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The Scientific Process

Step 1:	Observe nature or consider untested hypotheses from the literature.
Step 2:	Pose a question about nature.
Step 3:	Formulate plausible answers to your question.  These are your hypotheses.
Step 4:	Make predictions based on your hypotheses. 
Step 5:	Test the predictions.
Step 6:	Analyze data using appropriate statistical techniques.
Step 7:	Determine the proper journal for publication of your results, prepare your manuscript, following the instructions to authors for the specific journal you will target your paper. 

The Scientific Paper

All scientists are writers.  If you cannot effectively communicate your studies, you will be unable to make scientific contributions.  Effective scientific writing not only requires good grammar and use of the scientific writing format, but the ability to find and comprehend published manuscripts by other scientists.

To become a good scientific writer, you must read many scientific papers.  Note what works in these papers and what doesn’t, and write your papers with this knowledge.


Overall Structure:




The introduction begins general, and ends with specific questions and hypotheses.



Methods may include references to procedures developed elsewhere; however, the methods are usually, and the results are always study specific




The discussion generally begins with an interpretation of the specific study results and transitions into a discussion of the general significance of your results, perhaps addressing general ecological principals.











General Comments:
1)	Always double-space the entire manuscript.
2)	Do not refer to species using only their generic name.  When you first introduce a species in your paper use the full binomen, Pandanus tectorius, subsequently you can abbreviate to P. tectorius (never only Pandanus).
3)	Write your papers as if they will be read by scientists from around the world that have no knowledge of you or this class.
4)	Avoid the use of adjectives: instead of “astonishingly low” simply write “low.”
5)	Data is pleural, datum is singular.... “these data”, not “this data”.
6)	Keep your verb tense consistent.  For the most part, you will be using past tense because you are describing things that have already taken place.
7)	Proof read your work!  Don’t trust spell checkers to catch everything.
8)	Number your pages --- bottom right or bottom center.
9)	If you use material prepared by someone else, such as maps, you must cite your source.  Otherwise you are guilty of plagiarism.
10)	Never quote others.  Paraphrase and cite them.
11)	In-text citations:  single author (Jones 1995), two author paper (Jones and Smith 1995), 3 or more authors (Jones et al. 1995).
12)	The Latin abbreviation i.e., which stands for id est, means that is, that is to say, or in other words. The letters e.g. stand for the Latin phrase  exempli gratia, which means for example.
13)	Don’t use first person (e.g. we, I, us).
14)	Do not include definitions or long and involved taxonomic descriptions unless they are very important to the paper and it is reasonable to assume that the scientists reading your work will be unfamiliar with that information.
15)	In a manuscript, the tables are placed after the literature cited section and the figures are placed after the tables.  There should be one table or figure per page.

Title
1) Provide a title that lets the reader get an idea of the ecological problem that your report will address.
2) Do not make the title overly long.

Introduction:
	In the introduction, your primary goals are to establish that the study is of scientific interest, establish how the topic of your study relates to previous research, and to present your hypothesis and objectives.  The introduction should open with broad ecological principles that are relevant to your study, smoothly transition to your general topic, and end with your specific hypothesis and objectives. 

1)	Organization of materials flows from general to specific.
2)	Explicitly state your hypothesis and predictions stemming from it.
3)	You can give some general information regarding methodology, but leave the details for your methods section.
4)	Discuss the results and conclusions from previously published studies to help explain why your study is of scientific interest.
5)	Do not include background that is not directly related to your study.

Methods:
	In the methods section, you will provide all of the methodological details required for another scientist to repeat your study.  Start with a site description including longitude and latitude.  Then describe the methods you used to gather the data that will be presented in the results section.  State what statistical analyses were used to evaluate the data including what statistical software you used and what level of significance was used for the tests (p value).

