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I. Systems and Cataiog information Complete each item. 
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incorporating results of the research, written in 
the format of scientific publications, is required 
for completion of the course. Special laboratory 
fee . 

18 Instructor approval 
scores , class standing, malor, etc.) 

19 

List any prerequisites (course/s, test 

List any co-requisites 
20 If the course is cross listed , specify 


the Course ID(s} MUST have 

signature in Section V off all 

Department Chairs 


21 Does this course have any special Yes 

student costs? Yes/No 

Attach a completed "Request to Add 

or Change Course Fees" form. 

Describe in section IV-F. 

How often will it be offered? Fall 

23a 
22 

How often will it be offered? S~ring 
23b How often will it be offered? Summer 
23c How often will it be offered? Fall 
24 Frequency? All semesters 
25 Fall,2014 


offered 

First semester this course will be 

New courses may not be taught under 

their approved course 10 until they 

appear in the catalog, therefore, no 

earlier than the coming fall. 

List course/s that should be deleted , 

include the last semester for course/s 

being deleted 


26 

A course cannot be deleted when it is 

a requirement in a degree plan in any 

department. 

Is this course required for a degree/s? No 

Yes/No 

If "Yes, " attach a revised degree 

plan(s) reflecting the placement of the 

new course. 


27 

28 Has this course been offered as a No 
Special Topics course? Yes/No However, research has been offered as a 
If "Yes, " specify the Course 10 and special topic in the Biology Department under 
enrollment for each term it was unique names for many years . 
taught. 

29 List any courses in which content No substantial overlap 

overlaps the proposed course . 

(Course 10 and Name) 

Attach statement from instructor/dept 
chair of existing course justifying the 
new offering in Section IV-D. 

II. Curriculum 

IDegree Plan Explanation of how l it fulfills requirements for advanced biology credits 

ACU New Course Application v9 
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2 

2 

this course affects BS, 

re uirements. 

Justification State the 

justification for adding this course 

The Biology Department at ACU is uniquely 

to the current curriculum, 
the need, 

to provide quality research QYlnQ,u:.n 

for undergraduate students. 
abilities will be vital to our continuing relevance in 
the changing landscape of higher education. 

This course has been intentionally designed to 
the visibility of undergraduate research 

All students in this course are to 
some form of research product that will 

. serve to promote both the student and university. 
• Three pdf files of student poster presentations have 

been attached to document student research 
facilitated by recent special topics courses that this 
course has been modeled after. 

III. Course Design 

1. Audience and Course Goal 
! Describe the intended 
• audience, including 

. skills. 


State the overarching course 
goal(s) in performance terms, 

This course is intended for science interested in the 
application of modern techniques to biological research 
questions. Students are to have basic for 
independent research, 

case 
will be determined on a 

case b 
This course is an to incorporate original 
research as a fundamental component of the curriculum, 
Students must learn to think critically and develop ways to 

I test their ideas by collecting new data and/or performing 

3 Students will 
statistics when a 

. 4 Students will (jl'>\,'I'>ln,n 

skills. 
5 Students will gain 

and oral 

Students must learn to distinguish 

• 6 Students a conference research report or 
resentation and/or 'oumal submission. 

ACU New Course AppHcation v9 



3. Text and Resources 

1. 	 Give the full publication information of the textbookls and other required resources and outside 
readings. 

Textbook: A Short Guide to Writing about Biology, 8th edition, by Pechenik (2012) 

Because each offering of this course covers original research in a rapidly changing field of 
science, text resources primarily come from the original literature and will be 
to change from year to year. Journal articles are assigned on a student-by-student 
basis according to the of their and students will be trained to search 
for additional references. 

2. For combined undergraduate/graduate courses, make two lists: 
a. full publication information; label Undergraduate. 
b. full publication information; label Graduate. Indicate number of pages 

ACU New Course Application v9 



IV. pporting Documentation 

Supporting documents must "r(",,,,..,"''''[ prior to preliminary nnTn,,,,,, by chair 
and dean 

1 

2 

Content 
Attach statement from 
offerin . 

5 Departmental Resources List resources 
available through the department, if applicable. 
and 

6 Resources - resources than library or that are 
needed to support this course (computers, lab equipment, other technology, etc.). 

ACU New Course Application v9 



VI. Approvals Place all approvals on one page. 

A. 	 Course 10: tsJ:OL S /q 

Course Title: E1'0 It 9 If K-lJ _Or c I."
./ I 

1. 	College Academic Council Action: (for all courses) 
Note: Insert additional lines for College Academic Council action for each college 
involved in cross-listed courses. 

2!/- /. t/.­Approved X Denied_ ~ d7Y / U /J L A 
/ - ( e 

. e Dean or-Dire t~r ' (----Date 

, /2t11/IIJ
APprovedA' Denied_ ~ 
2. Graduate Council Action: (for graduate level cour 

Approved _ Denied 
Dean of Graduate School Date 

3. University Undergraduate Academic Council Action: 
For undergraduate level courses only 

Approved _ Denied 
Associate Provost Date 

4. University General Education Council Action: (when applicable) 

Approved _ Denied 
Provost or designee Date 

5. University Budget Committee Action: (when applicable) 
When applicable - see New Course Application Instructions 

Approved _ Denied 
Chair, University Budget Committee Date 

6. Academic Provost Action: (for all courses) 

Approved _ Denied 

Provost Date 


7. President of the University Action: (for all courses) 

Approved _ Denied 

President Date 


Attach notes, comments, or conditions from appropriate councils: 

ACU New Course Application v9 
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Course Syllabus for Biology Research 

BIOL .01 Fall 2014 
Foster Building Room 375 

Mission Statements: 
mission of Abilene Christian University is to educate students for and 

leadership throughout world. 
ofArts Sciences: mission of the Sciences is to for 

worldwide Christian and through of study other learning experiences 
that blend a liberal arts education with professional career education. 

Department: Department of Biology educates students service and leadership 
by preparing them to biological scientists, teachers, and health care professionals. 

Instructor: Dr. Joshua Brokaw 
Science 479D 

Office Hours: TBA or appointment 
Phone: 674-2168 j osh.brokaw@acu.edu 
*E-mails are welcome at any and can be to schedule appointments outside office hours. 

Course Description: 
BIOL 399 Biology (0-3-3),* fall, spring, summer. Students perform biological research 
the supervision a faculty member 1-3 hours. Students must report of the 
completing a poster or presentation suitable for a scientific or a paper written the TAM'Yl<1t 

scientific publications to obtain credit the course. laboratory 

Textbook: Short Guide to about 8th edition, by (2012) 

Prerequisites: consent of instructor. 

purpose this course is to provide with in biology-related 
to develop independent thinking and action by students. It is for 

who plan to the work development position or 
as health professional who are interested in research. 

