested a physiological advantage, in that multiple 



hemoglobins may differ in oxygen affinity and thereby 

permit the carrier to adapt to different environmental 

situations. However, this does not appear to be true for 

Sigmodon blood. Schmidt-Nielsen and Larimer (1958) and 

Foreman (195^) reported the partial pressure of oxygen 

necessary for half saturation of hemoglobin. These values 

were high, showing that Sigmodon blood does not have great 

affinity for oxygen. The relative position of the oxygen-

equilibrium curves in this study indicated that S. h. 

eremicus with four hemoglobins had a lower affinity than 

the White Rat. Multiple hemoglobins in cotton rats cer

tainly does not confer any increased oxygen capacity. 

Sigmodon ochrognathus with a single hemoglobin had a 

greater oxygen capacity than the blood of other cotton 

rats with multiple hemoglobins. Experiments with Thomomys 

bottae (Salter, personal communication, 1970) also confirm 

this argument: the pocket gopher has a very high affinity, 

yet only a single hemoglobin. 

Molecular hybridization experiments were performed 

to determine if the single hemoglobin of S. ochrognathus 

was similar to the major hemoglobin of S. h. cienegae, 

with respect to the a and 8 chains. If the chains were 

different, then the dissociation and random recombination 

of a and 3 chains would have given rise to additional 

fractions. The absence of recombinant hemoglobins after 



dissociation and recombination of the mixed hemoglobins 

indicated that the hemoglobins have similar electrically 

charged chains. The two bands in the unmixed dissociated 

hemoglobins (slots 2 and 3, Fig. 11) may have been due to 

the fracture of the hemoglobin tetramer into monomers (one 

globin plus a heme) or to the presence of two different 

tetramers with the same mobility. The normal sequence of 

dissociation is first the tetramer is split to an a3 dimer 

(Antonini 1967), consequently the dimers of a single tetra

mer would not show different mobilities. The additional 

exposure of the hemoglobin to the acid buffer may have 

carried the dissociation one step further to monomers of 

a and $ chains. Hemoglobin tetramers are unstable below 

a pH of 5.5 (Hasserodt and Vinograd 1959). 

The combination of karyotypic data and hemoglobin 

patterns allows for the alignment of the seven populations 

of cotton rats in this study into five groups: 

Group I Sigmodon hispidus eremicus 
Grouo II Sigmodon hispidus confirms . 2N=52 

Sigmodon hispidus (N. Flex.; 
Group III Sigmodon- ochroenathus 
Groun IV Sigmodon hispidus cienegae 1 2 N=2P 

Sigmodon hispidus arizonae J 
Group V Sigmodon fulviventer — 2N=28-30. 

The five different electrophoretic hemoglobin groups are 

indicative of numerous mutations that have occurred in this 

genus of rodents. It has been postulated that the genus, 

Sigmodon, had a tropical American origin and, from Pliocene 



to Recent, it moved into North America (Hooper 1949). An 

extinct species, Sigmodon minor has been identified in the 
£ 

Blancan age (1.5-3.5 X 10 years ago) of late Pliocene 

in southern Arizona (Cantwell 1969). The modern species, 

S. hispidus, was recognized by Slaughter (1966) in the 

Pleistocene Moore Pit fauna (Sangamon times, 7 X 10^ years 

ago). Zuckerkandel (1965) has shown that among mammals, 

gene mutation for protein synthesis are infrequent. A 

rate of one mutation for each chain of hemoglobin in 10 

million years is adequate to account for the differences 

between the hemoglobins of horses, pigs, cattle, rabbits 

and man. The number of mutations that have occurred in 

Sigmodon is not known but, due to the diverse patterns of 

hemoglobin and the short evolutionary period, it appears 

that the genes for hemoglobin production are highly mutable. 

This hypothesis is supported by Foreman (195*0 since the 

variety of hemoglobin patterns among the rodents that he 

examined led him to the same conclusion. 

From a fossil study, Martin (1970) suggested that 

two extinct populations of Sigmodon minor had separate 

origins from two S. medius populations (one in Arizona and 

one in Kansas). If the two karyotypic groups of S. hispidus 

arose from these separate extinct populations of S. minor 

then the degree of dissimilarity of hemoglobins is a product 



of gene mutation during independent evolution of these two 

lines of cotton rats. 