1)	Give the date, and location of your fieldwork.  Only give the time if it is relevant to your data collection.  Time relative to sunrise or sunset is essential for data collected for zooplankton vertical migration, but it is not needed for infaunal samples.
2)	Describe the physical location of your study (a sentence or two should do).
3)	Don’t refer to your “group.”  Remember, your readers have no knowledge of you or your class.  Don’t use “we”, “I”, “us”, “our”, etc.  Correct: “The samples were collected using a plankton net.”  Incorrect: “I collected the samples with a plankton net.”
4)	Use past tense.  You are describing things that have already occurred.
5)	Statistical tests employed should be introduced (as well as any software programs used).
6)	Do not list your methods like a cookbook.  Write this section as a narrative of the procedures used in your study.
7)	If the order in which you do things doesn’t affect the data, it doesn’t need to be mentioned in your report. 
8)	Unless there is a good reason for communicating that you started at the top or the bottom of a transect line, don’t mention it.  
9) If you give natural history information on organisms under study, provide it in the methods section following the site description.
10)	Specifically state under what conditions you will accept your hypothesis – what results do you need to accept it/them. 
11)	Do not refer to any of the results in this section.

Results:
	In the results section, you will provide all of the results obtained using the methods described in the methods section.  All reported results, like the methods, should be in the context of the hypothesis and objectives of your research.  One of the most difficult concepts of writing the results section is understanding the difference between reporting the results and interpreting the results.  The results section should explain whether your results supported or refuted your hypothesis.  All further interpretation of the data should be included in the discussion section.  It is important that you read examples of good scientific writing to see how this division is achieved. 

1)	Results-based tables and figures should all be introduced in the results section.
2)	Introduce tables and figures in numerical order.
3)	Tables and figures need to have explanatory legends, not just titles.
4)	A table's legend appears above it, while the legend for a figure appears below the figure.
5)	Table and figure legends should provide enough information for readers to understand the data even if they don’t read the paper.
6)	Do not simply refer to tables and figures.  Present and explain your data in writing and support your text with tables and figures.  You need to lead your readers through your data, if you just point them to tables they might not tease out all that you think is important.
	--In other words, don’t write about your figures and tables.  Explain what you found and use tables and figures to back-up your claims.
	Incorrect:  Figure 1 shows that diversity differed between the two reefs.
	Correct:  Diversity of corals was significantly higher at the reef not impacted by ecotourism (p<0.01, Table 1) because of the reduced dominance of Porites compressa at that site (Fig. 1).
7)	Present results in the same order that you presented your methods.  If you describe how you estimated the density of snipes first in your methods, give the density of snipes first in your results.
8)	Always write with your hypotheses in mind.  When your readers finish this section they should know whether the hypotheses were supported or not.  Don’t just provide the data, help your readers understand why the data convincingly support or refute the hypothesis.
9)	Do not present raw data.  Summarize the data with text, tables and/or figures. 
10)	Do not include the same data in both a table and a figure. 
11)	When presenting results of ANOVA, the minimal acceptable information to be reported is:
a. Degrees of freedom – they indicate the sample size.
b. Mean Square, you will not also have to provide the Sum of Squares as this can be determined from the MS and DF.
c. Present the P values so readers can use their own significance levels for testing the null hypothesis.
12)	You must refer in the text to each figure or table you include in your paper. 
13)	Table and figure legends should provide enough information for readers to understand the data even if they don’t read the paper.  
14)	Take care in putting together figures and tables; don’t just accept whatever the computer program spits out!  Design figures and tables so that they are pertinent to your hypotheses.
15)	Avoid including data (numbers) in the text of your results section.
Incorrect:  The total height of snails from the Mexican population ranged from 0.7 to 1.4 cm and their length ranged between 0.4 and 0.8 cm.  In the Philippine population, shell heights ranged from 1.0 – 1.7 cm and shell length from 0.5 – 1.0 cm.  The t-test showed that both null hypotheses should be rejected.
Correct:  Shell sizes of cowries from the Mexican and Philippine populations were compared, and shells from the Philippines were significantly larger in both dimensions (Fig.1., t-test: p<0.05, df = 90).
16)	If a set of data does not pertain to your hypothesis and research objectives, do not include this data or the methods used to acquire it.
17)	Organize this section by topic, not by tables and figures.

