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Undergraduate biology students often have limited opportunities in a classroom setting to apply statistics
quickly and effectively to real, current biological datasets. To address this concern, we developed
adaptable, customized Microsoft® Excel spreadsheets that enable instructors to teach students how to
statistically explore, visualize, and analyze biological phenomena. To demonstrate the utility of these
spreadsheets, data is provided from the East River Ichthyology Database (ERID,
https://eastriverfishproject.org/), a database that hosts real, current, and regularly updated fish and water
quality data from New York City’s iconic East River strait, contributed by community scientists. ERID was
initially developed in 2019 by a grant-funded partnership of environmental education organizations and
academic institutions documenting fish diversity in NYC. In the present work, ERID data includes fish and
water quality data, collection methods, and general locations from 2019. Broader findings and analyses
from 2019 were published in Park et al. 2020, providing a convenient reference for instructors to
contextualize student learning. Using the provided ERID spreadsheets, students can calculate descriptive
statistics, generate a frequency histogram, calculate and visualize correlation and linear regression, and
calculate and interpret Shannon-Wiener index values. We provide a sample activity focused on 2019 data
from ERID on the popular New York sportfish striped bass (Morone saxatilis) to demonstrate the use of the
spreadsheets together with a recently developed online web tool, Data Explorer by Howard Hughes Medical
Institute (HHMI) Biolnteractive. This activity also aims to encourage a deep appreciation for integrating
community science and fish biology in general.
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Introduction

Undergraduate biology students often have
limited opportunities in a classroom setting to apply
statistics quickly and effectively to real, current
biological datasets. Students usually work through
outdated, abstract datasets by hand or use software
programs that treat statistical calculations like a
mysterious “black box” without the transparency of
seeing necessary steps and calculations. To address
these concerns, we developed adaptable customized
Microsoft® Excel (Microsoft Corporation, 2018)
spreadsheets that will enable instructors to teach
students basic statistics to explore, visualize, and
analyze biological phenomena. Real data is provided
from the East River Ichthyology Database (ERID,
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https://eastriverfishproject.org/). This database hosts
current and regularly updated fish and water quality
data from New York City’'s East River strait
contributed entirely by community scientists,
including environmental educators, researchers,
naturalists, and recreational and commercial anglers.
An online web tool, Data Explorer (HHMI
Biolnteractive, 2021), can also be employed to
explore ERID data. To demonstrate that the
spreadsheets and Data Explorer can complement
each other to achieve learning outcomes, we provide
a sample activity focused on the fisheries status of a
popular New York sportfish striped bass (Morone
saxatilis). This activity also aims to develop in
students a deep appreciation for the importance of
surveying efforts by community scientists and fish
biologists.
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Student Outline

I. Introduction

In this lab, you will explore basic statistics and ecological analyses using a variety of customized
Microsoft® Excel spreadsheets and data derived from the New York City East River Ichthyology Database (ERID,
2021, https://eastriverfishproject.org/). ERID, which hosts real, current, and regularly updated fish and water
quality data from NYC, was initially developed in 2019 through a grant-funded partnership of environmental
education organizations and academic institutions studying fish diversity in NYC’s East River strait. The database
includes fish and water quality data, collection methods, and general geographic locations of sampling sites from
various programs and outings that utilized the efforts of innumerable community scientists.

Il. Learning Objectives

Through proper use of the attached spreadsheets, students will be able to:
(i) Calculate descriptive statistics

(ii) Generate a frequency histogram

(ii) Calculate and visualize correlation graphs

(iv) Calculate and visualize linear regression graphs

(v) Calculate and interpret Shannon-Wiener Index values

lll. Background
The East River Strait

Bordered by four of New York City’s five boroughs (Brooklyn, Manhattan, Queens, and the Bronx),
crossed by seven bridges, and overlaid by multiple automobile and subway tunnels, the East River is an iconic
waterway with a complicated history of dynamic boom and bust periods of marine wildlife, with recent years
exhibiting improving conditions with deindustrialization (Hurley, 1994; O’Neil et al., 2016; Steinberg, 2014;
Stinnette et al., 2018; Waldman, 2013). Divided into an upper section and lower section by the Hell Gate, which
restricts the water’s flow through its narrow passages (Li et al., 2018), the East River lies at the heart of one of the
most culturally, historically, and ecologically diverse estuaries in the world. Despite its name, New York City’s
East River is not a true river but rather a tidal strait that runs approximately 25 km from the northern edges of the
Upper New York Harbor to the western reaches of the Long Island Sound. Geologically, it is a drowned river
valley formed nearly 11,000 years ago by the retreat of the Wisconsin glaciers, the deposition of glacial debris,
and subsequent inundation from rising seas. As sea levels rose, its estuarine substrate was formed by assorted
glacial moraine, fine sediments, and landward erosion (Levinton and Waldman, 2006).

