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REEF RESTORATION
RECONNAISSANCE 

Emory Wellman
University of Florida

Grade Level
9th – 12th Grade

Subject Area
Life Science



VA SEA is a collaborative project between the Chesapeake Bay National Estuarine Research Reserve, the Virginia
Institute of Marine Science's Marine Advisory Program, and Virginia Sea Grant. The VA SEA project is made possible

through funding from the National Estuarine Research Reserve System Science Collaborative, which supports
collaborative research that addresses coastal management problems important to the reserves. The

Science Collaborative is funded by the National Oceanic and Atmospheric Administration and managed
by the University of Michigan Water Center.



Title: Ree Resoraon Reconnaissance

Focus: Gauge he success or ailure o resored oyser rees by collecng and inerpreng ecological daa

rom oyser samples and aerial images.

Grade Level: High school lie science (grades 9-12)

Florida Science Standards

SC.912.L.17.1: Discuss he characerisics o populaions, such as number o individuals, age srucure,

densiy, and paern o disribuion.

SC.912.L.17.4: Describe changes in ecosysems resulng rom seasonal variaons, climae change and

succession.

SC.912.L.17.6: Compare and conras he relaionships among organisms, including predaion, parasiism,

compeiion, commensalism, and muualism.

SC.912.L.17.8: Recognize he consequences o he losses o biodiversiy due o caasrophic evens, climae

changes, human aciviy, and he inroducion o invasive, non-naive species.

SC.912.L.17.13: Discuss he need or adequae monioring o environmenal parameers when making

policy decisions.

Learning Objectves

• Sudens will collec daa rom oyser ree samples and aerial images o co-occurring marsh and

oyser habias.

• Sudens will record daa and ransorm i as needed (i.e., scale up abundance rom a sample o a

larger area).

• Sudens will evaluae heir daa and deermine wheher he resoraon eor was successul, and

will back up heir conclusion based on he daa hey colleced.

Total Length of Time Required

60-75 mins, 15 mins prep me

Vocabulary

Abundance: The number o individuals (or example, oal number o oysers)

Climate change: Long-erm changes in global emperaures weaher paterns which can occur naurally

or as a resul o human acviy



Erosion: Gradual wearing away o soil or rock by waer.

Ecological resoraton: Assisng in or managing he recovery o an ecosysem which has been desroyed

or degraded.

Ecosystem: A communiy o ineracng organisms and he specic physical environmen in which hey

exis

Market oyster: Marke oysers are hose which can be legally colleced by oyser harvesers and sold o

resaurans or consumers.Marke oysers are hose which are greaer han 75 mm in lengh (7.5 cm).

Mutualism: A orm o symbiosis which benes boh organisms involved.

Oyster larva: The free-swimming immaure orm o an oyser which develops ino an adul, sessile

oyser.

Oyster reef: Dense aggregaon o oysers which resuls rom juvenile oysers setling and growing on

oher individuals, boh living and dead (empy shells).

Substrate: The raw maerial rom which an oyser ree is consruced, including maerials like oyser

shells or cemen blocks.

Background Inormaton

Coasal ecosysems like salmarshes, seagrass beds, and oyser rees bene humans by serving as

locaons or recreaon, soring carbon, and proecng coasal communies. However, coasal

ecosysems are being degraded or los enrely due o boh direc (e.g., coasal developmen) and

indirec human acon (e.g., increased sea-surace emperaures caused by climae change). In he las

several decades, here has been a dramac increase in eors o resore hese los ecosysems. The goal

o resoraon is o aciliae he recovery o desroyed or damaged ecosysems, ideally producing an

ecosysem which has he same srucure and uncon as he original sysem.

Oyser rees are a common ocus o resoraon eors. Oyser rees provide a wide range o

services o human and animal communies alike, and are also an imporan commercial and recreaonal

shery. Oyser rees orm much like coral rees, meaning larval, ree-swimming oysers selec and setle

ono live oysers or he shells lef behind afer deah. Over me oyser rees accumulae mulple

generaons o oysers, wih he oldes individuals buried and he younges, living oysers on he ouside.

Thereore, a common mehod o oyser resoraon is o pu oumaerials ono which larval oysers can

setle, mimicking he srucure o a dead ree. Many researchers are looking ino ways o opmize ree

resoraon, including by comparing poenal maerials (anyhing rom recycled oyser shell o cemen).