GRAPHICAL EXCELLENCE (TUFTE 2001)

Graphical excellence consists of complex ideas communicated with clarity, precision, and efficiency.
Graphical excellence is what gives the viewer the greatest number of ideas in the shortest time with the least ink in the smallest space.

Graphical data displays should:
· show the data
· induce the viewer to think about the substance rather than about methodology, graphic design, the technology of graphic production, or something else
· avoid distorting what you have to say
· present many numbers in a small space
· encourage the eye to compare different pieces of data
· reveal the data at several levels of detail, from a broad overview to a fine structure
· serve a reasonably clear purpose: description, exploration, or tabulation
· be closely integrated with the statistical and verbal descriptions of the data set

Discussion:
The discussion section should include your interpretation of your results, not an analysis of your results. Relate your discussion to the objectives and hypotheses presented in the introduction.  Carefully differentiate the results of your study from data obtained from other sources; distinguish factual results from speculation and interpretation. Interpret your results, relate them to the results of previous research, and discuss the implications of your results or interpretations. Point out results that do not support speculations or the findings of previous research. Pose new questions that are suggested by the results of your study, and suggest ways of answering these new questions.   

1)	New data should not be introduced in the discussion section.
2)	A common mistake is that of explaining results in the discussion section.  You should explain what your results mean in the results section, and discuss the significance of your results and compare your findings to those of other scientists in the discussion.
3)	Your discussion section should be longer and contain more citations than your introduction.
4)	The author should attempt to include several of the following tasks in a good discussion section.
1.	Reach conclusions about your initial hypothesis (stated in the introduction)
2.	Compare conclusions to those of others
3.	Comment on the generality of your results
4.	Speculate on the broader meaning of the conclusion reached

Conclusions:
1)	In a short paper you can include conclusions at the end of your discussion.  A separate section is not needed.

Literature Cited:
	Refer to journals such as Ecology, Marine Ecology Progress Series, or Marine Biology for the proper format for the literature cited section of the paper.  This section should be placed after the discussion and before the tables.

1)	Give the full citation as outlined in your lab text.
2)	Because the Internet is dynamic environment and sites may change or move, treat World Wide Web, ftp files, and electronically archived data stored at data centers other than World or National Data Centers as unpublished.
Editorial Marks and Comments

Telegraphic – 	This can mean that your sentences are to short, that you are not fully developing the points that you raise, or the sentence structure is herky-jerky meaning that it seems to start and stop to abruptly
---this is a very common problem in student writing---
Vague - 	Not enough information is given to clearly understand what you wrote.
Expand - 	Insufficient attention is paid to a particular issue.  The point may be interesting or important and thus worthy of another sentence or two.  This is often the solution for vague and telegraphic writing. 
Awk -	short for awkward, obtuse writing.  The identified sentences need to be re-written.  Awkward writing may need to be read more than once to understand.
?, huh?	Used for non-sense writing or writing that must be pondered or read twice to be understood.
Yuck	Awk and huh? combined to form something even worse
Redundant	The information has already been presented in one form or another.  Few things will irritate your readers more than redundancy.  Some students seem to write the same things over and over to increase their word-counts.  I assure you that this strategy is immediately recognized and because it is so annoying, may be particularly damaging when it comes to awarding grades!
Condense	Use fewer words/sentences to describe the indicated information.
Wordy	Same as condense.  May be used when the text reads more like a casual conversation than a scientific communication.
Demote	The material should appear later in the paper.
Promote	The material should appear earlier in the paper. 


