INTRODUCTORY FISHERIES ANALYSES WITH R

INTRODUCTORY FISHERIES ANALYSES WITH R PROVIDES A POWERFUL AND ACCESSIBLE GATEWAY INTO THE COMPLEX \WORLD OF
AQUATIC RESOURCE MANAGEMENT AND ECOLOGICAL RESEARCH. THIS COMPREHENSIVE ARTICLE WILL GUIDE YOU THROUGH THE
FUNDAMENTAL CONCEPTS AND PRACTICAL APPLICATIONS OF USING THE R PROGRAMMING LANGUAGE FOR FISHERIES DATA
ANALYSIS. WE WILL EXPLORE THE ESSENTIAL STEPS INVOLVED, FROM DATA ACQUISITION AND CLEANING TO ADVANCED
STATISTICAL MODELING AND VISUALIZATION TECHNIQUES CRUCIAL FOR UNDERSTANDING FISH POPULATIONS, THEIR HABITATS,
AND THE IMPACT OF VARIOUS ENVIRONMENTAL AND ANTHROPOGENIC FACTORS. WHETHER YOU ARE A STUDENT, RESEARCHER, OR
A BUDDING FISHERIES PROFESSIONAL, MASTERING THESE TECHNIQUES WILL EQUIP YOU WITH THE SKILLS TO DERIVE MEANINGFUL
INSIGHTS FROM FISHERIES DATASETS, INFORMING CONSERVATION EFFORTS AND SUSTAINABLE MANAGEMENT STRATEGIES.
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UNDERSTANDING FISHERIES DATA

FISHERIES DATA ENCOMPASSES A WIDE ARRAY OF INFORMATION CRUCIAL FOR THE EFFECTIVE MANAGEMENT AND CONSERVATION
OF AQUATIC ECOSYSTEMS. THIS DATA CAN ORIGINATE FROM DIVERSE SOURCES, INCLUDING SCIENTIFIC SURVEYS, COMMERCIAL
AND RECREATIONAL FISHING LOGS, TAGGING STUDIES, ENVIRONMENTAL MONITORING STATIONS, AND EVEN CITIZEN SCIENCE
INITIATIVES. THE COMPLEXITY AND SHEER VOLUME OF THIS DATA NECESSITATE ROBUST ANALYTICAL TOOLS, MAKING R AN
INDISPENSABLE ASSET FOR FISHERIES PROFESSIONALS. [UNDERSTANDING THE TYPES OF DATA YOU ARE WORKING WITH IS THE
FOUNDATIONAL STEP IN ANY INTRODUCTORY FISHERIES ANALYSES WITH R PROJECT.

COMMON TYPES OF FISHERIES DATA INCLUDE BIOLOGICAL MEASUREMENTS (LENGTH, WEIGHT, AGE OF FISH), CATCH DATA
(QUANTITY, SPECIES, LOCATION, FISHING EFFORT), ENVIRONMENTAL DATA (\X/ATEE TEMPERATURE, SALINITY, PH, DISSOLVED
OXYGEN, HABITAT CHARACTERISTICS), AND SPATIAL DATA (GEOGRAPHIC COORDINATES OF SAMPLING SITES OR FISHING
GROUNDS). EACH DATA TYPE PRESENTS UNIQUE CHALLENGES AND OPPORTUNITIES FOR ANALYSIS, REQUIRING SPECIFIC
APPROACHES TO ENSURE ACCURATE AND RELIABLE RESULTS. PROPERLY CHARACTERIZING YOUR DATASET WILL INFORM THE
CHOICE OF ANALYTICAL METHODS AND VISUALIZATION TECHNIQUES YOU EMPLOY.

TyPeS oF FISHERIES DATA

FISHERIES RESEARCH AND MANAGEMENT RELY ON SEVERAL DISTINCT CATEGORIES OF DATA, EACH PROVIDING A UNIQUE
PERSPECTIVE ON AQUATIC POPULATIONS AND THEIR ENVIRONMENT. RECOGNIZING THESE DISTINCTIONS IS VITAL FOR EFFECTIVE
DATA ANALYSIS.

® BIOLOGICAL DATA: INFORMATION PERTAINING TO THE FISH THEMSELVES, SUCH AS SPECIES IDENTIFICATION, LENGTH-
FREQUENCY DISTRIBUTIONS, AGE STRUCTURES (DERIVED FROM SCALES, OTOLITHS, OR FIN RAYS), WEIGHT-LENGTH
RELATIONSHIPS, SEX RATIOS, AND MATURITY STAGES.

e CATCH AND EFFORT DATA: RECORDS DETAILING THE OUTCOME OF FISHING ACTIVITIES, INCLUDING THE SPECIES CAUGHT,
QUANTITIES (E.G., BY WEIGHT OR NUMBER), THE FISHING GEAR USED, THE TIME AND LOCATION OF CAPTURE, AND THE
EFFORT EXPENDED (E.G., NUMBER OF DAYS FISHED, HOURS TRAWLED, NUMBER OF HOOKS SET).

® ENVIRONMENTAL DATA: MEASUREMENTS OF THE PHYSICAL AND CHEMICAL CONDITIONS OF THE AQUATIC ENVIRONMENT
THAT CAN INFLUENCE FISH DISTRIBUTION, ABUNDANCE, GROWTH, AND SURVIVAL. THIS INCLUDES PARAMETERS LIKE



W ATER TEMPERATURE, SALINITY, DISSOLVED OXYGEN, PH/ TURBIDITY, NUTRIENT LEVELS, AND SUBSTRATE TYPE.

e HABITAT DATA: INFORMATION DESCRIBING THE PHYSICAL ENVIRONMENT WHERE FISH RESIDE, SUCH AS \WATER DEPTH,
PRESENCE OF AQUATIC VEGETATION, SUBSTRATE COMPOSITION, AND THE AVAILABILITY OF SHELTER OR SPAWNING
GROUNDS.

e MOVEMENT AND T AGGING DATA: RECORDS FROM STUDIES WHERE INDIVIDUAL FISH ARE TAGGED OR MARKED TO TRACK
THEIR MOVEMENTS, MIGRATIONS, AND SURVIVAL RATES OVER TIME.