For the convenience of data acquisition and discussion, the East River strait was divided into 11 physical
zones (Fig. 1) based on three general criteria: (i) location of an environmental education organization study site,
(ii) boundaries identified by conspicuous human-made landmarks, and (iii) presence of public access (e.qg., city
park, state park, marina). These zones were not originally intended to separate ecologically contrasting habitats.
Each zone generally has a similar benthic substrate of sand, mud, and rocks and experiences considerable
currents during tide changes. However, the lower region of the strait is narrower with generally faster current
speeds. In comparison, the upper region is wider, has many more coves, and includes a zone with a relatively
undisturbed marsh area (Zone 3). The 11 zones, north to south, are detailed in Park et al. (2020).
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Figure 1. East River Ichthyological Alliance (ERIA) East River Zones of Study. Each zone is bordered by commonly
recognized city landmarks (e.qg., bridges, tunnels). lllustration © Hannah Ahn.

East River Ichthyological Alliance (ERIA) and East River Ichthyology Database (ERID)

The data provided in this work is a subset of fish data collected in 2019 by the East River Ichthyological
Alliance (ERIA), a network of community scientists invested in understanding the ecology and fauna of the East
River. Details about this network and the full findings from 2019 were published in Park et al. (2020). One
significant outcome of the 2019 ERIA research was the development of the East River Ichthyology Database
(ERID). This database hosts real, current, and regularly updated fish and water quality data from New York City’s
East River strait (ERID, 2021).

IV. Methods and Data Collection - Data Analysis Spreadsheets

A. Initial Exploration of Data Analysis Spreadsheets. All students have access to the following data analysis
spreadsheets. Please download each onto your computer.

(i) Descriptive Statistics (See Appendix A)

(ii) Frequency Distribution (See Appendix B)

(i) Correlation with Scatter Plot (See Appendix C)

(iv) Linear Regression with Scatter Plot (See Appendix D)

(v) Ecological Analyses - Shannon-Wiener Diversity Index (See Appendix E)
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B. General Features of ERID Spreadsheets. Each datasheet already includes real data. As you explore these
data, you will get proficient at navigating and utilizing the features in each spreadsheet.
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Figure 2. General Features of ERID Spreadsheets. See text for description of each numbered subsection.

General features of ERID spreadsheets are indicated in Fig. 2 and detailed below:

(1) General Information Table. This table is filled in with bright yellow. It includes general descriptors about the
data.

(2) The double-arrows indicate the location where additional rows can be inserted to allow for the “Copied Data”
table (see (3) below) to be expanded to accommodate larger datasets. Inserting rows here generally does not
alter other aspects in the spreadsheet (e.g., DIY calculations, the format of tables, plots), but careful checking is
recommended. For example, particular info (e.g., ranks) or calculations (e.g., formula answers) associated with
the newly added rows of raw data entries may still need to be updated/revised manually. A good way to identify
errors upon inserting new rows is to check the “DIY Calculations” table derived calculations (see (5) below) with
the “Check Your Work” table (see [@) below).

(3) The “Copied Data” Table, surrounded by a light blue border, is the table where 2019 data from ERID can be
pasted. In the spreadsheets, the to-be-copied data resides in the “REAL DATA” worksheet as green text within
light yellow-filled cells. You will copy these data into the empty and light yellow filled cells of the “- STUDENT”
worksheet; these to-be-pasted-into filled cells of the “-STUDENT” worksheet are also indicated with large bright
green downward-pointing arrows near their column headers.

If present, the “Summary Info” table(s), surrounded by a dark blue border, summarizes data in the “Copied
Data” Table, usually in the form of means and standard deviations.

(5) The “DIY Calculations” table, surrounded by a bright green border, is often enclosed within its own broader
box and displays all the step-by-step calculations involved in deriving any final key statistical values.