Format: course is primarily a field/laboratory experience with working as independently 
alone) as they are capable. The instructor/mentor will be actively involved in student's project, 

including training and meetings the student. should devote to the 
a minimum three hours week each hour 

Anticipated Outcomes and Competency Measures: objective of this course is to trammg 
and in field and/or laboratory investigative while at the same contributing a 

res.erurcn portfolio or curriculum vitae. Students will 1) 
experience the design of experiments; learn proper record keeping; analyze/evaluate data 
(applying statistics appropriate); 4) develop independent thinking skills; 5) experience 
."'~'A"'''''''4A writing and oral communication; prepare, to a research conference presentation 
!And/or journl-ll submission. Competency in areas will be assessed by the to which the 

of the project are met. will do best to have and 
with the that the application of the method is seldom 

are not always realized. Grades on competencies will be 
below. 

mailto:osh.brokaw@acu.edu
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Grade Assessment: 
grade this course will be determined grade , C=2, D=l, or 
following two cornp()nems 

1. 	 (1 point for part; 4 points total): 

A. The level 	 enthusiasm and commitment to the research "'t"""",,'T 

responsibility for project. Full will awarded for a commitment to 
research appropriate to student's background. must fulfill the 

requirement 3 fieldllab hours per credit hour (Le. at hours 
field/lab work per credit hour) to achieve a full credit score (1 point). The of field 
and/or work is flexible and will be determined on an individual basis 

and research mentor. 

B. 	The degree of of thought effort. This is balanced 
help from the mentor problems that cannot by independent 
data collection in the field/lab, the student will be to search the literature for 

as needed and to out the advice of his/her mentor other faculty students 
as appropriate. Full credit will be for a level of independence of action and 
motivation to the student's and background. Appropriate literature 

is necessary "Research Product" below and is necessary to a full credit 
score (l point). 

The to which the the research are met. Mentors will do 
have fair and reasonable expectations understanding that application of the 
method is straightforward and are not always easily . Full credit will 
awarded for project completion. Results (even if they are negative results) must be reported to 

a full credit score (1 point). 

D. 	 quality of the laboratory 
procedures and should 
program, the may be handwritten, computer based, or 
backup). Notebooks are property of the mentor and should always be In 

lab and/or stored on laboratory computers. Photocopies or electronic \-VI.I1"'O> 

given to student at the the semester. The scores (0 to 1 point) 
OJ".......u'"'''.., and clarity of the lab notebook. 
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Research Product (4 points total, average 3 components): The quality of the written research 
report or presentation document (paper, poster, or Power Point file). This final product must be 
completed with approval of instructor in order to receive a passing grade for the entire course. 
However, the grade will reflect to following rubric. 

Clarity and 
Completion 

Results 
and 
Analysis 

Review 
and 
Discussion 

4-A 
Product is well ­
written! void of 
mistakes, and 
makes purpose, 
relevance, and 
methods clear. 
Product 
contains and 
appropriately 
distinguishes 
introduction, 
methods, 
results, and 
discussion. 
Sources are 
appropriately 
cited. 

Research is 
innovative and 
original* with 
obvious 

thorough and 
demonstrates 
context and 
relevance of the 
research. 
Discussion 
appropriately 

fully ng 
caveats without 

3-8 

Product is mostly 

I 

and discussion 
a 
Sources are 
cited. 

is 
inal* with 

clear relevance 
to field. 

satisfactory to 
demonstrate 
context and 

of the 
research. 
Discussion 
interprets the 
results but does 
not fully consider 
caveats or 
makes some 
claims not clearly 
supported by the 
data. 

2-C 
Product is poorly 
written, leaving 
questions about 
the purpose, 

and 
methods of the 
research. 
Product lacks or 
fails to 
appropriately 
distinguish one 
or two of the 
following: 
introduction, 
methods, 
results, and 
discussion. Most 
sources are 
cited. 

Review of 
literature or 
previous 
research with 

knowledge but 
does not 
demonstrate 
context and 
relevance of the 

Discussion 
merely restates 
the results and 
does not 
conSider caveats 
or makes claims 
not su 
by the 

1-0 
Poor writing 
quality and 
clarity make it 
difficult to 
judge the 
product at 
Product lacks 
or falls to 

Most/all 
sources are not 
a 
cited. 
Review of 
literature or 

and/or 
unsupported 
claims. 

No 
product/ 
plagiarism 

No 
product/ 
plagiarismis 

Analysis is 
appropriate, 

the data, 

preexisting 
knowledge is 

inadequate 
originality* of 
findings, or 
research is 

but lacks 
of data. 

claims 
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collected, this is original 
reported original work. 

literature can also be considered original research if author of the review 
perspectives to the questions considered by combining the of many studies. 
course is to consist primarily of original research involving the collection 

This course is not completed until written description of semester's work (paper, poster, or 
is submitted to and accepted by the faculty mentor. The product must be 

submitted Week in mentor read 
Week. 
*PowerPoint must have sufficient text the "notes" to explain the slides as presented 
to an 

Late Project Assignments: Late work is always problematic. scientific 
journals must submission deadlines, assignments for this course will also be graded 
level of completion at the due date. endeavor that is must (and 
have some results even if research questions. to 
submit any product documenting " There will 
incompletes failure to students can an 
department an exception. writing during the semester 
course. must include a written plan of action to complete the research outlines 
how each task will completed. final day of the no appeal can be 
Assignments can in early for opportunities for review and revision in order obtain a 
grade. 

Attendance: Attendance/research activity is 
may be H'-',"'-AU'.',,", approval of instructor, 
hours per of . at least 

Academic research will automatically result in a grade " It 
will be reported to dean according to procedures established by 
university. 

Learning Disabilities: disability and wish to discuss accommodations, you t'Y'IA,t'lT"'" 

must contact the (part of Alpha Service) at 
to make an Disability 

accommodations, each class 
They will make nec:essru with instructors. 