The AGU manuscript submission and peer review process is broken down into the following eleven steps:
	1.  	The Submitting Author submits a manuscript
	2.  	The Editor-in-Chief assigns an Editor to the manuscript
	3.  	The Editor may assign an Associate Editor to the manuscript
	4.  	The Editor or Associate Editor assigns Reviewers to the manuscript
	5.  	The Reviewers review the manuscript
	6.  	The Editor makes a decision to accept, request revisions or reject the manuscript
	7.  	The Editor's Assistant contacts the Corresponding Author with the decision
	8.  	If the decision is to request revisions, the Corresponding Author revises the paper and submits the revision
	9.  	The Editor makes a new decision, sometimes with the advice of the previous Reviewers, an Associate Editor and/or new Reviewers
	10.  	The Editor's Assistant contacts the Corresponding Author with the decision
11.  	Return to Step 6, as necessary
Instructions to authors: Ecology, Ecological Monographs, and Ecological Applications 
All papers must be in English. Write with precision, clarity, and economy: use the active voice and first person whenever appropriate. Use American spellings (e.g., behavior, not behaviour). The CBE Style Manual, Fifth Edition, is recommended for details of style.  
Spacing, Margins, Fonts 
Double-space all material (text, quotations, figure legends, tables, literature cited, etc.) at three lines per inch (12 lines/10 cm). Number the lines of text if a line-numbering option is available in your word-processing program. Print on only one side of standard-sized paper, approximately 22 x 28 cm. Leave 2.5- cm margins on all sides of each page. Do not use very thin paper, even when overseas mailing is required. Use a 12-point font (proportionally spaced type) or 10 characters/inch (4 characters/cm) if the letter spacing is uniform.  
Underlining/Italicization 
Underlining indicates italicization. Please underline or italicize scientific names and the symbols for all variables and constants except Greek letters. Symbols should be italic in the illustrations to match the text. Italics should rarely be used for emphasis.  
Equations, Statistics 
Equations to be set separately from the text will be broken into two or more lines if they exceed the width of one column; mark long equations for appropriate breaks. Subscripts and superscripts should be clarified by marginal notes. Use leading zeroes with all numbers <1, including probability values (e.g., P < 0.001).  
Footnotes 
Avoid footnotes; most footnote material can be incorporated in the text to the benefit of readers, editors, and printers.  
Units 
Use the International System of Units (SI) for measurements. Consult Standard Practice for Use of the International System of Units (ASTM Standard E-380-93) for guidance on unit conversions, style, and usage. (The Standard can be purchased for $23.00 from ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959). When preparing text and figures note in particular that (1) SI requires the use of the terms mass or force rather than weight; (2) when one unit appears in a denominator, use the solidus (/); for two or more units in a denominator, use negative exponents; and (3) you should use the American spelling of meter and liter, and a capital L as the symbol for liter.  
Identifying the Object of Study 
Early in the manuscript, identify the type(s) of organism or ecosystem you studied; e.g., "a small deciduous tree," "the ground squirrel Spermophilus lateralis," "a bivalve of brackish water." Avoid or define descriptive terms that may be familiar only to specialists. Provide the scientific names of all organisms. Common names may be used when convenient after stating the scientific names.  
Title Page 
Running Head.-- A running head not longer than 40 letters and spaces should be provided at the top of the title page.  
Title.-- The title should tell what the article is about. It should be informative and short--the maximum length is 13 words or 100 characters; longer titles will be shortened by the editor. Do not include the authority for taxonomic names in the title or in the abstract. Titles may not include numerical series designations.  
List of authors.-- For each author, state the relevant address--usually the institutional affiliation of the author during the period when all or most of the research was done. The author's present address, if different from this, should appear as a footnote at the bottom of the page.  
Abstract, Key Phrases, and Key Words 
An abstract, key phrases, and key words should be provided for all articles, including Notes, Comments, and Special Features. The abstract and key phrases are useful to the Editor-in-Chief in assigning manuscripts to subject-matter editors, and key words are needed for the annual index, whether they appear in the published article or not.  
Abstract.-- The Abstract should provide a brief summary of the research, including the purpose, methods, results, and major conclusions. Avoid speculation in the Abstract; if included, speculation about possible interpretations or applications of your results should play a minor role. Do not include any literature citations in the Abstract.  
Key Phrases and Key Words.-- Following the Abstract, list up to 12 key words for the annual index and 8-10 key phrases. Extract key phrases from topic sentences that tell the main conclusions or "take-home lessons" of your article. Each key phrase should describe a relationship or fact.  
Example:         Topic sentence: Pollination in a sexually dimorphic species was affected by petal length, nectar, sexual type (hermaphrodite or        female), and pollinator visitation rates.         Key phrases: Floral characteristics of hermaphrodites vs. females; Pollinator visitation rates vs. flower type; Sexual dimorphism        of flowers: effects on pollination.         Key words: nectar; petal length.         Topic sentences are used only for creating the key phrases; they need not be listed with the key phrases. Words from the title of        the article may be included in the key words. Each key word should be useful as an entry point for a literature search. 

