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INTRODUCTION
A thesis is original research that is intended for eventual publication by the
student as the first author and the advisor as the second author. Students are given 3
semester hours of credit for writing the thesis. The process can be long, tedious, and
frustrating. Students should not take criticism of their thesis personally, but rather
understand that the advisor and committee members are working to make the thesis the
best possible document. Students should expect many revisions of their thesis based on
comments from their advisor and committee members. In the long-run, paying attention
to format and writing details will shorten the process for everyone. Students need to
adhere to the schedule of events in submitting, revising, and defending a thesis. Attempts
by students to short-cut or bypass steps only results in delays and frustration of the thesis
committee, which is also the oral examination committee.
During the process of writing a thesis, the advisor and committee experience the
student’s ability to work independently and professionally, to pay attention to detail, and
to think critically. The thesis represents the caliber, analytical skill, and writing abilities
of both the individual student and faculty in the Department of Biological Sciences. A
clear, concise document with consistent formatting suggests discipline and attention to
detail, both of which are important in conducting research. Conversely, a sloppy,
inconsistent document suggests the research also was sloppy. Thus, proper formatting of
the thesis is important for creating a positive impression on the reader and serves as a
basis for future publication.
This Thesis Guide contains the regulations and format requirements needed to
prepare a master’s thesis in the Department of Biological Sciences at WIU. The primary
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goal of this Guide is to be a “guide” – that is, to help you with your writing by providing
answers to common questions, pointing out common mistakes, and giving good
examples. A person with a Master’s Degree in Biology should have good writing skills,
and this document was created to help you gain those skills.
Another goal of this document is to enforce consistency both within an
individual’s thesis and among all theses created in the Department. Consequently, the
most important concept to be followed when creating a thesis is consistency in format.
This guide is NOT intended to provide strict guidelines covering all possible situations.
While some broad formatting guidelines to which all theses must adhere are necessary,
consistency within a thesis is more important than consistency between theses.
For problems which cannot be answered from this Thesis Guide, it is the student’s
responsibility to seek help from their advisor or from the Graduate Committee Chair. In
addition, consulting the Council of Biology Editors (CBE) Style Guide (now called the
Council of Science Editors, www.councilscienceeditors.org, accessed 11 February 2019)
may be helpful. Do not assume that “it will be all right”, “they won’t catch this
problem”, or “they won’t require corrections to be made”. The thesis will not be bound
until it is free of errors. Do not use past theses as examples of format because the format
has changed several times over the last few years.
The Department of Biological Sciences Graduate Student Handbook outlines the
steps for having a thesis reviewed and approved, giving a thesis seminar, and taking the
final oral examination. This document can be found on the Biology Graduate Program
web page (www.wiu.edu/biology/graduate/, accessed 11 February 2019). Note that nonthesis students must also complete a research project, which is called an “Advanced
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Biological Project”. The Advanced Biological Project (ABP) must be written and
defended just like a thesis, so all the information contained in this document applies
equally to the non-thesis ABP.
However, the ABP was designed to be more flexible, so its structure might be
different. For example, the ABP might be based on an internship so that the traditional
sections of a thesis (e.g., results) might not be relevant. In addition, the ABP could
discuss the internship, the student’s responsibilities, or lessons learned while conducting
research. The traditional thesis structure can be modified to suit the ABP as needed.
Also note that the ABP is NOT submitted for binding – thus, it will not be in the Library
and will not be in the online database. It will be kept in the Department, so maintaining
proper formatting will still be important.
GUIDE FOR WORD PROCESSING AND PRINTING
The School of Graduate Studies requires that certain procedures are followed in
preparing a thesis (www.wiu.edu/grad/resources/paper/guidelines.php, accessed 11
February 2019). This Thesis Guide includes the requirements of both the WIU School of
Graduate Studies and the Department of Biological Sciences. If an inconsistency or
conflict arises between the requirements of the Graduate School and the Department of
Biological Sciences, the Department’s requirements will take precedence. Thus, the final
thesis must meet all the format requirements of this Thesis Guide. More specific
requirements and suggestions concerning the preparation of a thesis are described below.
Electronic Submission
All theses are now submitted electronically. The student does not need to print a
copy on thesis bond paper. All pages of the thesis (including the signature approval
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page) must be combined into a single Adobe Acrobat (*.pdf) file (see instructions in
Appendix A). The Chairman of the Graduate Committee will work with the student to
submit the thesis electronically via the University’s electronic thesis web portal
(www.etdadmin.com/cgi-bin/school?siteId=189, accessed 11 February 2019).
A nice feature of electronic submission is that extra files may be uploaded with
the thesis. For example, if a thesis involved unique mating calls of a bird species, audio
files containing recordings of the bird calls can be uploaded with the thesis. In this way,
when others access the thesis from the database, they will also be able to access the audio
files. This feature is not limited to just audio files; any type of relevant file can be
uploaded with the thesis.
Number of Copies and Binding
Students are required to pay for a minimum of two bound copies of their thesis.
After the successful oral defense of the thesis and the final signature approval page is
signed, the bound thesis is distributed as follows: one copy is for the Malpass Library and
one copy for the major advisor. More than two copies may be ordered at the student’s
expense. All fees will be charged to the student via credit card when they submit their
thesis electronically.
Oral Exam
Once the graduate reader has approved the thesis, the student may schedule an
oral exam in consultation with the advisor and committee members. The student must
provide an electronic copy of the thesis to the Department Secretary at least 5 business
days prior to the defense. This electronic copy will be provided to any faculty member
who requests to review the thesis.
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On the day of the defense, the student should provide each committee member a
hard copy of their thesis to use as a reference during the defense. At the oral exam, the
student also must provide one copy of the signature approval page, which will be signed
by the committee, scanned in, attached to the final electronic version, and bound in each
copy of the thesis, assuming the student passes the defense.
Pagination
With the exception of the signature approval page, title page, and first page of the
introduction, every page in the thesis has a printed page number. For prefatory materials
(e.g., acknowledgments, abstract, table of contents, list of tables, list of figures), use
small Roman numerals (e.g., ii, iii, iv). Center these page numbers at the bottom edge of
the paper. Please note that the title page has no page number. For the body of the thesis,
use Arabic numerals (e.g., 2, 3, 4) and place the page number in the upper right-hand
corner. For pages that are in a landscape orientation, the page number still is in the upper
right-hand corner (pay attention to margins if putting a page in landscape orientation).
Proofreading and Correcting
Be sure to run spell check before giving the thesis to the advisor. Once the thesis
is in final form, the Chair of the Graduate Committee will assign a Graduate Committee
“reader” (a member of the Department’s Graduate Committee) to check the format of the
thesis. The reader will require an electronic version (in Microsoft Word format).
Spacing
Double spacing is required throughout all sections of the thesis, including table
headings, figure captions, table of contents, list of tables, list of figures, and literature
cited.
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Word Processing
Enter the text of the thesis using a computer with Microsoft Word or similar
software application. Due to the popularity of “proportionally spaced” fonts, the use of
two spaces after a period or colon is no longer required. If the thesis is written in
Microsoft Word (*.doc or *.docx) format, the advisor and committee members can use
this program to track changes, which can be very useful when working through several
drafts. However, the final thesis will need to be saved in the Adobe Acrobat (*.pdf)
format for electronic submission (see instructions in Appendix A).
Thesis Page Format General Guidelines
The following general page formatting guidelines apply to all text files:
1. Theses should be prepared in 8.5 × 11-inch format, single-sided, and
double-spaced throughout; including title, student’s address, text, long
quotations within text, literature citations, table footnotes, table titles, table
bodies, and figure captions.
2. Do not hyphenate words on the right margin.
3. All text should be left-justified. Do not justify the right margin.
4. The margins required are 1 inch from the top, right, and bottom of the page.
The left margin is 1.5 inches to accommodate binding.
5. Italicize words or symbols, such as scientific names and mathematical
symbols intended to appear italicized in print.
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6. Use Times New Roman font, 12-point type throughout the thesis, including

the title, headings, figures, tables, literature cited, and appendices. It is the
responsibility of the student to ensure that font style and point size of figures
and tables matches the text.
FORMAT OF THESIS
In final form, the thesis resembles a publication in a scientific journal, but is
usually longer and more detailed than most journals will publish. It is arranged in three
main sections: prefatory materials, thesis body, and appendices (optional). The number
of parts within these sections may differ depending on the outline of the thesis.
Use a consistent scheme of designating headings and subheadings of sections. Divisions
of text should follow a standardized sequence as described below. Refer to Appendix E
(Sample Thesis Chapter) to see examples of proper formatting.
Prefatory Materials. The Prefatory materials include (in this order) the
signature approval page, title page, acknowledgments, abstract, table of contents, list of
tables, and list of figures. Prefatory materials (except the signature approval page and
title page are numbered with lower case Roman numerals, which are centered at the
bottom of each page.
Signature approval page.After a successful defense of the thesis, the signatures
of the examining committee will be entered on the page along with the date of the oral
examination. Each committee member’s name should be typed below their signature line.
If there are more than 3 committee members, additional signature lines should be added.
This page is not numbered and is not considered in the numbering scheme; that is,
although it is the first page in the thesis, it does not count as “Page 1” or “Page i”. A
template (in Microsoft Word format) is available on the Biology Department’s web page.
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Title Page.A page number does not appear on the title page, but it does count as
page “i” of the prefatory materials. All of the information contained on this page is
centered and every letter of every word in the title is capitalized but not bold. Each
section is separated by a short border. Genus and specific epithets in the title are
italicized. Inclusion of the authority for scientific names is optional. The full legal name
of the author and advisor of the thesis is used to ensure proper identification. A template
(in Microsoft Word format) is available on the Biology Department’s web page.
Acknowledgments.This page is numbered “ii” and the number is centered at the
bottom. Acknowledgments of help received from others are indicated in this section. It is
appropriate to mention help, suggestions, and criticisms the student receives from the
advisor, committee, and others. Other acknowledgments may include mention of help
with photography, illustrations, equipment, laboratory work, field work, and financial
support. If a permit was needed to conduct the study, the number of the permit and
permitting agency should be listed. If an Institutional Animal Use and Care (IACUC)
approval is needed this should be noted in the acknowledgments section.
Abstract.Pagination for the abstract begins with “iii” centered at the bottom.
The abstract must not exceed two double-spaced pages. This section summarizes the
purpose of the study, the major and minor topics investigated, the methods used, the
results obtained, their significance and the major conclusions from the research.
Sometimes the abstract is the most difficult part of a thesis to write, yet it is the most
widely read part of the thesis. Often the abstract should be written last. Students should
take particular care to write a thoughtful abstract since this text appears in Dissertation
Abstracts. Do not cite literature, tables, or figures in the abstract.
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Table of Contents. Pagination is a continuation of the lower case Roman
numerals used for the abstract. All major headings should be included in the table of
contents; subheadings may be included. Page numbers should line up on the right side of
the page. The table of contents is single spaced. All major headings are separated by a
blank line, and if subheadings are included they are separated from their major heading
by a blank line. Subheadings should also be indented from the major headings. Since
page numbers will change often during revisions, it is suggested that the table of contents
be created last.
To properly line up page numbers, use a “tab stop” at 5.75 inches from the left.
While the text is left justified, this tab stop should be a “right aligned” tab stop, and the
leader should be set to a series of dots. By using the tab stop, all numbers will be aligned
on the right and all text will be aligned along the left, no matter what font is used. Do
NOT simply insert a number of periods to act as the lead in to the page numbers – these
will not be evenly spaced and the numbers will never line up. A template (in Microsoft
Word format) is available on the (Biology) Department’s web page. Note that lining up
the page numbers in the table of contents is difficult, so it is strongly suggested that the
template is used.
List of Tables.Each table should include the table number and caption. If the
entire caption is so long that it is unwieldy or awkward in the list of tables, then a
summary of the caption can be used. Page numbers should be formatted as in the table of
contents. A template (in Microsoft Word format) is available on the (Biology)
Department’s web page. Note that lining up the page numbers in the list of tables is
difficult, so it is recommended that students use the template.

10

List of Figures. Each figure should include the figure number and caption. If
the entire caption is so long that it is unwieldy or awkward in the list of figures, then a
summary of the caption can be used. The template for the list of tables can be modified
and used to create the list of figures.
Thesis Page Format General Guidelines
The following general page formatting guidelines apply to all text files:
1. Manuscripts should be prepared in 8.5 × 11-inch format, single-sided, and
double-spaced throughout; including title, student’s addresses, text, long
quotations within text, literature citations, table footnotes, table titles, table
bodies, and figure captions.
2. Do not hyphenate words on the right margin.
3. Do not justify the right margin.
4. Maintain margins of 2.5 cm (1 inch) on all sides of the page.
5. Italicize words or symbols, such as scientific names and mathematical
symbols intended to appear italicized in print.
6. Use Times New Roman font, 12-point type throughout the manuscript, including
the title, headings, figures, tables, and literature cited.
Thesis Headings
Theses should be prepared using 3 heading types; first-level headings, secondlevel headings, and third-level headings. First-level headings are capitalized, bold type,
and left-justified. Text follows on the succeeding line and is indented 5 spaces. Secondlevel headings are bold type, left-justified with sentence-case lettering (e.g., important
words capitalized). Text follows on the succeeding line and is indented 5 spaces. Third-
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level headings are italicized, indented 5 spaces, and followed by a period and em dash.
Text follows directly after the subheading on the same line. For instance, Seasonal Home
Range Analyses.Begin paragraph text here. Third-level headings should only be used
for short (2 paragraphs) subsections. Students should use first-level headings for
appendix titles.
Major Thesis Sections
All theses must include the following first-level headings: Abstract, Introduction,
Study Area (if applicable), Methods, Results, Discussion, Management Implications (if
applicable), and Literature Cited. Combining Materials and Methods or Results and
Discussion sections are not permitted.
Students should begin the Abstract with the word ABSTRACT (left-justified) in
bold font. Abstract text begins after a single letter space on the same line and is a single
paragraph not exceeding 3% of the length of the thesis chapter, including Literature
Cited. The abstract includes a statement of the principal objectives or hypotheses tested
during the study, a brief description of pertinent methods, a summary of main results
(emphasizing the most important results) and conclusions, and utility of results
explaining how, when, where, and by whom data or interpretations can be applied to
address the importance of the results within the context of the scientific community. The
abstract should include only research findings derived directly from the study.
The INTRODUCTION starts two lines below the ABSTRACT and should
contain a concise synthesis of current and historical literature specific to the main topic of
each thesis chapter (e.g., setting the stage). This section should serve to justify why the
research was necessary and subsequently conducted. The initial paragraphs should
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provide a clear, referenced, logical progression to the primary objectives of the research
project. The latter part of this section should clearly and succinctly state the study
objectives and the hypotheses tested, which concludes this section.
Use past tense for STUDY AREA descriptions (e.g., average annual snowfall was
101 cm, rangelands were characterized by mid-season grasses and limited stands of
ponderosa pine). Exceptions include geological formations that have been present for
centuries or millennia (e.g., mountain ranges). METHODS should be concise and
include materials, study duration, sampling protocols, dates, research or experimental
design, and data analyses. Methods should be written in active voice (e.g., write “We
radiocollared adult female deer…” and “We compared AIC values to select the most
parsimonious model” rather than “Adult female deer were radiocollared” or “AIC values
were compared to select the most parsimonious model”; see Style and Usage section
below). Students should cite previously published methods with minimal explanation
and explain new or modified methods in detail. Animal-welfare protocols should be
included at the end of the Methods section rather than in the Acknowledgments section;
protocol (e.g., IACUC) numbers should be included parenthetically following the
statement.
Present RESULTS in a clear, concise, and organized manner. Avoid
redundancy by presenting information in tables and figures in the text and do not explain
analyses that are more appropriately described in the Method section. Students should
describe the magnitude and direction of biological effects as well as test statistics. For
instance, reporting that “parameter X was 50% smaller than parameter Y (P < 0.015)”
conveys more biologically meaningful information than stating that “parameter X was
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significantly smaller than parameter Y.” Avoid overusing the terms “significant” and
“significantly” when statistical differences can be deduced from test statistics (e.g., Pvalues); such reporting commonly results in unnecessary length and redundancy when
stating results. Students should avoid the urge to discuss or interpret results as this
activity unnecessarily increases the length of this section and commonly results in
redundancy or a “re-discussion” of results in the Discussion section of the paper (Brown
and Jenks 2009). Results should follow the order of testing of hypotheses and design set
forth in the Materials and Methods section. Organization should be arranged for impact,
with results listed from most to least significant (Brown and Jenks 2009). Additionally,
results should be presented in past tense (e.g., mean spring migration occurred on 14
April).
The DISCUSSION should follow the logical order of presentation of results from
the previous section while highlighting the most important or significant findings of the
study. This section provides an opportunity for interpreting data and making literature
comparisons. Begin the Discussion by synthesizing results with regard to study
objectives and then relate relevant findings to previously published literature and
research. Students should provide synthesis of results with available literature and should
avoid a common problem that arises with a propensity for students to repeat statements
made in the results, rather than interpret the results (see Appendix B). Systematic
discussion of every aspect of the study leads to unnecessarily long manuscripts. Students
should be concise and relate their findings directly to their study objectives and
hypotheses. Do not repeat results in this section and discuss only the most relevant and