Unsurprisingly, ecological resoraon is exremely money- and labor-inensive. Anoher hot

research opic hereore is co-resoraon, or assessing he easibiliy o resoring several ecosysems a

he same me and using naural ecological relaonships o improve success. In naure, oyser rees can

aciliae salmarshes by proecng hem rom wave energy and sabilizing he sedimen ino which he

plans grow. Salmarshes are anoher exremely valuable coasal ecosysem, and are hreaened many



places in he U.S. by erosion. Erosion is he gradual wearing away omarsh sedimen and plans by wave

energy, evenually causing collapse o he marsh shoreline and habia loss. A valuable case o co-

resoraon could hereore be resoraon o oyser rees adjacen o salmarshes, wih he rees

ulmaely shielding marsh vegeaon rom wave impac.

In his acviy, your class will monior he oucome o a ree resoraon projec and deermine

wheher a ree resoraon projec was successul and consider oher complexies in he resoraon

process, including he efficacy o dieren resoraon maerials and he bene o co-resoraon.

Materials & Supplies

• Rulers

• Non-scienc calculaors (preerable o doing mah by hand, as some calculaons migh be me-

consuming)

• Pencils

• Projecor se up (inc. screen or oher whie backdrop ono which inroducory presenaon can be

displayed)

Teacher Preparaton

The acviy works bes wih sudens spli ino pairs or groups o hree. Each pair or rio will be given a

workshee “set”. For a wo-person eam, a “set” would include: 2 prined suden workshees, 1 oyser

quadra workshee (5-yr mepoin), and 2 aerial imagery workshees (0 and 5-yr mepoin). Imporan:

The ree ype and number on he aerial imagery and oyser workshees mus all mach. In addion o a

workshee se, sudens should be provided wih pencils, a calculaor, and a ruler. Rulers should include

imperial (inches) and meric (mm) scales.

Procedure

Inroducton

Insrucors will load he inroducory Powerpoin (Appendix A) and explain he background

inormaon (slides 1-27). Talking poins or each slide are provided in he Noes eld o he Powerpoin.

Insrucors will hen explain he acviy and monioring asks (slides 28-29).

Actviy

The goal o he acviy is o collecmonioring daa rom wo aerial images (Appendix B) and an

oyser sample (Appendix C), boh o which were “colleced” a a given resored oyser ree. Sudens will

hen use heir daa o iner wheher he resoraon was successul.

Data Collecton

Sudens will be grouped ino pairs (rios i necessary), and each pair given:

• 2 sets of prined suden workshees (each suden will receive a copy oWorkshees 1A, 1B,

and 2);

• 2 aerial imagery shees (Appendix B);

• 1 oyser “quadra” sample sheet (Appendix C);



• A ruler; and

• A calculaor.

The aerial images and oyser sample should all have maching codes, meaning he same reef

number and reemaerial (e.g., Shell Bag – Reef 1, Cemen – Reef 2). One aerial image should be he

baseline mepoin (T0), and he second should be he 5 year mepoin (T5). The oyser sample will be

only rom he 5-year mepoin (T5). The sudens will work hrough he prined suden workshee,

collecng measuremens rom he aerial images and oyser sample using heir rulers. They will also

complee he specied calculaons (e.g, converng rom image scale o real-world scale, converng

abundance o densiy). Afer compleng he workshee, he sudens will obain 4 merics: ree area,

erosion, oyser abundance, and oyser size class srucure. These merics will be numeric, caegorical

(erosion did or did no happen), caegorical (oal ree oyser abundance did or did no exceed 1,500),

and caegorical (oyser communiy had a balanced or unbalanced size class srucure) respecvely.

Daa Sharing

Insrucor will load slide 31, eiher ono a whieboard or wih he Powerpoin open and ediable.

The insrucor will go around he room and ask each suden group o repor on he our merics or heir

rees (ree area, oyser densiy, oyser communiy size class srucure, and erosion). Insrucor can record

hese oucomes wih a plus sign or a check mark eiher wih a marker on he board or by yping he

symbol direcly ino he box.

Conclusion

Afer all sudens have repored, he class will hen discuss he resuls shown in he able.

Specically, sudens should discuss wheher one reemaerial was more successul han he oher, why

his migh be, and wha hey would recommend o he group who buil he rees.