It may be inferred that there is more selection 

for morphological characters of cotton rats than for types 

of hemoglobin, since these rats are very similar in clas

sical terms, yet quite different in hemoglobin phenotypes. 

Oxygen Equilibrium Curves 

The oxygen equilibrium curves of the four cotton 

rats (S^ h. eremicus and one S. h. confinus), showed two 

features that are common for mammalian curves and for those 

of many other vertebrates as well. The curves were sigmoid 

shaped, indicating that the affinity for oxygen increased 

with increasing oxygen saturation (Antonini 1967). It 

appears that interactions of oxygen binding sites are such 

that the presence of oxygen at one site changes the af

finity of the other sites. This phenomenon is referred to 

as the heme-heme interaction. The second feature shown 

was the shift of the curve to the right without drastic 

changes in the shape of the curve (Bohr effect). Since the 

blood of cotton rats exhibit a Bohr effect, it can be ex

pected that the hemoglobin molecules contain sulhydryl 

groups (Riggs 1959)« The same author stated that small 

mammals are expected to show a sizable Bohr effect. 
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The position of the oxyhemoglobin equilibrium curve 

has been related to the oxygen requirements of the animal 

with respect to its environment. Curves to the left are 

characteristic for hemoglobin with a high affinity for 

oxygen. Curves of this type are typical for animals living 

in an oxygen poor environment. Curves positioned to the 

right are common among animals with high metabolic rates 

(Schmidt-Nielsen and Larimer1 1958). A comparison of half 

oxyhemoglobin saturation values (mm of Hg oxygen) for cotton 

rats with the data in the literature for mammals of com

parable body size, showed that the cotton rat curves were 

to the right. This means higher oxygen requirements for 

half saturation and thus hemoglobin releases oxygen to the 

tissues more readily. Since S. h. eremicus and S. h. 

confinus do not exist in areas of oxygen stress and since 

they are relatively small rsammals, the position of the curve 

indicates an adequate supply of oxygen in the environment 

and a high metabolic rate for these animals when compared 

to animals of similar weight. 

Oxyhemoglobin equilibrium curves are difficult to 

compare when the techniques for determining them are not 

uniform. The curves obtained here are quite different 

from those for Sigmodon hispidus obtained by Foreman 

(195^). Whole blood was used in this work, while Foreman 

equilibrated lysed, diluted hemoglobin samples. The 



ability of hemoglobin to bind oxygen has also been shown to 

be dependent not only on its molecular structure, but also 

on the nature of the internal corpuscular environment 

(Antonini 1967). 

Oxygen Binding Coefficients 

The amount of oxygen bound by blood when it is 

fully saturated is referred to as the oxygen capacity (ml 

O2/IOO ml blood). The oxygen capacities of the cotton 

rats studied varied from 12.6 ml to 21.0 ml oxygen per 100 

ml blood. This type of data is meaningful as it indicates 

the total amount of oxygen carried by the blood of the 

animals. For comparison purposes, it is more useful to 

divide the oxygen capacity by the gram percent hemoglobin 

as the two values have a direct correlation. The values 

obtained by such calculations are referred to here as 

oxygen binding coefficients. 

Prom a theoretical calculation, mammalian hemo

globins should bind 1.36 ml of oxygen per gram hemoglobin. 

This value was determined from the percent iron in the 

blood on the basis that each iron atom can bind one mole

cule of oxygen in the tetrameric hemoglobin molecule 

(Bernhart and Skeggs 19^3). For human hemoglobins, values 

less than 1.36 have been reported. Morrison (1933) ob

tained 1.30 and Morrison and Hisey (1935) revised it to 



1.34. Larimer (1959) obtained the oxygen binding coef

ficients for the blood of 18 species of mammals. The 

actual values ranged from a low of 1.255 for Peromyscus 

to a high of 1.498 for a single S. hispldus. The average 

coefficient was 1.36 and thus he concluded that this con

stant is satisfactory for the determination of the oxygen 

capacities from the gram percent hemoglobin for any of the 

18 species that he studied. However, Prado (1946) reported 

that inactive hemoglobin exists in various mammals. In

active hemoglobin may be estimated by the observed dif

ference of oxygen bound to the theoretical values based on 

the known concentration of hemoglobin. Inactive hemo

globin is thought to be the ferric form of hemoglobin 

referred to as methemoglobin. The presence of methemo-

globin in erythrocytes is due to the autooxidation of 

hemoglobin to the ferric form. Normally, an enzyme system, 

methemoglobin-reductase, keeps the iron in the reduced 

state (Ingram 1961). Oxygen binding coefficients less than 

1.36 ml 02/g Hb may be indicative of the presence of in

active hemoglobin. Values greater than this constant are 

possible when errors have been made in hemoglobin estimation, 

oxygen capacities, or both. Inactive hemoglobin in the 

blood of individuals of a population is not distinguished 

by the cyanmethemoglobin determination of hemoglobin con

centration, since all hemoglobins are converted to the 
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methemoglobin form. Prado (19^6) reported that man averages 