14

important results. Reasonable speculation and new hypotheses or scientific questions that
are logical extensions of findings and conclusions may be included in the Discussion.
The MANAGEMENT IMPLICATIONS section (if applicable) should be short
(generally about 1 paragraph), direct, and explain important management and
conservation issues that are derived directly from your results (Chamberlain and Johnson
2007). Students should avoid making recommendations beyond the scope of their study,
and citing previously published literature in this section. Specific management
recommendations should be addressed in this section.
Students should type the LITERATURE CITED immediately following the text
without inserting a page break (Block et al. 2011). Students should refer to Appendix C
for detailed instructions on citation formatting guidelines. Additionally, students should
maintain double-spacing and use hanging indents rather (than white space) to delineate
new citations. Within the manuscript body, citations should be presented in
chronological order and then alphabetical order. All author names should be spelled out
in case lettering rather than using dashes. Present citations in alphabetic order rather than
in chronologic order. Use title-case (not small caps) for all names in Literature Cited,
and place a comma between all names, even if there are only 2; use 2 initials (where
appropriate) with two spaces between each initial (Block et al. 2011). Only reverse the
name order for the first author (e.g., Smith, J. D., A. B. Johnson, and C. D. Carter). For
serial publications, issue numbers should only be included when each issue is numbered
separately and as in the text, spell out ordinal numbers (Block et al. 2011). Avoid
including Publishing, Inc., or Company and use the word Thesis to denote Master of
Science (M.S.) or Master of Arts (M.A.). Similarly, use the word Dissertation for Doctor
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of Philosophy (Ph.D.) and do not include the total page number of books at the end of the
citation (Block et al. 2011). Students should include APPENDICES in the text file after
all tables, figure captions, and figures. First-level headings should be used for Appendix
titles.
GUIDE TO GRAMMAR, STYLE, AND USAGE
The Graduate Program Coordinator may return a poorly written (e.g., long and
complex sentences, superfluous words [Table 1]), disorganized manuscript or one that
does not follow proper thesis submission guidelines. Students are encouraged to review
chapters 3 and 4 in the “CBE Style Manual (CBE Style Manual Committee 1994) and
“Writing with Precision, Clarity, and Economy” (Mack 1986). Students also are
encouraged to write directly and concisely while minimizing repetition between
manuscript sections and use of 1-sentence paragraphs. For other writing suggestions,
students should refer to Strunk and White (1979), Day (1983), and Batzli (1986). A
common error in writing style is use of passive voice. Use of first person and active
voice throughout the thesis is recommended to minimize repetitive or unclear wording.
For instance, instead of writing “deer home ranges were estimated” students should write
“we estimated deer home ranges.” Review of commonly misused words (Appendix D)
before manuscript preparation is encouraged.
Students should avoid using hanging hyphens at the right margin and rightjustified text. Additionally, avoid violating margin boundaries simply to begin a new
paragraph or to place the Literature Cited at the top of a new page. Avoid underlining,
italicizing, or boldface words in the text to indicate emphasis and type scientific names in
italic font and Latin phrases in plain text (e.g., ad hoc, a posteriori).
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Abbreviations and Acronyms.All abbreviations or acronyms must be defined
the first time they are used in the abstract and text (e.g., Geographic Information System
[GIS], Global Positioning System [GPS]). Acronyms that were first defined in the
abstract should subsequently be redefined in the text. Sentences starting with acronyms
should be avoided and do not use an apostrophe with plural acronyms (e.g., MANOVAs,
PCAs). Exceptions include the following list of abbreviations, which may be used in the
text without definition: metric units, DNA, USPS abbreviations, and various
measurement units (see Appendix D). Do not abbreviate journal titles in the Literature
Cited section. Do not abbreviate book titles (including conference proceedings published
as a book), names of publishers, or university names when citing theses or dissertations.
Units of measure, when used with a number, are abbreviated but no period is used.
Longer time periods are not considered measurements and are not abbreviated (e.g., 2.7
mm, 3 g, 18 km, but three months, six weeks, two years). Do not abbreviate the words
“river,” “county,” following the name, or units of measure that follow a spelled-out
number at the beginning of a sentence (e.g., Ten milligrams is a lethal dose).
Additionally, descriptive modifiers that are used in the text (e.g., the study area was
located 17 km northeast [not NE] of Buffalo) are not abbreviated nor are names of states,
provinces, and book publishers (in Literature Cited). Titles preceding personal names are
spelled-out with the exception of Mr., Mrs., Ms., and Dr., which are always abbreviated.
Names of months and days of the week are never abbreviated, except in direct quotations,
tables, graphs and similar material. Use the format of ddmmyyyy (e.g., 23 March 2009).
Chemical names and abbreviations should follow the convention used in the particular
field. Avoid abbreviate the names of countries, except for USA. Use the U.S. Postal
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Service abbreviations for the names of states, when appropriate. Abbreviate federal and
state agencies as FDA, NMFS, HEW, USFS, USFWS, etc. but not F.D.A, N.M.F.S., etc.
Abbreviations may be used with tables, maps, and figures, but if they are unusual, they
should not be abbreviated.
American vs. British English.Words in English have two forms, depending on
whether British English or American English is used. Pick one form and be consistent.
Generally, if written by a US author or for a US journal, use American English.
Examples:
British English:

American English:

grey

gray

behaviour

behavior

organisation

organization

vocalisation

vocalization

amongst

among

whilst

while

Anthropomorphic and Emotive Words. Avoid the use of anthropomorphic
words, or words that give human characteristics to animals. For example, do not use
“friendly” whales, “angry” dog, “lovable” puppy, or the bear “likes” apples, etc. In
addition, do not use emotive words (e.g., I “love” this species nor I “hate” this research
project) that express your feelings.
Between vs. Among. The word “between” compares two objects whereas
“among” compares two or more objects. So, use “between fish and birds” and “among
mammal species.”
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Capitalization. In general, capitalization should be used for each of the
following situations:
1) The first word of each sentence.
2) Proper nouns or proper adjectives (e.g., Townsend’s ground squirrel, Lake
Michigan, the Earth); however, some words have been derived from proper
nouns and that have a special meaning need not be capitalized (i.e., petri dish,
paris green, bunsen burner, erlenmeyer flask). Note that your spellcheck often
wants to capitalize these words.
3) Taxonomic ranks, such as Cetacea, Sirenia, Pinnipedia, or Carnivora.
However, the shortened versions are NOT capitalized, such as cetaceans,
sirenians, pinnipeds, or carnivores.
4) First word and proper names in titles of books and journal articles in the
Literature Cited.
Contractions.Do not use contractions (e.g., don’t, can’t, couldn’t, won’t,
shouldn’t). The word “it’s” is a contraction and means it is. The possessive form of “it”
is “its” without an apostrophe, e.g. “…the fish used its caudal fin for forward
propulsion…” but not “…the fish used it’s caudal fin for forward propulsion…”
Indentations and Quotations.The beginning of paragraphs, long quotations, and
informal tabulations must be indented. Quotations must have the exact spelling,
punctuation, italics (underlined), etc., as the original. The source of the quotation must be
cited. A set of three periods (…) is used to indicate an omission of words within a
quotation. Brackets are used to enclose an explanation or note by the author, to indicate
the thesis writer’s interpretation, or to supply an omission.
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Italicizing.Use italicizing with scientific names of genera, species, and
varieties. Do not italicize names of kingdom, phylum, classes, orders, or families.
Jargon. Avoid the use of jargon or colloquial words and phrased in any
scientific writing. Many words that end with “ize” are the jargon form of a word. For
example, do not write “utilize” or “customize” but do write “use” or “custom”.
Numerals. The following statements govern the use of numerals in the text.
1) Use written words, rather than numerals, for numbers zero through
nine, unless the number is reporting data. For example, “There are
three kinds of squirrels” and “We counted 59 squirrels in the study
area.”
2) When numerals are in a series, then use numerals for all (e.g., “0, 1, 2,
… 19, 20”).
3) Use numerals whenever a number is followed by a standard unit of
measurement, such as gram, etc. (e.g. “100 mL” but not “one hundred
mL”).
4) Spell-out numbers when they begin a sentence (i.e., “Fifty-three geese
flew over the lake.”)
5) Ordinal numbers from one to 10 may be spelled-out or put in
numerical form (i.e., second or 2nd). Ordinal numbers greater than 10
should be in numerical form (21st or 33rd).
6) In very large numbers, substitute a word for part of the number (i.e.,
1.6 million rather than 1,600,000) or add appropriate prefixes such as
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mega, kilo, micro, or milli to the basic unit of measurement. Scientific
notation should be used when appropriate.
7) Always use numerals for dates, page numbers, numerical designation,
percentage, in direct quotations, and for expressions of the time as: 1
January 1963; page 822; type 1; 10:15 and 27%.
8) Use military time, i.e., 08:00 or 16:32 h.
9) Use commas in large numbers (e.g., use “1,333,656” or “1,445” but do
not use “1333656” or “1445”).
Phrases to Avoid (e.g., superfluous wording; see Table 1). In the
Acknowledgments do not use the phrase “I wish to” thank or “I want to” acknowledge;
simply use “I thank” or “I acknowledge”. Do not use the phrase “in order to”. In all
cases these are unnecessary words that can be deleted. For example, “In order to conduct
the research…” can be simplified as “To conduct the research . . .”
Scientific Names. Species must be accompanied by the authority the first time
they appear in the thesis if authorities are required by the thesis committee or advisor.
After this initial reporting, they are omitted from the thesis text. Authorities are not used
with a genus name. The common name (if one exists) and scientific name of all species
should be given the first time they are mentioned in the abstract. Thereafter in the
abstract the species can be referenced with genus abbreviated or the common name. In
addition, the first time a species name is mentioned in the main text of a thesis both the
common name and scientific name should be given. Thereafter, in the text the species
can be referenced with the genus abbreviated or the common name. Genus name is
capitalized, but the specific epithet is not capitalized, and both are italicized. Common
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names of animals should only be capitalized when a proper name is involved. A notable
exception is the common names of birds, which are capitalized when formatting thesis
chapters for publication in ornithological journals. Otherwise, they too are not
capitalized if preparing submission of thesis chapters to non-ornithological journals. For
example: “red fox”, “coyote”, “Pacific white-sided dolphin”, and “Canada geese.” The
common name and scientific name can either be separated by a comma (“…looked at
hybridization in black crappie, Pomoxis nigromaculatus…”) or not (“…looked at
hybridization in black crappie Pomoxis nigromaculatus…”) as long as the same method
is used consistently throughout the thesis. The scientific name can also be given
parenthetically e.g., “…looked at hybridization in black crappie (Pomoxis
nigromaculatus)…”.
Sex vs. Gender. Use the word “sex” to describe male and female, not “gender”.
Gender applies to the tendency to show masculine or feminine traits.
Slash (/) - This line may be used to indicate “per” some quantity (e.g., 14 g/1; 2.5
g/m2/yr). It is also acceptable to use superscripts (e.g., 14 g l-1)
Since vs. Because. The word “since” conveys time. The word “because”
conveys cause. So, USE “Because the sky is blue…” NOT “Since the sky is blue...”.
Spelling and Word Division. A standard dictionary must be the final authority
on spelling and hyphenation. Since all theses will be created via word processing
software, division of words at the end of a line is no longer relevant and should be
avoided.
Split Infinitives.Do not use a split infinitive. When a verb is preceded by the
word “to” it becomes the infinitive form of the verb. For example, “to read”, “to write”,
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“perchance to dream”. Do not use “to easily read”, “to readily write”, “to hungrily eat”,
or “to rapidly drink.”
Splitting Auxiliary Verbs from Main Verb. Do not split the auxiliary verb from
the main verb.
For example:
Incorrect:

Correct:

was improperly stated

was stated improperly

was especially joyful

especially was joyful

has never talked

never has talked

can hardly hear

hardly can hear

Use of i.e. and e.g. Be careful with the use of i.e. and e.g. In short, “i.e.” can be
substituted for the phrase “that is”. For example, “…the two tree squirrels in Illinois (i.e.,
gray and fox squirrels) are abundant…” Similarly, “e.g.” can be substituted for the
phrase “for example” and is used to state a few examples, such as “…the rainbow trout
has many colors (e.g., pink, gray, blue)…”
Use of Past Tense.Use past tense in writing, UNLESS the statement is always
true. For example, “the Earth is round” or “up is the opposite of down.”
Use of Two Nouns as an Adjective.Be careful when using two nouns as singleword adjective.
Some correct examples:
The underwater seal. The seal was under water.
The underground cable. The cable was under ground.
The airborne pathogen. The pathogen was air borne.
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The haulout site for the seal was fast ice. The fast ice seal hauls out.
Using Certain Words.Use the word “human”, rather than “man” when speaking
of the human population, unless some characteristic is true for only male humans. For
example, USE “Humans have overpopulated the Earth.”
Citing Equipment and Statistical Software
For all field equipment, students should include the manufacturer name and
location parenthetically at the first mention (of the equipment) in the text. However,
manufacturer information and location should not be included for GIS and GPS.
Statistical software should only be included in the Literature Cited if students are
referencing the software operations manual. Otherwise, manufacturer information
(manufacturer, city, state and country of manufacturer) should be included immediately
following the first mention of the statistical software (product) name. In cases where the
programs are only available online, students should include website access information in
literature citations.
Citing Literature in Text
With few exceptions, citations should be referenced parenthetically at the end of a
sentence; e.g., Dispersal is defined as the movement of an animal from its natal range to
its first or subsequent breeding range, or where it would have bred had it survived and
found a mate (Shields 1987). Literature should be cited by author and year; e.g.,
Burnham (1980), Burnham and Anderson (1998). Use “et al.” for publications with 3
authors; e.g., Burnham et al. (2000). Commas should only be used to separate a series of
citations, and not to separate an author and publication date. Citations in a series should
be cited chronologically (e.g., Martinka 1967, West 1970, Beale and Smith 1973, Barrett
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1982). Students should avoid listing 5 citations in the text body to reference a particular
ecological issue or scientific finding. If citations in a series have 1 reference for the
same author(s) in the same year, then years should be designated alphabetically (in
italics) and separated with semicolons (e.g., Bowyer 1990a, b; Jones 1995, Smith 1996,
1997). Multiple within-year citations should be alphabetized within chronological order
(e.g., Anderson 1998, Johnson 1998, Jones 1998, Smith 1998, White 1998). All widely
distributed articles catalogued in major libraries, including theses, dissertations, symposia
proceedings, and United States Government documents, should be cited as published
literature. However, such references should be cited as unpublished literature if they are
not easily accessible or available. All other documents should be cited as unpublished
data in the body of the text (Appendix C).
Citing Unpublished Sources in Text
References that are not easily accessible, available, or locally distributed should
be cited only in the body of the text. This includes unpublished reports, manuscripts that
have not yet been accepted for publication, and personal communications or
observations. Unpublished materials are not as credible as published literature so should
not be overused. Unpublished information should be cited in the text body as follows:
Personal communications; e.g., (H. C. Frost, National Park Service, personal
communication), Unpublished data (including manuscripts in review); e.g., (R. J.
Guenzel, Wyoming Game and Fish Department, unpublished data), Unpublished report;
e.g., (G. D. DelGiudice, Minnesota Department of Natural Resources, unpublished
report). Affiliations should be included in the first citation, even when citing unpublished
data or personal communication of an author. Inclusion of affiliation should be avoided
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in subsequent citation references (e.g., H. C. Frost, personal communication).
Manuscripts accepted for publication are cited as a published manuscript in the text using
the anticipated year of publication. Subsequent citation of such manuscripts in the
Literature Cited section should show the year of publication after author(s) name(s) and
“In Press” following the journal volume number. Manuscripts that are in review should
not be cited as “In Press;” students should cite such manuscripts using the unpublished
style mentioned previously.
Common and Scientific Names (Nomenclature)
If a species has a universally accepted common name, use both the scientific and
common names at first mention of the species, both in the abstract and in the text body.
Place scientific names following common names in parentheses and italic font with the
first letter of the genus name capitalized and the species name spelled out in lower-case
letters (Chamberlain and Johnson 2007). Thereafter, use only the common name.
Students should provide literature citations for all common nomenclature reported (e.g.,
Artemesia tridentata [big sagebrush]; Larson and Johnson 1999). If a species has no
universally accepted common name, refer to it by scientific name. In cases where only
the scientific name is used, students should provide additional information on what the
organism is for the benefit of readers who may be unfamiliar with that taxon. Do not
capitalize common names, except for proper names or adjectives that are part of the name
(e.g., Cooper’s hawk). After the first use of the scientific name, abbreviate the Genus
name by using the first initial (e.g., A. americana). However, when two genera with the
same first initial have been included within a few paragraphs, spell out genus names to
avoid confusion, and always spell out genus names when beginning a sentence. Italicize
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genus and species names but not higher taxa. Use of scientific names in manuscript titles
should be avoided, except when there is no accepted common name. Do not use
subspecies names unless essential, and omit taxonomic author names. Use “sp.”
(singular; not italicized) or “spp.” (plural; not italicized) to indicate that the identity of a
species within a genus was unknown. For instance, “Riparian corridors were bordered by
willow (Salix sp.) and we captured several species of mice (Peromyscus spp.).” Where
disagreement occurs, use the most widely accepted nomenclature. Omit scientific names
of domesticated animals or cultivated plants unless a plant is endemic or is not adequately
described by its common name.
Mathematics and Statistics
Roman letters used as symbols for quantities (e.g., n, , P, F, t, Z, X; Appendix D)
are displayed using italic font. Underlining or italicizing numbers, Greek letters (e.g.,
chi-square, 2), or various statistical terms (e.g., E, exp, lim, ln, log, SD, SE, CV, df) are
not permitted. Degrees of freedom should be reported as subscripts to associated test
statistics. Symbols from your word processing program’s symbol directory should be
used to create symbols rather than creating them using keyboard functions (e.g., 2 rather
than X2, minus sign [–] from symbol menu rather than keyboard hyphen; times [] to
indicate multiplication instead of using lowercase “x” or asterisk [*]). Students should
use bold font for characters that should be set in boldface type, insert spaces on both sides
of symbols used as conjunctions (e.g., P  0.012), and close spaces when symbols are
used as adjectives (e.g., 25 radiotelemetry locations). Subscripts should precede
superscripts (i2) unless subscripts include 3 characters. Whenever possible, report
exact probabilities (P = 0.028, not P  0.05) and for general guidance, follow Swanson
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(1974) or the CBE Style Manual Committee (1994:206–218). For advice on presenting
mathematics or statistics, follow MacInnes (1978). Additionally, students are
encouraged to refer to Tacha et al. (1982) and Wang (1986) for information regarding
other common statistical errors. Statistical programs or analytical methods should be
typed in capital letters (e.g., PROC NONLIN, Program MARK). Students should avoid
redundant use of “significantly” (e.g., “Direct and post-release mortality rates were
higher (P = 0.020) in pronghorn than white-tailed deer”). Statistical tests or measures of
central tendency should be reported as in the following examples: (21  5.40, P  0.020),
(F1,294 = 125.28, P  0.001), or ( = 4.36 km, SE = 0.32, n = 88). Again, students should
note degrees of freedom are subscripted with associated test statistics. Similarly, Pvalues less than 0.001 should be displayed as P  0.001.
Units of Measure
Whenever possible, students should use Systeme Internationale d’Unites (SI)
units and symbols (refer to Appendix D). Place a space between numbers and units or
symbols (e.g., 100 km, 50 C) and do not use hyphens between numbers and units unless
using a number-unit phrase to modify a noun (e.g., 5-yr study, 100-cm in diam, 30-mm
wide). Use English units in parentheses following converted metric units only in cases
where precision of original measurements or accurate interpretation of results may be
misrepresented or otherwise compromised. However, the following non-SI units are
permitted: hectare (ha), calorie (cal), Celcius (C), minute (min), hour (hr), seconds (sec),
and liter (L).
Numbers and Unit Names
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Use of the metric system is preferred, unless original measurements were
nonmetric, in which case units should not be converted because precision may be
misrepresented. In general, spell out numerals one through nine and use numerals for 10
and above. Spell out numerals and any associated units of measure to begin a sentence
and except in key words, use numerals for all ordinals (e.g., 1st, 6th, 15th). Spell out
ordinals that appear before a numeral (e.g., first 10 pronghorn) and in Literature Cited,
but use digits for cases such as 5-fold and 1-way. Fractions should be converted to
decimals except in cases where precision is misrepresented. Numerals also are spelled
out when used as a pronoun (e.g., at least twelve deer initiated migratory movements
between summer and winter home ranges), or in a nonspecific sense (e.g., “an example or
two of interference competition include…” or “on the one hand”). Units of measure
should be indicated following each item (e.g., mean winter temperatures ranged from –10
to 10 C) and use symbols or abbreviations (km and %) for measurement units that
follow numbers unless numbers are indefinite (hundreds of km), is “0” (zero) or “1”
(one) standing alone.
Insert commas in numbers 1,000 except when reporting book pages, clock time,
or calendar year dates. Do not insert commas or hyphens between consecutive,
independent numbers in a phrase (e.g., 30 1-yr-old males). Always use a leading zero
when reporting decimals (e.g., use 0.001, not .001) and use lowercase when identifying
items by name (e.g., study site 1, year 2, individual 3). Use numerals for expressing a
decimal quantity (e.g., 0.5 kg, 3.7 km) and when expressing a range of numbers (e.g.,
litter sizes average 5 to 7 young). When using the word “from” to express a range, the
word “to” also should be used (e.g., distance varied from 5 to 16 km). In a series where
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some parts contain numerals greater than 10 and some parts contain numerals less than 10
(e.g., one through nine), use numerals for the entire series (e.g., species composition
consisted of 5 common grackles, 8 blue jays, 10 black-capped chickadees, and 15 whitebreasted nuthatches). Large numerals or decimals should be avoided at the beginning of
sentences.
Hyphens and Compound Words
In general, compound words used as adjectives should be hyphenated (e.g., 300km2 study area and 4-yr-old female) but not those used as predicate adjectives (e.g., study
sites were 300 km2, females were 3 years old). Compounds consisting solely of verbs are
hyphenated. A sentence containing a participle or an adjective is hyphenated when it
precedes the word it modifies (e.g., fine-grained soils, well-known ecological concept)
but is not hyphenated when it follows the word it modifies (e.g., the ecological concept is
well known). Hyphens should be retained if words that follow are capitalized, is an allcaps abbreviation, or is a numeral. Run together the following prefixes with the word for
the following: ante, bi co, contra, counter, de extra, infra, intra, micro, mid, neo, non,
over, pre, post, pro, pseudo, re, semi, sub, super, supra, trans, tri, ultra, un, under. Double
vowels or triple consonants with these prefixes are not permitted; hyphenate these cases.
A two-word modifier containing an adverb ending in –ly is not hyphenated (e.g., a
carefully preserved specimen). Compound modifiers containing numerals are
hyphenated (e.g., a two-thirds majority, a 100-ha pasture). Compounds derived from two
or more nouns are written open with no hyphen.
Punctuation
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Commas should be used after the next-to-last item in a series of 2 items (e.g.,
forested, wetland, and grassland habitats). However, commas should not be used to
separate compound sentences before the conjunction (e.g., “We conducted nocturnal
searches of white-tailed deer neonates using spotlights and diurnal searches of likely
fawning habitats on foot,” not “We conducted nocturnal searches of white-tailed deer
neonates using spotlights, and diurnal searches of likely fawning habitats on foot.”).
Students should not hyphenate prefixes, suffixes, or combining forms unless doing so is
necessary to avoid confusion. Closed quotation marks are always placed after periods
and commas, but may be placed prior to or after other punctuation (CBE Style Manual
Committee 1994:177–181). Brackets should always appear in pairs and slashes (/) should
not be used to indicate “and” or “or” or to express a range of numerical values; use only
to indicate “per” or “divided by.” Ambiguous use of nouns as modifiers (e.g., ungulate
researchers, male hunters) should be avoided. Students should use trademarks (e.g., ,
, ) at first mention of product names and not thereafter (re-establish information in
text body if first introduced in abstract). Additionally, manufacturer information (see
Citing Equipment and Statistical Software section above) should be provided following
the first mention of a product name.
Securing Appropriate Approvals
It is important that researchers and managers ensure their research activities are
conducted in a manner that considers both the welfare of the animals they are studying
(e.g., equipping with radiocollars, implanting vaginal implant transmitters) or the rights
of human subjects (e.g., participation in surveys). Consequently, it is imperative that all
theses submitted to the School of Graduate Studies address these concerns. Relevant
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documentation should be provided in the Methods section. Specifically, information
indicating that proper animal care and use was applied during study of live vertebrate
animals for research must be provided. Institutional Animal Care and Use Approval
numbers (as designated by most U.S. colleges and universities), permit or license
numbers issued to hold animals, or an equivalent number all provide acceptable means of
documentation. All vertebrate animals, including mammals, birds, fish, reptiles, and
amphibians are covered by this policy. Additionally, appropriate documentation that
proper approval was obtained to perform research involving human subjects (primarily
surveys) must be provided. Human Subject Protocol numbers (as required and
designated by most federal agencies and U.S. colleges and universities) is an acceptable
form of documentation.
Times and Dates
Use the 24-hour system (e.g., 0001 hr through 2400 hr) and report dates as day,
month, and year without punctuation (e.g., 16 April 2009). Spell out months in full
except in parentheses, table bodies, and figures, in which 3-letter abbreviations are
permitted and are used with no period (e.g., 16 Apr 2009). Do not use apostrophes for
plural dates (e.g., 1990s).
TABLES AND FIGURES
Students are encouraged to record information in tabular form but must avoid
incorporation of data of little relevance to readers. Both tables and figures must be
referenced in the text. Illustrations that do not relate significantly to the text will be
deleted. Tables and figures should be imported into the document (if in Word format) or
saved as an image file (please recall that we only accept .doc, .tif, .jpg, .eps, .xls, and .ppt
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formats). Further, tables, table legends and figure legends should be double spaced.
Lettering must be large enough for readability after the figure is reduced to fit the printed
page. Scale should be indicated. No part of the figure should be typewritten. Figure
captions (e.g., “Figure 1. Mean seasonal home range size for adult female pronghorns
(Antilocapra americana) in Harding and Fall River counties, South Dakota, February
2002–August 2005. Harding County 95 and 50% summer and winter home range
estimates were calculated using radio telemetry data obtained from 39 and 35 individual
pronghorns, respectively. Similarly, Fall River County 95 and 50% summer and winter
home range estimates were calculated from telemetry data obtained from 28 and 27
individual pronghorns, respectively.”) and table captions (e.g., “Table 1. Seasonal
movements by Rocky-mountain elk in western Colorado, 1998–2001.”) are written as
titles, not as complete sentences. Avoid adding other information here; to the greatest
extent possible, all information should be in the table or footnotes to the table, or
included in figures.
Tables and figures should stand alone (e.g., self-explanatory) and avoid reference
to text. With the exception of those items included in Table 1, students should define
relevant abbreviations and acronyms in each table and figure. All table and figure
captions should include the species being studied as well as when and where (study area
location) empirical data were collected. Students should avoid using test-statistics in
table and figure captions. Tables should be presented immediately following the end of
the Literature Cited on a new page; each table should be placed on a separate page.
Combine and list all figure captions, double-spaced on a separate page immediately
following the Tables rather than on the figures themselves. Figure files should be
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included immediately following tables. Figure files can be submitted either as a single
file that includes all of the figures or as separate figure files.
Tables
Tables are numbered consecutively throughout the manuscript with Arabic
numerals at the beginning of the caption. The word “Table” and the table number are not
in bold. The table heading should be double spaced, left-justified, and placed above the
table. Only the first letter of the first word in each sentence is capitalized, except for
proper names, genera, or locations. For a long table which requires more than one page
the legend should not be repeated, rather the heading of “Table xx (continued).” should
appear at the top of subsequent pages of the table. Font of the tables should match that of
the text.
The table must not exceed the margins of the page. In general, each table must be
on a separate page, unless 2 consecutive tables use less than 1/3 of the page. If so, both
tables can be included on the same page. For large tables, it may be necessary to change
the page orientation to landscape (be aware that this will affect your page number
location and your margins). If necessary, the font size can be reduced to fit all data on
one page, but fonts should not be smaller than a point size of 10 and Times New Roman
fonts should be used throughout. A table must be placed on its own page immediately
following the literature cited at the end of each thesis chapter, and arranged numerically
and in the order they are discussed in text. Tables in the appendices should be numbered
consecutively following those in the text.
Tables should only be prepared for data sets with a large amount of significant
data. In contrast, do not prepare tables for investigations with limited data sets, those
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with numerous zeros or empty (blank) spaces, or repetitions of the same number; such
data should be presented in the text body (Chamberlain and Johnson 2007). Tabular data
are typically read vertically, not horizontally. Though table titles vary between journals,
the following sequence is recommended: 1) name of biological characteristic or
experimental unit(s) measured, 2) measurement unit(s) in parentheses, 3) common name
of organism measured, and 4) study location and date (Chamberlain and Johnson 2007).
Test statistics or statements of results (2 or P-values) are not permitted in table titles.
Further, avoid table titles that begin with superfluous words (e.g., The…., A comparison
between…., A summary of…..) and words that should be abbreviated or presented as
symbols or parenthetically (Chamberlain and Johnson 2007).
Lines appearing in tables are referred to as rules. Table rules should be used
according to the following guidelines: 1) Do not draw any rules vertically within a table,
2) Include at least 3 rules in each tablebelow the title, below the column headings, and
at the bottom of the table; rules are inserted as single, continuous lines and do not appear
bold or extra-thick, 3) Use rules that straddle subheadings within column headings, 4) Do
not use rules to show summation; use “Total” in row headings, and 5) Use straddle rules
in column headings to join related columns and reduce word use; label columns to avoid
unnecessary print in data fields (Chamberlain and Johnson 2007). Avoid using column
and row headings in data fields and type main headings flush left with subheadings
indented. Use bold font for column and row headings, and capitalize first word and
proper pronouns. Avoid using dashes in data fields to depict no information; data fields
for which no information was collected should contain blank cells. Students should refer
to Tables 1–2 for examples of properly formatted tables accompanying theses submitted
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to the Department of Biological Sciences at WIU. Additionally, students should pay
particular attention to consistent use of significant digits in all numbers reported,
particularly when reporting percentages (Chamberlain and Johnson 2007). For cases
where significant variation between significant digits exists within a data column, present
the precision level for each datum. Students should report P-values out to 3 digits past
the decimal. Do not report P = 0.000; the correct format is P  0.001; naked decimals in
data fields are not permitted (e.g., report 0.001, not .001). For footnote superscripts use
asterisks for probability levels and lower-case, non-italicized Roman letters for additional
footnotes. Lettered footnotes should first be placed in the title, then left-to-right, and then
down. It is the student’s responsibility that all footnotes used in the title and within the
table corresponds accordingly with the indented explanation immediately below the table.
Footnotes requiring more than one sentence are left-justified and footnotes should be
used to reduce unnecessary detail in the title and within the table body (Chamberlain and
Johnson 2007). Please note that the most common errors in tables are single spacing,
incomplete titles, naked decimal points, and unnecessary characters in data fields
(Chamberlain and Johnson 2007).
Figures
Figures include photographs and graphs, and are numbered consecutively
throughout the manuscript with Arabic numerals at the beginning of the caption. The
word “Figure” and the figure number are not in bold. The figure caption should be
double spaced, left-justified, and placed below the figure near the bottom of the page.
Only the first letter of the first word in each sentence is capitalized, except for proper
names, genera, or locations. The caption must be complete enough to describe all the
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data, including type of data, units of measure, name of organism, where collected, and
when collected (that is, state who, what, where, and when). Only 1 figure is allowed per
page. The figure should be centered horizontally on the page. For large figures, it may
be necessary to change the page orientation to landscape (be aware that this will affect
your page number location and margins).
A figure must be placed on its own page immediately following the tables at the
end of each thesis chapter, and arranged numerically and in the order they are discussed
in text. If the figures are photographs, they may be grouped onto a set of panels on a
single page. Then each figure panel must be designated by a letter, which appears above
and to the left of each panel. Photographs or other illustrative materials must be of high
quality and must be digitized at a high resolution (anything less than 300 DPI might
become pixilated during the binding process). Note that much of the material found
online is copyrighted, so make sure you have permission to use someone else’s figure
before you insert it into your document, and always cite material that is not yours.
Color photographs and figures are acceptable, and the colors will be reproduced in the
bound version of the thesis. However, be aware that the thesis may be copied or printed
in black and white by someone, so a color scheme might not be readable. Figures in the
appendices should be numbered consecutively following those in the text.
Features of good figures include: 1) dark, clear lettering, 2) clear, distinct lines
and sharp focus in the most important parts of the image, 3) study area location clearly
depicted, 4) easily distinguishable symbols, 5) high tonal contrast, and 6) clearly depicted
reference scale if size is important. Most figures are either line (e.g., computer) drawings
or pictures. If possible, figures should not exceed 15  23 cm; reducing figures to these
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approximate dimensions will ensure that lettering remains readable when uploading your
merged thesis to the School of Graduate Studies. It is acceptable for Figure captions to
be longer than table titles; captions may include several sentences with recommendations
for interpreting figure content. Figure captions should stand alone and enable figures to
be self-explanatory, clearly describing variables and when and where empirical data were
collected. Figure captions should include statistical results and figure labels contained in
the “list of figures” in the prefatory pages. Figure lettering should follow the same
guidelines as manuscript text. Only capitalize the first word and proper nouns on axis
labels and figure legends or keys. Italic letters should only be used where they are
essential to the meaning (e.g., such as reporting mathematics and statistics). For
additional guidance regarding preparation of figures, students are encouraged to refer to
Allen (1977) and Day (1983), and the CBE Style Manual Committee (1994).
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Table 1. Common expressions with superfluous words.
Superfluous wordinga

Suggested substitute

the purpose of this study was to test the hypothesis

I (or we) hypothesized

in this study we assessed

we assessed

we demonstrated that there was a direct

we demonstrated direct

were responsible for

caused

played the role of

were

on the basis of evidence available to date

consequently

in order to provide a basis for comparing

to compare

as a result of

through, by

for the following reasons

because

during the course of this experiment

during the experiment

during the process of

during

during periods when

when

for the duration of the study

during the study

the nature of

(eliminate by rearrangement)

a large (or small or limited) number of

many (or few)

conspicuous numbers of

many

substantial quantities

much

a majority

most

a single

one

an individual taxon

a taxon

seedlings, irrespective of species

all seedlings

41

Table 1. Continued.
Superfluous wordinga

Suggested substitute

all of the species

all species

various lines of evidence

evidence

they do not themselves possess

they lack

were still present

persisted, survived

the analysis presented in this paper

our analysis

indicating the presence of

indicating

despite the presence of

despite

checked for the presence of

checked for

in the absence of

without

a series of observations

observations

may be the mechanism responsible for

may have caused

it is reasonable to assume that where light
is not limiting

with light not limiting

in a single period to a few hours

in a few hours

occur in areas of North America

are in North America

adjacent transects were separated by at least 20 m

20 m apart

in the vicinity

nearby

separated by a maximum distance of 10 m and
a minimum distance of 3 m

3–10 m apart

the present-day population

the population

their subsequent fate

their fate
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Table 1. Continued.
Superfluous wordinga

Suggested substitute

whether or not

whether

summer months

summer

are not uncommon

may be

due to the fact that

(eliminate by rearrangement)

showed a tendency toward higher survival

had higher survival

devastated with drought-induced desiccation

killed by drought

a

Mack (1986:33). Reprinted with permission from the Ecological Society of America.
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Table 2. Format and style guidelines for tables accompanying theses submitted to the
Department of Biological Sciences at Western Illinois University.
Itema

Style rule

Abbreviations

Use standard abbreviations.