BehaviorlDress is deemed by the to endanger the student 
or others will result infringement, the will be asked to HU.''-',,",U 

discontinue the 

Policy Regarding Questionable Materials: all worthy areas 
understanding world (Le. challenge 

questions and your 
of our 



November 5, 2013 
Drs Brokaw, Diana Flanagan, Patricia Hernandez, Jennifer Huddleston, Rebecca 
Hunter, Tom Lee, James Nichols, Qiang Xu 
Abilene Christian University 

Dear Dr. Brokaw, 

Thank you for the submission of the application for the new course BIOL399: 
Biology Research that you, as well as Drs. Daniel Brannan, Diana Flanagan, 
Patricia Hernandez, Jennifer Huddleston, Rebecca Hunter, Tom Lee, James 
Nichols, Qiang Xu will be teaching. We reviewed the syllabus based on the ACU 
Syllabus Guidelines. We found that the syllabus present the following 
issues/questions that should be addressed to be fully compliant with the 
guidelines: 

• 	 A brief catalogue description is not available; 
• 	 A list of textbooks and/or reading materials is not available; 
• 	 In the course format section, would be possible to provide more detail on 

how the fieldllab requirements can be met? For instance, do students 
schedule their own lab/field time, or is there a set time for labs? 

• 	 Would you be more specific about time for semester's work? Description 
like "remember that the mentor needs time to read and approve the report 
by the end of Finals Week" may not be most helpful cornpared to a more 
specific deadline. Or are such deadlines set by individual instructors? 

• 	 As an independent study course, the course does not specify a list of 
topics to cover or a schedule to go by, but are there some basic research 
topics to cover or skills students will need to develop in any particular 
sequence or combination? Right now, everything is vague and that may 
not help students to understand what kind of outcomes they will be 
expected to achieve. 

Please consider revising these items if making the recommended changes will 
help your potential students. If there are reasons that would justify not making 
the changes, please prepare to share them with the council when your course is 
submitted for approval. 

If there is any aspect of the application or syllabus you would like to discuss 
further, please let me know and we can schedule a time. Please know the 
Adams Center is here to serve you in any aspect of your course development, 
implementation, and/or ongoing teacl"iing of the course. 

Again, thank you for allowing the Adams Center team to review your course 
application and if there is any way we can serve you, please know we are here to 
serve you. 

Berlin Fang 

Director, Instructional Design, Adams Center 




BS: Biology 
BlOG: General Track 

Banner ID ___------,--- ­Name ______~~-----------------
Entering Term/Catalog Year _____ ACT/SAT Score._______ 


Transfer HoursjDual Credit/AP ____ Math Placement.__-:--__-'--_ 


Required Biology (21 hours) Term Grade 

_ _ BlOL 112/114 General Biology I and Lab 4 hrs 
__ BlOL 113/115 Gen.eral Biology II and Lab 4 hrs 
_ . _ BlOL 221/223 Animal Biology and Lab 

OR BlOL 222/224 Plant Biology and Lab 4hrs 

BlOL 312 Cell Biology 3 hrs 

BIOL362 Ecology 3lus 

BIOL497 Seminar in Biology (Sr Yr) . 3lus ' 


Other Biology (21 hours) Any 300 or 400 Level Biology Course 

Chemistry (16 hours) 
__ CHEM 133/131 General Chemistry I and Lab 4 hrs 
__. CHEM 134/132 General Chemistry II and Lab 4 hrs 
__ CHEM 223/221 Organic Chelnistry I and Lab 4 Ius 
__ CHEM 324/322 Organic Chemistry II and Lab 4 hrs 

Physics (8 hours) 
__ PHYS 110/111 General Physics I and Lab 4hrs 
__ PI-IYS 112/113 General Physics II and Lab 4 hrs 

Electives (9 hours) 
3lus 
3lu's 
3 hrs 



__ 

__ 

(12 hours) 

___""" __ COI~E 
__ CORE 220 

320 

(3 hours) 
__ COMS Foundations 

Mathematics (3 hours) 
II 

OR 
Calculus 

The 

(12 hours) 

Composition Rhetoric 


and 

(3 hours) 
EXSC100 

Activity of your 
Activity your choice 

220, THEA 

3 

(100-299) of 
area the above OR 3 

101, AHT 222, 

a 
from the 
230, MUSM 

3 

3 ills 

3 hrs 
3 hrs 
3 hrs 
3 

3 hrs 

3 

3 
3 hrs 
3 hrs 
3 hrs 
2 

31us 
3 hrs 
3 
3 

1 hr 
1 hr 
1 

Total Hours: 128 



BS: Biology (BIOG: General Biology Track) 
For Students Entering Fall 2011 

lis is a sample schedule to illustrate how long It will take to complete this degree plan, Additional semesters may be necessary if you are required to complete courses listed in the nghr-Inmd columll or jfyou repear courses, Consult 
Ith your academic advisor before changing the sequence of courses, Some courses are not offered every semester and some courses IlA\'e prerequisites, Check the course'description 111 the current catalog for details, Failure to 

,mplete courses in the re:ommended sequence may delay graduation, 

I I I IIi I 

t BlBL 101 t ENGL III BIOL 1121114 i CHEM 1311133 ;- CORE 110FR Life &Teachings General Chemistry IILab Required if condition iFall Composition & Rhetoric General Biology IfLab 

\ 

3 hrsofJesus 3 hrs -4 hrs 4 hrs of Admissinn:17 hrs l hrs ,I 
lJNIV OJ J !FR t BEL 102 -:- ENGL 112 BIOL J 13/11S CHEM 1321134 CORE 120 Learmng Strateglcs Ii 

Spring Acts -Revelation Composition & Literature General BIOlogy IlfLab General Chemistry II1Lab 
3 hrs 11 

4 hrs 4 hrs I' 
17 hrs l hrs 3 hrs i II 

1ay be reqUl red based on 
Summer 'OMPASS tests 

, <'lATH: 

BIOL 221/223 - Ammal BiologyfLab 
MATW 019 

SO • BlBL 211 CHEM 2211223 ! MATH 124 Pre'Caicuius II MATH 109·ENGL 
Fall Mes;age of the OR Organic Chemistry lfLab Or

Literature BIOL 222/224 ­ Plant Biology/Lab 17 hrs Old Tcstanlent 
I 

4 hrs ! MATH 185 1ay be required based on3 hrs 4 hr; 3 hrs3 hrs '.CT or SAI scores. 