Body of the Article 
Organize your article in sections labeled Introduction, Methods, Results, and Discussion. In long articles you may need to add a section of Conclusions. Brief articles usually do not require a label for the Introduction. If the nature of your research requires a different organization, specify the level of each section heading (1st-order head, 2nd-order head, etc.) in the margin.  
The motivation or purpose of your research should appear in the Introduction, where you state the questions you sought to answer, and the background of those questions.  
In the Methods section you should provide sufficient information to allow someone to repeat your work.  A clear description of your experimental design, sampling procedures, and statistical procedures is especially important in papers describing field studies, simulations, or experiments. If you list a product (e.g., animal food, analytical device), supply the name and location of the manufacturer. Give the model number for equipment used. Supply complete citations, including author (or editor), title, year, publisher, and version number, for computer software mentioned in your article.  
Results should be stated concisely and without interpretation.  ----this does not mean that you should only provide the bare facts.  You must explain your results in the context of your hypothesis.  After reading the results section your readers should know whether or not your data support your hypothesis.
In the Discussion section, carefully differentiate the results of your study from data obtained from other sources; distinguish factual results from speculation and interpretation. Interpret your results, relate them to the results of previous research, and discuss the implications of your results or interpretations. Point out results that do not support speculations or the findings of previous research. Pose new questions that are suggested by the results of your study, and suggest ways of answering these new questions.  
Acknowledgments 
Acknowledgments or dedications should be placed under an Acknowledgments heading just before Literature Cited.  
Literature Cited 
The list of Literature Cited must be completely double spaced. Before submitting the manuscript, check each citation in the text against the Literature Cited to see that they match exactly. Delete citations from the list if they are not actually cited in the text of the article. The list should conform in sequencing and punctuation to that in recent issues of the journal. All journal titles should be spelled out completely. In the titles of articles, capitalization of the common names of organisms and the spellings of all words should agree exactly with that used in the original publication.  
Provide the publisher's name and location when you cite symposia or conference proceedings; distinguish between the conference date and the publication date if both are given. Do not list abstracts or unpublished material in the Literature Cited. They may be listed in the text as personal observations (by an author of the present paper), personal communications (from others), or unpublished x, where x = data, manuscript, or report; provide author names and initials for all unpublished work and abstracts.  
Tables 
Double-space all parts of tables. Start each table on a separate page. Tables should be numbered in the order in which they are discussed in the text. Provide a short descriptive title at the top of each table; rather than simply repeating the labels on columns and rows of the table, the title should reveal the point of grouping certain data in the table. Most statistical and other details should be provided as footnotes rather than appearing in the title. Do not rule tables unless essential to avoid ambiguity. Consult recent issues of the journal for style. Never repeat the same material in figures and tables; when either is equally clear, a figure is preferable. Do not include any class of information in tables that is not discussed in the text of the manuscript.  
Illustrations 
Each copy of the manuscript should include photocopies of figures (graphs, illustrations, photographs, maps). Number figures in the order in which they are discussed in the text. Group the figure legends in numerical order on one or more pages, separate from the figures. To avoid extra expense, do not submit photographic prints of figures unless they are requested. If important details cannot be distinguished on a photocopy, submit a glossy print of that illustration for review purposes.  
Most illustrations will be reduced to single-column width in the journal; symbols and lettering should be clearly legible at that size. Examine each illustration for legibility after it is photo-reduced to an image width of 76 mm or less. After reduction, all lettering should be at least as large as the smallest type used in the journal (6 points). Uppercase letters are preferred except where SI requires lowercase letters for unit abbreviations. Avoid very large letters and lettering styles in which letters are very thin. Use italic lettering for variables, constants, and scientific names in illustrations to make them consistent with the text. Typewritten lettering in figures is not acceptable. Solid black bars in bar graphs tend to overwhelm the adjacent text; use white, shaded, or hatched bars in preference to black ones.  
Do not submit prints larger than 22 x 28 cm unless asked to do so. Identify each black-and-white figure by number with a label at the top of the reverse side. Color figures should be identified with a label at the top of a photocopy; do not attach anything to the back of a color illustration. The cost of printing color figures will be billed to the author (currently $550 per figure). If you submit a colored illustration, please specify whether you are willing to pay the costs of reproducing the figure in color.  
Photographs of organisms and habitats add interest and "reality" to scientific data. We encourage you to include such a photograph where appropriate. Identify each photograph with a plate number rather than a figure number if it is not essential to the paper. The photo will be published as part of the article if space permits.  
Supplements to the Article 
Some extensive data sets, mathematical proofs, and other information that will be of interest to a small subset of readers are too costly to publish in the journals. These can be made available to readers as a supplementary publication on paper or computer diskette. In such cases, a footnote giving instructions for obtaining a copy of the supplement from the author or the journal office will be printed in the article.  
Assembly of Manuscript Copies 
Assemble the parts of each copy of the manuscript in this order: 
Title page, abstract, key words and phrases, text, acknowledgments, literature cited, appendices, tables, figure legends, figures. Number all pages (including appendices, tables, and figures) consecutively. 