Capitalization

Capitalize only the first letter for a column heading or
phrase within a table.

Column headings

Required for each column. Do not submit tables with
unlabeled columns.

Footnotesb

Use alphabetical superscripts, except for footnotes
specifying probability levels.

Spacing

a

Double-space throughout, including titles and footnotes

Chamberlain and Johnson (2007:43). Reprinted with permission from the Journal of

Wildlife Management and Wiley Periodicals, Inc.
b

Indent the first line of a footnote 2 spaces. The remaining lines are flush with the left

margin and double spaced.
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APPENDIX A – INSTRUCTIONS FOR CREATING A *.PDF FILE

Since theses are now submitted electronically via a web site, the final version of
the thesis must be in a single Adobe Acrobat (*.pdf) file. This file MUST contain ALL
pages, including the signature page, prefatory materials like the title page, table of
contents, list of tables and figures, acknowledgments, and the body of the thesis. Also,
this file must have all fonts embedded. The method described here is designed to work
when you have your signature page, prefatory materials, and thesis body in separate files
(which most people do because it’s easier to number pages that way).
Using this method, we do not combine all the prefatory materials with the main
body in Word. Instead, we create separate *.pdf’s for each file and then merge them into
a single file. For this to work, you need a free program called “PrimoPDF.” This
program can be downloaded and installed on your computer. The program acts like a
printer, so once it’s installed you can go to the print menu in Word and find PrimoPDF
listed as if it were a printer. However, if you choose this program to print, when you
select the “Print” button you will create a *.pdf file instead of a hard, printed copy. The
advantage here is that we can create a *.pdf from the signature page, and then when we
print the prefatory materials and main body to a *.pdf file we can just add to the original
*.pdf. In this way, we can create a *.pdf file with all the proper page numbers without
going through all the above steps.

Step 1: Create a new file in Word that consists of a single, blank page. Make sure
this page has no page numbering. Scan in your signature page and paste it into
this Word document, making sure that the document remains only 1 page long.
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Step 2: Print the document created in Step 1, but instead of sending it to your
regular printer, send it to PrimoPDF.
After you hit “OK”, choose the “Prepress” option on the PrimoPDF

-

screen that pops up
o

This option creates a slightly larger *.pdf file, but this file will
have all your fonts embedded, which is necessary for electronic
submission

-

Choose a place to save the *.pdf file and give it a name in the “Save As”
box; be sure to remember this location and name since you will need
them in the next step

-

When you select “Create PDF” you will get a new *.pdf file which
contains your signature page
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Step 3: Open the Word file which contains your prefatory material and make sure all
these pages have the proper numbering (no number on the title page, rest of the pages
have Roman numerals centered at the bottom) and the proper margins (1.5 inch on left, 1
inch on top, bottom, and right).
-

Print this file using PrimoPDF

-

When you get to the PrimoPDF screen, use the “Save As” box to save
your new *.pdf to the exact same file you created in Step 2!

-

PrimoPDF will ask if you want to overwrite this file or append this file –
you do NOT want to overwrite, you just want to append the new
information to the existing *.pdf

- When you select “Create PDF” PrimoPDF will again warn you that
you are appending information to an existing PDF – that’s exactly
what we want to do, so be sure to select “Yes”
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NOTE: Often, if you have an inkjet printer, you have your computer set to print “Back to
Front”, that is, when you print to your inkjet the last page are printed first, so that the
final stack has the pages in the correct order. However, PrimoPDF might also print
backwards, so that the *.pdf you create has the pages in reverse order. If this happens, go
into the “Options” from the printer dialog window in Word, choose the “Advanced” tab
on the left, scroll down to find the Printing options, and uncheck the box for “Print pages
in reverse order”.

Then, you MUST start all over with the signature page and re-do the *.pdf!

Step 4: Finally, open the Word file which contains the body of your thesis. After you
ensure the margins and page numbers are correct (no number on the first page of the
Introduction, rest of the pages have regular numerals in the upper right) use PrimoPDF to
append this to your existing *.pdf.

That’s it! You now have a single *.pdf with all of your thesis, from signature page to the
main body, and the numbering is correct throughout!
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APPENDIX B. COMMON PROBLEMS AND FREQUENTLY ASKED
QUESTIONS
Common Problems
Please read through the following list of common problems or mistakes made by students
while writing a thesis:
-

Inconsistent use of decimal points. Most scientific journals report two (and no
more than three) decimal places past the most significant value of data. If data are
whole numbers, the mean and standard errors (or standard deviations) should be
reported as two places to the right of the decimal.

-

Failing to report sufficient information about statistical analysis:
o

For most inferential statistics, at a minimum the value of the test statistic
(i.e, t10 = X.XX, F2,50 = X.XX, r = X.XX), the degrees of freedom (which
should be included as subscripts on the test statistics), and the P-value (P <
X.XX) should be reported. Be sure to italicize all test statistics and main
text body.

o

For descriptive statistics, report a measure of central tendency (e.g., the
mean), a measure of variability (e.g., standard deviation or standard error),
and the sample size (n).

-

Treating the word “data” as a singular noun, e.g., do not use “the data is clear…”
but do use “the data are clear…”; the singular of data is “datum”

-

Creating a figure in color that does not print well in black and white (although this
might no longer be an issue with electronic submission)
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-

Using inconsistent capitalization and justification of headings and subheadings

-

Omitting a leading zero for numbers less than 1 (i.e., using naked decimals); for
example, report “0.003” do not report “.003”

-

Repeating results in the discussion section. A common mistake in writing the
discussion is to repeat statements from the results. Even worse, students often
report “new” results in the discussion. Be sure to keep the reporting of all
primary results and associated test-statistics and effect sizes in the results section.
Limit the discussion to the synthesis (i.e., interpretation) of your most significant
results.

-

Cross-referencing in-text citations against the list of full citations included in the
literature cited section to make sure that all citations are listed in both places.

-

Run spell check before submitting the thesis.

-

Watch significant digits, don’t imply more precision than actually exists. Also, be
consistent in your use of significant digits throughout the text narrative, tables,
and figure files. If you use 2 significant digits in the results section, also use 2
significant digits in the abstract, tables, and figures. Be consistent!

Frequently Asked Questions
1. How long should my thesis be?
-

Length will vary among theses and there is no limitation on the number of pages.

2. Do I need special paper?
-

Not any more! All theses are submitted electronically to the School of Graduate
Studies.
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APPENDIX C. IN-TEXT CITATIONS AND LITERATURE CITED
In-Text Citations
Please note that footnotes are not permitted as a form of citation. Citations must be
consistent and in the same name-and-year system. The year always accompanies the
author(s) names, and does not use a comma (Doe 1988). The complete citation for each
article mentioned in the text must also appear in the literature cited section of the thesis,
and all citations in the literature cited also must appear somewhere in the thesis. The
following are examples for citations in the text of the thesis:

1) Single author
a) “Doe (1988) stated …”
b) “… no relationship was found (Doe 1988).”
c) “According to Doe (1988), fish swim upriver ...”
2) Two authors
a) “Doe and Jones (1974) noted …”
b) “… no relationship was found (Doe and Jones 1974).”
c) “According to Doe and Jones (1988), fish swim upriver…”
3) Three or more authors: Use “et al.” to represent all authors besides the primary author;
NOTE that “et” means “and” and is the complete Latin word, so it has no period at the
end. However, “al.” is short for “alia” which is Latin for “others”, thus it is an
abbreviation and requires a period at the end.
a) “Doe et al. (1960) found that…”
b) “…no relationship was found (Doe et al. 1960).”
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c) “According to Doe et al. (1960), fish swim upriver…”
4) More than one paper in one year by the same author: Use the appropriate citation, but
place the (italicized) letter (e.g., a, b, or c) after the year.
a) “…were genetically distinct (Smith 1985a, b).”
5) Multiple citations in parentheses are separated with a comma OR in cases where there
is more than one paper in a year by the same author(s), use a semicolon. Citations should
be arranged chronologically from oldest to newest and alphabetically for multiple
citations in the same year.
a) “…were genetically distinct (Smith and Jones 1975a, b; Smith and Doe 1984).”
6) Computer Software: Because these citations are not literature, do NOT include them
in the literature cited section, and the in-text citation should contain extra information.
Software programs should be in italics and should contain the version (if known), the
company that created the software, and the location of the company’s headquarters.
a) “All statistical analyses were conducted with SYSTAT 5.0 (SPSS Incorporated,
Chicago, Illinois, USA).”
7) World Wide Web Pages: Because these citations are not literature, do NOT include
them in the literature cited section, and the in-text citation should contain extra
information. Realize that information is constantly moving around on the Web, so giving
the full address of a document will not likely be useful in the future. Also, such full web
addresses tend to be long and awkward. Only give the main address (the portion before
the first backslash), underline the main address, add a comma and the word “accessed”,
and then the date on which the information was accessed. Note that the software often
will turn these links into active hyperlinks and might change the color of the font. This is
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fine as long as it is consistent. Realize that the bound manuscript will be in color, so any
change in font color will be reproduced in the final document.
a) “Spring Lake is located approximately 3.5 miles north of Macomb, Illinois,
USA (www.macomb.com, accessed 24 April 2005).”

* Note that you MUST check the web page closely to determine the copyright
information! Downloading figures, images, maps, GIS files, is so easy that many students
simply download such material and insert it into their thesis without any thought.
However, many items are protected by copyright and at the very least you need to contact
the author to ask for permission to use them.
Literature Cited
Type the Literature Cited immediately following the text, not necessarily
beginning on a new page. Double-space Literature Cited and use hanging indents for
second and subsequent lines of a citation. Spell out all words in the Literature Cited (i.e.,
do not use abbreviations), with the following three exceptions: 1) Washington, D.C., 2)
U.S. (e.g., U.S. Fish and Wildlife Service), and 3) USA. All references cited in the text
should be listed alphabetically by first author's last name at the end of the manuscript,
under the heading Literature Cited. Each entry for an article must include name(s) of
author (s), year of publication, title of article, name of journal, its volume, and page
numbers of the article. The first author is listed last name first, then initials. Second and
other authors are listed with initials first. Spell out "and." If there are two authors,
separate them with a comma. If there are more than two authors, use commas after each
name, including the next-to-last. When two or more papers by the same author(s) are
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listed, spell out the author's name(s) in each entry; do not substitute with a line or dashes.
When citing more than one paper by the same author(s), the sequence should be ordered
chronologically.
Sentence-case letters should be used for all names in Literature Cited. Two
author initials should be used (where appropriate) with one space between each initial.
Reverse the name order only for the first author (i.e., Smith, A. B.); author initials should
be listed first for subsequent authors (i.e., D. R. Anderson, K. P. Burnham). When citing
more than one paper, put them in chronological order from oldest to youngest. If two or
more papers by the same author(s) were published in the same year, distinguish them,
both in the text and in Literature Cited, by letters placed after the year (Fannes 1983a,
1983b).
In the title of a cited article or book, only the first word and proper nouns and
adjectives are capitalized. Titles are not underlined or italicized. However, scientific
names in a title are italicized. Journal titles are not abbreviated. If the citation is for a
book, follow the title with a period, the name of the publisher (spelled out), and the city,
state, and country of publication, if not USA. For a book that is a second edition or
subsequent edition, follow the title with a comma, then "second edition" or edition
number as appropriate.
In citing a thesis or dissertation, follow its title with: Ph.D. Dissertation or M.S.
Thesis, as appropriate, name of university (spelled out), and city. Include the state,
province, or country unless it is part of the name of the university. In citing a chapter or
article in a book, the page numbers of the article are given, but not the number of pages in
the book. Name(s) of editor(s), publisher, city, state, and country (if not USA) are also
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included. The second and subsequent lines of citations should be indented ("hanging
indent"). Please review the following examples for proper sequence and punctuation.
Book: General Format
Stearns, S. C. 1972. The evolution of life histories. Oxford University Press, Oxford,
England.
McCullough, D. R. 1979. The George Reserve deer herd: population ecology of a Kselected species. University of Michigan, Ann Arbor, USA.
Hosmer, D. W., and S. Lemeshow. 2000. Applied Logistic Regression, second edition.
John Wiley and Sons Incorporated Publication, New York, New York, USA.
Book: Multiple Editions
Zar, J. H. 1999. Biostatistical Analysis. Fourth edition. Prentice Hall, Upper Saddle
River, New Jersey, USA.
Book: Multiple Publishers
Sowls, L. K. 1955. Prairie ducks: a study of their behavior, ecology, and management.
Stackpole, Harrisburg, Pennsylvania, and Wildlife Management Institute,
Washington, D.C., USA.
Book: Multiple Volumes
Palmer, R. S. 1976. Handbook of North American birds. Volume 2. Yale University
Press, New Haven, Connecticut, USA.
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Book: Reprint
Leopold, A. 1933. Game management. 1946, Reprint. Charles Scribner’s Sons, New
York, New York, USA.
Book: Chapter
Rongstad, O. J., and R. A. McCabe. 1984. Capture techniques. Pages 655–676 in L. K.
Halls, editor. White-tailed deer ecology and management. Stackpole Books,
Harrisburg, Pennsylvania, USA.
Yoakum, J. D., and B. W. O’Gara. 2000. Pronghorn. Pages 559–577 in S. Demarais
and P. R. Krausman, editors. Ecology and management of large mammals in
North America. Prentice Hall Press, New Jersey, USA.
Government Publication
Lull, H. W. 1968. A forest atlas of the Northeast. U. S. Forest Service, Northeast Forest
and Experiment Station, Upper Darby, Pennsylvania, USA.
Government Publication: Numbered Series
Anderson, D. R. 1975. Population ecology of the mallard: V. Temporal and geographic
estimates of survival, recovery, and harvest rates. U. S. Fish and Wildlife Service
Resource Publication 125, Washington, D.C., USA.
Government Publication: Agency Author
American Ornithologists’ Union. 1997. Check-list of North American birds. Seventh
edition. Allen Press, Lawrence, Kansas, USA.
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National Research Council. 1977. Nutrient requirements of poultry. Seventh edition.
National Academy of Science, Washington, D.C., USA.
Journals: General Format
DelGiudice, G. D., B. A. Mangipane, B. A. Sampson, and C. O. Kochanny. 2001.
Chemical immobilization, body temperature, and post-release mortality of whitetailed deer captured by Clover trap and net-gun. Wildlife Society Bulletin
26:1147–1157.
Fannes, C. A. 1983a. Aspects of nesting ecology of least terns and piping plovers in
central Nebraska. The Prairie Naturalist 15:145–154.
Fannes, C. A. 1983b. Breeding birds of wooded draws in western North Dakota. The
Prairie Naturalist 15:173–187.
Johnson, D. H. The insignificance of statistical significance testing. Journal of Wildlife
Management 63:763–772.
Potvin, M. S., and A. T. Harrison. 1984. Vegetation and litter changes of a Nebraska
sandhills prairie protected from grazing. Journal of Range Management 37:55–
58.
Severinghaus, C. W. 1949. Tooth development and wear as criteria of age in whitetailed deer. Journal of Wildlife Management 13:195–216.
Journals in Press: Known Year and Volume
Jacques, C. N., R. W. Klaver, T. C. Swearingen, E. D. Davis, C. R. Anderson, J. A.
Jenks, C. S. DePerno, and R. D. Bluett. 2019. Estimating detection and density
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of bobcats in a fragmented Midwestern landscape using spatial capture-recapture
data from camera traps. Wildlife Society Bulletin 43: In Press.
Journals in Press: Unknown Year and Volume
Giudice, J. H., and J. T. Ratti. Biodiversity of wetland ecosystems: review of status and
knowledge gaps. Bioscience: In Press.
Multiple Same Author Citations
Bowyer, R. T. 1991. Timing of parturition and lactation in southern mule deer.
Journal of Mammalogy 72:138–145.
Bowyer, R. T., and J. G. Kie. 2004. Effects of foraging activity on sexual segregation of
mule deer. Journal of Mammalogy 85:498–504.
Bowyer, R. T., J. G. Kie, and V. Van Ballenberghe. 1996. Sexual segregation in blacktailed deer: effects of scale. Journal of Wildlife Management 60:10–17.
Bowyer, R. T., D. R. McCullough, and G. E. Belovsky. 2001. Causes and consequences
of sociality in mule deer. Alces 37:371–402.
Bowyer, R. T., K. M. Stewart, S. A. Wolfe, G. M. Blundell, K. L. Lehmkuhl, P. J. Joy, R.
J. McDonough, and J. G. Kie. 2002. Assessing sexual segregation in deer.
Journal of Wildlife Management 66:536–544.
Bowyer, R. T., V. Van Ballenberghe, J. G. Kie, and J. A. K. Maier. 1999. Birth-site
selection by Alaskan moose: maternal strategies for coping with a risky
environment. Journal of Mammalogy 80:1070–1083.
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Software Package
SAS Institute. 2001. Version 8.02 user manual. SAS Institute, Cary, North Carolina,
USA.
Symposia and Proceedings: Complete Volume
DeGraaf, R. M., technical coordinator. 1978. Proceedings of workshop on management
of southern forests for nongame birds. U.S. Forest Service General Technical
Report SE-14, Washington, D.C., USA.
Symposia and Proceedings: Single Articles
Hack, M. A., and K. Menzel. 2002. Pronghorn state and province status report: 2001.
Proceedings of the pronghorn antelope workshop 20:5–16.
Dickson, J. G. 1978. Forest bird communities of the bottomland hardwoods. Pages 66–
73 in R. M. DeGraaf, technical coordinator. Proceedings of the workshop on
management of southern forests for nongame birds. U.S. Forest Service General
Technical Report SE-14, Washington, D.C., USA.
Symposia and Proceedings: Numbered Series
Palmer, T. K. 1976. Pest bird control in cattle feedlots: the integrated system approach.
Proceedings of Vertebrate Pest Conference 7:17–21.
Symposia and Proceedings: Complete Volume
McAninch, J. B. 1995. Urban deer: a manageable resource? Proceedings of the
symposium of the 55th Midwest Fish and Wildlife Conference. North Central
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Section of the The Wildlife Society, 12–14 December 1993, St. Louis, Missouri,
USA.
Snyder, W. D. 1984. Management procedures for northern bobwhites in eastern
Colorado. Colorado Division of Wildlife, Special Report 56. Fort Collins,
Colorado, USA.
Symposia and Proceedings: Single Article
Stout, S. L., and R. Lawrence. 1996. Deer in Allegheny Plateau forests: learning the
lessons of scale. Pages 92–98 in Proceedings of the 1995 Foresters Convention.
Society of American Foresters, 28 October–1 November 1995, Portland, Maine,
USA.
Theses or Dissertations
Snyder, M. V. 2001. Seasonal variation in hematology, body composition, and food
caches of eastern woodrats (Neotoma floridana). Thesis. Emporia State
University, Emporia, Kansas, USA.
Svihovec, L. K. 1967. A comparison of the ecological distribution of small mammals in
southwestern North Dakota. Thesis. University of North Dakota, Grand Forks,
USA.
Willey, D. W. 1998. Movements and habitat utilization by Mexican spotted owls within
the canyonlands of Utah. Dissertation. Northern Arizona University, Flagstaff,
USA.
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Web Citation: Professional Site
Council of Biology Editors [CBE]. 1999. CBE home page. <http://www.council
scienceeditors.org>. Accessed 26 April 2009.
High Plains Regional Climate Center. 2005. University of Nebraska-Lincoln, School of
Natural Resources, Lincoln, USA. <http://www.hprcc.unl.edu/>. Accessed 1
October 2008.
Midwest Regional Climate Center. 2002. Historical climate summaries. <http://mcc.sws.
uiuc.edu/>. Accessed 14 February 2005.
Web Citation: E-Journal Articles
Browning, T. 1997. Embedded visuals: student design in Web spaces. Kairos: A
Journal for Teachers in Writing in Webbed Environments 3(1).
<http://english.ttu.edu/kairos/2.1/ features/browning/bridge.html>. Accessed 10
November 2007.
Web Citation: Government Publication
National Oceanic and Atmospheric Administration [NOAA]. 2005. National Weather
Service internet services team. Monthly precipitation for Reno, Nevada.
<http://www.wrh.noaa. gov/rev/ hydrology/monthly_precip.php>. Accessed 11
July 2005.
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APPENDIX D. MANDATORY ABBREVIATIONS FOR TABLES, FIGURES,
AND PARENTHETICAL EXPRESSIONS
Abbreviate the following terms in parentheses, tables, and figures only. Do not
abbreviate these terms in regular text and do not define terms listed in this table.
However, all additional abbreviations must be defined when first used in the text.
Additional metric abbreviations (identified with an asterisk) are not permitted.