[B) The “Check Your Work” table, surrounded by a bright red border, provides a check of key result(s) of the “DIY
Calculations” table. This red-bordered table can be a formula such as the correlation coefficient in the correlation
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spreadsheet - in this case, the one-cell Excel formula shortcut is used to compare the value calculated in the DIY
calculations. In other cases, such as in the Shannon-Weiner Index spreadsheet, it is simply the sum of
proportions used to track calculations before calculating the index.

(7) If present, the “Plots” area includes graphs of data (e.g., scatterplot, histogram). Plots are first shown using
Excel’'s default axes settings (which always displays the origin (0,0)), and then, if applicable, a large white
downward-pointing arrow points to a second version of the plot, which has better formatted fitted axes.

(NOTE: Not all provided spreadsheets will have the information described above because some features will not
apply to specific analyses.)

C. Let’s Explore!

Your instructor will provide you with a scenario and East River fish data from which you can begin
exploring patterns, visualizations, and interpretations most appropriate for the research question(s) to be
answered!
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Materials

Required equipment is only a computer (PC
or Mac) or electronic device that has Microsoft®
Excel.

Notes for the Instructor

Introduction

This section includes background information
about New York City’s East River, the East River
Ichthyology Database (ERID) and its origin, general
information about data analysis, detailed descriptions
of the Microsoft® Excel ERID spreadsheets, and
extensions of the present work. The latter includes an
original activity, “Investigating Striped Bass Biology in
New York City’s East River,” which incorporates the
use of ERID spreadsheets and an online web tool,
Data Explorer (HHMI Biolnteractive, 2021), to explore
2019 data from ERID.

Background Information
Overview of East River Ichthyological Alliance
(ERIA) and East River Ichthyology Database (ERID)
The East River Ichthyological Alliance (ERIA)
was established in 2019 by a group of dedicated
estuarine educators and researchers who realized
the potential to be gained from enhanced research
and knowledge, specifically of the East River strait’s
fishery. ERIA represents a first for New York City's
iconic East River strait. Stakeholders from throughout
the strait, including environmental educators,
researchers, naturalists, and recreational and
commercial anglers, gathered around a common goal
to better understand the underwater life in the East
River strait to serve as a proxy for ecological health
and support increased engagement with its
resources. The data provided in this work is a subset
of the summary of fish data collected by ERIA in 2019,
which was published in Park et al. (2020). One
significant outcome of the 2019 ERIA research was
the development of the East River Ichthyology
Database (ERID, https://eastriverfishproject.org/).
This database hosts real, current, and regularly
updated fish and water quality data from New York
City’'s East River strait (ERID, 2021). ERID was
funded by a grant through a partnership among New
York Sea Grant, the New York State Department of
Environmental Conservation (NYSDEC), and the
Marine and Coastal District of New York
Conservation, Education, and Research Grants
Program.
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Caveats of ERID Data

Various collection methods were used to
collect ERID data, and standardizing variables that
serve as proxies for effort were not always clearly
defined for many methods. Therefore, standardizing
variables for catch data can be limited. Collection
methods consisted of netting (e.g., seine net, cast
net, or dip net), angling (e.g., fishing clinics,
recreational angling), trapping, or personal
observation. All seining and trapping data were
acquired by an environmental education organization
or academic institution. Seining employs a long,
rectangular net dragged along a shoreline by at least
two people (Riha et al., 2008). Depending on the
organization, beach seine nets varied in length from
15 to 30 ft (457 to 914 cm), but all were % inch (6.35
mm) mesh. Trapping involved the use of oyster mesh
cages, Gee minnow traps, or crab traps. Angling
involved hook-and-line bait fishing or lure fishing.
Data submitted by recreational anglers required
supplementation  with  photographs.  Personal
observations were made in the field only by
ichthyologists. Before performing any parametric
statistical tests, instructors should check to see if the
data used conform to the assumptions of those tests.
For example, many parametric tests assume that
data values are normally distributed and
homoscedastic, and data values often need to be
transformed to align to test assumptions.