Assessment

Sudens will be assessed based on heir perormance collecng and inerpreng daa and he nal

workshee quesons relang o heir samples. Insrucors will be provided wih Answer Keys o grade

suden workshees.

Student Worksheets

• Workshee 1A: Aerial Image Analysis, Par 1

• Workshee 1B: Aerial Image Analysis, Par 2

• Workshee 2: Oyser Sample Analysis

Appendices

• Appendix A: Lesson plan Powerpoin presenaon or insrucor.

• Appendix B: Reef “aerial images”

• Appendix C: Oyser quadra “samples”



Worksheet 1A

Aerial Image Analysis, Par 1

Using the aerial image marked “T0”, complete the following tasks describing the baseline state

of the restored oyster reef and salt marsh.

Ree Number:______ Maerial:__________ Timepoin (T0 or T5):_______

Step 1: Use your ruler to measure the short and long sides of your reef in inches, and record

the measurements. Measure to the nearest quarter inch. Convert the measurements based

on the scale bar in the image. In this case, “1 inch = 0.4 meters.”Multply your measuremens

(in inches) by 0.4 to calculate the length in meters.

Shor side: ________ in x ____ m = ________ m

Long side: ________ in x ____ m = ________ m

Sep 2: Multply he shor and long sides o he ree, yielding ree area in m2.

Ree area: ________ x ________ = ________ m2

Step 3: Measure three transects (or, lines) between the reef and the marsh using your ruler.

Use your ruler to measure each of the three lines drawn on the image and round their length

to the nearest quarter inch. Write the lengths in the spots below and convert the

measurements based on the scale bar in the image.

Transec 1: ________ in x ____ m = ________ m

Transec 2: ________ in x ____ m = ________ m

Transec 3: ________ in x ____ m = ________ m

Step 4: Average the length of the three transects using this formula:
++



Average ransec lengh = ________ m



Worksheet 1A

Answer Key

Important: All T0 aerial images are he same wihin reef ype. For example, Shell Bag reefs 1-4 will all

produce he same answers, and Cemen reefs 1-4 will all produce he same answers.

Sep 1:

• Shell bag: Shor side = 1 m (2.5 inches), Long side = 2 m (5 inches)

• Cemen: Shor side = 1 m (2.5 inches), Long side = 2 m (5 inches)

Sep 2:

• Shell bag ree area = 2 m2

• Cemen ree area = 2 m2

Sep 3:

• Shell bag:

o Transec 1 = 0.9 m (2.25 in)

o Transec 2 = 1 m (2.5, rounded up rom 2.4 in)

o Transec 3 = 1 m (2.5 in)

• Cemen:

o Transec 1 = 1 m (2.5, rounded up rom 2.4 in)

o Transec 2 = 1 m (2.5, rounded up rom 2.4 in)

o Transec 3 = 1 m (2.5 in)

Sep 4:

• Shell bag average ransec lengh: 0.967 m

• Cemen average ransec lengh: 1 m



Worksheet 1B

Aerial Image Analysis, Par 2

Using the aerial image marked “T5”, complete the following tasks describing the baseline state

of the restored oyster reef and salt marsh.

Ree Number:______ Maerial:__________ Timepoin (T0 or T5):_______

Step 5: Use your ruler to measure the short and long sides of your reef in inches, and record

the measurements. Measure to the nearest quarter inch. Convert the measurements based

on the scale bar in the image. In this case, “1 inch = 0.4 meters.”Multply your measuremens

(in inches) by 0.4 to calculate the length in meters.

Shor side: ________ in x ____ m = ________ m

Long side: ________ in x ____ m = ________ m

Step 6: Multply he shor and long sides o he ree, yielding ree area in m2. You will need

his number or he calculatons on he nex workshee!

Ree area: ________ x ________ = ________ m2

Step 7: Measure three transects (or, lines) between the reef and the marsh using your ruler.

Use your ruler to measure each of the three lines drawn on the image and round their length

to the nearest quarter inch. Write the lengths in the spots below and convert the

measurements based on the scale bar in the image.