Evaluation of manuscripts for publication

1. Does the paper make a worthwhile contribution to knowledge; e.g. by way of new
data, techniques or ideas?

2. If so, is it properly placed in the context of existing knowledge, giving the due
recognition to published work?

3. Is the evidence and argument presented clearly and concisely, or is the paper
unduly long for the message it is conveying? If the latter, how might it be shortened
without loss? Would it be appropriate to modify the manuscript to a short
communication?

4. Is the methodology (including sampling, experimental design, and theory) sound?

5. Are the text, tables, and figures mutually consistent, sufficient (but not excessive),
and clear?
_________________________________________________________________

Specific evaluation [please score on a scale of 1 (best) to 5 (worst)]

( ) Manuscript contains sufficiently original material
( ) Manuscript introduces new concepts and/or methods of collection or analysis of data
( ) Statistical support for conclusions is both adequate and appropriately applied
( ) Stated purpose(s) of work and conclusions reached are consistent
( ) Figures and tables are clear and have adequate legends; all necessary for comprehension
( ) Title and abstract are concise, accurate descriptions of the content of the manuscript
( ) Manuscript adequately references published material

General recommendation (please check at least one of the following)

( ) Accept with no or minor revision (no need for subsequent review)
( ) Accept after major revision
( ) I am willing to review further a revised manuscript
( ) Revised manuscript should be submitted to another referee
( ) Acceptable, but should be shortened (indicate recommended deletions)
( ) Reject (ensure your evaluation above makes basis for this recommendation clear to author)
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