Types of Data Variables

Two types of data commonly explored and
visualized with spreadsheets are numerical data and
categorical data: (i) Numerical data, also called
guantitative data, represent numerical values, which
can either be discrete or continuous. Discrete values
can only take on exact values that can be counted but
not measured (e.g., number of students in a class).
Typical visualizations for this type of data are scatter
plots or bar graphs. Continuous values have an
infinite number of probable values which can be
selected, cannot be counted, but can be measured
(e.g., height, weight, length). Typical visualizations for
this type of data are scatter plots. (ii) Categorical data,
also called qualitative data, are organized into
categories representing characteristics, which can be
nominal or ordinal. Categorical data can take on
numerical values, but these values are often only
organizational and do not carry mathematical
meaning. For example, if data were coded as 1=red
and 2=blue, the numbers cannot be logically added.
Nominal values are discrete and do NOT follow a
natural order (e.g., types of movies). Typical
visualizations for this type of data are pie charts or bar
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graphs. Ordinal values are discrete and follow a
natural order (e.g., letter grades, stages of a disease).
Typical visualizations for this type of data are pie
charts or bar graphs.

Classroom Implementation
Overview Microsoft® Excel East River Ichthyology
Database (ERID) Spreadsheets

East River Ichthyology Database (ERID) data
in the spreadsheets include fish and water quality
data, collection methods, and general locations from
a subset of data collected in 2019. Park et al. (2020)
provide a convenient reference for instructors to tailor
in-class applications of the database and
contextualize student learning. Datasets from ERID
can be downloaded at any time, thus permitting
lessons to incorporate the most up-to-date data
available. Using the provided Microsoft® Excel
spreadsheets (hereafter referred to as “ERID
spreadsheets”) and external tools, students will be
able to calculate descriptive statistics, generate a
frequency histogram, calculate and visualize
correlation and linear regression, and calculate and
interpret Shannon-Wiener Index. To develop a deep
appreciation for the importance of surveying efforts by
community scientists, a sample activity focused on
the popular NYC sportfish striped bass (Morone
saxatilis), is provided, which demonstrates the use of
most of the ERID spreadsheets and HHMI
Biolnteractive Data Explorer.

Types of ERID Spreadsheets

Use of the ERID spreadsheets provided in
this work assumes basic knowledge of Microsoft
Excel® spreadsheets, but if instructors or students
need tutorials on basic elements of Excel, Howard
Hughes Medical Institute (HHMI) Biolnteractive
published comprehensive tutorials on formulae,
function, and averages (HHMI Biolnteractive, 2016a),
autofilling data, cell references, and standard
deviation (HHMI Biolnteractive, 2016b), column
graphs, error bars, and standard error of the mean
(HHMI  Biolnteractive, 2016c), t-test (HHMI
Biolnteractive, 2016d), and histograms (HHMI
Biolnteractive, 2016e).

ERID spreadsheets provided in this work are
described below. In general, short instructions,
descriptors, and/or comments are provided in the files
on many of the table header cells, identifiable with a
red triangle on the upper-right corner of relevant cells
and accessible via hovering over the red triangle with
a mouse.

(1) ERID Descriptive Stats.xlsx (Appendix A) -
Students can apply this spreadsheet to explore
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descriptive statistics. One example is provided of the
size (total length — tip of snout to tip of caudal fin) of
striped bass (Morone saxatilis).

(2) ERID Frequency Histogram.xlsx (Appendix B) -
Students can apply this spreadsheet to partition data
into bins and generate a frequency histogram. One
example is provided of the size (total length) of striped
bass (Morone saxatilis).

(3) ERID Correlation.xlsx (Appendix C) - Students
can apply this spreadsheet to calculate a correlation
coefficient and generate a scatterplot of two
variables. Two examples from Brooklyn Bridge Park
Pier 4 are provided - the relationship of marine water
temperature and salinity (Example 1) and the
relationship between marine water temperature and
dissolved oxygen (Example 2).

(4) ERID Regression.xlsx (Appendix D) - Students
can apply this spreadsheet to calculate a linear
regression model (least squares estimation), which
includes calculation of the slope, Y-intercept, and
predicted values of the linear regression model.
Students will also generate a scatterplot of the
dependent variable and independent variable. One
example is provided - the relationship of the size (total
length) of black sea bass (Centropristis striata) and
time (number of days).

(5) ERID Shannon-Wiener.xlsx (Appendix E) -
Students can apply this spreadsheet to calculate
Shannon-Weiner Diversity Index values. Three
examples are provided to permit a comparison of
biodiversity estimates of one site (Zone 9) across
three different fish collection methods (seining, fishing
clinic, recreational angling).