SeTTING UP YOUR R ENVIRONMENT

BEFORE EMBARKING ON ANY INTRODUCTORY FISHERIES ANALYSES WITH R, IT IS IMPERATIVE TO ESTABLISH A FUNCTIONAL AND
ORGANIZED R ENVIRONMENT. THIS INVOLVES INSTALLING R ITSELF, ALONG WITH A SUITABLE INTEGRATED DEVELOPMENT
ENVIRONMENT (|DE) LIKE RSTUDIO, WHICH SIGNIFICANTLY ENHANCES PRODUCTIVITY THROUGH ITS CODE EDITOR, CONSOLE,
PLOTTING WINDOW, AND PACKAGE MANAGEMENT FEATURES. A WELL-CONFIGURED ENVIRONMENT ENSURES THAT YOU CAN
EFFICIENTLY LOAD DATA, RUN ANALYSES, AND VISUALIZE RESULTS WITHOUT UNNECESSARY TECHNICAL HURDLES.

BEYOND THE CORE R INSTALLATION, THE REAL POWER FOR FISHERIES ANALYSIS COMES FROM LEVERAGING SPECIALIZED R
PACKAGES. THESE PACKAGES ARE COLLECTIONS OF FUNCTIONS AND DATA STRUCTURES DEVELOPED BY THE R COMMUNITY TO
PERFORM SPECIFIC TASKS. FOR FISHERIES, KEY PACKAGES MIGHT INCLUDE THOSE FOR DATA MANIPULATION, STATISTICAL
MODELING, AND SPATIAL ANALYSIS. FAMILIARIZING YOURSELF WITH HOW TO INSTALL AND LOAD THESE PACKAGES IS A CRITICAL
EARLY STEP IN YOUR R JOURNEY FOR FISHERIES SCIENCE.

INSTALLING R AND RSTUDIO

THE FIRST PRACTICAL STEP FOR ANY ASPIRING FISHERIES ANALYST USING R IS TO GET THE NECESSARY SOFTWARE INSTALLED ON
THEIR COMPUTER. THIS PROCESS IS GENERALLY STRAIGHTFORWARD AND WELL-DOCUMENTED.

e DOWNLOAD AND INSTALL THE LATEST VERSION OF R FROM THE COMPREHENSIVE R ArRcHIVE NETwork (CRAN) For
YOUR OPERATING SYSTEM (\W/iNDow's, MACOS, or LINUX).

® DOWNLOAD AND INSTALL RSTUDIO DESKTOP FROM THE RSTUDIO WEBSITE. RSTUDIO IS HIGHLY RECOMMENDED AS IT
PROVIDES A USER-FRIENDLY INTERFACE THAT STREAMLINES THE R CODING EXPERIENCE.

EssenTIAL R PACKAGES FOR FISHERIES ANALYSIS

THE R ECOSYSTEM IS ENRICHED BY A VAST ARRAY OF PACKAGES THAT EXTEND ITS CAPABILITIES. FOR FISHERIES ANALYSIS,
SEVERAL PACKAGES ARE PARTICULARLY USEFUL, OFFERING SPECIALIZED FUNCTIONS FOR COMMON TASKS.

dplyr anp tidyr: For EFFICIENT DATA MANIPULATION AND TIDYING. THESE ARE PART OF THE TIDYVERSE, A
COLLECTION OF R PACKAGES DESIGNED FOR DATA SCIENCE.

e ggplot2: For CREATING HIGH-QUALITY, CUSTOMIZABLE DATA VISUALIZATIONS.
o lubridate: For EASILY WORKING WITH DATES AND TIMES, WHICH ARE COMMON IN FISHERIES DATASETS.

e Vegan: A COMPREHENSIVE PACKAGE FOR COMMUNITY ECOLOGY AND MULTIVARIATE ANALYSIS, OFTEN USED FOR
ANALYZING SPECIES COMPOSITION IN FISHERIES SURVEYS.

o FSA: SPECIFICALLY DESIGNED FOR FISHERIES STOCK ASSESSMENT AND DATA ANALYSIS, OFFERING FUNCTIONS FOR AGE-
LENGTH KEYS, GROW TH MODELS, AND MORE.



e ST: FOR HANDLING AND ANALYZING SPATIAL DATA.

DATA IMPORT AND CLEANING TECHNIQUES

RAW FISHERIES DATA IS RARELY IN A FORMAT READY FOR IMMEDIATE ANALYSIS. |T OFTEN CONTAINS ERRORS, MISSING VALUES,
OR INCONSISTENCIES THAT MUST BE ADDRESSED THROUGH RIGOROUS DATA CLEANING AND PREPROCESSING. THIS STAGE IS
CRITICAL FOR ENSURING THE INTEGRITY AND RELIABILITY OF YOUR INTRODUCTORY FISHERIES ANALYSES WITH R. R PROVIDES A
SUITE OF POWERFUL TOOLS FOR IMPORTING DATA FROM VARIOUS FILE FORMATS AND METICULOUSLY CLEANING IT TO MEET
ANALYTICAL REQUIREMENTS.

THE PROCESS TYPICALLY INVOLVES CHECKING FOR AND HANDLING MISSING VALUES (NA)/ CORRECTING ERRONEOUS ENTRIES,
STANDARDIZING FORMATS (E.G./ DATE FORMATS, UNITS OF MEASUREMENT)I AND TRANSFORMING VARIABLES AS NEEDED.
EFFECTIVE DATA CLEANING NOT ONLY IMPROVES THE ACCURACY OF YOUR RESULTS BUT ALSO PREVENTS COMMON ANALYTICAL
ERRORS THAT CAN ARISE FROM POORLY STRUCTURED DATA. LIBRARIES LIKE dplyr AND tldyr ARE INVALUABLE FOR THESE
TASKS.