3.3$ inactive hemoglobin. It is inferred that cotton rat 

blood also contains some methemoglobin as they have coef

ficients less than the theoretical 1.36. Sigmodon hispidus 

cienegae had a coefficient of 1.19 ml 02/g Hb, indicating 

that approximately 12.5# of its hemoglobin was inactive. 

Sigmodon ochrognathus,•a higher elevational population, 

showed only 7% inactive hemoglobin. Less methemoglobin 

would be a distinct advantage for these animals existing 

at lower oxygen tensions. It may also be concluded that a 

standard coefficient such as I.36 does not exist universally 

and that each species will be found to have its own coef

ficient . 

Grams Hemoglobin, Hematocrit 
and Elevation 

Gough and Kilgore (1964) were able to show an in

crease in grams hemoglobin and in hematocrit values with 

an increase in elevation (Louisiana vs. Colorado popula

tions of Peromyscus). Foreman (1966) showed that Peromyscus 

under hypobaric conditions responded by increasing the hemo

globin concentration and the hematocrit. Cotton rats from 

four elevations in this work showed an increase in hemo

globin concentration with increasing elevations with the 

exception of S. h. cienegae (which had the lowest values). 

Sigmodon hispidus cienegae also had the lowest hematocrit 
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values, while the other three populations of different 

elevations had the same mean value. The lower hematocrit 

values for S. h. cienegae may have been due to four of the 

cotton rats drinking rain water during the trapping period. 

All four were below the mean for eight rats of this popu

lation that had been studied earlier. 

The size of the erythrocytes may have varied be

tween populations and this may explain why three popula

tions of cotton rats had the same average hematocrit, yet 

different hemoglobin concentrations. Sigmodon ochrognathus 

had the highest hemoglobin concentrations and from a limited 

sample, the smallest corpuscles. The smaller corpuscles 

would facilitate oxygen uptake and release, but would not 

explain the larger coefficient (g Hb/'100 ml RBC). 

The average gram percent hemoglobin obtained for 

these cotton rats fits into the range of hemoglobin con

centrations reported in the literature. Larimer (1959) 

reported a low of 9*7 gram percent for one cotton rat, 

while Sealander (1962) reported an average of 14.9 gram 

percent for S. h. hispidus. The latter author also reported 

a coefficient of 31.9 g Hb/100 ml RBC, which agrees closely 

with the 31.1 g Hb/100 ml RBC average for the four popula

tions of cotton rats in this.study. 

Sigmodon ochrognathus has an elevational distribu

tion in southern Arizona from 4,000 feet to 8,400 feet. 



Throughout most of this range, it is the only species of 

cotton rat found. Its physiological advantage over the 

other cotton rats appears to be due to the presence of 

less metheraoglobin in circulation and thus a greater oxygen 

capacity. It does not differ significantly from the other 

rats in gram percent hemoglobin (although it has the high

est values). 

Specialization and Speciation 

In the literature, -there are discussions relative 

to the degree of specialization of various members of the 

genus, Sigmodon. These discussions have been based upon 

a variety of different~characters. Dalby and Lillevik 

(1969) suggested that the degree of specialization may be 

indicated by the number of albumins separated by the electro

phoresis of blood proteins. They chose Sigmodon hispidus 

as an ancestral stock and suggested that S. ochrognathus 

and S. fulviventer are intermediate in specialization. A 

Mexican species, S. leucotis, was considered the most 

specialized. Zimmerman and Lee (1968) were unable to 

verify the hypothesis that specialization in mammals can 

be shown by the number of metacentric chromosomes. Ac

cording to this idea, S..hispidus with 22 chromosomes would 

be more specialized than S. hispidus with 52 chromosomes 

as the former have more metacentrics. The choice of 



S. hispidus as the ancestral stock by Dalby and Llllevik 

(1969) would not be supported by the latter hypothesis. 