Types of Worksheets within ERID Spreadsheets
Each datasheet already includes real 2019
data from ERID, described as “examples” in the
previous section. Students can learn to explore these
example data to become proficient at navigating and
utilizing the features in each spreadsheet. Each
spreadsheet is generally organized into a set of
worksheets, accessed by clicking on tabs at the
bottom of the file. The “REAL DATA” worksheet
contains 2019 data from ERID, located in the table
with light yellow-filled cells and green text. The
student version of the worksheet has a prefix that is
an abbreviation of the spreadsheet (e.g., “FreqHist”
for Frequency Histogram) and the base word “-
STUDENT.” Students can simply copy data from the
“‘REAL DATA” worksheet into the corresponding data
entry columns in their “- STUDENT” worksheet (e.g.,
FreqHist — STUDENT); columns, where these data
will be pasted, are conveniently coded similarly as the
copied data in the “REAL DATA” worksheet — the
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empty cells where the data will be pasted are filled
with a light yellow background. There are also large
bright green arrows in the “- STUDENT” worksheet
that indicate the columns where data is to be pasted.
The instructor version of the statistic spreadsheet is
indicated with the same prefix but with the base word
“ INSTRUCTOR” (e.g., FregHist — INSTRUCTOR);
this file is essentially the answer key, and thus, it is
recommended that this worksheet(s) be deleted
before sharing the Excel ERID spreadsheet files with
students. If a RESOURCES worksheet is also
available, any relevant resources such as the HHMI
Biolnteractive Excel tutorials (HHMI Biolnteractive,
2016a-e) are listed in that worksheet.

Time Requirements

Each Microsoft® Excel ERID spreadsheet file
may include up to three student worksheets. Each
spreadsheet file can be utilized as a stand-alone
activity or in combination with others. Each
spreadsheet file can be expected to take a minimum
of 15 minutes as a class activity. The spreadsheets
are designed to allow the instructor to determine how
they are to be used when teaching, which will affect
the time estimates for teaching particular lessons.

Extensions of the East River Ichthyology
Database
Use of ERID Spreadsheets for Any Dataset

ERID spreadsheets do not need to be limited
to fish data. Instructors can use the provided datasets
simply as exemplars to teach a particular data
representation method or analysis. Students can then
be tasked to independently find and explore different
types of datasets acquired from textbooks or other
databases. Equipped with the blank student
worksheets of ERID  spreadsheets, new
investigations can become student-driven
independent research projects.

Publication of Association for Biology Laboratory Education, Volume 42, 2022

Create Lessons Using ERID Data

An original lesson derived from utilizing 2019
data in ERID, titled “Investigating Striped Bass
Biology in New York City’'s East River,” was created
by Devin M. Gorsen and Peter J. Park and is provided
in Appendix F. This activity provides a brief overview
of the biology of the sportfish striped bass (Morone
saxatilis) which includes the species life history and
foraging ecology, monitoring efforts of the fishery in
the Hudson River Estuary by the New York State
Department of  Environmental Conservation,
surveying efforts by community scientists, and
recreational angling of the species. This is followed
by a section titled “Research Questions,” which
includes a set of five exercises, each inspired by
observations recorded by environmental educators
and researchers during past community science
events. These observations were turned into
research questions that were explored using 2019
data from ERID via provided Microsoft® Excel
spreadsheets and/or the online web tool Data
Explorer (HHMI Biolnteractive, 2021). The data to be
used in these exercises are provided in Appendix G.
Students must incorporate data from Appendix G into
the respective ERID spreadsheets and modify them
as needed. Exercises 1-5 of this activity are
summarized below.

Exercise 1: 2019 Distribution of Striped Bass by Age
Class

Generally, it is believed that Atlantic striped
bass spawn in the main part of the Hudson River near
Albany, which is far north of New York City’'s East
River. If so, one might expect young-of-year (one-
year-old) bass to be rare in the East River because
they are born in the Hudson River (and presumably
not in the East River). Furthermore, striped bass
generally are thought not to begin migrating outside
the Hudson River until they reach sexual maturity,
which in males occurs at 2-3 years and in females at
5-6 years. For this exercise, the Frequency Histogram
ERID spreadsheet (Appendix B) is used to explore
the distribution of striped bass size (total length) in the
East River. The resulting histogram is provided in Fig.
3, and a key is provided in Appendix H.
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Figure 3. Histogram generated from Microsoft® Excel spreadsheet for Exercise 1. Inset, table of bins and their

corresponding total length ranges in inches.