IMPORTING DATA INTOR

GETTING YOUR FISHERIES DATA INTO R IS THE FIRST HURDLE IN THE ANALYSIS PIPELINE. R SUPPORTS A WIDE RANGE OF FILE
FORMATS, MAKING DATA IMPORT FLEXIBLE.

CSV FiLES: A COMMON FORMAT FOR TABULAR DATA. Use read. csv () or read csv() rrom THe readr
PACKAGE (PART OF TIDYVERSE).

ExceL FiLes: Use PAckAGES LIKE readX L To IMPORT DATA FROM .XLS AND .XLSX FILES.

o DATABASES: FOR LARGER OR MORE COMPLEX DATASETS, PACKAGES LIKE DBI AND SPECIFIC DATABASE CONNECTORS
(e.c.,, RPostgreSQL, RMariaDB) ALLOW DIRECT QUERYING.

TexT FiLes: FOR FIXED-WIDTH OR DELIMITED TEXT FILES, FUNCTIONS LIkE read . fwf () or read.delim() can
BE USED.

HANDLING MISSING V ALUES AND ERRORS

MISSING OR INCORRECT DATA POINTS ARE PERVASIVE IN REAL-WORLD DATASETS AND REQUIRE CAREFUL MANAGEMENT. IGNORING
THEM CAN LEAD TO BIASED RESULTS OR ANALYTICAL FAILURES.

* IDENTIFYING MISSING V ALUES: USE FUNCTIONS LIKE 1S . Na () TO DETECT MISSING VALUES AND
sum(is.na(your _data)) To COUNT THem.

® |MPUTING MISSING V ALUES: DEPENDING ON THE CONTEXT, MISSING VALUES CAN BE REPLACED WITH THE MEAN, MEDIAN,
MODE, OR MORE SOPHISTICATED IMPUTATION TECHNIQUES (E.G./ USING K-NEAREST NEIGHBORS OR REGRESSION

IMPUTATION). LIBRARIES LIKE M1CE@ OFFER ADVANCED IMPUTATION METHODS.

e CORRECTING ERRORS: THIS OFTEN INVOLVES MANUAL INSPECTION AND EDITING, OR USING CONDITIONAL LOGIC IN R 10O
FIND AND REPLACE INCORRECT ENTRIES (E.G., NEGATIVE LENGTHS OR \)VEIGHTS).



DATA TRANSFORMATION AND RESTRUCTURING

SOMETIMES, DATA NEEDS TO BE RESHAPED OR TRANSFORMED TO BE SUITABLE FOR SPECIFIC ANALYSES OR FOR BETTER
VISUALIZATION. THIS IS A COMMON STEP IN INTRODUCTORY FISHERIES ANALYSES WITH R.

® ResHAPING DATA: THe tidyr packace’s FUNCTIONS Like pivot longer() ano pivot wider() are
ESSENTIAL FOR CONVERTING DATA BETWEEN WIDE AND LONG FORMATS.

o CREATING NEw V ARIABLES: DERIVED VARIABLES, SUCH AS THE CONDITION FACTOR (A MEASURE OF FISH HEALTH) OR
AGE~LENGTH RATIOS, CAN BE CALCULATED USING BASIC ARITHMETIC OPERATIONS ON EXISTING COLUMNS.

o FILTERING AND SELECTING DATA: Use dp Ly r runcTions Like Tilter() To SUBSET DATA BASED ON SPECIFIC
CRITERIA (E.G., ONLY DATA FOR A PARTICULAR SPECIES OR YEAR) AND S€leCt () To KEEP ONLY RELEVANT COLUMNS.

ExPLORATORY DATA ANALYSIS (EDA) IN FISHERIES

ExPLORATORY DATA ANALYSIS (EDA) IS A CRITICAL PHASE IN ANY DATA ANALYSIS WORKFLOW, AND IT IS ESPECIALLY VITAL
FOR UNDERSTANDING THE NUANCES OF FISHERIES DATA. BEFORE DIVING INTO COMPLEX STATISTICAL MODELS, EDA HELPS YOU
UNCOVER PATTERNS, IDENTIFY ANOMALIES, TEST INITIAL HYPOTHESES, AND GAIN AN INTUITIVE GRASP OF YOUR DATASET. FOR
INTRODUCTORY FISHERIES ANALYSES WITH R, EDA SERVES AS THE COMPASS GUIDING YOUR SUBSEQUENT ANALYTICAL
DECISIONS.

Key coMPONENTS OF EDA INCLUDE SUMMARIZING DATA THROUGH DESCRIPTIVE STATISTICS, VISUALIZING DISTRIBUTIONS, AND
EXAMINING RELATIONSHIPS BETWEEN VARIABLES. THIS PROCESS ALLOWS YOU TO BECOME INTIMATELY FAMILIAR WITH THE
CHARACTERISTICS OF FISH POPULATIONS, THEIR ENVIRONMENT, AND THE FISHERIES THAT EXPLOIT THEM, SETTING THE STAGE FOR
ROBUST QUANTITATIVE ANALYSIS AND INFORMED MANAGEMENT RECOMMENDATIONS.

DesSCRIPTIVE STATISTICS FOR FISHERIES DATA

SUMMARIZING FISHERIES DATA WITH DESCRIPTIVE STATISTICS PROVIDES A QUANTITATIVE OVERVIEW OF THE CENTRAL
TENDENCIES, DISPERSION, AND SHAPE OF YOUR DATA DISTRIBUTIONS.

e MeaSURES OF CENTRAL TENDENCY: MEAN, MEDIAN, AND MODE FOR VARIABLES LIKE FISH LENGTH, WEIGHT, OR CATCH PER
UNIT erForT (CPUE).

® MEASURES OF DISPERSION: STANDARD DEVIATION, VARIANCE, AND INTERQUARTILE RANGE (|QR) TO UNDERSTAND THE
VARIABILITY IN YOUR DATA.