SO i BIOL 312 ­ Cell BlOlogy i -NGLISH: 
CHEM 322/324 i • ENGL ! I 

ENGL0033 1m CaMS 240 I EXSC 100Spring CORE 220 Organic Chemistry lI!Lab i LJ[craturc i ! ENGL00416 or 17 3 hrs 3 hrs i 3 hrs 
I 

1 ill' 
4 hrs i i I ENGL 106hrs ! ENGL 006 

I i I 
; ENGL 107I I IRecommend Summer Study Abroad i I ! ENGL 007 Summer 

I I i! 
I I 

! I , 
JR PHYS 110/ III BIOLOGY Bl0L 362 ­ Ecology i ·SOCIAL SCIENCE CORE 320 

Advanced Elective 3 hrs I iFall General Physics lILab 

i 
3 hrs 

I 
3 hrs 

16 hrs 4 hrs 3 hrs *FOREIGN 
I 

LANGUAGEI 

I 
~JR BIOLOGY BIOLOGY PHYS 1121113 

I 
·SOCIAL SCIENCE EXSC Two semesters 

Spring 
Advrnced Bible Advanced Elective Advanced Elective General PhYSICS IlIL<lb 3 hrs (Activity) 

I 

required if 
Ii17 hrs 

3 hrs 
3 hI's 3 brs 4 hrs I hr proficiency is not 

I demonstr~ted b)' ;1 

I 

testing. Ii 
Ii 

Summer ": I' 

I I! 

I 
B:OLOGY BIOLOGY 'ElectivelForelgn I 

! 

! 

ADVANCED MATH I 
SR BIBL440 COl\1J>ASS IFall Advanced Elective Advanced Elective Language ELECTIVE 

14 hl's 3 hrs 3 hrs 3 hrs 2 hrs 3 hrs REQUIRED FOR 
Ii FINAL MATH 

PLACEMENT I 
I 

SR *ElectivelForelgn BIOL497 BIOLOGY BIOLOGY 
i 

IEXSC 
Spring Language Biology Seminar Advanced Elecllve Advanced Elective (Actlvity) I Iotal Hours = 128 I13 hrs 3 hrs 3 hrs 3 hrs 3 hrs 1 hr 

I I 
March 2011 

II ===" q ,,~qUlvalent IS offered atone of ACU's semester-long Sllldy Abroad sites, Those planning 10 study abroad should save these 
)urses See \VvM,acu,cdu/study-abroad for updated courses, 



• 
• • 

.~ 

~ 

• 


••
1, 
J 
f, 
~ 

••l 
••• 
~ 

•
• 

1I1A 

(or 

literature 

3 
Foundations of 

6 
two courses in areas 

. following list: 
Agriculture/Environmental Sciences 

130 - and POLS 225 National Government 
Socio1ogy 

SOC1 I II - Introduction to 

3 

,3 



BS: Biology 
..BIOO:Orga.nisma~ Track 

N arne --'--.,~---'-~..,.-,-~---'c."=~-,-----,--,:,,,: 
Entering Ten:nlQatal.bg Yeat ---:­. ~:":::-'-:;~~. 
Transter ..flours/D.ual CreditjAP --=--'----,~...!.., "" 

Banner lD ~. --'-'---"----'--~~J 
A CT/SATScbre.--::­_~. ---=':---:----:----'-'-' 

Math Placement . .' .' ' . .- .. --~-"-­

- Requir:.~d Biolugy (21 h"~.utsl . 
: _., _ ._.' elPf112j114 . Gener·al Biology land Lab 

. _. _'. _. ·BIO~" Jlq/l1f?' GeneraLI3.iQlogy Hanq Lab 
' -,-~ .BIOI::. 221/223 ' ,. A:nh~C11 Bio}Qgy and Lab 

'" '9R mQL 22?/224 Plant Biology' ~nd Lab 

> '4hrs 
·4hfs 

4 hrs. 

Term 

___ .mOL 312 . . Cql1 HfblGgy .; 
..~~ 'BloL 362 EcoYogy. ·' ". ' 

.31u:8- r--i-=--;-':-~,..-'-::,--:-:---::'­

_...._ ._ J3IOL.497 Beminqr iTt i3i91bgy :;(StY~) 
,3 hrs . 

...,......,.,..--,--;'~:-:-'-"'--"'-~~ 

3' hrs 

" . ~:Othe! Biology (21 :ho1.frsl. 12h.r;s. listed .below plus 9 fldvarccd hours of your choi.~e 
Cbeos.e l~o o~( the f(jllowingcci~rsps: .: '. . . ' 

"., " . BiolMO ;- Field, 13i.OL 380 -Manima!ogy; BIOL 403 - Marine, ~TOL 425 -: 13ehaviol' 
~--'-- .HIOL ':., . . ".4 h1:s ____~. -'-"-~~--'-'--'-'-'-_ 

.: BrOL 4 ills 

'. . . 'l3ioL 492l495' " Physiology .& La b 4 hr~ 

.~ Che}nistry (l~ ' h(Jur$) 
_. _ c::I-:fGM139/131 ,-, General~l1fmi$tryI and ·Lab 

. _" _' _ " OI-i EM 134/132' GeneralChemistrylI ,andLah 
_.~~ Cl-'InM 223/22'1 Organic Chemistry 1- and La'b 
__'.._ ' GHENi324/322o.rganic 'Chemistf;Y U and. Lab 

. Physics (8 hours) 
. ,_..~._. PJ-I¥S,110/111 

_. _ PI4YS '112/113 . 

Electives (9 holUS) 

General P1;1.y$'i~s J and 'Lc;I b 
· G~neral T?hys~cs If a'nd -Lab 

4 hers 
4 hrs 

. 4: hr8 
4 hrs ' ---:--::;---,-;--,----,­__ 

4 hrs 
4hrs 

3· hrs 
3hrs 
3 hI'S 



CO.RE (12 hours) 
. , .' 

COREllO The Ques~ion of rruth 
,COREfio the Qu¢stioD ·()f Identity 

_ CORE' 2'io " The ~Queshor'l oJ 'Coriununity 
- .-. 'CC)JZE320 1:hc QuestiPh ofTranscelldenc~

-, . , . " 

I : 

Bipk(14 hoU:rs) ," 
mln~ 101 .~ Ufe and Tiach~'ngs DfJeslJ~ 

.' BlBL 102 ' Ads -- Hevela tion , 
- -..- 1?r'r3L Zil M~ssage: 4:f th'e Old Testameht 
_.•_.' Adv,course·(3d0.:.499.) £rotn, ,'I'UBL, .BLBt), Blm-If ,I~Mrs 
:"':_"_"_ I31HL440 .. <:hristianVo;cation & M.is&ion (SF: Vr) 

English (12hoilrs) 
_.' " . ' " ENGL.ll1CornpositiortarigJ{hetohc__~
._.'_ '_ ENGI~i12 CompositjQPandUtcrature 
_'__' -ENGL .·ijt~rature ;(Tiotjnd~dingE~gI351) 

LHef ature (l)oti!1duding ¥11gl351) 

,' Exercise scienc~ (3 .horirs) , 
_ _ '_ ' EXSC ·100 LifetirrteWellncss ' 
= ...._ EXSC: _"_ ' Aclivity of yqur,choicc 
_, '_ ,' _~ EXSC _'_ ; A.ctivityqiy<?UT;choice 

,So"cial Scien'ce (3' h.olll'sJ , 
_' _ ' '_' ,'3 hrs(100-'299) of social s~ience £wm A.n:thr~polo'gy~ 

ECOTIc)Il}ics (hi.c!. AGl~B 261), Gcogi'aphy, History, 
Political Science, Psychology, Sociology 
Socia,l ~ciencejl-Ittrii.a,n'itiesjFine Arts (3 hours) 

__., 3 hours' (100-299) of soCial scicI'l.ce from a different 

3.lu~s 

'3 hrs 
3,hrs , -,--_ -:-__-:---...-...-....,.....,. 