The number of hemoglobins and their oxygen carrying 

abilities does not allow one to rank cotton rats with re

spect to specialization. Sigmodon ochrognathus may, 

however, be the most specialized if its elevational range 

is considered to be a criterion. Its single hemoglobin 

type and higher oxygen capacity may be physiological adjust

ments to such an altitudinal range. Among the three sub

species of S. hispidus, there was no relationship between 

the number of hemoglobin bands and the oxygen capacities. 

Thus it seems unlikely that specialization in cotton rats 

will be revealed by hemoglobin types and their oxygen 

binding abilities. These conclusions tend to agree with 

the statement of Foreman (i960) that there seems to be no 

correlation between oxygen affinities of specific hemoglobins 

and their electrophoretic mobilities. 

From karyotypic characteristics, Lee and Zimmerman 

(1969) indicated that S. fulviventer and S. hispidus (2N= 

22) have certain similarities. Morphologically, however, 

they are quite distinct and they differ considerably in 

their electrophoretic hemoglobin patterns. 

The problem of whether the two karyotypic groups 

of S. hispidus actually represent two different species 

is not definately resolved by the evidence of distinctly 



different hemoglobin types for each group. However, ac

cording to Mayr's definition (1969) the two groups probably 

represent a good example of sibling species. Additional 

biological data will be needed before they can be con

sidered taxonomically as distinct species. 



SUMMARY AND CONCLUSIONS 

The purpose of this study was to determine the 

electrophoretic hemoglobin patterns of three species and 

seven populations of cotton rats in southern Arizona and 

southwestern New Mexico with respect to the number, con

centration, and mobility of the hemoglobin fractions. The 

oxygen binding properties and related blood values were 

determined for four populations in an attempt to show dif

ferences in the oxygen capacities of different hemoglobins 

and to determine possible physiological bases for the geo

graphical distribution of these cotton rats. The results 

were: 

(1) There was no geographic variation or polymorphism 

within any one of the seven populations of cotton rats in 

the number of hemoglobin fractions separated by electro

phoresis . 

(2) Variations in the number and pattern of hemo

globin fractions allowed for the division of the three 

species of cotton rats in Arizona into five groups. 

(3) Karyotypic analysis revealed that two subspecies 

of S. hispidus had 52 diploid chromosomes while two other 

subspecies of the same species had 22 diploid chromosomes. 
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(4) Quantification of the multiple hemoglobins showed 

that the slowest migrating fractions were the major hemo

globins in each case. 

(5) The electrophoretic separation of hemoglobins by 

vertical polyacrylamide electrophoresis allowed for the 

distinction of subspecific categories within the species, 

S. hispidus. It did not produce adequate information for 

the reconstruction of phylogenetic relationships. 

(6) The volume of oxygen bound per gram hemoglobin 

(oxygen binding coefficient) varied from a low of 1.19 ml 

02/g Hb to 1.26 ml 02/g Hb. Sigmodon ochrognathus, the 

cotton rat with the highest elevational range, had the 

highest coefficient. 

(7) There was no evidence that multiple hemoglobins 

were of an adaptive advantage to their carrier in terms 

of oxygen capacity. 

(8) Oxygen equilibrium curves showed that Sigmodon 

blood exhibits a Bohr effect, a heme-heme interaction and 

a relatively low oxygen affinity. 



APPENDIX A 

KARYOTYPES OP Sigmodon hispidus cienegae, 

Sigmodon hispidus arizonae, 

AND Sigmodon fulviventer 
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S. hispidus cienegae (22) 

S, hispidus arizonae (22) 

S. fulviventer (29) 
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APPENDIX B 

KARYOTYPES OF Sigmodon hispldus PROM 

ANIMASj NEW MEXICO, Sigmodon hispidus 

eremicus, AND Slgmodon ochrognathus 
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S. hispidus Animas, New Mexico (52) 
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APPENDIX C 

ADDITIONAL DATA FOR THE ELECTROPHEROGRAMS 
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-1. 

lot 
# 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

The concentration of hemoglobin, species, and collection sites for the 
animals in Fig, 4. 