® MEASURES OF SHAPE: SKEWNESS AND KURTOSIS TO DESCRIBE THE ASYMMETRY AND PEAKEDNESS OF DISTRIBUTIONS.

FREQUENCY T ABLES: FOR CATEGORICAL DATA, SUCH AS SPECIES COUNTS OR GEAR TYPES.

VISUALIZING FiSHErIES DATA DISTRIBUTIONS

GRAPHICAL REPRESENTATIONS ARE POWERFUL TOOLS FOR UNDERSTANDING DATA DISTRIBUTIONS AND IDENTIFYING PATTERNS
THAT MIGHT NOT BE APPARENT FROM SUMMARY STATISTICS ALONE.

e HISTOGRAMS: TO VISUALIZE THE DISTRIBUTION OF CONTINUOUS VARIABLES LIKE FISH LENGTH OR WEIGHT, REVEALING
MODES AND SKEWNESS.

e Box PLOTS: EXCELLENT FOR COMPARING DISTRIBUTIONS ACROSS DIFFERENT CATEGORIES (E.G., LENGTH DISTRIBUTION BY



SPECIES OR BY SAMPLING LOCATION).
e DENSITY PLOTS: SIMILAR TO HISTOGRAMS BUT PROVIDE A SMOOTHER REPRESENTATION OF THE DISTRIBUTION.

L4 QQ PLoTs: To ASSESS WHETHER DATA FOLLOWS A THEORETICAL DISTRIBUTION, SUCH AS THE NORMAL DISTRIBUTION.

EXPLORING RELATIONSHIPS BETWEEN V ARIABLES

(UNDERST ANDING HOW DIFFERENT FISHERIES-RELATED VARIABLES INTERACT IS FUNDAMENTAL FOR ECOLOGICAL INFERENCE AND
MANAGEMENT. EDA HELPS IN IDENTIFYING THESE RELATIONSHIPS.

¢ SCATTER PLOTS: TO VISUALIZE THE RELATIONSHIP BETWEEN TWO CONTINUOUS VARIABLES, SUCH AS WEIGHT VERSUS
LENGTH, oR CPUE VERSUS FISHING EFFORT.

o CORRELATION MATRICES: TO QUANTIFY THE LINEAR RELATIONSHIPS BETWEEN MULTIPLE CONTINUOUS VARIABLES.

e PaR PLOTS (SCATTER PLoT MATRICES)I TO VISUALIZE THE PAIRWISE RELATIONSHIPS BETWEEN ALL VARIABLES IN A
DATASET.

e FACETING: UsING ggplOtZIS FACETING CAPABILITIES TO CREATE MULTIPLE PLOTS THAT SHOW RELATIONSHIPS
ACROSS DIFFERENT CATEGORIES (E.G., A SCATTER PLOT OF WEIGHT VS. LENGTH FACETED BY YEAR).

BAsIiC STATISTICAL METHODS FOR FISHERIES DATA

ONCE YOU HAVE A GOOD UNDERSTANDING OF YOUR DATA THROUGH EDA/ THE NEXT STEP IN INTRODUCTORY FISHERIES
ANALYSES WITH R INVOLVES APPLYING BASIC STATISTICAL METHODS. THESE METHODS ALLOW YOU TO TEST HYPOTHESES,
MAKE INFERENCES ABOUT POPULATIONS BASED ON SAMPLE DATA, AND QUANTIFY UNCERTAINTY. THE CHOICE OF STATISTICAL
TEST DEPENDS HEAVILY ON THE TYPE OF DATA YOU HAVE AND THE RESEARCH QUESTION YOU ARE TRYING TO ANS\WER.

COMMON STATISTICAL TASKS IN FISHERIES INCLUDE COMPARING GROUPS, ASSESSING THE SIGNIFICANCE OF RELATIONSHIPS, AND
ESTIMATING POPULATION PARAMETERS. R'S EXTENSIVE STATISTICAL CAPABILITIES, COMBINED WITH ITS USER-FRIENDLY SYNTAX,
MAKE IT AN IDEAL PLATFORM FOR IMPLEMENTING THESE FOUNDATIONAL ANALYSES. UNDERSTANDING THESE METHODS IS CRUCIAL
FOR DRAWING SCIENTIFICALLY SOUND CONCLUSIONS FROM YOUR FISHERIES DATA.

HypoTHesIS TESTING

HYPOTHESIS TESTING IS A CORE STATISTICAL FRAMEWORK USED TO MAKE DECISIONS ABOUT POPULATION PARAMETERS BASED
ON SAMPLE DATA. |T INVOLVES SETTING UP NULL AND ALTERNATIVE HYPOTHESES AND USING DATA TO DETERMINE IF THERE IS
SUFFICIENT EVIDENCE TO REJECT THE NULL HYPOTHESIS.

e T-TESTS: TO COMPARE THE MEANS OF TWO GROUPS (E.G., COMPARING THE AVERAGE LENGTH OF FISH CAUGHT WITH
DIFFERENT GEAR TYPES).

o ANOVA (ANALYSIS OF VARIANCE): TO COMPARE THE MEANS OF THREE OR MORE GROUPS (E.G., COMPARING AVERAGE
CPUE ACROSS MULTIPLE FISHING REGIONS).

o CHI"SQUARED TESTS: FOR ANALYZING CATEGORICAL DATA, SUCH AS TESTING FOR INDEPENDENCE BETWEEN SPECIES
COMPOSITION AND SAMPLING LOCATION, OR COMPARING OBSERVED FREQUENCIES TO EXPECTED FREQUENCIES (E.G., SEX
RATIOS).



REGRESSION ANALYSIS

REGRESSION TECHNIQUES ARE USED TO MODEL THE RELATIONSHIP BETWEEN A DEPENDENT VARIABLE AND ONE OR MORE
INDEPENDENT VARIABLES. THIS IS INCREDIBLY USEFUL FOR UNDERSTANDING FACTORS INFLUENCING FISH ABUNDANCE, GROWTH, OR
CATCH RATES.