Abbreviation or
Terma
Adult

symbol

Abbreviation or
Term

symbol

ad

Logarithm, base e

ln or

Amount

amt

Logarithm, base 10

log10

Approximately

approx.

Male

M

loge

Calorie

cal*

Maximum

max.

Celsius

C*

Meterb

m*

Chi-square

2

Metric Ton

t

Coefficient

coeff.

Minimum

min.
min

Confidence interval

CI, a a

Minute

Confidence limits

CL, x  a

Month names

correlation, simple

Jan, Feb, etc.

r

More than/Greater than

*

R2

Multiple

R

Determination,
multiple
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Determination,
r2

Number (of items)

no.

df

Observed

obs

diam

Parts per billion

ppb*

dbh

Parts per million

ppm*

Simple
Degrees of freedom
Diameter
Diameter, breast
height
Directions
Equation(s)

N, S, E, W, etc.
eq(s)

Percent

%*

Population size

N

Expected

E

Probabilityc

P

Female

F

Sample size

n

F ratio

F

Sample mean (of x)

Gram

g*

Spearman rank correlation

rs

Gravity

g

Standard deviation (s)

SD

Hectare

ha*

Standard error (s)

SE

Height

ht

Student’s t

t

Hotelling’s T2

T2

Temperature

Hours(s)

hr

Traced

tr

Joule

J*

Variation

CV

Juvenile

juv

Versus

vs.

Kilocalorie

kcal*

Volt

V*

LC50

Volume: liquid, book

temp

Lethal concentration,
50%

vol, Vol.
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Lethal dose,
median

LD50

Weight

wt

Less than

*

Wilcoxon test

T

Limit

lim

Year(s)

yr

Liter

L*

Z-statistic

Z*

a

Chamberlain and Johnson (2007:55–56). Reprinted with permission from the Journal

of Wildlife Management
b

All standard meter-based measurement units must be abbreviated in text when they

appear after a number (i.e., mm, cm, km, etc.)
c

Use P to indicate a specific probability value (i.e., P < 0.001), but not more broad

definitions in column-headings or axis labels (i.e., Probability that a juv survives first yr)
d

Define in a footnote (i.e., tr=<1%.)
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ABSTRACT
It is widely assumed that wetland management practices for waterfowl benefit a
variety of wetland-dependent birds, but few studies have documented factors influencing
wetland use by these species. In particular, marsh birds are an understudied guild of
migratory birds of conservation concern dependent on emergent wetlands that may
benefit from wetland management for waterfowl. I assessed marsh bird occupancy and
abundance in wetlands across Illinois to better understand how local wetland
characteristics, surrounding landscape context, and management practices for waterfowl
influenced marsh bird occupancy and abundance. During late spring and early summer
2015–2017, I conducted 1,033 call-back surveys at 53 focal sites (i.e., passive or active
management for waterfowl) and 107 reference sites selected from National Wetland
Inventory (NWI; n = 73) and Illinois Natural History Survey’s Critical Trends
Assessment Program (CTAP; n = 34) databases, which included 183 focal, 150 NWI, and
47 CTAP individual survey points. I recorded 3,680 total detections, of which American
coot (Fulica americana) comprised the greatest proportion (61.3%), followed by sora
(Porzana carolina, 26.7%), pied-billed grebe (Podilymbus podiceps, 5.5%), common
gallinule (Gallinula galeata, 2.5%), Virginia rail (Rallus limicola, 1.5%), least bittern
(Ixobrychus exilis, 1.4%), American bittern (Botaurus lentiginosus, 0.9%), king rail
(Rallus elegans, 0.2%), and yellow rail (Coturnicops noveboracensis, 0.1%). Detection
probability for occupancy and abundance was negatively related to ordinal date. Wetland
complexity, surface water inundation, and dense, persistent emergent vegetation were
positively related to marsh bird occupancy and abundance, but landscape context,
intensive management practices for waterfowl, and other factors were generally poor or
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inconsistent predictors of marsh bird guilds. Suitable habitat for marsh birds appears to
be very limited across most of Illinois, and wetland management practices (e.g., semipermanent emergent marsh) that retain surface water during the growing season,
encourage perennial emergent plants (e.g., Typha sp.), and increase wetland complexity
could be used to provide habitat suitable for waterfowl and marsh birds.
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CHAPTER 1. COVER AND MANAGEMENT INFLUENCE WETLAND
OCCUPANCY BY MARSH BIRDS IN ILLINOIS

ABSTRACT
Few studies have documented factors influencing wetland use by marsh birds,
especially in the Midwest were losses of emergent wetlands has been extreme. Marsh
birds depend on emergent wetlands in the Midwest during migration and subsequent
breeding periods, and habitat loss and degradation is the primary suspected cause for
population declines among many of these species. I assessed marsh bird occupancy of
wetlands across Illinois to better understand how natural wetland characteristics, wetland
management practices, and surrounding landscape characteristics influence marsh bird
occupancy. During late spring and early summer 2015–2017, I conducted call-back
surveys three times annually at focal sites (i.e., passive or active management for
waterfowl) and reference sites selected from National Wetland Inventory (NWI) and
Illinois Natural History Survey’s Critical Trends Assessment Program (CTAP) databases.
Across species and groups, detection probability decreased with ordinal date. Detection
declined 7.1% ± 2.1 each week during the marsh bird survey period. Marsh bird
occupancy was greatest during my first survey period (Ψ = 0.71 ± 0.11), followed by my
second (Ψ = 0.55 ± 0.14) and third survey periods (Ψ = 0.39 ± 0.14). Focal (Ψ = 0.74 ±
0.09) sites had greater occupancy than reference (Ψ = 0.62 ± 0.08) or CTAP reference
sites (Ψ = 0.32 ± 0.11). Furthermore, marsh bird occupancy was greater at higher levels
of wetland complexity (Ψ = 0.99 ± 0.02), at an intermediate level of waterfowl
management intensity (Ψ = 0.39 ± 0.178), at higher proportions of surface water

2
inundation (max Ψ = 0.74 ± 0.089), and with greater proportions of persistent emergent
vegetation cover (max Ψ = 0.81 ± 0.148). My results suggest that wetland management
practices encouraging persistent emergent vegetation and surface water inundation during
the growing season positively influence marsh bird occupancy. Intense wetland
management practices (e.g., active moist-soil management) for waterfowl that include
early drawdowns, seasonal vegetation manipulation to maximize annual plant coverage
or allow planting of food plots, and control of perennial, emergent plant species likely do
not benefit marsh birds. However, wetland management practices (e.g., semi-permanent
emergent marsh) that retain surface water during the growing season, encourage
perennial emergent plants (e.g., Typha sp.), and increase wetland complexity could be
used to provide habitat suitable for waterfowl and marsh birds.
INTRODUCTION
Marsh birds are a guild of wetland-dependent migratory birds associated with
emergent vegetation communities (i.e., persistent and non-persistent emergent
vegetation). In North America, most marsh bird species have experienced population
declines (Muller and Storer 1999, Conway 2011) primarily due to wetland loss and
degradation (Gibbs et al. 1992, Meanley 1992, Darrah and Krementz 2010). For
example, greater than 50% of wetlands were drained and converted to alternate land uses
across the United States by the 1970s, with the losses exceeding 90% in the Midwest
(Tiner 1984; Harms and Dinsmore 2011, 2013). In Illinois, suitable habitat resources for
migrating and breeding marsh birds comprised of emergent vegetation is present on less
than 15% of remaining wetlands (Blake-Bradshaw 2018). With great loss and
degradation of wetlands, there is increasing pressure on extant wetlands to support marsh
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bird and other avian populations (Eddleman et al. 1988, Conway et al. 1994, Rehm and
Baldassarre 2007). Furthermore, increased management of existing wetlands may be
needed to sustain or increase marsh bird populations if widespread wetland creation and
restoration gains are not practical (Darrah and Krementz 2010, Lemke et al. 2017). In
response to population declines, several species of marsh birds have been listed as species
of conservation concern at the state and regional levels (Lor and Malecki 2002, Conway
and Gibbs 2005). For example, least bittern (Ixobrychus exilis) is considered threatened,
and black rail (Laterallus jamaicensis), king rail (Rallus elegans), and common gallinule
(Gallinula galeata) are considered endangered in the state of Illinois (IESPB 2015).
Marsh birds are valuable indicators of wetland condition due to their sensitivity to
particular vegetation communities and documented vulnerability to accumulation of
environmental contaminants in wetland substrates which impact their aquatic invertebrate
forage (Conway 2011). Due to their secretive nature and use of densely vegetated
wetlands which are difficult to survey, the population status, distribution, and life history
requirements of many species of marsh birds are largely undocumented (Glisson et al.
2017, Tozer et al. 2018). Additionally, few studies (Darrah and Krementz 2010,
Bolenbaugh et al. 2011, Valente et al. 2011) have documented habitat associations of
marsh birds in the Midwest, which may be useful to inform conservation planning and
prioritize wetland restoration (Wilson et al. 2018).
Many factors affect marsh bird abundance and diversity in wetlands, including
wetland size and isolation (Brown and Dinsmore 1986, 1988; Gibbs et al. 1991; Craig
and Beal 1992; Grover and Baldassarre 1995; Craig 2008), wetland connectivity (Brown
and Dinsmore 1986, 1988; Craig and Beal 1992), and surrounding anthropogenic land

4
use (Smith and Chow-Fraser 2010). Although several studies have documented localscale effects such as water-vegetation interspersion (Lor and Malecki 2006, Rehm and
Baldassarre 2007) and vegetation density and height (Sayre and Rundle 1984, Lor and
Malecki 2006, Darrah and Krementz 2010) on marsh bird site use, intrinsic vegetation
characteristics may be less important than wetland surroundings (DeLuca et al. 2004) and
size (Brown and Dinsmore 1986). Understanding species-habitat relationships for
species of conservation concern is critical because their recovery and persistence often
depend on habitat protection and restoration (Darrah and Krementz 2010, Guisan et al.
2013).
Recent research showed that of the >630,000 ha of wetlands in Illinois, only 9%
is comprised of non-persistent emergent vegetation and 5% is comprised of dense
persistent emergent vegetation (Blake-Bradshaw 2018). However, the National Wetland
Inventory database does not recognize numerous managed wetlands, especially within the
Mississippi and Illinois River floodplains of Illinois, indicating that this estimate may be
conservative if managed wetlands provide suitable habitat for marsh birds. In managed
wetlands, hydrology is often manipulated to promote early-succession vegetation that
provides food and habitat for waterfowl during fall migration in conjunction with hunting
seasons (Havera 1999, DeStevens and Gramling 2012). Although these intensively
managed wetlands produce emergent vegetation that may persist through the year,
management practices such as dewatering and soil disturbance may occur in spring and
early summer which coincides with marsh bird migration and breeding periods in the
Midwest. Although multiple studies suggest active management practices, including
those associated with waterfowl management, may influence on marsh bird occupancy
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(Darrah and Krementz 2010, Bolenbaugh et al. 2011), it is unknown how the intensity
and timing of management practices may affect conditions for marsh birds.
I estimated occupancy by marsh birds across a wide range of wetland vegetation
communities, hydrologic regimes, and management practices in Illinois during late spring
and early summer 2015–2017. My objectives were to assess wetland occupancy by
marsh birds relative to 1) local scale, intrinsic wetland characteristics influenced by
management actions in a short timeframe; 2) landscape scale, extrinsic characteristics
influenced by conservation planning activities over a long timeframe; 3) management
practices for other migratory birds, such as waterfowl, influenced by management actions
in a short timeframe; and 4) and stressors related to human activities within and
surrounding wetlands potentially influenced in a short and long timeframe. I predicted
that marsh bird occupancy would increase with coverage of emergent vegetation, and
marsh bird use would be greater in wetlands managed for waterfowl compared to
unmanaged wetlands. My research addressed several priorities in the Midwest bird
monitoring framework outlined by Koch et al. (2010), including furthering understanding
of the ecology and conservation priorities for migrating birds, evaluating effectiveness of
conservation actions such as wetland restoration, and increasing access to bird data
relative to landscape characteristics for use in conservation planning.
METHODS
Study area
I monitored marsh birds using call-back surveys on both public and private land
across Illinois during 2015–2017. During April, May, and June, average minimum
temperatures in Illinois were 4.9, 11.0 and 16.2 (° C), average maximum temperatures
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were 17.7, 23.5 and 28.4 ( C), average temperatures were 11.3, 17.2, and 22.3 ( C), and
average rainfall was 9.2, 10.6, and 11.0 cm (NCEI GIS Agile Team 2017). Illinois has
lost approximately 90% of its wetlands (Dahl 2006) primarily to drainage and conversion
for agricultural production. Agriculture comprises >76% of land use in Illinois, with corn
and soybeans making up approximately 60%. Statewide, wetlands compose <4% of the
landscape, with <1% in non-forested wetland cover (Luman et al. 2004)
Illinois lies within the heart of the Mississippi Flyway with breeding grounds of
many migratory waterbirds primarily to the north and wintering grounds to the south.
Illinois contains 14 natural divisions delimited by factors including topography, soils,
bedrock, glacial history, and the distribution of plants and animals (Fig. 1). Illinois is
also divided among three separate bird conservation regions (BCRs 22, 23, 24; Sauer et
al. 2003). The Mississippi and Illinois River floodplains contain areas that have some of
the greatest wetland density in Illinois (Blake-Bradshaw 2018). However, large portions
of these floodplains have been isolated from the river system by levees and are managed
for agriculture or to provide food for migrating waterfowl, primarily dabbling ducks
(Anas spp.). In leveed portions of these floodplains, hydrology is managed so that little
to no surface water is present during the growing season to encourage annual, moist-soil
plants or allow planting of crops (e.g., corn, millet) which are flooded again during fall
migration (Lemke et al. 2017). To a lesser extent, some areas are managed as more
natural emergent marshes year-round to encourage production of emergent and
submersed aquatic vegetation (e.g., cattail [Typha spp.], bulrush [Scirpus spp.], coontail
[Ceratophylum demersum]).