Transec 1: ________ in x ____ m = ________ m

Transec 2: ________ in x ____ m = ________ m

Transec 3: ________ in x ____ m = ________ m

Step 8: Average the length of the three transects using this formula:
++



Average ransec lengh = ________ m

Sep 9: Deermine wheher your sie experienced erosion by comparing he average ransec

length at each tmepoin. I he ransec lengh increased beween he firs and second

tmepoin, erosion occurred.

Circle one: Did erosion occur? YES NO



Worksheet 1B

Answer Key

Sep 5

• Shell bag rees

o Reef 1:

 Shor side = 1.3 m (3.25 in; rounded up rom 3.2)

 Long side = 2.8 m (7 in)

o Reef 2:

 Shor side = 1.5 m (3.75 in)

 Long side = 2.5 m (6.25 in)

o Reef 3:

 Shor side = 1.3 m (3.25 in)

 Long side = 3 m (7.5 in)

o Ree 4:

 Shor side = 1.5 m (3.75 in)

 Long side = 2.7 m (6.75 in)

• Cemen rees

o Reef 1:

 Shor side = 1.3 m (3.25 in; rounded up rom 3.2 in)

 Long side = 2.3 m (5.75 in, rounded up rom 5.7 in)

o Reef 2:

 Shor side = 1.3 m (3.25 in)

 Long side = 2.2 m (5.5 in; rounded down rom 5.6 in)

o Reef 3:

 Shor side = 1.3 m (3.25 in)

 Long side = 2.3 m (5.75 in; rounded up rom 5.7 in)

o Ree 4:

 Shor side = 1 m (2.5 in)

 Long side = 2.5 m (6.25 in)

Sep 6

• Shell bag rees

o Reef 1 area: 3.64 m2

o Reef 2 area: 3.75 m2

o Reef 3 area: 3.9 m2

o Ree 4 area: 4.05 m2

• Cemen rees

o Reef 1 area: 2.99 m2

o Reef 2 area: 2.86 m2

o Reef 3 area: 2.99 m2

o Ree 4 area: 2.5 m2

Sep 7



• Shell bag rees

o Reef 1:

 Transec 1: 0.7 m (1.75 in, rounded up rom 1.74 in)

 Transec 2: 0.7 m (1.75 in, rounded down rom 1.81 in)

 Transec 3: 0.8 m (2 in, rounded up rom 1.92 in)

o Reef 2:

 Transec 1: 1 m (2.5 in)

 Transec 2: 1.2 m (3 in, rounded up rom 2.9 in)

 Transec 3: 1.2 m (3 in)

o Reef 3:

 Transec 1: 1 m (2.5 in)

 Transec 2: 1 m (2.5 in, rounded down rom 2.58)

 Transec 3: 1.1 m (2.75, rounded up rom 2.7)

o Ree 4:

 Transec 1: 0.6 m (1.5 in)

 Transec 2: 0.6 m (1.5, rounded down rom 1.6 in)

 Transec 3: 0.7 m (1.75, rounded down rom 1.77 in)

• Cemen rees

o Reef 1:

 Transec 1: 0.7 m (1.75 in, rounded up rom 1.7 in)

 Transec 2: 0.7 m (1.75 in)

 Transec 3: 0.7 m (1.75 in)

o Reef 2:

 Transec 1: 1.2 m (3 in, rounded up rom 2.9 in)

 Transec 2: 1.2 m (3 in, rounded up rom 2.9 in)

 Transec 3: 1.1 m (2.75 in, rounded up rom 2.7)

o Reef 3:

 Transec 1: 0.7 m (1.75 in, rounded down rom 1.8 in)

 Transec 2: 0.6 m (1.5 in, rounded down rom 1.6 in)

 Transec 3: 0.8 m (2 in)

o Ree 4:

 Transec 1: 1.2 m (3 in)

 Transec 2: 1.2 m (3 in)

 Transec 3: 1.2 m (3 in, rounded down rom 3.1 in)

Sep 8

• Shell bag rees

o Ree 1 average ransec lengh: 0.73 m

o Reef 2 average ransec lengh: 1.13 m

o Reef 3 average ransec lengh: 1.03 m

o Ree 4 average ransec lengh: 0.63 m

• Cemen rees

o Reef 1 average ransec lengh: 0.7 m

o Reef 2 average ransec lengh: 1.16 m



o Reef 3 average ransec lengh: 0.7 m

o Ree 4 average ransec lengh: 1.2 m

Sep 9

• Shell bag reefs

o Reef 1: No erosion

o Reef 2: Erosion

o Reef 3: Erosion

o Ree 4: No erosion

• Cemen rees

o Reef 1: No erosion

o Reef 2: Erosion

o Reef 3: No erosion

o Ree 4: Erosion



Worksheet 2

Oyser Sample Analysis

Using the oyster sample marked “T5”, complete the following tasks monitoring the reef’s oyster

community.