® | INEAR REGRESSION: TO MODEL A LINEAR RELATIONSHIP BETWEEN A CONTINUOUS DEPENDENT VARIABLE AND ONE OR MORE
CONTINUOUS OR CATEGORICAL INDEPENDENT VARIABLES. FOR EXAMPLE, MODELING FISH WEIGHT AS A FUNCTION OF FISH
LENGTH.

o GENERALIZED LINEAR MoDELS (GLMS): EXTEND LINEAR REGRESSION TO ACCOMMODATE RESPONSE VARIABLES THAT HAVE
ERROR DISTRIBUTION MODELS OTHER THAN A NORMAL DISTRIBUTION (E.G., POISSON FOR COUNT DATA LIKE CPUE, or
BINOMIAL FOR PROPORTIONS).

NON-PARAMETRIC TESTS

W/HEN THE ASSUMPTIONS OF PARAMETRIC TESTS (LIKE NORMALITY OF RESIDUALS) ARE NOT MET, NON-PARAMETRIC TESTS OFFER
ROBUST ALTERNATIVES.

o \WiLcoxoN Rank-SuM TesT (MANN-WHITNEY U TEST): A NON-PARAMETRIC ALTERNATIVE TO THE INDEPENDENT
SAMPLES T-TEST.

o KRUSKAL-W ALLIS TEST: A NON-PARAMETRIC ALTERNATIVE TO ONE-WAY ANOVA.

o SpEARMAN RANK CORRELATION: A NON-PARAMETRIC MEASURE OF RANK CORRELATION BETWEEN TWO VARIABLES.

PopPULATION DYNAMICS AND STOCK ASSESSMENT

UNDERSTANDING THE DYNAMICS OF FISH POPULATIONS—HOW THEY GROW , REPRODUCE, AND ARE AFFECTED BY MORTALITY—IS
CENTRAL TO SUSTAINABLE FISHERIES MANAGEMENT. POPULATION DYNAMICS AND STOCK ASSESSMENT ARE KEY AREAS WHERE
INTRODUCTORY FISHERIES ANALYSES WITH R CAN PROVIDE SUBSTANTIAL INSIGHTS. THESE ANALYSES HELP ESTIMATE
POPULATION SIZE, SURVIVAL RATES, AND THE IMPACT OF FISHING PRESSURE, INFORMING QUOTAS AND MANAGEMENT STRATEGIES.

W/HILE ADVANCED STOCK ASSESSMENT MODELS CAN BE HIGHLY COMPLEX, R PROVIDES TOOLS TO IMPLEMENT SIMPLER,
FOUNDATIONAL MODELS AND TO EXPLORE CONCEPTS LIKE AGE-STRUCTURED POPULATIONS, GROWTH CURVES, AND YIELD-PER~
RECRUIT ANALYSIS. THESE COMPONENTS ARE ESSENTIAL FOR EVALUATING THE HEALTH OF FISH STOCKS AND ENSURING THEIR
LONG-TERM VIABILITY.

ESTIMATING POPULATION Size

DETERMINING THE NUMBER OF INDIVIDUALS IN A FISH POPULATION IS A FUNDAMENTAL CHALLENGE. V ARIOUS SURVEY DESIGNS AND
STATISTICAL METHODS ARE EMPLOYED, OFTEN IMPLEMENTED IN R.

® MARK-RECAPTURE METHODS: TECHNIQUES LIKE THE LINCOLN-PETERSEN INDEX OR THE JOLLY-SEBER MODEL ARE USED TO
ESTIMATE POPULATION SIZE BASED ON THE PROPORTION OF MARKED INDIVIDUALS RECAPTURED. R PACKAGES CAN
FACILITATE THE IMPLEMENTATION OF THESE MODELS.

® BIOMASS ESTIMATION: ESTIMATING THE TOTAL WEIGHT OF A FISH POPULATION, OFTEN DERIVED FROM SURVEY DATA
COMBINED WITH LENGTH-WEIGHT RELATIONSHIPS AND ABUNDANCE ESTIMATES.



GROWTH MODELS

FISH GROWTH IS A CRUCIAL PARAMETER INFLUENCING POPULATION PRODUCTIVITY AND THE SIZE OF HARVESTED FISH. COMMON
GROWTH MODELS CAN BE FITTED USING R.

e VonN BerTALANFFY GROWTH FUNcTION (VBGF): A WIDELY USED MODEL THAT DESCRIBES FISH GROWTH AS A
FUNCTION OF AGE, WITH PARAMETERS FOR ASYMPTOTIC LENGTH (L-INFINITY) AND THE GROWTH COEFFICIENT (K).

e OTHER GROWTH MODELS: INCLUDING THE LOGISTIC GROWTH MODEL AND THE GOMPERTZ GROW TH MODEL, WHICH CAN
BE FITTED TO LENGTH-AT-AGE DATA.

MORTALITY ESTIMATION

(UNDERSTANDING THE SOURCES AND RATES OF MORTALITY (FISHING MORTALITY AND NATURAL MORTALITY) IS VITAL FOR
ASSESSING STOCK STATUS.

o | ENGTH-BASED MORTALITY ESTIMATION: METHODS THAT USE LENGTH-FREQUENCY DATA TO ESTIMATE TOTAL
MORTALITY RATES.

® AGE-BASED MORTALITY ESTIMATION: USING AGE-STRUCTURED DATA TO ESTIMATE MORTALITY RATES IN COHORT
ANALYSIS OR VIRTUAL POPULATION ANALYSIS (VPA) FRAME\W ORKS (OFTEN REQUIRING SPECIALIZED R PACKAGES).