Exercise 2: Fate of the Striped Bass Fishery

In 2020, a fishing slot limit was imposed for
striped bass for the first time in New York. Set by
NYSDEC, this type of limit prohibits fish above or
below certain lengths from being harvested. Thus,
only bass within a specified range can be harvested.
In 2020, a bass measuring between 28 inches and 35
inches can be harvested in the East River; bass
measuring below 28 inches or above 35 inches must
be released. The slot limit aims to protect large
specimens of striped bass, which are mostly sexually
mature females. Students must determine which
spreadsheet to use to assess current distributions of
striped bass sizes best and then predict the future of
striped bass sizes in subsequent seasons. Answers
for this exercise will vary.

Exercise 3: Average Size of Striped Bass and Time
of the Year Caught

Some East River anglers believe that the
biggest striped bass in the East River are caught only
in the Fall. Students first use the Linear Regression
ERID spreadsheet (Appendix D) to identify the
relationship of average size (total length) of striped
bass caught by month. Then, students use the HHMI
Biolnteractive Data Explorer web tool to reproduce
the plot and compare it with the one in their
spreadsheet. The input data file (Appendix G) is also
formatted so that Data Explorer can color-code the
plot data by collection method, which is substantially

10

more challenging to accomplish using Microsoft®
Excel. In general, the linear regression model of all
observations in the dataset was not statistically
significant, but data submitted by recreational anglers
do suggest that larger bass were caught not only
during the Fall but also during Spring months (Fig. 4).
Exercise 3 was also designed to prepare students to
transition from the Microsoft® Excel spreadsheet to
HHMI Biolnteractive Data Explorer.

TL (inches) vs Month

TL (inches)

)

° [ .
0
4 5 6 7 8 9 10 11
Month
Recreational Angler @ Seining Fishing Clinic
Trapping — Regression Line

Data: Custom Dataset
X-axis: Month
X-axis range: 4-11
Y-axis: TL (inches)
Y-axis range: 2-39
Grouping variable: Catch Method
(Grouping variable value(s) included: Recreational Angler, Seining, Fishing Clinic, Trapping
Regression equation: TL (inches) = 18.83133 + -0.16740 * Month

0.0017

Figure 4. Output from HHMI Biolnteractive Data
Explorer for Exercise 3. Plot summarizes the total
length of striped bass by month caught. The linear
regression line is shown for all observations in the
dataset. Collection methods are coded by different
colors.
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Exercise 4: Collection Method and Average Size of
Striped Bass Caught

Some environmental educators believe that
the average size of striped bass caught is influenced
by the type of fish collection method employed. The
types of collection methods in the 2019 dataset from
ERID are hook-and-line fishing during a fishing clinic,
hook-and-line fishing by recreational anglers during
personal outings, seining during a public event, and
trapping during a public event. Students use the
HHMI Biolnteractive Data Explorer web tool to
determine the best visualization plot for the data
presented in this exercise. The resulting plot is
provided in Fig. 5.

TL (inches) by Catch Method

Figure 5. Output from HHMI Biolnteractive Data
Explorer for Exercise 4. The total length of striped
bass by fish collection method is shown.

Exercise 5: Geographic Area and Average Size of
Striped Bass Caught

Some recreational anglers believe that the
average size of striped bass caught could differ
across geographic regions. Using the HHMI
Biointeractive Data Explorer web tool, students
explore the 2019 data from ERID to determine the
best plot to visualize the relationship between the
geographic region of the East River and the
distribution of average sizes (total lengths) of striped
bass. For the convenience of this analysis, the East
River can be divided into eleven different zones,
labeled Z1-Z10, based on natural and/or
anthropogenic landmarks (see Fig. 1). The resulting
plot is provided in Fig. 6.
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TL (inches) by Zone

TL (inches) (Mean)
=
H
—
el
—
—

10 I

Z3 29 Z4b 6 8 2 Z10 Z5 7 Z4a
Zone

Data: Custom Dataset
X-axis: Zone
X-axis value(s) included: 73, 79, Z4b, 76, 78, 72, 710, 75, Z7, Z4a
Y-axis: TL (inches) (Mean)

Y-axis range: 2-39

Figure 6. Output from HHMI Biolnteractive Data
Explorer for Exercise 5. The total length of striped
bass by East River zone (See Fig. 1 for zones) is
shown.