,~3'hrs 

3:hrs 
3 his; 
3 hrs ' 

---'-~---'----;;-=-

:9hI'S 

2 h;rs 

3hrs 
3hrs 
3 hrs 
·3hrs 

1 hr 
1 hr 
1 hr 

3 hrs 

3 hrs 
,area ftorh the list above OR 3,ho:ms from the following list: 
ART 101, ARt 221; ART 222,MUSM 230, MUSM 231, IylUSM 232, MUSM 233, 
THEA 220,TJ1EA250 

Total Hours: 128 

http:scicI'l.ce


" 
. 1 

B~<= Biology ~(~lUU:Urga:niStnal :lliot(jgy' Track) ' 
For Studci1ts'Enfering Fail20 11 

t, I • :t:.0 

'i':. ", _..;.:;.. 

This 1$ a sample schedule to illustrate how'.Iong it >viILtjlkt: to tomjJlele tJlis d~grce plan. ~ctdi!ioiiaJ seme~{ers may l;e ji~ccssa()iij:, )'ou ,are, rcquircdto_comfJlete ,coufses ,Iisfu'iin'the rl~ht~liaHd column orTf yOIJ rcp~atco'urscs _ -Consult 
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Genetic barcodes in Menfze/ia: Menfze/ia a/&icau/is and relatives 
Christian H. Hofsommer, Tina A. Johnson, and Joshua M. Brokaw ~ 	 4b
Department of Biology, Abilene Christian University, Abilene, Texas 79699Biology Research 

ResultsIntrodudon 
Molecular comparilon," The most common haplotype ocOJrred in most 

Mentzel;' section Trochyphy/um Is a monophyletic group 
'peclmen. of bo'" M. albicouli. and M. menlo"" bur not M. mone>ensi.. 

composed of approximately 20·30 annual plant species With ndhF·rpl.32 sequences, all M. monoens", specimens hod ldenrlcal 
(Darlington 1934; Zavorlink 1966; Hufford et 01. 2003; Brokaw haplotypes, bur nane were shared wi'" M. albicoulis or M. monlono (FIg. 
and Hufford 20100; Brokaw and Hufford 2010b). This group ~). Mentzelia albicouli. hod one unique sequence found In F4427. 
includes common, widespread species and rore, narrow Mentzelio monlono specimens exhlblred five unique sequences found In 
endemics, IlOny of which are polyplaids tnat can be hard to 8245, 8291, 8425, 8568, and 8575. Aho one sequence was shored 

by rwo M. monlooo populations (8564 "nd 8565).distinguish /Darlington 1934; Zovortink 1966). Because of Its 

investigation Inv"'ved comparative sludles of molecular data that 
we collected fr"'" M . mone>en.si. and the similar, widespread : ~ ~~::. ~:,~~ ~~;~::~ ~~t~ ~~:~ )J' 

I B.'5Cif B57' B5-I} S~.-'3 1J!5:Jb G 11 J75l2r'l40 I
species, M. albirouli. and M. monmoo (fig. 2; tetrapiold). The ------ )primary objective of this work was to Identify a molecular 
marker thai can be used as a genetic 'barcode' to distinguish M. Fig. 4. Unrootod po"tmony _ of haploty"", lboxesl from AI. o_i. (red 

monoen.i. from M . albicouli. and M. monmno so that land """,bers). M. monblo (blue numbenl. and M. ".ono.,.i, (green numbers) baled 
trt:IhF-qJI.32 aequences. Numben In boxeJ represenr collectlont exhlbhlng the 

managers con accurately determine the conservation status of 
hopJoty~ 8kJck lines repr4MIent Ilng~ mvtotk)nol steps. Dashed lines repr8lent

this plant eYen when suffiolent material for identification based Fig 2. AI._. M. monoetUiJ Igreen) and M. al>tcocJi, and M. monlono (purple). 
on morphobgy is not available. 

Discuuion 
Through rile use of molewfar dOlO, _ wiN be able 10 furrl1er clarify rile 

range Gf M. monoens.is b)' Identifyng samples from herbaria In the 
Method, 

During 0 recent inventory, populations of M. monoen.si, were located throughout a range surrounding COOOtieL When there are no. any seed. present In the herbarium 
of approxlnately 1000 sq km In rIle vicinity of Mono lake and o"'er portion, of Ihe Mono .peclmens molewlor dolO will allow us ro de",""ine rile .pedes. Mentz./io 
Crate" vol"mlc chain (Fig. 5), ohen Inrennixed wllh Ihose of M. monlono. M. albicauli. and mOl'1oen,j, con be dlsltnguished from M. oJbicoul;, and M. montone in the 

field using a few morphological characteristics. The most reliable characten 

Canada (Fg. 3). We rook sample. from 58 total populations, Including 15 from M. 
M. monfonocover both this region and much of the western United States and southwestern 

are 1'he shape and color of the seeds, requiring a hand lens or dissecting 

olbleaulis, 21 from M. monoen£i~ and 22 from M. montono. We performed DNA exrractlon "ope. Howe¥8r, seeds are ONY present during a brief period of the amuol 

life cycle are are not preJen't on all herbrlurn specimenL Thus, a DNA burand omplifcorlan for the cpDNA spocer (n<ltF-rp/.32) using slondord protocol, (Marlowe 
code I. needed to provide a highly reliable -mod to recognize bolh IOxa2007); amplified DNA was cycle sequenced and .equenced by rile DNA Analysl. Facility ar 
riley con determine wf1ar rile c~voIion """" needs to be.Yale Univenity. 