HABITAT AND ENVIRONMENTAL FACTOR ANALYSIS

FISH POPULATIONS ARE INEXTRICABLY LINKED TO THEIR ENVIRONMENT. ANALYZING THE INFLUENCE OF HABITAT CHARACTERISTICS
AND ENVIRONMENTAL FACTORS ON FISH DISTRIBUTION, ABUNDANCE, AND BEHAVIOR IS CRUCIAL FOR COMPREHENSIVE FISHERIES
MANAGEMENT. INTRODUCTORY FISHERIES ANALYSES WITH R CAN EFFECTIVELY EXPLORE THESE COMPLEX ECOLOGICAL
RELATIONSHIPS, MOVING BEYOND JUST THE FISH THEMSELVES TO UNDERSTAND THE BROADER ECOSYSTEM CONTEXT.

THIS INVOLVES EXAMINING HOW FACTORS LIKE WATER TEMPERATURE, DISSOLVED OXYGEN, SALINITY, SUBSTRATE TYPE, AND
HABITAT STRUCTURE CORRELATE WITH FISH PRESENCE OR ABUNDANCE. SPATIAL ANALYSIS TECHNIQUES ARE OFTEN EMPLOYED
TO MAP THESE RELATIONSHIPS AND IDENTIFY CRITICAL HABITATS. R'S CAPABILITIES IN STATISTICAL MODELING AND SPATIAL
DATA HANDLING ARE INVALUABLE IN THIS DOMAIN.

Species DisTRIBUTION MopEeLING (SDM)

SDMs AIM TO PREDICT THE PROBABILITY OF OCCURRENCE OR ABUNDANCE OF A SPECIES ACROSS A GEOGRAPHIC AREA BASED ON
ENVIRONMENTAL VARIABLES. THIS IS A POWERFUL APPLICATION OF INTRODUCTORY FISHERIES ANALYSES WITH R.

® PRESENCE-ABSENCE MODELS: USING LOGISTIC REGRESSION OR OTHER CLASSIFICATION ALGORITHMS TO PREDICT THE
PROBABILITY OF A SPECIES BEING PRESENT OR ABSENT BASED ON ENVIRONMENTAL DATA.

® ABUNDANCE MODELS: USING REGRESSION TECHNIQUES <E.G., GLMS) TO PREDICT THE ABUNDANCE OF A SPECIES AT
DIFFERENT LOCATIONS BASED ON ENVIRONMENTAL COVARIATES.

INFLUENCE OF ENVIRONMENTAL V ARIABLES

INVESTIGATING HOW SPECIFIC ENVIRONMENTAL PARAMETERS IMPACT FISH POPULATIONS IS A COMMON ANALYTICAL TASK.



e CORRELATION AND REGRESSION: EXAMINING THE STATISTICAL RELATIONSHIP BETWEEN FISH ABUNDANCE OR BIOMASS AND
ENVIRONMENTAL VARIABLES LIKE TEMPERATURE, SALINITY, OR CHLOROPHYLL-A CONCENTRATION.

o TIME SERIES ANALYSIS: ANALYZING HOW ENVIRONMENTAL FLUCTUATIONS OVER TIME AFFECT FISH POPULATIONS, SUCH
AS CORRELATING CATCH RATES WITH SEASONAL TEMPERATURE CHANGES.

HABITAT SUITABILITY MODELING

THIS INVOLVES IDENTIFYING AND MAPPING AREAS THAT PROVIDE OPTIMAL CONDITIONS FOR A PARTICULAR SPECIES OR LIFE
STAGE.

e OVERLAY ANALYSIS: COMBINING DIFFERENT ENVIRONMENTAL AND HABITAT LAYERS (E.G., WATER DEPTH, TEMPERATURE,
SUBSTRATE) TO IDENTIFY AREAS OF HIGH SUITABILITY.

o CLASSIFICATION AND ReGressIoN Tree (CART) MobeLs: CAN BE USED TO CREATE HABITAT SUITABILITY MAPS BASED
ON SPECIES OCCURRENCE DATA AND ENVIRONMENTAL PREDICTORS.

DATA VISUALIZATION FOR FISHERIES INSIGHTS

EFFECTIVE VISUALIZATION IS NOT JUST ABOUT CREATING PRETTY PICTURES, IT'S ABOUT COMMUNICATING COMPLEX FISHERIES
INFORMATION CLEARLY AND COMPELLINGLY. IN INTRODUCTORY FISHERIES ANALYSES WITH R, CREATING INFORMATIVE GRAPHICS IS
PARAMOUNT FOR UNDERSTANDING PATTERNS, IDENTIFYING OUTLIERS, AND PRESENTING FINDINGS TO DIVERSE AUDIENCES, FROM

FELLOW SCIENTISTS TO POLICYMAKERS AND THE PUBLIC. R, PARTICULARLY THROUGH THE ggplotZ PACKAGE, EXCELS AT
GENERATING PUBLICATION-QUALITY VISUALIZATIONS.

\W/ELL-DESIGNED CHARTS AND GRAPHS CAN REVEAL TRENDS IN POPULATION SIZE, ILLUSTRATE GROWTH RATES, DEMONSTRATE
ENVIRONMENTAL INFLUENCES, AND HIGHLIGHT MANAGEMENT CONCERNS MUCH MORE EFFECTIVELY THAN TABLES OF NUMBERS. THE
ABILITY TO CUSTOMIZE PLOTS TO EMPHASIZE KEY FINDINGS MAKES R A GO-TO TOOL FOR VISUAL DATA EXPLORATION AND
REPORTING IN FISHERIES SCIENCE.

CoMMoN PLoT TYPES For FisHerIES DATA

CERTAIN TYPES OF PLOTS ARE CONSISTENTLY USEFUL FOR VISUALIZING DIFFERENT ASPECTS OF FISHERIES DATA. EXPERIMENTING
WITH THESE IS KEY TO MASTERING INTRODUCTORY FISHERIES ANALYSES WITH R.

o | ENGTH-FREQUENCY HISTOGRAMS: TO SHOW THE SIZE STRUCTURE OF A FISH POPULATION.
e CATCH Per UNIT EFForT (CPUE) TiMe Series PLoTs: TO VISUALIZE TRENDS IN FISHING SUCCESS OVER TIME.
o GROWTH CURVES: TO ILLUSTRATE HOW FISH GROW ACCORDING TO A FITTED MODEL.

e HABITAT SUITABILITY MAPS: USING SPATIAL DATA AND ENVIRONMENTAL LAYERS TO SHOW AREAS FAVORABLE FOR A
SPECIES.