Species Collection sites 

4.6  

5 .2  

5 .1  

10.1 

2 . 2  

2 . 0  

2 . 6  

2 . 0  

2.4  

2 . 0  

3.2  

10.0 

} 
} 

Sigmodon ochrognathus 

Sigmodon ochrognathus 

Sigmodon ochrognathus 

Human A 

Sigmodon hispidus conflnus 

Sigmodon hispidus eremicus 

Sigmodon hispidus eremicus 

Human C and A 

Gardner Canyon, Ariz, 

Gardner Canyon, Ariz, 

Gardner Canyon, Ariz, 

Artesia, Ariz. 

Yuma, Ariz. 

Yuma, Ariz. 

VJI 
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lot 
# 

1 

2 

3 

4  

•5  

6 

7 

8 

9 

10 

11 

12 

The concentration of hemoglobin, species, and collection sites for the 
animals in Fig. 5. 

g/slot 
X 10-4 Species Collection sites 

4.0 Sigmodon hispidus Middle Well, N. Mex. 

4.0 Sigmodon hispidus Animas, N. Mex. 

4.0 Sigmodon hispidus Animas, N. Nex. 

3.0 Sigmodon hispidus Animas, N. Mex. 

3.2 Sigmodon hispidus Animas, N. Mex. 

3.0 Sigmodon hispidus Cotton City, N. Mex. 

3.5 Sigmodon hispidus Cotton City, N. Mex. 

10.0 Human A 

4 . 9  1  

3.2 J 
Sigmodon hispidus confinus Artesia, Ariz. 

5.2 "1 

5.0 J 
Sigmodon hispidus confinus Artesia, Ariz. 



Slot 
# Species Collection sites 

} 13 4.9 
Sigmodon hispidus confinus Artesla, Ariz. 

14 3.8 " 

15 10.0 Human C and A 



-3. 

lot 
# 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

The concentration of hemoglobin, species, and collection sites for the 
animals In Pig. 6. 

g/slot 
X 10"4 Species Collection sites 

3.5 

2 . 0  

2 . 0  

4.4 

2 . 0  

4.9 

2.5 

10.0 

2.5 

4.2 

2 . 0  

10.0 

} 

} 

White rat 

Slgmodon hlspldus eremlcus 

Slgmodon hispidus eremlcus 

Human C and A 

Sigmodon hispidus eremicus 

Human A 

Univ. of Arizona 
Tucson 

Yuma, Ariz, 

Yuma, Ariz. 

Yuma, Ariz. 

—3 
CO 



Slot 
# f!o-S Species Collection sites 

13 

14 

15 

2 .5  

4 .2  

2 . 0  

Slgmodon hispidus eremlcus Yuma, Ariz. 

f t vo 



-4. 

lot 
# 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

The concentration of hemoglobin, species and collection sites for the 
animals in Pig. 7* 

g/slot 
X 10~4 Species Collection sites 

7.4 Thomomys bottae grahamensis Pinaleno Mts., Ariz. 

5.5 Thomomys bottae catalinae Catalina Mts., Ariz. 

6.5 Thomomys bottae proximus Gardner Canyon, Ariz. 

5.3 Thomomys bottae extenuatus Animas, N. Mex. 

7-3 Thomomys bottae alienus Thatcher, Ariz. 

6.9 Thomomys bottae modicus Tucson, Ariz. 

6.8 Thomomys bottae albatus Yuma, Ariz. 

10.0 Human A 

11.5 Sigmodon fulviventer Willcox, Ariz. 

10.4 1 

9.5 J |- Sigmodon hispidus cienegae Arivaca, Ariz. 

9.4 Sigmodon hispidus cienegae Sonoita, Ariz. 

00 
o 



Slot 
# i/sî  Species Collection sites 

13 10.4 Sigmodon hispidus cienegae Klondyke, Ariz. 

14 10.0 Sigmodon hispidus cienegae Klondyke, Ariz. 

15 10.0 Human A 



A-5. The concentration of hemoglobin, species, and collection sites for the 
animals in Fig. 8. 

Slot g/slot 
X 10-4 Species Collection sites 

1 4.8 Sigmodon fulviventer Willcox, Ariz. 

2 5.2 Sigmodon ochrognathus Gardner Canyon, Ariz. 

3 5.2 Sigmodon hispidus cienegae Tucson, Ariz. 

4 5.5 Sigmodon hispidus arizonae Stanfield, Ariz. 

5 5.3 Sigmodon hispidus eremicus Yuma, Ariz. 

6 4.0 Sigmodon hispidus conflnus Artesia, Ariz. 

7 5.3 Sigmodon hispidus Animas, N. Mex. 