Mentze/io lJtOIK)eflJis Is narrowly endemic '0 .... Mono Cra.en area in 
Sequeno. were edited ~ I.,,,,, ~ M. ~. IrK "or). 

Fig 3. CoMbined ronpt of ..... atbkoAIa ~ M. 

California. Mentz./io monoen';. may be specialized to use vakanic 

'i.-~''''''J< . ~~. 

~ '~ l-. 
-,;< 

~\ 

1\ ).)J2:~ rn 
V 
\) 

and allg.ed manually 	 ....11--.... sub.lrares found in the region. HoweWlr, rh~ has nor been confirmed. The 
using SE-'l (v2.0a il; term neoendemlsm refeI'J '0 a species rho. has recent! y arisen.. Thk could be 
Rambaur 1996.2002). a species """ has diWlrged and became repl'OducrlWlly Isolated 0< one ""'r 
Haplotype networks were hoi formed following hybridizo~on and I. now claRified as a sepora... 

conuructed using rcs _':,....~ species. Such hybrid spedo.ion CCW1 be a common process '" planlS, 

ve,,1on 1.21 (Clemenr er ~\' espedally those which exhibit pofyploidy, such os M. monce,,,i .. 11 Is though. 

thor neoendemlsm besl deocrlbes Ihe evolution of M. _sis because01. 2000; under rIle ~.'. '~ dara produced by Brokaw and Huffo<d (2011 b) suggest Iho1 M. monoetI.i,___L1 .~ cri.erlon o j 0 parsimony 
I. a relatively young .pecles formed through an allopolyploldlzcnion event. 

network in which ., 8ecause M. monoensis is likely a new species, ft ls poaible rho. e..muolly
connections have a 

k will spread throughour rile western pomon of Ihe Un_ Slate>, as hove 
probability of ar least M. a/bicou/i, and M. monlono. To determine how for i. has spread, we will 
95·..... begin oblOining specimens from herbarlums in the counties around Mono 

county. We wiU ~ gorher their mo&ecuIor dora in order to confirm Ihe::'\ It:;O,':!J 'peeles. The plasrid spocer nd/tF·rp/32 con be used a. a genetic 'barcode' 
to consistently distinguish Ihis species when mature seeds ore nat a¥Oiobie. 

commonnes~ most ambiguous SP"Clmens are Identified '" M. 
--

albicouli. (fig. 1; octoploid). However, hexaploid populations of 
IM. moneen;. (fig. 6) oc<:ur pumice solis and disturbed sites near 

6425 I-.IIthe Mono Craters (figs. 5) of Mooo Ca., Califomia (Brokaw and 

Hufford 2011). Although evolutionarily distinct (Brakaw 2009), 
6291II J-..M . moneeni. is difficult to idenrify, especially when yaung. 

Due to the complexity of identifying M. monoen';s and Its 
status as 0 narrow endemic, additional effort Is needed to II 6245 f-
provide teliable characteristics for identification. This I.: -, -- ­

8564 8565 	 II 
-

I 
....I 856!1 II 

B072 6061 80858100 8771 
8277 6287 em R363 B~70 
B376 8543 651i7 8569 esn 1--1.. II8575 

B060 8337 8342 8466 84 70 
!l400 8495 BS2!> B528 B5l3 I 

F44278S83 8599 H3243 1.12345 H ~ -	 - -1"- - - - ­

Biology Research 

Conclusions 
o 	 Molecular data from new and wider sampling 

have supported earlier hypotheses that M. 

mon.,.,n.;. is claseiy related but genetically 

distinct from M. alb;caul;. and M. montana. 

o 	 The plastid Intergenic spacer ndhF-rp/32 can be 

used oS a genetic 'barcode' to consistently 

distinguish M. monoen.is, M. albicauli. and M . 

moo/ana when mature seeds are not available. 

o 	 Molecular data wHl allow us to identify the 

range of M. manoen.i. from herba rium 

.peclmens in order to determine the 

conservation status of M. monoen.i•• 

Fig 5. Mono Croten. Fig 6 . M . monoen.&il. 
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Phylogentic relationships in the rodent genus Thomasomys 
Michael Maeker, Tanya Daughtry, Joshua M. Brokaw, J. Delton Hanson, and Thomas E. Lee, Jr. - Abilene Christian University, Abilene, TX 79699 

Introduction 

The numerous rodent species of 
the genus Thomasomys, native to 
the slopes ofthe Andes 

Mountains in Ecuador, are a 
large group with the potential 
for interestirg patterns of 
diversity. Several taxa have 
been assigned to sequences 

deposited inGenBank and 
specimens inthe ACU Natural 
History Collection from Sangay 
National Park (Fig.l). However, as 
of yet, the various species have 

not been subjected to a rigorous 
phylogeneticstudy. 

A prima ry ot:jective of this study 
is to test previous taxon 

descriptions (Voss, 2003) in order 
to facilitate creation of an 
updated key to the mammals of 
Ecuador. As part of this research 
a previous study has suggested 
that the taxon T. baeops is 
polyphyletic (Lee et aI., 2011; Fig. 
2). Here we use sequences from 
the cytochrOille b gene to test 
the hypothesis that T. baeops is a 

single specie •. This study should 
provide insight into the 
evolutionary history of 
ThomosomY5 species of the 
region as well as help clarify 
identification of species. 

Figure 1 : Sangay National Park 

' , ' .' 

Figure 2: Neighbor joining tree 

'------4 

Results 

Figure 3: The maximum likelihood (ML) tree based on cyt b 
sequences from accessions from the ACU Natural History 

Collection and GenBank. Boot strap values 01: 70% are 
shown above internodes. Branch lengths are proportional 

to the number of substitutions per site (see scale bar) . Tree 
is rooted with Reithrodon and Rhipidamys as outgroups. 

Discussion 
FindinlS in this study are lenerally consistent with Uxonomic keY$ we lire developins to describe 
rodent diversity in Ecuador based on pr:eviously published species descriptions (Voss, 2003). 
HO'Never, a previous study, suuested that T. baeops is not a monophyletic taxon, callins into question 
its stMus as a species. In this study, the clade that includes the T. boeops specimens also includes a 
specimen identifled as T. ischyurus from northwestem Peru (Smith and Patton, 1999). The sequence 
data for the T. ischyurw specimen wu collected from Gen8ank (AFI0867S). This reconstruction 
s'4lests that T. borops miBht not be a monophyletic Sroup and, thus, could represent more than one 
species. However, one other explanation is that the T. ischYlJrlJs specimen could have been 
misidentified. Thomosornys ischYlJrlJs is not known to occur in Ecuador, and we currently have no 
other T.lschylJM specirnens for comparison. More specimens and additional analysis are needed for 
further investtption. 