® SCATTER PLOTS WITH REGRESSION LINES: TO VISUALIZE THE RELATIONSHIP BETWEEN TWO KEY VARIABLES AND THE
FITTED MODEL.

® Box PLOTS: FOR COMPARING DISTRIBUTIONS OF A VARIABLE ACROSS DIFFERENT CATEGORIES (E.G., SPECIES,
LOCATIONS, YEARS).



CusToMizING PLoTs wiTH ggplot?2

THe ggplOtZ PACKAGE, PART OF THE TIDYVERSE, OFFERS A FLEXIBLE AND POWERFUL GRAMMAR OF GRAPHICS FOR CREATING
SOPHISTICATED AND AESTHETICALLY PLEASING PLOTS.

e AESTHETICS (AES())Z MAPPING DATA VARIABLES TO VISUAL PROPERTIES LIKE X=AXIS, Y-AXIS, COLOR, SIZE, AND
SHAPE.

o GeoMeTRIES (GeoM_()): ADDING VISUAL ELEMENTS SUCH AS PoiNTs (geom_point()), unes (geom line()),
BArs (geom _bar()), anp smooTHers (geom smooth()).

o FACETING: CREATING SMALL MULTIPLES OF PLOTS TO VISUALIZE RELATIONSHIPS ACROSS DIFFERENT SUBSETS OF THE
paTA (ec., facet wrap() or facet grid()).

e THEMES: CUSTOMIZING THE OVERALL APPEARANCE OF THE PLOT, INCLUDING FONTS, BACKGROUND COLORS, AND
GRIDLINES.

INTERACTIVE VISUALIZATIONS

FOR MORE DYNAMIC EXPLORATION AND PRESENTATION, INTERACTIVE PLOTS CAN BE HIGHLY BENEFICIAL.

e plotly packace: CaN CoNVERT STATIC ggPLOT2 PLOTS INTO INTERACTIVE WEB-BASED VISUALIZATIONS,
ALLOWING USERS TO ZOOM, PAN, AND HOVER FOR MORE INFORMATION.

L4 Shiny PACKAGE: ENABLES THE CREATION OF INTERACTIVE WEB APPLICATIONS WHERE USERS CAN EXPLORE DATA
THROUGH DYNAMIC PLOTS AND CONTROLS.

RePORTING AND COMMUNICATION OF FISHERIES FINDINGS

THE ULTIMATE GOAL OF INTRODUCTORY FISHERIES ANALYSES WITH R IS TO DERIVE ACTIONABLE INSIGHTS THAT CAN INFORM
MANAGEMENT DECISIONS AND CONTRIBUTE TO SCIENTIFIC UNDERSTANDING. EFFECTIVE REPORTING AND COMMUNICATION ARE
CRITICAL TO ENSURING THAT THESE FINDINGS ARE UNDERSTOOD AND UTILIZED. R ITSELF CAN BE USED TO GENERATE REPORTS AND
EVEN CREATE DYNAMIC PRESENTATIONS OF YOUR ANALYTICAL WORK, STREAMLINING THE DISSEMINATION PROCESS.

THIS FINAL STAGE INVOLVES SYNTHESIZING YOUR ANALYTICAL RESULTS, HIGHLIGHTING KEY CONCLUSIONS, AND PRESENTING
THEM IN A CLEAR, CONCISE, AND ACCESSIBLE MANNER. W/HETHER FOR A PEER-REVIEWED PUBLICATION, A MANAGEMENT REPORT,
OR A PRESENTATION TO STAKEHOLDERS, THE ABILITY TO COMMUNICATE YOUR FINDINGS EFFECTIVELY IS AS IMPORTANT AS THE
ANALYSIS ITSELF. RMARKDOWN AND QUARTO ARE INVALUABLE TOOLS FOR INTEGRATING CODE, RESULTS, AND NARRATIVE INTO
POLISHED DOCUMENTS.

GENERATING REPORTS WITH R MARKDOWN AND QUARTO

THESE LITERATE PROGRAMMING TOOLS ALLOW YOU TO WEAVE R CODE, ITS OUTPUT (TEXT, TABLES, PLOTS)/ AND NARRATIVE
TEXT INTO A SINGLE DOCUMENT.

¢ R MARkDOWN: USING THE rmarkdown pACKAGE, YOU CAN CREATE DOCUMENTS IN VARIOUS FORMATS LIKE HTML,
PDF, AnD W/ ORD.

L4 QUARTOS A NEWER, MORE UNIFIED SYSTEM THAT SUPPORTS R, PYTHON, AND OTHER LANGUAGES AND OFFERS ENHANCED
FEATURES FOR CREATING ACADEMIC AND TECHNICAL PUBLICATIONS.



CRrReATING T ABLES AND FIGURES FOR PUBLICATIONS

ENSURING THAT TABLES AND FIGURES ARE FORMATTED CORRECTLY AND ARE EASY TO INTERPRET IS ESSENTIAL FOR SCIENTIFIC
COMMUNICATION.

o TaBLE GENERATION: PackacGes LIKE Knitr: :kable() or gt cAN CREATE WELL-FORMATTED TABLES DIRECTLY
FROM R DATA FRAMES, OFTEN INTEGRATED INTO R MARKDOWN DOCUMENTS.

o FIGURE EXPORT: USING FUNCTIONS LIKE ggSave () INR TO EXPORT PLOTS IN HIGH-RESOLUTION FORMATS (E.G., PNG,
TIFF, PDF) SUITABLE FOR PUBLICATIONS.