8 5.0 Human C and A 



APPENDIX D 

OXYGEN BINDING COEFFICIENTS, OXYGEN'CAPACITIES 

AND RELATED BLOOD VALUES FOR FOUR 

POPULATIONS OF COTTON RATS 
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Species 
S. hispidus 
eremicus 

S. hispidus 
cienegae 

S, hispidus 
confinus S. ochrognathus 

Avg. body wt. (g) 142.3 95.0 103.6 74.4 

JKRBC 
(9) 

42.7 ± 2.64 
. (36.0-46.0) 

(12) 
40.8 ± 2.24 
(34.5-45.5) 

(11) 
42.7 ± 1.15 
(39.6-45.5) 

(9) 
42.7 ± 1-59 
(40.0-47.5) 

Grams hemoglobin 
(10) 

12.9 ± 0.68 
(11.0-14.0) 

(12) 
12.7 ± 0.71 
(10.4-13.9) 

(11) 
13.2 ± 0.3 
(12.5-13.9) 

(9) 
13.5 ± 0.46 

• (12.6-14.6) 

g Hb/100 ml RBC 
(9) 

30.7 ± 0.4 
(30.0-31.7) 

(12) 
31.2 ± 0.8 
(29.5-32.9) 

(11) 
31.0 ± 0.5 
(29.8-32.1) 

(9) 
31.5 ± 0.5 
(30.6-32.4) 

Vol %0 2 / 100  ml RBC 
(9) 

36.7 ± 1.16 
(34.0-39.6) 

(12) 
37.2 ± 1.0 
(34.1-39.2) 

(11) 
37.0 ± 0.64 
(35.0-38.4) 

(9) 
39-4 ± 0.97 
(36.9-40.9) 

Vol %o2/e Hb 
(10) 

1.20 ± 0.04 
(1.10-1.30) 

(12) 
1.19 ± 0.02 
(1.15-1.24) 

(11) 
1.20 ± 0.02 
(1.16-1.23) 

(10) 
1.26 ± 0.03 
(1.15-1.34) 

Oxygen capacity 
(Vol %) 

(10) 
15.42 ± 1.08 
(13.15-17.8) 

(12) 
15.14 ± 0.92 
(12.60-17.2) 

(11) 
15.78 ± 0.40 
(14.65-16.58) 

(10) 
17.20 ± 1.22 
(14.73-21.0) 

Note: The upper numbers in parentheses give the sample size, the middle numbers 
are the means and the standard error (t^), and the lower numbers in 
parentheses represent the ranges. Average body weight is given in grams. 



APPENDIX E 

COLLECTION DATA 

The cotton rats used in this study are listed below 

by species. Collecting localities, elevations and the 

number of animals collected (in parentheses) are given. 

Most of the animals were deposited in the University of 

Arizona Mammalogy Museum. A few study specimens were 

sent to Lamar State University, Beaumont, Texas. 

Sigmodon hispidus eremicus 

ARIZONA: Yuma Co., 2 mi W Yuma at Colorado River, 
125' (20). 

Sigmodon hispidus confinus 

ARIZONA: Graham Co., 1 mi N Thatcher, 2,800' (2); 
Artesia, 3,400' (23). 

NEW MEXICO: Hidalgo Co., 1.4 mi S Cotton City, 4,400' 
(1); 4 mi S Cotton City, 4,400' (2); 6 mi 
N Animas, 4,400' (2); 1 mi S Animas, 
4,400' (2); Middle Well 4,300' (1). 

Sigmodon hispidus arizonae 

ARIZONA: Pinal Co., 2 mi W Stanfield, 1,400' (2). 

Sigmodon hispidus cienegae 

ARIZONA: Graham Co., 10 mi W Bonita, 4,200' (2); 
Bonita, 4,540' (3); Cochise Co., Willcox, 
4,200' (3); Santa Cruz Co., 7 mi SW 
Sonoita, 4,300' (1); Pima Co., Silverbell 
Rd., Tucson, 2,400' (16). 
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Sigmodon fulviventer minimus 

ARIZONA: Cochise Co., Willcox, 4,200' (3). 

NEW MEXICO: Hidalgo Co., 4 mi S Cotton City, 4,400' 
(3). 

Sigmodon ochrognathus montanus 

ARIZONA: Pima Co., Gardner Canyon, 4 mi W Hwy 
83, 5,400' (10); 3.2 mi S Arivaca, 
3,900' (1). 
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