This study of the cyt b lene found that, while having more varianon that Is potentially useful in 
phyiOlenetic study, cyt b may Ilso contain more homoptasy thin nuclear genes (Koepfli, 2003). 
Homopluy CoIn nesatively Impact the resolution of the deeper nodes in I tree by disguisinssenetic 
vargtion and chanle, this prCIYides poor support for deep bnlnches in reconstruc:tlons, which makes 
ternnl hypothesis on speciation difficult (Koepfli, 2oo3). To account for these shortcominls, we are 
explorinl RAGl (a nuclear gene) with the possibility of less homoplasy in order to get a more 
accurate estimation of the nodes more deeply seated in the tree. 

One of the objectWes of our broader 
research prOll'lm is to understand 
diversification of mammalian sroups in 
Ecuador. This wor1r: involves comparison of 
the leOlrJIphic distributions of species on 
both the eastem and western slopes of 
the Andes. The Andes averaSe heilht is 
approximately 4,000 meters, and these 
mountains are expected to represent a 
180lrJlphic b.rrier that Iffecu speciation 
and the distribution of diversity (Graham 
et at 2009). We expect that the Andes 
have also impacted the diversification of 
Thomosomys. For eumple, our current 
dau sUI lest that T. covdivoriow and T. 
silllmr;, are monophyletic. However, they 
found on different slopes of the Andes 
mounUins. ThomOJomys colJdhlorlolJ! was 
collected from the western slope of the 
Andes in the hiSh paramo, while T. 
si/wsrris MIlS collected in the cloud forest 
on the eastern slope. Even wnhout the 
leolrJIphic barrier, the different habitats 
that the two orpnisms occupy can be 
impomnt in the study of ecolOlial 
dtversity. The specimens themsetves are 
very slmillr but can be distinluished by 
color (Fill. 4) . 

In order to address these questions, we will need determine the bioleolraphical history of the 
difterent species and their ancestors, which would require a fully resolved tree, especially with 
better resolution of the deeper nodes within the tree. 

Figure 4: Thomasomys cQudivQrious 
shown on the left with a grey 

underbelly. Thomasomys si/vestrisis 
shown on right with a dark brown 

underbelly. 

Methods 
Molecular Symmatics. We sampled the following: 1. !umeus, 1. c/nnomeus, 1. praetor, 1. poromorum, 1. sllvestr;s, and 1. baeops. Specimens were 
collected from ,he Eastern slope of the Andes in the Sangay National park in Ecuador, with the exception of 1. caud/var/ous from the western slope 
and samples ta(en from GenBank (accessions numbers listed in images, Fig. 2, Fig 3). SpeCimens in the field were collected using Sherman traps. 
Extraction and implification for the genomic DNA were conducted using standard protocols (Hanson et aI., 2010); polymerase chain reaction was 
used to amplifj the complete IlB3 base pairs (bp) of cyt b using the primers P484 and P485 (Steppan, 1999). Amplified DNA was cycle sequenced 
and sequenced by the DNA AnalYSis Facility at Yale University; sequences were edited using Sequencher version 4.10 (Gene Codes Corp., Ann 
Arbor, Michigal, USA) and aligned manually using SE-AL (v2.0all; Rambaut 1996-2002). A neighbor-joining (NJ) tree was estimated with PAUp· 
v4.0bl0 (Swofford, 2002) using all codon positions and complete deletion of gaps. Maximum likelihood (ML) analyses were performed USing the 
RAxML progran (Stamatakis, 2006) as implemented through the ClPRES web portal (http://www.phylo.org/). Gaps were treated as missing data, 
and each codon position was treated as a separate partition, allowing GTR model parameters, branch lengths, and alpha parameter of the gamma 
distribution to be estimated independently for each codon position. The ML tree was chosen from the combined results of 1000 replicated 
searches. Bootstrap support values were estimated by 1000 ML bootstrap searches using search procedures above. Trees were rooted using R. 
aur;tu5 as an out-group. 
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Most species of Thomasomys in the tree are shown to be 
monophyletic, with the exception of T. baeops. A subclade 

of T. baeops is grouped together with T. ischyurus with a 
bootstrap value of 95. Note that the T. baeops specimens 

are otherwise all grouped together with a 85 bootstrap 
value. 

The nodes at the species level are well resolved. However, 
the more deeply seated nodes joining multiple species into 
clades were not confident enough for display (01:70) 
bootstrap value. One notable exception is T. silvestris and T. 
caudivarious, which are grouped with a bootstrap of 73 . 

These specimens were collected from the eastern slope and 
western slope of the Andes respectively . 
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Estimation of the Paleoniche of Mentzelia thompsonii (Loasaceae) 
Jonathan Stites. Emily Crain. Elizabeth V. Lurz. and Joshua Brokaw - Department of Biology. Abilene Christian University. Abilene. Texas 79699 

Results DiscussionIntroduction 

the Gunnison River Valley migration was not lim~ed within that oneMentze/ia section Trachyphytum region. This could have allowed one genetic type to take over. In
is a monophyletic group composed of fig 1. _: II. 1/totnp6Dnii 

part of the distribution has moved 
north and west in the paleoniche. 

estimated niche, the middle area of 
the distribution has moved west 
and been broadened, and pushed 
further down the Colorado valley in 
the paleoniche. Further, the Grand 
Canyon is a potential habitat only in 
the paleoniche (Figs. 4A & 48). 

Conclusions 
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In comparison to the current contrast, the low diversity in the Four Corners region seem likely to 
approximately Z0-30 annual plant have been caused by a founder effect due to a rare colonization 
species (DartillJton 1934; Zavortink from the Gunnison River valley. This recent colonization is 
1966; Brokaw and Hufford, 2010a; consistent with the lower avaHability of habitat in northern New 

Brokaw and Hufford, 2010b). Section Mexico in the paleoniche model. 