7
Managed wetlands are typically impounded on one or more sides by levees and
have water control structures allowing hydrological manipulation consistent with
management goals, such as moist-soil management. In particular, moist-soil
management is the purposeful drawdown of water to expose soil during the growing
season and promote early-succession, annual plants desirable for waterfowl (Gray et al.
2013). Water drawdowns typically occur in late spring or early to mid-summer to
provide a suitable window for vegetation to mature and produce seed, and vegetation is
reflooded in autumn to make seed available to migrating and wintering waterfowl
(Fredrickson and Taylor 1982). These conditions may maximize food production for
waterfowl (Bowyer et al. 2005), but drawdowns during migration and breeding seasons
of marsh birds and exclusion of perennial species may not provide conditions suitable for
marsh birds. Although many wetland conservation and restoration initiatives encourage
multi-species design and management, waterfowl are often the primary focal group and
little research is available to indicate how waterfowl management practices affect other
migratory bird species (Eddlemen et al. 1988, Fournier 2017).
Site selection
I surveyed marsh birds in wetlands managed primarily for migrating waterfowl
(i.e., focal) for comparison with randomly-selected reference wetlands statewide.
Reference wetlands included emergent polygons from the National Wetland Inventory
(NWI) and wetlands included within the Illinois Natural History Survey’s Critical Trends
Assessment Program (CTAP). Wetlands less than 0.5 ha in size were not sampled as
suggested in the North American Standardized Marsh Bird Survey Protocol (NASMBSP;
Conway 2011), and also to enable optimal chances of marsh bird detection due to past
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research suggesting decreased marsh bird use of small wetlands (Brown and Dinsmore
1986).
I assembled a comprehensive sampling frame of potential focal wetlands managed
for waterfowl within Illinois using previous studies (e.g., Bowyer et al. 2005, Stafford et
al. 2011) and correspondence with Illinois Department of Natural Resources site
managers and biologists, private landowners, and Illinois Natural History Survey staff. I
defined waterfowl management to include manipulation of vegetation, hydrology, and
soils (i.e., disking, planting, drawdowns; Kaminski et al. 2006) with the intent of
increasing food production or habitat suitability for waterfowl (Fredrickson and Taylor
1982). I randomly selected 20 wetlands from the population of focal sites for sampling
each year. If sites were unsuitable for marsh birds or were not managed for waterfowl
during my first visit, I replaced those sites with another randomly-selected site from the
sample population. Additionally, I non-randomly selected and sampled eight focal sites
in all years of my study due to their location and accessibility, intermediate intensity
management regimes, and history of restoration (e.g., The Nature Conservancy’s
Emiquon Preserve, Aitchison Waterfowl Refuge of Marshall State Fish and Wildlife
Area).
For reference wetlands, I stratified Illinois by natural division and selected sites
proportionately by wetland density within natural divisions. I consolidated NWI
polygons into 6 classes (Freshwater Pond, Lake, Freshwater Emergent [herbaceous only],
Freshwater Scrub-Shrub/Forested, Riverine, and Other) and used total wetland area to
determine the number of sample plots in each natural division using Neyman allocation
(Neyman 1934). I used the Reversed Randomized Quadrant-Recursive Raster tool in
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ArcMap to assign plot locations within wetland area inside each natural division, which
created a spatially-balanced sample population (Theobald et al. 2007, Tozer et al. 2018).
I reviewed ESRI base map aerial imagery to assess the presence of suitable emergent
vegetation at all reference sites for marsh birds and created a sample population of
potentially suitable sites each year (e.g., presence of emergent aquatic vegetation; Rehm
and Baldassarre 2007). I randomly selected 20 sites from the resulting sample population
for marsh bird surveys each year. If sites were unsuitable for marsh birds during my first
visit (i.e., lacking inundation or emergent vegetation; Bolenbaugh et al. 2011, BlakeBradshaw 2018), I replaced those sites with another randomly-selected site from the
sample population.
Similar to NWI sites, I used aerial imagery to assess habitat suitability for marsh
birds from 60 CTAP sites each year, and subsequently created a sample population from
which I randomly selected 20 to survey each year (Rehm and Baldassarre 2007). The
CTAP monitors the biological condition of forests, wetlands, streams, and grasslands in
Illinois using a sampling frame based on random selection of townships weighted by area
for inclusion (Molano-Flores 2002). The CTAP annually selects a representative location
within each aforementioned biological community (e.g., wetland) within 60 randomlyselected townships statewide. CTAP sites are resampled on a 5-year schedule. Because
CTAP and NWI sites were based on different randomized procedures and spatial data, we
assume they cumulatively were representative of the range of wetland conditions present
in Illinois. If sites were deemed as likely unsuitable after reviewing aerial photographs of
the site or site descriptions from previous CTAP visits or they were unsuitable for marsh
birds during my first visit, I replaced those sites with another randomly-selected site from
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the sample population (Fig. 2). For both CTAP and NWI sample populations, I assumed
that sites deemed unsuitable because they did not contain emergent vegetation were
unoccupied by marsh birds.
Marsh bird surveys
Prior to marsh bird surveys, I established fixed sample points (n = 1–5) at each
selected site with the number of points allocated to each wetland proportional to overall
size. All sample points were located in areas that were efficiently accessible, within or
adjacent to emergent aquatic vegetation, and spaced ≥ 400 m apart to reduce the chances
of double counting individuals (Johnson et al. 2009, Conway 2011). I restricted the
maximum number of survey points to 5 per site to allow observers to survey multiple
wetlands in a single sampling period. I marked sample points with GPS coordinates and
flagging tape to ensure consistency among survey periods.
Once survey routes were established, I surveyed all points among sites following
the NASMBSP (Conway 2011), which incorporates a repeated call-back survey design.
Call-back surveys can increase vocalization probability of secretive marsh birds, although
secretive marsh birds may still be detected during passive surveys (Conway and Gibbs
2011, Glisson et al. 2017). Surveys encompassed the 100-m-radius circle from the
marked point. I surveyed each point three times at bi-weekly intervals during 2015–2017
to create an encounter history necessary to estimate probability of site occupancy and
detection (MacKenzie et al. 2002). I conducted all surveys between one half hour before
sunrise and approximately 2 hours after sunrise (e.g., Bolenbaugh et al. 2011) and
avoided heavy rains or high wind conditions to maximize detections (Conway 2011).
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Following the NASMBSP, I used a 5-min passive survey and subsequent 1-min
alternating series of 30 seconds of calls and 30 seconds of silence of least bittern, yellow
rail (Coturnicops noveboracensis), black rail, king rail, Virginia rail (Rallus limicola),
sora (Porzana carolina), common gallinule, American bittern (Botaurus lentiginosus),
American coot (Fulica americana), and pied-billed grebe (Podilymbus podiceps; Conway
2011). The order of calls was fixed and began with the least intrusive species and ended
with the most intrusive species following the NASMBSP (Ribic et al. 1999, Conway
2011). I broadcasted calls using electronic game callers (Western Rivers Pursuit,
Maestro Game Calls, LLC., Dallas, Texas, USA; Primos Turbo Dogg, Primos Hunting,
Flora, Mississippi, USA). During call-broadcast surveys, I pointed game callers toward
emergent vegetation and repeated subsequent surveys at each point using the same
cardinal direction. Calls were broadcasted at a volume of 80–90 dB with the observer
positioned 1 meter from the game caller (Conway 2011). Because Illinois encompasses
two survey zones according to the NASMBSP (Fig. 3; Conway 2011), surveys began
two-weeks later in the northern half of the state (i.e., southern zone start date = 15 April,
northern zone start date = 1 May).
During marsh bird surveys, I identified individuals to species by sight or sound.
To account for variation in detection probability, I also recorded variables such as wind
speed using the Beaufort scale (values 05), temperature (° C), cloud cover representing
severity of weather (values 07), background noise intensity (values 04), and the name
of the observer(s) as factors (Conway 2011). Prior to conducting surveys, I trained
participants on field protocols, bird identification, and estimating distances to calling
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birds through in-person training sessions, detailed guidebooks, and audiovisual media
(Nadau and Conway 2012, Glisson et al. 2017, Tozer et al. 2018).
Wetland Conditions
Following all call-back surveys within a site, I evaluated wetland conditions at
each sample point and across the entire site (Table 1). At the site level, I assessed the
intensity of waterfowl management activities (1 [no waterfowl management; e.g., lack of
evidence of managed drawdowns or vegetation manipulation] – 8 [very intense waterfowl
management; e.g., annual soil disturbance, disking and planting food plots, etc.] ; Fig. 4),
wetland complexity/interspersion (1 [homogeneous] – 6 [high heterogeneity]; Fig. 5),
wetland connectivity (1 [isolated from other wetland] – 8 [adjacent and connected to
other wetlands]), and anthropogenic disturbance (Ohio Rapid Assessment Method;
ORAM). The ORAM procedure includes potential stressors and indicators of wetland
condition, including metrics indicative of wetland quality for marsh birds under a wide
variety of modified conditions specific to the Midwest region (e.g., management of
hydrology, presence of water control structures, drawdown timing, urban development
and adjacent agricultural land use, etc; Blake-Bradshaw 2018). At each sample point, I
assessed percent cover by vegetation type, including dense persistent emergent (hereafter,
persistent emergent), non-persistent emergent, scrub-shrub, forested, non-rooted floating
aquatic vegetation, open water, and aquatic bed (i.e., floating- and submersed aquatic
vegetation). At this scale, I also recorded average water depth across the surveyed area
within four depth ranges dependent on known water bird feeding guilds (1: dry; 2: very
shallow, <10 cm; 3: shallow, <45 cm; 4: deep, > 45 cm) and percent surface water
inundation (Conway 2009, Harms and Dinsmore 2013).
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Data analysis
I estimated occupancy and detection probability of marsh birds across sites using
the occu function in the unmarked package for program R, version 3.1 (Fiske et al. 2011;
R Core Team 2014). An important assumption regarding detection probability from
repeated surveys is that the population is closed: that is, no immigration or emigration of
individuals among sampling periods (Mackenzie et al. 2002). Violating this assumption
can lead to under estimating detection probability and over estimating occupancy. For
example, inclusion of migrating individuals would violate the assumption of a closed
population and bias estimates of detection probability low. Due to anecdotal
observations from the field and variation in raw detections that were inversely related to
sampling period chronology, I judged that my data was unlikely to meet the assumption
of closure. Past research suggests that marsh bird migration continues through the
monitoring season outlined in the NASMBSP (Fournier 2017). Accordingly, calculating
occupancy for more mobile organisms may require shorter periods between repeat visits
or the use of spatial replication across multiple surveys within the same area of study
(Kendall and White 2009). Thus, I estimated detection probability among sample points
within each site and survey period instead of across survey periods. Under this design, I
assumed that a species present at a single point within a site was present at all points
within that site, and non-detection was a false negative, not true absence. Due to
similarities in vegetation and wetland characteristics among survey points within each
site and distribution of sample sites in relation to mostly unsuitable habitat surrounding
sites, I believe this approach was reasonable and that the probability of meeting this
assumption was substantially greater than population closure across the 6-week survey
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period (Kendall and White 2009). I estimated 95% confidence intervals (CI) for
detection probability and expressed standard error (±) of categorical factor levels.
To examine occupancy rates of marsh birds with similar habitat requirements, I
grouped species based on taxonomical similarity, patterns of habitat use, and relevance to
management (Bolenbaugh et al. 2011). Marsh bird groups included ‘all’, ‘emergent’ (i.e.,
least bittern, American bittern, black rail, king rail, sora, Virginia rail, and yellow rail),
and ‘open water’ (i.e., American coot, common gallinule, and pied-billed grebe;
Bolenbaugh et al. 2011). Small sample sizes for most individual species precluded
species-specific estimation of occupancy.
I used a two-step modeling process by which covariates for detection (p) were
modeled first while keeping occupancy (Ψ) constant at the null. I then used the top
model for detection in all subsequent models for occupancy (Kroll et al. 2010, Harms and
Dinsmore 2013). I assessed correlation among the site-specific covariates by
constructing a correlation matrix prior to analysis and removed one of each of the
correlated variables (r > 0.5; Harms and Dinsmore 2013). I modeled occupancy as a
function of all remaining independent variables individually and then built additive
modeling using biologically plausible combinations of variables that received the most
support (Harms and Dinsmore 2013). I compared candidate models using Akaike’s
Information Criterion (AIC) and considered models ≤ 2 ΔAIC to be competitive
(Burnham and Anderson 2002). All predicted probabilities of occupancy were reported
with corresponding standards. I then used odds ratios to illustrate effect sizes of variables
included in all competitive models (Hosmer and Lemeshow 2000, Freund and Wilson
2003, Jacques et al. 2011).
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RESULTS
I recorded 3,680 marsh bird detections during 2015–2017. American coot were
most commonly detected (61.3%), followed by sora (26.7%), pied-billed grebe (5.5%),
common gallinule (2.5%), Virginia rail (1.5%), least bittern (1.4%), American bittern
(0.9%), king rail (0.2%), and yellow rail (0.1%). I detected no black rail during my
surveys. Within the emergent group sora represented most of the detections (87.1%),
followed by Virginia rail (4.9%), least bittern (4.4%), American bittern (2.9%), king rail
(0.5%), and yellow rail (0.2%). Within the open water group American coot represented
most of the detections (88.5%), followed by pied-billed grebe (7.9%), and common
gallinule (3.6%). For all three marsh bird groups, detection probability declined with
ordinal date (Table 2). The odds of detection declined 6% (95% CI = 4 – 7) for the all
group, 5% (95% CI = 3 – 7) for emergent group, and 3% (95% CI = 1 – 5) for the openwater group each day (Fig. 6; Table 2).
The highest-ranked model predicting occupancy of the all marsh bird group
included wetland complexity and wetland type (Table 3). The odds of wetland
occupancy were 28.7 (95% CI = 3.1 – 271.0) times greater at sites with the greatest level
of complexity compared to sites at the lowest level of complexity (Fig. 7). The odds of
occupancy at a focal site were 1.80 (95% CI = 0.7 – 4.6) times greater than NWI sites
(Fig. 8). The odds of occupancy were 71% (95% CI = 31 – 88) less at CTAP sites than
NWI sites.
The highest-ranked model predicting occupancy of the emergent group included
wetland complexity, survey period, surface water inundation, and persistent emergent
vegetation (Table 3). The odds of occupancy were 98 (95% CI = 8 – 123) times greater
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at the highest level of complexity than the lowest (Fig. 9). The odds of occupancy were
49% (95% CI = -14 – 77) less in survey round 2 than survey round 1 and 73% (95% CI =
33 – 89) less in survey round 3 than survey round 1 (Fig. 10). The odds of occupancy
increased 2% (95% CI = 0 – 3; Fig. 11) for every 1% increase in surface water inundation
and 3% (95% CI = 0 – 5; Fig. 12) for every 1% increase in the percent cover of persistent
emergent vegetation.
The highest-ranked model predicting occupancy of the open water group included
wetland complexity, site type, and waterfowl management intensity (Table 3). The odds
of occupancy was 28 (95% CI = 2 – 37) times greater in the highest level of complexity
than at the lowest level of complexity (Fig. 13). The odds of occupancy was 5 (95% CI =
2 – 12) times greater at focal sites compared to NWI sites (Fig. 14). The odds of
occupancy was 30% (95% CI = 2 – 77) lower at CTAP sites than NWI sites (Fig. 14).
Occupancy was greatest at intermediate levels of waterfowl management intensity. For
instance, the odds of open water-associated marsh bird occupying a wetland was 3 (95%
CI = 1 – 12) times greater in wetlands with a level 4 management intensity than sites at
level 1 management intensity. Furthermore, a level 7 management intensity resulted in a
44% (95% CI = 0 – 92) decrease in the odds of occupancy compared to sites at level 1
management intensity (Fig. 15).
DISCUSSION
Focal wetlands managed for waterfowl had substantially greater probability of
occupancy by marsh birds than reference wetlands. Focal wetlands (4.58 ± 1.91) were
ranked at substantially higher management intensity levels than NWI (1.83 ± 1.61) or
CTAP wetlands (1.28 ± 0.04). However, intensively managed wetlands for waterfowl
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were typically less suitable for marsh birds than intermediate levels of wetland
management. Management activities that featured late drawdowns or maintained surface
water throughout the growing season, encouraged persistent emergent vegetation, and
resulted in greater wetland complexity had the greatest potential to provide suitable
habitat for both marsh birds and waterfowl (i.e., levels 3–4; Chapter 2).
Dense, persistent emergent vegetation flooded at shallow depths provides cover,
nesting infrastructure, and foraging conditions for marsh birds (Darrah and Krementz
2010); however, these habitat resources were rare in reference wetlands that we evaluated
(Blake-Bradshaw 2018), but they occurred in at least portions of many sites managed for
waterfowl. For example, Emiquon Preserve and the Dixon Waterfowl Refuge at
Hennepin and Hopper Lakes along the Illinois River host hundreds of thousands of
waterfowl and other waterbirds during migration, but these sites are managed as
emergent marshes and provided substantial areas of dense emergent vegetation and were
used extensively by marsh birds during my study (Bajer et al. 2009, Hagy et al. 2017,
Lemke et al. 2017). While intensively managed moist-soil wetlands can provide more
food for waterfowl than those passively managed (Bowyer et al. 2005), maximizing cooccurrence of waterfowl and marsh birds is likely best accomplished using less intensive
management strategies with less frequent drawdowns and maintenance of dense emergent
vegetation communities (McClain et al. 2018).
Multiple species of marsh birds require diverse habitat resources for nesting and
foraging, and more complex wetlands have the potential to provide a greater diversity of
these resources to meet the needs of multiple species (Darrah and Krementz 2010,
Chapter 2). Several studies have demonstrated that a mixture of wetland cover types,
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particularly shallow open water interspersed with vegetation, yield the greatest
abundance and density of invertebrates (Kaminski and Prince 1981, Reid 1989), thus
potentially providing the greatest food resources for marsh birds. Vegetation to water
interspersion increases wetland complexity and encourages the use by marsh birds
(Weller and Spatcher 1965, Rehm and Baldassarre 2007), waterfowl (Kaminski and
Prince 1981), and other species (Hine et al. 2017).
It is often assumed that wetlands managed for waterfowl provide habitat for other
wetland-dependent species. Tozer et al. (2018) suggested that managed wetlands have
greater marsh bird occupancy rates compared to adjacent unmanaged wetlands, and
Fournier (2017) found marsh birds were positively associated with moist-soil vegetation
in impoundments managed for waterfowl. In the Midwest, a common goal in managed
wetlands is to dewater during the summer to promote annual moist-soil vegetation that
produce abundant seeds for waterfowl (Fredrickson and Taylor 1982). Dewatering
wetlands prior to the breeding period of most marsh birds also enables managers to plant
agricultural crops to produce food for waterfowl in the fall. In many intensively managed
wetlands for waterfowl, managers typically remove water shortly after the spring
migration of waterfowl (e.g., April–May) and before the primary breeding period for
marsh birds (i.e., June–July). Moreover, dense stands of persistent, emergent vegetation
are often discouraged through variable hydrologic regimes, chemical control, or physical
manipulations to encourage annual plants which produce more food for waterfowl. Thus,
intensive management for waterfowl that includes early drawdowns or exclusion of
perennial emergent vegetation also reduces marsh bird use (Harms and Dinsmore 2013).
In contrast, some managers practice less intensive management strategies due to fiscal or
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logistical constraints (e.g., lack of water-level manipulation capability) which allows
portions of wetlands to be colonized by perennial species or maintain standing watering
during the growing season. In my study and others, occupancy by marsh birds was
greater in sites with less intensive management practices (Connor and Gabor 2006, Tozer
et al. 2018). Management practices that retain water to increase inundation during the
marsh bird migrating and breeding season may promote the growth of persistent
emergent vegetation, and thus site occupancy by marsh birds (Tozer et al. 2018, Harms
and Dinsmore 2013).
Many wetland characteristics considered strong predictors of marsh bird use in
other studies were not important predictors of marsh bird occupancy in this study
(Fournier 2017, Harms and Dinsmore 2013). For example, anthropogenic disturbances
were cited in many studies to negatively impact marsh bird occupancy, but our modified
ORAM score incorporating agricultural development, potential for pollution, and
recreational activities was not associated with occupancy. Stapanian et al. (2004) found
that wetland dependent birds including marsh bird abundance and diversity was related to
ORAM score. Harms and Dinsmore (2013) found an increase in marsh bird occupancy
relative to the cover of reed canary grass (Phalaris arundinazea), suggesting that not all
invasive plants negatively impact marsh birds. Furthermore, while Fournier (2017) and
Wilson et al. (2018) found that wetland use by autumn and spring migrating sora was
positively related to non-persistent emergent vegetation, non-persistent emergent
vegetation was not a predictor of marsh bird occupancy in this study and was often not
flooded during marsh bird surveys.
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Flood events likely impact wetland conditions and subsequent marsh bird use.
Anecdotally, I observed a large impact from floods on wetlands surveyed in our study.
Large flood events of the Illinois and Mississippi rivers have historically occurred
following seasonal precipitation cycles. However, due to human interference by largely
separating the floodplain and historical hydrology using levees and the installation of
locks and dams, flooding of the river systems has become more frequent and less
predictable, and floods of greater magnitude are occurring (Lemke et al. 2017). These
flood events during the growing season destroy emergent vegetation or raise water levels
to the point where all suitable cover is submersed and inaccessible to marsh birds.
Previous studies have noted that the probability of detecting marsh birds varied by
time of day, survey date, and weather (Rehm and Baldassarre 2007, Conway and Gibbs
2011). Non-detection of marsh birds may result from true absence or non-detection
despite presences due to the bird not calling or being visible during the survey period or
the observer failing to hear or see the bird despite a response (Denes et al. 2015). In
order to account for all scenarios, an unbiased estimate of detection probability requires
survey replication while the population is closed (Mackenzie et al. 2002). In the current
NASMBSP, replication is recommended biweekly across a 6-week period. Conway
(2011) recommended that initial surveys be conducted after migration and before the
initiation of breeding; however, such timing could lead to under sampling those species
with the earliest peak-detection periods being missed (Tozer et al. 2018). I noted varying
detection probability across days within and among biweekly survey periods, suggesting
that detection probability varied through time. Variation in detection could be caused by
decreased vocalizations as the breeding season progresses (Tozer et al. 2018), but
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information about vocal behavior during migration is limited. However, Kaufmann
(1989) observed that marsh birds gave similar vocalizations during migration and
breeding periods. Additionally, the NASMBSP survey timing was established in order to
encompass all marsh bird species’ breeding seasons which could explain why detection
decreased over time due to varying migration and breeding chronology among marsh
birds of interest.
The majority of our detections were sora and American coot, and most occurred
in the first and second survey period. Several species (e.g., pied-billed grebe, common
gallinule) migrate later in the survey season, but I had fewer overall detections due to
lower abundances or other factors (Chapter 2). This temporal relationship with detection
probability has been documented in other studies (Rehm and Baldassarre 2007) and my
use of multi-species groups with differing migration chronologies and abundances
(Fournier 2017) probably exacerbated the effect of date in my study. Consequently, the
timing of surveys outlined in the NASMBSP may not be effective at meeting the
assumptions required to calculate detection probability of breeding marsh birds using
temporal replication over a 6-week timeframe in the Midwest and may need to be
adjusted to adequately detect marsh birds of different guilds migrating at different times.
Anecdotally, survey frequency would have needed to be one week or less in our study to
better ensure the assumption of closure for most species, especially during the early
survey period when many detections likely came from migrating individuals. Reducing
the time between surveys could decrease the probability of marsh birds moving in or out
of the survey area and could potentially increase the number of detections which would
improve habitat models and allow species-specific estimation of occupancy rates.
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Additionally, using automated recording devises to supplement site visits could be useful
to increase detections and survey replications.
MANAGEMENT IMPLICATIONS
Wetland managers should increase coverage of dense, persistent emergent
vegetation by maintaining surface water during the growing season for several years in
succession to increase marsh bird use of managed wetlands in the Midwest. Managing
wetlands to benefit marsh birds and other wetland-dependent species, such as waterfowl,
will require maintenance of wetlands in the intermediate stages of marsh succession using
multi-year hydrology strategies to stimulate a variety of cover types and food sources to
meet the differing needs of each species which can be done by managing for high
wetland complexity (Weller and Spatcher 1965). Creating or managing for emergent
marshes with semi-permanent water regimes can benefit waterfowl and promote
occupancy and use by marsh birds.
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Table 1. List of factors and the corresponding units used as possible predictors of marsh bird detection and abundance in
Illinois during late spring and early summer 2015–2017.
Model Group
Detection