PRESENTING FINDINGS TO DIFFERENT AUDIENCES

TAILORING YOUR COMMUNICATION TO THE INTENDED AUDIENCE IS KEY TO ENSURING YOUR FISHERIES INSIGHTS ARE UNDERSTOOD
AND ACTED UPON.

® SCIENTIFIC PUBLICATIONS: FOCUS ON DETAILED METHODOLOGY, RIGOROUS STATISTICAL ANALYSIS, AND NUANCED
INTERPRETATIONS, PRESENTED IN PEER-REVIEWED JOURNALS.

® MANAGEMENT REPORTS: EMPHASIZE CLEAR, ACTIONABLE RECOMMENDATIONS, SUPPORTED BY SUMMARIZED DATA AND
VISUALIZATIONS, AIMED AT FISHERIES MANAGERS AND POLICYMAKERS.

e PuLIC OUTREACH: USE SIMPLIFIED LANGUAGE, COMPELLING GRAPHICS, AND RELATABLE EXAMPLES TO EXPLAIN FISHERIES
STATUS AND MANAGEMENT NEEDS TO THE GENERAL PUBLIC.

FAQ

Q: WHAT ARE THE MOST COMMON TYPES OF FISHERIES DATA ANALYZED USING R?

A: THE MOST COMMON TYPES OF FISHERIES DATA ANALYZED USING R INCLUDE BIOLOGICAL DATA (LENGTH, WEIGHT, AGE),
CATCH AND EFFORT DATA, ENVIRONMENTAL DATA (TEMPERATURE, SALINITY), HABITAT DATA, AND MOVEMENT/TAGGING DATA.
R’S FLEXIBILITY ALLOWS FOR HANDLING DIVERSE DATA FORMATS AND COMPLEXITIES INHERENT IN THESE DATASETS.

Q: WHICH R PACKAGES ARE CONSIDERED ESSENTIAL FOR BEGINNERS IN FISHERIES
ANALYSIS?

A: FOR BEGINNERS IN FISHERIES ANALYSIS WITH R, ESSENTIAL PACKAGES INCLUDE AP Ly ano tidyr For DATA
MANIPULATION, ggpLot2 For visuaLizaTion, Lubridate For bATE/TIME HANDLING, AND POTENTIALLY INTRODUCTORY
PACKAGES LIKE FSA FOR SPECIFIC FISHERIES TASKS.

Q: How CAN | HANDLE MISSING VALUES IN MY FISHERIES DATASETS WITH R?

A: MISSING VALUES IN R CAN BE HANDLED THROUGH IDENTIFICATION USING \IS.NA()\, FOLLOWED BY IMPUTATION (E.G., USING
MEAN, MEDIAN, OR MORE ADVANCED METHODS FROM PACKAGES LIKE \MICE\> OR BY EXCLUSION, DEPENDING ON THE NATURE OF THE
DATA AND THE ANALYTICAL APPROACH.



QZ \WHAT ARE THE BASIC STATISTICAL TESTS COMMONLY APPLIED IN INTRODUCTORY
FISHERIES ANALYSES WITH R?

A: COMMON BASIC STATISTICAL TESTS INCLUDE T-TESTS AND ANOV A FOR COMPARING GROUP MEANS, CHI-SQUARED TESTS
FOR CATEGORICAL DATA, AND SIMPLE LINEAR REGRESSION FOR EXPLORING RELATIONSHIPS BETWEEN VARIABLES. GENERALIZED
LiNeAR MoDELS (GLMS) ARE ALSO FREQUENTLY USED FOR COUNT OR PROPORTION DATA.

Q: CAN R BE USED FOR STOCK ASSESSMENT IN FISHERIES?

A: YES, R CAN BE USED FOR STOCK ASSESSMENT, RANGING FROM IMPLEMENTING SIMPLER POPULATION DYNAMICS MODELS AND
GROWTH CURVES TO UTILIZING SPECIALIZED PACKAGES THAT SUPPORT MORE COMPLEX METHODS LIKE VIRTUAL POPULATION
ANALYSIS (VPA) OR AGE-STRUCTURED POPULATION MODELS.

QI How DOES R ASSIST IN VISUALIZING FISHERIES DATA FOR BETTER UNDERSTANDING?

A: R, PARTICULARLY WITH THE ‘GGPLOT2' PACKAGE, EXCELS AT CREATING A WIDE ARRAY OF INFORMATIVE VISUALIZATIONS
SUCH AS LENGTH-FREQUENCY HISTOGRAMS, SCATTER PLOTS, TIME SERIES PLOTS, AND MAPS, WHICH ARE CRUCIAL FOR
EXPLORING PATTERNS, TRENDS, AND RELATIONSHIPS WITHIN FISHERIES DATA.

Q: WHAT IS THE ROLE OF HABITAT AND ENVIRONMENTAL FACTOR ANALYSIS IN
FISHERIES RESEARCH USING R?

A: R FACILITATES THE ANALYSIS OF HOW ENVIRONMENTAL FACTORS (LIKE TEMPERATURE, SALINITY) AND HABITAT
CHARACTERISTICS INFLUENCE FISH DISTRIBUTION, ABUNDANCE, AND BEHAVIOR. THIS INCLUDES SPECIES DISTRIBUTION MODELING
(SDM) AND HABITAT SUITABILITY MAPPING, HELPING TO UNDERSTAND ECOLOGICAL DRIVERS AND IDENTIFY CRITICAL HABITATS.

Q: How CAN | EFFECTIVELY COMMUNICATE MY FISHERIES ANALYSIS RESULTS USING R?

A: R MARKDOWN AND QUARTO ARE POWERFUL TOOLS FOR INTEGRATING R CODE, RESULTS, AND NARRATIVE INTO
COMPREHENSIVE REPORTS, PRESENTATIONS, AND PUBLICATIONS. THIS ENSURES REPRODUCIBLE AND WELL-DOCUMENTED
COMMUNICATION OF FISHERIES FINDINGS.
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