Trachyphytum s generally limited to In the more genetically diverse ranges north and west of the 
areas of low canpetition such as Colorado River, our paleoclimate model suggests that M. 

thompson;; has likely migrated northeast up the Colorado Riverrecently disturted or stressful 
Valley and north into northem Utah and Colorado. Our paleonicheenvironments. One of the most estimate suggests that this portion of the range has remained large

recently described species in this group and geographically diverse throughout historical episodes of climate 
is M. thompso~ii (Figune 1), the only fie. 3. PopuIetion. change, and this may explain the preservation of genetic divers~y. 
diploid species in section of fMntzeIiIl However, this experiment has still leI! us wondering why the plants/hotnp$OtIii sampledTrachyphytum 10 occur only outside """,_stem on either side of the Colorado do not mix. 
California (Figure 2; Brokaw et al. Colorado, ___SlemN_ In a later experiment, we hope to analyze where thesa plants might
2011). be in the future based on soil typing and climate mapping.Mexico end_ternIn a previous study, we 

Uteh. Stens 
determined the genetic distribution and ..pretent semple 

isolation of populations of M. Iocotion.. c-. of 
.,.,. mlllc:l1 • Our data suggest that north of the Colorado River Mentzeliathompsoniiin CO, NM, and UT. Here hejIIoIypes. Stars thompson;; has been spread over a wide range with many disjunctwe use estimaild paleoclimate data to with dille,..,1 nN end 

propose a possible migration pattern of Fig. 2. 0i0IriIlub0n of AI. /hompOCniIlrod)'" - outline colors populations, prodUCing higher genetic diversity in that region.
dipo!do"'AIontt... lOdion Trrochyplry/rlml",_)· ..pre_I

Ihese mentzelias. • In contrast, the habitable range in the Gunnison River Valley seems
populations with Iwo 
hoplolypes. to have been smaller and more homogenous in the past, explaining 

the low genetic diversity in that region. 

Phrfogeny, Il'IWogreeeion. end Ch...' evolUtion of diploid species in MetUeIIiIMethods etooo-J. $yolomoticllobny 3S~'-6'7. 

Molecular Data 2010h o.lgina end IfItrograaion d potypkMd tPeCi.. 1n MfltWZtIB seeton Tt1IChypII)flm 
..".ican Jou'n" of BcUny 81" 457·'473.Tissue sampleswere collected from populations of M. thompson;; on the COlorado Plateau along _HulOId. 2011 . OvomOlOl'l'le COUntllnd taxonomy 01 MMleU thompson;; 

·57-e3the CoIoradolUBh border and south to the Four Corners region and from herbarium specimens 
J. 1934. Amonogqph of (he genue Menti.... An,... of lilt MiNoun BocInk:eI Gerden 21 : 103-227provided by the ACU, COLO, and INS herbaria (Figure 3). INe sampled 1-15 individuals from a HijmlI'II, R.J .• M. CIuz'. E. Rajn and L Gwtrino. 2001 . ~VA- Gis.. V.,...., 1.4 . A ~ IntorrnllOtlaYltem tor the 

ot gennc.rllClU(ClN data. Menu•. IfIltI:nattOftlil PcUlo OWl..,.. UN. Pfi(u,total of 29 Iocatons to determine how closely related these plants are in order to create a more ___01,,*,," _ __. 

accurate migraliOnal history. 
......, S. J.. OldIe, II. & SdIopIr-. Re. 201M. Amlldmurn -'11)' apprOla.1O 
opodoa_~"-_inPr-.gaof"'21.'""'_

LoomIng. ACM _ , _York.Climate Data 

We gathered a.rnent and paleoclimate data for the United States from the WlrldClim database 'IIIII.Ar_"'_.... _~(a-o). 


Ph.O._ Loa~Ck_."'~.
(htIp:/IwwW.WOI'dcIim.orgI). We converted the WlrldClim data Into a readable ASCII format using 
DIVA-GIS (Hljl"l8lls et aI., 2001) for creation of current and paleoniche models in Maxant (Phillips Biology Researchat al.. 2004) baled on the Qlnant disIribution of populatlon$ of M. tI'Iompsonii, Maps of the LonyH_ct. NlgllGoIrI, WA. _,OndDaor--.cl_tor_. _ _ _ 
estimated curr81l and paieoniches ware visualized using DIVA-GlS. pr-.t ."ACU, COlD. Ondws. FIhInII_ pr-.t"''''IIaIIrW''-TNaI. __•Ond 

Compared to the true current 
distribution of M. thompsonii, the 
current estimated niche includes 
large areas of western Utah and 
Nevada where M. thompsonii is not 
known to occur (Fig. 4A). 

Compared the estimated current 
climate niche, the estimated 
paleoniche shows the western half 
of the potential distribution of M. 
thompsonii shifted nor1h to the 

IIGreat San Lake region. However, 
most of the favorable habitat is 
located in the eastern distribution. 
In the eastern portion of the 
distribution much of the northern 
range is lost and the most southern 

By analyzing the aJrrent and paleoclimate data, we are able to 
speculate where the past distribution of M. thompson;; could have 
been. However, in the aJrrent distribution model, there are potential 

~ " . _ , \ . ";reG sites where M. thompsonii has never been observed (Fig. 3). All 

I> " • 

• I " -A · ~ '..,,~''' ..'~ .' i£~.'c spots _st 01 the center of Utah are outside ~s current distribution.~t!J9~l .~" ~. This discrepancy is likely due to specializing by M. thompsonii for 
calcareous soil types. To further ·this research, we need to examine '" ..".... ~~ the different types of soil in each of these regions to aeate more 
precise niche models. Thus, for the purposes of the current study, 
_ fOQls on potential migration patterns in the eastem portions of 

Fig.4. A. CutTenl potential disttibution of M. the niche models that are consistent w~h the current distribution. 
lhompsonii. B. Potential past dislribution at M. 
Ihomp$Ollii. The dill'erent colors indicate how Based on our previous molecular study (Fig. 3), we can see that the 
tikely the 5p8cie$ would be found in that certain populations south of the Colorado River all have the same 
location baSed on climate alone. Red indicates haplotype, which is very genetically distinct from haplotypes of the 
areas in whic:ll the species would most likely northem populations. lII.tIy might there be low genetic variation in 
thri",,; whereas the graen indicates locations the southem populations? These populations are IimHed to the 
with climates that are inappropriale for "'­ Gunnison River Valley and a disjunct range in the Four Comers 
thompson;;. Small green circles represent region. It is likely that thesa populations somehow remained 
cwrant populations of M. thOmpsonii. separated from those north of the Colorado River. However, within 

Population genetics, biogeography, and 
systematics are currently converging in 
the multidisciplnary field of 
evolutionary eallogy (Nogues-Bravo 
2009). Climate models have become a 
widely used too to address 
evolutionary ctanges in ecology by 
projecting species' niches to different 
periods in the iBSt. 
Among the most useful tools that 
climate modelsallow within 
phylogeographeal research are 
alternative hypotheses concerning past 
migration pathways. These predictions 
can then be tested by other variables 
such as genetic data and soil type 
(Nogu6s-Bravo 2009). 
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