Instructor notes and suggestions for
exercises are provided in the activity as red text (See
Appendix F), which should be deleted before sharing
or discussing with students. In addition to the
“Research Questions” section, a couple of additional
extension exercises are provided. The first focused
on differences in recreational fishing slot limits sizes
in different parts of the Hudson River Estuary. The
second focused on human consumption advisories of
striped bass.

Discussion

While many biology instructors aim to instill
strong analytical skills anchored in statistics, biology
students do not usually get to explore datasets
relevant to real-life applications. We introduced the
East River Ichthyology Database (ERID) and a series
of customized Microsoft® Excel spreadsheets to
address these concerns. While the ERID
spreadsheets can be used for any dataset, we
demonstrate their utility when combined with an
emerging statistical web tool and in the context of a
community science story centered on a popular New
York City sportfish, the striped bass (Morone
saxatilis). The exercises in this activity also
demonstrate top-down and bottom-up approaches to
teaching statistics. In addition, all research questions
in this activity were driven by authentic inquiries from
the general public or environmental educators during
actual community science events. Thus, the
integration of community science, ERID, and
statistical tools provides a powerfully novel teaching
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model to engage students as they learn complex
topics at the interface of biology and statistics.

Two approaches to introduce statistics were
presented in this work. Using the Microsoft® Excel
ERID spreadsheets, students learn how to calculate
descriptive statistics and statistical analyses via a
bottom-up approach, with raw data converted to
calculations that can be easily tracked through final
test statistical calculations and data visualizations
(e.g., plots, graphs). In addition, we introduced the
“Investigating Striped Bass Biology in New York City’'s
East River’ activity in the Extensions section. In
exercises 3-5, students import data into HHMI
Biolnteractive Data Explorer and bypass detailed
step-by-step calculations to choose the best data
visualizations for a given dataset, which is more of a
top-down approach to teaching statistics. Even
though we introduced the spreadsheets and Data
Explorer in this manner, we acknowledge that each
tool can be used in either top-down and bottom-up
ways. Regardless, the combination and
complementary nature of both approaches,
presented simultaneously, can provide compelling
learning experiences for students.

ERID introduces students to the efforts of real
community scientists. In tandem with its scientific
benefits, community science also has the power to
create diverse constituencies who are excited about
their local ecosystems and, ultimately, more
scientifically literate and engaged in conservation
efforts. Fishes are a particularly vital subject for
community-based research because they live
adjacent to even the most urbanized and populous
cities, they capture the imaginations of people all over
the world, and they provide a strong link to other
environmental concerns (Brink et al., 2018). The
exercises in the “Investigating Striped Bass Biology in
New York City’s East River” activity were inspired by
real inquiries from the general public that could not be
explored before establishing a database like ERID.
Thus, integrating the personal and social benefits of
science-based informal education programs with
statistics learning in formal education settings
presents students with real-world context to learning
that may be less intimidating than solving textbook
problems based on abstract datasets.

Community science can have several goals,
including introducing and promoting environmental
education, exposing communities to scientific
research, creating ownership of the scientific process,
surveying biodiversity together, and providing data for
teaching applications. Moving forward, ERIA and its
partnerships with public participants and anglers and
the further growth of ERID create a model to build
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lasting connections between stakeholders and the
health of local ecosystems. Armed with real
ecological data from ERID, instructors can construct
innovative activities relevant to students' lives to
inspire them to participate in environmental initiatives.
As extensions of this work, assignments can be
written to assess higher-level Bloom’s learning.
Examples of such assignments can be writing a mock
grant proposal or evaluating existing environmental
engineering green infrastructure project plans. The
present work also aims to inspire student participation
in local community science efforts. Tying together
community science, a current fish database, and in-
classroom teaching may promote rich, profound
outcomes that benefit students, instructors,
community stakeholders, policymakers, and land
managers of watersheds and beyond.

ERID Data Use and Permissions

Please contact the corresponding author
regarding inquiries about the most current East River
Ichthyology Database data. Instructors are permitted
to use the data within the East River Fish Database
for in-classroom educational purposes only. Any
other use of data from the database external to in-
classroom educational use (e.g., publications,
conference presentations) must obtain expressed
written consent directly from the East River
educational organizations involved in acquiring and
submitting the relevant data. Upon receiving consent,
specific instructions, which may vary by organization,
will be provided regarding how to acknowledge the
relevant organization(s) in the external work.
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