Factors
Units/Scale
Time Relative to Sunrise
Minutes
Temperature
Degrees Celsius
Sky Cover
08
Wind
05
Background Noise
04
Observer (s)
Observer
Adjusted Date
148
Ordinal Date
108–167 (April 18 – June 16)
Year
2015–2017
Abundance
Waterfowl Management Intensity
18
Wetland Complexity
16
Connectivity to Rivers or Streams
07
Management Category
Unmanaged, Passive, Active
Survey Period
1, 2, 3
Survey Region
North or South
Wildlife Management Intensity
07
a
Site Type
CTAP, NWI, Focal
Water Depth
04
Surface Water Inundation
% of Survey Point
Aquatic Bed
% of Survey Point
Dense Persistent Emergent Vegetation
% of Survey Point
Non-persistent Emergent Vegetation
% of Survey Point
Shrub-Scrub
% of Survey Point
Forested
% of Survey Point
Open Water
% of Survey Point
Natural Division
ArcGIS Layer
ORAM Factors
ORAM Scores
a
Critical Trends Assessment Program (CTAP), National Wetland Inventory (NWI), Managed for waterfowl (Focal)
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Table 2. Model rankings for variables predicting detection probability by species
groupings of marsh birds based on Akaike’s Information Criterion (AIC), difference in
AIC relative to the top model (ΔAIC), relative model weight (wi), and number of
parameters (K) from surveys conducted at focal wetlands managed for waterfowl and
reference wetlands throughout Illinois during late spring and early summer 2015–2017.
Group
All Marsh Birds

Modela
ordinal date
adjusted date
temperature
sky cover

AIC
1276.99
1286.37
1324.58
1330.07

ΔAIC
0.00
9.38
47.59
53.08

wi
1.00
0.00
0.00
0.00

K
3
3
3
8

Emergent b

adjusted date
ordinal date
temperature
year

1197.54
1200.32
1249.32
1252.63

0.00
2.78
51.78
55.09

0.80
0.20
0.00
0.00

3
3
3
3

Openc

0.84
adjusted date
1007.04
0.00
3
0.13
ordinal date
1008.4
1.36
3
0.02
time
1020.43 13.39
3
0.00
null
1020.65 13.61
2
a
For all models, the occupancy parameter was held constant at the null.
b
Emergent = Botaurus lentiginosus, Ixobrychuc exilis, Porzana carolina, Rallus
elegans, Rallus limicola, and Coturnicops novemoracensis.
c
Open = Fulica americana, Gallinula galeata, and Podilymbus podiceps.

Table 3. Model rankings for variables predicting occupancy probability by species groupings of marsh birds based on
Akaike’s Information Criterion (AIC), difference in AIC relative to the top model (ΔAIC), relative model weight (wi), and
number of parameters (K) from surveys conducted at focal wetlands managed for waterfowl and reference wetlands throughout
Illinois during late spring and early summer 2015–2017.
Group
All Marsh Birds

Modela,b
CMP + TYP
CMP
PIN
TYP
NULL

AIC
1268.74
1277.13
1277.39
1299.21
1331.08

ΔAIC
0.00
8.39
23.78
30.47
62.48

wi
0.97
1.5e-2
1.3e-2
6.7e-6
2.6e-14

K
10
8
5
10
3

Emergent c

CMP + PIN + PDP + PRD
CMP + PDP + PRD
CMP + PIN + PRD
CMP + PRD
NULL

1174.11
1177.68
1179.27
1197.39
1265.60

0.00
3.57
5.16
23.28
91.49

0.80
0.13
6.1e-2
7.8e-6
1.1e-20

12
11
11
10
3

Opend

0.90
CMP + TYP + WTR
949.08
0.00
17
6.9e-2
CMP + TYP
954.22
5.14
10
2.8e-2
CMP + WTR
956.07
6.99
15
1.0e-4
TYP + WTR
967.22
18.14
12
2.6e-16
NULL
1020.65
71.56
3
a
All occupancy models presented contained the variable ordinal date in detection probability
b
CMP = wetland complexity, TYP = Site Type, WTR = waterfowl management intensity, PIN = Percent Inundation, PDP =
Percent cover dense persistent emergent vegetation, PRD = Survey Period, and NULL = intercept only.
c
Emergent = Botaurus lentiginosus, Ixobrychuc exilis, Porzana carolina, Rallus elegans, Rallus limicola, and Coturnicops
novemoracensis.
d
Open = Fulica americana, Gallinula galeata, and Podilymbus podiceps.
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Figure 1. Illinois natural divisions (Schwegman 1973) used to establish survey effort
dependent on wetland density in each natural division.
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Figure 2. Illinois counties with wetlands (n = 160 sites) surveyed for marsh birds during
breeding seasons of 2015–2017. Sites consisted of National Wetland Inventory (NWI;
grey), focal (white), and Critical Trends Assessment Program (CTAP [black]) wetlands.
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Figure 3. Marsh bird survey dates for two disparate regions of Illinois categorized by
average maximum temperatures in May from the PRISM Climate Group at Oregon State
University (Conway 2011). Sites consisting of National Wetland Inventory (NWI; grey),
focal (white), and Critical Trends Assessment Program (CTAP [black]) wetlands.
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Passive Management

Semi-permanent
Marsh Management
Moist-Soil
Management
Food Plot
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6
Waterfowl Management Intensity
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Figure 4. General guidelines used in this study to assist in determining waterfowl
management intensity based on observed management strategies with least intensive
(passive management) practices near 1 and intensive practices (food plots) at 8.

40

Figure 5. Hypothetical wetlands for estimating degree of complexity. None (1) wetland
has no complexity consisting of one monotypic habitat, low (2) wetland has a low degree
of complexity consisting of a small area of an additional habitat type, moderately low (3)
wetland has a moderately low degree of complexity consisting of a larger area of an
additional habitat type, moderate (4) wetland has a moderate degree of complexity
consisting of multiple small additional habitat types, moderately high (5) wetland has a
moderately high degree of complexity consisting of a large area of an additional habitat
type and high edge density, and high (6) wetland has a high degree of complexity
consisting of high edge density and more than one additional habitat type (Mack 2001).
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Figure 6. Model estimated marsh bird detection probability (black line) for all three marsh bird groups (± 95 % confidence
limits [grey lines]) by adjusted date. Surveys were conducted from day 0 (April 15 or May 1, depending on latitude
stratification) to day 48 across Illinois during late spring and early summer 2015–2017.
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Figure 7. Predicted probability (95% confidence limits) of site occupancy for the all
marsh birds group across wetland complexity levels in Illinois during late spring and
early summer 2015–2017. Site type (National Wetland Inventory) was held constant.
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Figure 8. Predicted probability (95% confidence limits) of site occupancy for the all
marsh birds group across wetlands managed for waterfowl (focal), Critical Trends
Assessment Program (CTAP), and National Wetland Inventory (NWI) site types in
Illinois during late spring and early summer 2015–2017. Wetland complexity (level 4)
was held constant.
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Figure 9. Predicted probability (95% confidence limits) of site occupancy for the
emergent marsh bird group (Botaurus lentiginosus, Ixobrychuc exilis, Porzana carolina,
Rallus elegans, Rallus limicola, and Coturnicops novemoracensis) across wetland
complexity levels in Illinois during late spring and early summer 2015–2017. Wetland
survey period (round 2), percent surface water inundation (50%), and percent cover of
persistent emergent vegetation (50%) were held constant.
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Figure 10. Predicted probability (95% confidence limits) of site occupancy for the
emergent marsh bird group (Botaurus lentiginosus, Ixobrychuc exilis, Porzana carolina,
Rallus elegans, Rallus limicola, and Coturnicops novemoracensis) among survey rounds
in Illinois during late spring and early summer 2015–2017. Wetland complexity (level
4), percent wetland inundation (50%), and percent cover of persistent emergent
vegetation (50%) were held constant.
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Figure 11. Predicted probability (95% confidence limits) of site occupancy for the
emergent marsh bird group (Botaurus lentiginosus, Ixobrychuc exilis, Porzana carolina,
Rallus elegans, Rallus limicola, and Coturnicops novemoracensis) across percent surface
water inundation in Illinois during late spring and early summer 2015–2017. Wetland
survey period (round 2), wetland complexity (level 4), and percent cover of persistent
emergent vegetation (50%) were held constant.
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Figure 12. Predicted probability (95% confidence limits) of site occupancy for the
emergent-associated marsh bird group (Botaurus lentiginosus, Ixobrychuc exilis, Porzana
carolina, Rallus elegans, Rallus limicola, and Coturnicops novemoracensis) across
wetland percent cover dense persistent emergent percentages in Illinois, 2015–2017.
Wetland complexity (level 4), wetland survey period (round 2), and surface water
inundation (50%) were held constant.
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Figure 13. Predicted probability of occupancy for the open water marsh bird group
(Fulica americana, Gallinula galeata, and Podilymbus podiceps) across wetland
complexity levels in Illinois during late spring and early summer 2015–2017. Site type
(National Wetland Inventory) and waterfowl management intensity (level 3) were held
constant.
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Figure 14. Predicted probability (95% confidence limits) of occupancy for the open
water marsh bird group (Fulica americana, Gallinula galeata, and Podilymbus podiceps)
across wetlands managed for waterfowl (focal), Critical Trends Assessment Program
(CTAP), and National Wetland Inventory (NWI) site types in Illinois during late spring
and early summer 2015–2017. Wetland complexity (level 4) and waterfowl management
intensity (level 3) were held constant.
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Figure 15. Predicted probability (95% confidence limits) of occupancy for the open
water-associated marsh bird group (Fulica americana, Gallinula galeata, and
Podilymbus podiceps) across wetland management intensities in Illinois during late
spring and early summer 2015–2017. Wetland complexity (level 4) and wetland type
(National Wetland Inventory) were held constant.
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APPENDIX A. COMPARISON OF MARSH BIRD DETECTIONS BETWEEN
SAMPLING METHODOLOGIES AT CRITICAL TRENDS ASSESSMENT
PROGRAM WETLANDS
I compared the number of detections from marsh bird surveys conducted during
this study following the North American Standardized Marsh Bird Survey Protocol
(NASMBSP; Conway 2011) and subsequently in the same year by the Critical Trends
Assessment Program (CTAP). The CTAP collects data on all birds detected during a
single wetland survey using standard, passive point counts and subsequent call-back
surveys for marsh birds (Molano-Flores 2002). The CTAP protocol includes only one
survey conducted during late May – mid-July whereas the NASMBSP includes 3 surveys
during mid-April – early June. Overall, the number of detections were similar among
NASMBSP (data collected in this study) and CTAP surveys at CTAP sites (paired t-test,
P = 0.46). Across sites and surveys, average detections in NASMBSP surveys were 0.3 ±
0.1 in 2015, 0.2 ± 0.1 in 2016, and 0.1 ± 0.1 in 2017. Across sites, average detections for
CTAP surveys were 0.6 ± 0.3 in 2015, 0.0 ± 0.0 in 2016, and 0.3 ± 0.2 in 2017.
Although nearly twice as many marsh birds were detected using the NASMBSP protocol,
CTAP sites had low numbers of detections in both surveys relative to detections at focal
sites managed for waterfowl and those from the National Wetlands Inventory (Chapter
2).
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Site
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34

Year
2017
2017
2017
2017
2017
2017
2017
2017
2017
2017
2017
2017
2017
2016
2016
2016
2016
2015
2015
2015
2015
2015
2015
2015
2015
2015
2015
2016
2016
2016
2016
2016
2016
2016

NASMBSP Detections
n
̅
𝒙
0
0
0
0
1
0.3
0
0
0
0
0
0
1
0.3
0
0
0
0
0
0
0
0
0
0
2
0.7
2
0.7
0
0
0
0
2
0.7
0
0
4
1.3
0
0
1
0.3
2
0.7
0
0
0
0
1
0.3
0
0
0
0
0
0
1
0.3
1
0.3
1
0.3
0
0
0
0
0
0

SE
0
0
0.3
0
0
0
0.3
0
0
0
0
0
0.7
0.7
0
0
0.7
0
1.3
0
0.3
0.7
0
0
0.3
0
0
0
0.3
0.3
0.3
0
0
0

CTAP
Detections
n
0
0
2
0
2
0
0
0
0
0
0
0
0
0
0
0
0
2
0
3
0
1
0
0
0
0
0
0
0
0
0
0
0
0
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APPENDIX B. COMPARISON OF MARSH BIRD RICHNESS BETWEEN
SAMPLING METHODOLOGIES AT CRITICAL TRENDS ASSESSMENT
PROGRAM WETLANDS
I compared species richness from marsh bird surveys conducted during this study
following the North American Standardized Marsh Bird Survey Protocol (NASMBSP;
Conway 2011) and subsequently in the same year by the Critical Trends Assessment
Program (CTAP). The CTAP collects data on all birds detected during a single wetland
survey using standard, passive point counts and subsequent call-back surveys for marsh
birds (Molano-Flores 2002). The CTAP protocol includes only one survey conducted
during late May – mid-July whereas the NASMBSP includes 3 surveys during mid-April
– early June. Overall, the species richness was similar among NASMBSP (data collected
in this study) and CTAP surveys at CTAP sites (paired t-test, P = 0.55). Across sites and
surveys, average species richness for NASMBSP surveys was 0.2 ± 0.1 in 2015, 0.2 ± 0.1
in 2016, and 0.1 ± 0.0 in 2017. Across sites, species richness for CTAP surveys was 0.2
± 0.1 in 2015, 0.0 ± 0.0 in 2016, and 0.2 ± 0.2 in 2017. Although species richness using
the NASMBSP was approximately twice that of the CTAP protocol, CTAP sites had low
numbers of detections in both surveys relative to detections at focal sites managed for
waterfowl and those from the National Wetlands Inventory (Chapter 2).
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Site

Year

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34

2017
2017
2017
2017
2017
2017
2017
2017
2017
2017
2017
2017
2017
2016
2016
2016
2016
2015
2015
2015
2015
2015
2015
2015
2015
2015
2015
2016
2016
2016
2016
2016
2016
2016

n
0
0
1
0
0
0
1
0
0
0
0
0
1
1
0
0
1
0
3
0
1
2
0
0
1
0
0
0
1
1
1
0
0
0

NASMBSP Richness
𝑥̅
0
0
0.3
0
0
0
0.3
0
0
0
0
0
0.3
0.3
0
0
0.3
0
1
0
0.3
0.7
0
0
0.3
0
0
0
0.3
0.3
0.3
0
0
0

SE
0
0
0.3
0
0
0
0.3
0
0
0
0
0
0.3
0.3
0
0
0.3
0
1
0
0.3
0.7
0
0
0.3
0
0
0
0.3
0.3
0.3
0
0
0

CTAP Richness
n
0
0
2
0
1
0
0
0
0
0
0
0
0
0
0
0
0
1
0
2
0
1
0
0
0
0
0
0
0
0
0
0
0
0
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APPENDIX C. LOCATIONS OF SURVEYED WETLANDS THROUGHOUT
ILLINOIS
Latitude and Longitude of sites surveyed for marsh birds during late spring and
early summer 2015–2017 in Illinois. Sites included wetlands managed primarily for
migrating waterfowl (i.e., focal) and randomly-selected reference wetlands statewide.
Reference wetlands included emergent polygons from the National Wetland Inventory
(NWI) and sites from the Illinois Natural History Survey’s Critical Trends Assessment
Program (CTAP). Region was determined using the North American Secretive Marsh
Birds Survey Protocol (NASMBSP; Fig. 3; Conway 2011).
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Site Number
1382
1402
1402
191
1111
1213
1161
1183
1203
1253
1301
181
21001
21011
21021
21031
21041
21051
21071
21081
21091
21321
21343
21353
21383
21403
21413
21423
1121
1141
121
1243
1312
1312
1332
1362

Year
2015
2015
2015
2015
2015
2015
2015
2015
2015
2015
2015
2015
2015
2015
2015
2015
2015
2015
2015
2015
2015
2015
2015
2015
2015
2015
2015
2015
2015
2015
2015
2015
2015
2015
2015
2015

Category
CTAP
CTAP
CTAP
NWI
NWI
Focal
NWI
Focal
Focal
Focal
NWI
NWI
NWI
NWI
NWI
NWI
NWI
NWI
NWI
NWI
NWI
NWI
Focal
Focal
Focal
Focal
Focal
Focal
NWI
NWI
NWI
Focal
CTAP
CTAP
CTAP
CTAP

Region
North
North
North
North
North
North
North
North
North
North
North
North
South
South
South
South
South
South
South
South
South
South
South
South
South
South
South
South
North
North
North
North
North
North
North
North

Longitude
-89.8329078
-89.85194364
-89.77166035
-90.12475804
-90.125139
-90.14648711
-89.49401747
-89.33144697
-89.32316421
-89.31741593
-89.943157
-89.32167568
-88.83946186
-90.150623
-90.0709365
-90.09869841
-90.0944123
-89.8393654
-90.85250555
-87.98300684
-90.20432036
-90.00632671
-89.89898094
-88.70800368
-89.21734897
-90.94195231
-89.87152314
-90.52793995
-88.39294919
-88.13707523
-88.29699048
-89.44031344
-88.36830505
-88.37147724
-87.93413215
-88.00664672

Latitude
41.71239348
41.70699541
41.75011327
41.92109661
41.933221
42.06819575
41.63626891
41.29861612
41.21503855
41.1760152
41.410424
41.32169964
37.25695516
38.660581
38.63214077
38.65573437
38.68779014
38.59469238
39.3637713
38.14771067
39.70936369
40.35134837
40.4523834
39.62115689
38.8121772
39.45324213
40.52365457
38.93994097
42.22233117
41.33680624
42.22474515
40.9131159
41.9993645
42.06699908
41.58285735
41.82618499
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Site Number
1372
141
1412
1422
171
1101
1223
1233
1283
21393
22031
21393
13013
23113
23123
23133
23143
23153
23163
23173
23183
23193
23213
23223
23233
13011
13022
13023
13021
13033
13031
13041
13042
13053
13051
13063
13061
13071
13071
13093

Year
2015
2015
2015
2015
2015
2015
2015
2015
2015
2015
2015
2015
2016
2016
2016
2016
2016
2016
2016
2016
2016
2016
2016
2016
2016
2016
2016
2016
2016
2016
2016
2016
2016
2016
2016
2016
2016
2016
2016
2016

Category
CTAP
NWI
CTAP
CTAP
NWI
NWI
Focal
Focal
Focal
Focal
NWI
Focal
Focal
Focal
Focal
Focal
Focal
Focal
Focal
Focal
Focal
Focal
Focal
Focal
Focal
NWI
CTAP
Focal
NWI
Focal
NWI
Focal
NWI
Focal
NWI
Focal
NWI
Focal
NWI
Focal

Region
North
North
North
North
North
North
North
North
North
South
South
South
North
South
South
South
South
South
South
South
South
South
South
South
South
North
North
North
North
North
North
North
North
North
North
North
North
North
North
North

Longitude
-88.24342949
-88.20377299
-88.66210886
-88.31784197
-88.30183991
-90.08985822
-89.43363245
-89.40829104
-89.4297148
-88.65388512
-90.05664399
-88.68850677
-89.32735746
-90.06540896
-89.88028069
-89.21210481
-90.93835676
-90.51780708
-89.14523347
-88.68840915
-89.99041187
-89.90132217
-88.2888956
-90.85326297
-90.00692611
-87.74383158
-89.56679275
-89.4326097
-88.16034815
-91.05822654
-88.48482653
-90.14265601
-90.12541135
-89.43303702
-90.41840014
-89.43104884
-90.06499288
-89.22889829
-91.06646073
-87.888495

Latitude
41.83355857
42.30677784
41.53938174
42.06101775
41.37571335
40.31398399
40.92686476
40.93997625
41.02521392
40.22803873
40.34875984
40.22286353
41.21210385
40.34169045
40.51506559
38.81569393
39.45241904
38.93973761
37.28800041
40.22247057
40.33898345
40.44554715
37.66750088
39.36294218
40.35138124
41.53270586
42.47792774
40.93598311
42.47142531
40.83321035
42.31156661
42.07018024
41.91061963
41.02609717
42.29295227
40.92807979
41.63361621
41.68598622
41.22963415
42.33222135
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Site Number
13091
13103
13101
13112
13111
13122
13121
13132
13131
13141
13151
13161
23012
23011
23022
23021
23032
23031
23052
23052
23051
23061
23072
23071
23081
23091
23101
23112
23122
301
302
307
392
304
391
309
7031
353
310
373

Year
2016
2016
2016
2016
2016
2016
2016
2016
2016
2016
2016
2016
2016
2016
2016
2016
2016
2016
2016
2016
2016
2016
2016
2016
2016
2016
2016
2016
2016
2017
2017
2017
2017
2017
2017
2017
2017
2017
2017
2017

Category
NWI
Focal
NWI
CTAP
NWI
CTAP
NWI
CTAP
NWI
NWI
NWI
NWI
CTAP
NWI
CTAP
NWI
CTAP
NWI
NWI
CTAP
NWI
NWI
CTAP
NWI
NWI
NWI
NWI
CTAP
CTAP
CTAP
CTAP
CTAP
NWI
CTAP
NWI
CTAP
NWI
Focal
CTAP
NWI

Region
North
North
North
North
North
North
North
North
North
North
North
North
South
South
South
South
South
South
South
South
South
South
South
South
South
South
South
South
South
North
North
North
North
North
North
North
North
North
North
North

Longitude
-91.00271086
-89.19148004
-90.24506855
-88.0763995
-88.94457961
-89.27850378
-90.11822784
-88.01974164
-90.12069696
-90.37282048
-89.43936324
-90.38185268
-89.74413306
-89.46667572
-89.27441406
-90.49515132
-88.55623378
-90.55939751
-90.54562991
-87.85035171
-91.30661821
-89.95091681
-89.31236764
-90.04947586
-88.65560158
-88.57852328
-88.00179932
-89.35812591
-89.36861842
-89.46878322
-89.99110588
-89.81459507
-88.48529228
-88.37267169
-88.0359418
-87.98686274
-89.56132182
-90.14541668
-89.5552791
-88.78777572

Latitude
40.90134565
41.71905869
41.75144398
41.96638224
41.32354604
41.81564728
41.18193702
41.68106514
42.16438379
42.26720125
40.93949191
41.52078468
40.24537807
40.12047281
39.46964635
39.95996228
38.94666389
40.52083106
39.97623317
38.33616293
39.76849233
40.32499339
37.57165711
38.67160249
37.41207295
37.70854241
38.17817151
37.42202122
37.38401019
42.47853041
42.41742969
42.26534843
42.31097817
42.33324051
42.2814846
42.19376028
42.15599416
42.06996696
41.99874222
42.00745404
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Site Number
390
7123
7186
7177
314
7007
357
7036
7048
313
376
345
7117
318
366
333
317
340
7004
7078
320
338
7010
7147
363
364
372
371
329
370
368
369
375
374
336
324
342
343
344

Year
2017
2017
2017
2017
2017
2017
2017
2017
2017
2017
2017
2017
2017
2017
2017
2017
2017
2017
2017
2017
2017
2017
2017
2017
2017
2017
2017
2017
2017
2017
2017
2017
2017
2017
2017
2017
2017
2017
2017

Category
NWI
NWI
NWI
NWI
CTAP
NWI
Focal
NWI
NWI
CTAP
NWI
Focal
NWI
CTAP
Focal
Focal
CTAP
Focal
NWI
NWI
CTAP
Focal
NWI
NWI
Focal
Focal
NWI
NWI
CTAP
NWI
NWI
NWI
NWI
NWI
Focal
CTAP
Focal
Focal
Focal

Region
North
North
North
North
North
North
North
North
North
North
North
North
North
North
North
North
North
North
North
South
South
South
South
South
South
South
South
South
South
South
South
South
South
South
South
South
South
South
South

Longitude
-88.18529257
-90.13851891
-90.157691
-89.74897468
-89.49188777
-89.375788
-89.18768596
-90.174769
-90.230137
-87.93014475
-88.14109513
-89.32379297
-90.969073
-87.70677698
-89.43300216
-89.43487757
-88.66040363
-91.0650777
-91.091088
-91.38822866
-90.525984
-88.68733047
-90.42984582
-90.99553004
-90.94138033
-90.54133424
-90.09630231
-90.09035369
-89.9529595
-89.24395611
-88.74010889
-88.68413531
-88.75545243
-88.81504403
-89.21587537
-88.58438917
-90.0535819
-90.006593
-89.98652472

Latitude
41.95070386
41.9795463
41.836548
41.74853597
41.67960763
41.690099
41.71502039
41.582077
41.558814
41.75762773
41.55356526
41.2165206
41.421309
40.80527258
41.02147338
40.935993
40.89964132
40.83317322
40.678085
40.53758709
40.252525
40.22319051
39.99759909
39.44496056
39.45098905
38.94459128
38.66475339
38.57592824
38.00719142
37.84790805
37.3883441
37.35746148
38.20288812
38.67350453
38.80993177
38.99304807
40.35468503
40.350037
40.34059829

60

Site Number
7003
356
361
393
335

Year
2017
2017
2017
2017
2017

Category
NWI
Focal
Focal
Focal
Focal

Region
South
South
South
South
South

Longitude
-89.816287
-89.955296
-89.8930285
-90.057059
-89.86195187

Latitude
40.396697
40.445451
40.45401161
40.45169
40.52649609