Ree Number:______ Maerial:__________ Timepoin: T5

Step 1: Count the total number of oysters in the sample (abundance): _______ oysters

Step 2: Using your ruler, measure the length of every oyster (in mm) and record in the table below.

Make sure to measure the oysters on both sides of the page. Measure he line o he lef o each

oyser o make i easier! Nex o each lengh, wrie a small “M” (Market), “A” (Adult), or “J” (Juvenile)

based on the size breakdown below. Note: a “market” oyster is one which is large enough to be legally

harvesed and sold! Any oysers below his lengh mus be lef in heir habia untl hey grow o

“market” size.

[Market: >75 mm, Adult: 25 – 75 mm, Juvenile: <25 mm]

# oMarke oysers: ______ # o Adul oysers: ______ # o Juvenile oysers: ______

Step 3: Calculate what percentage of the sample is made up by each size class by dividing the tallies for

each size class by he oal number o oysers in he sample (round o he firs decimal i needed).

Marke: _________% Adul: _________% Juvenile: _________%

Step 4: Determine whether the size class structure of your sample is balanced or unbalanced. In a

balanced sample, each size class has minimum 25% represenaton.

Balanced or Unbalanced? ______________

Step 5: Calculae he number o oysers on he entre ree. The oyser sample was colleced rom a

square area, with each side measuring 25 cm (0.25 m). The area of the sample is therefore 0.0625 m2

(0.25 m x 0.25 m). To find he oal number o oysers on he ree, solve for X using the oyster

abundance in this sample and the reef area you calculated in Worksheet 1: Step 6 (make sure it’s the

correc tmepoin!) Wrie your answer here: X = _________

( # o oysers in sample ) × ( ree area in m2 )

X =

( 0.0625m2)
Step 6: Other researchers have argued that restored oyster reefs are successful only if they have 1,500

or more oysers afer 5 years. Based on his sandard and your resul rom Sep 5, is your ree

successful? Circle one: YES NO



Worksheet 2

Answer Key

Sep 1

• All samples have 27 oysers.

Sep 3

• Shell bag rees

o Reef 1

 Marke: 9/27 = 33%

 Adul: 10/27 = 37%

 Juvenile: 8/27 = 29%

o Reef 2

 Marke: 10/27 = 37%

 Adul: 9/27 = 33%

 Juvenile: 8/27 = 29%

o Reef 3

 Marke: 10/27 = 37%

 Adul: 8/27 = 29%

 Juvenile: 9/27 = 33%

o Ree 4

 Marke: 8/27 = 29%

 Adul: 10/27 = 37%

 Juvenile: 9/27 = 33%

• Cemen rees

o Reef 1

 Marke: 4/27 = 14%

 Adul: 9/27 = 33%

 Juvenile: 14/27 = 51%

o Reef 2

 Marke: 3/27 = 11%

 Adul: 9/27 = 33%

 Juvenile: 15/27 = 55%

o Reef 3

 Marke: 4/27 = 14%

 Adul: 7/27 = 25%

 Juvenile: 16/27 = 59%

o Ree 4

 Marke: 4/27 = 14%

 Adul: 8/27 = 29%

 Juvenile: 15/27 = 55%

Sep 4

• Shell bag rees



o Reef 1: Balanced

o Reef 2: Balanced

o Reef 3: Balanced

o Ree 4: Balanced

• Cemen rees

o Reef 1: Unbalanced

o Reef 2: Unbalanced

o Reef 3: Unbalanced

o Ree 4: Unbalanced

Sep 5

• Shell bag rees

o Reef 1: 1,572

o Reef 2: 1,620

o Reef 3: 1,684

o Ree 4: 1,749

• Cemen rees

o Reef 1: 1,291

o Reef 2: 1,235

o Reef 3: 1,291

o Ree 4: 1,080

Sep 6

• Shell bag rees

o Reef 1: Yes

o Reef 2: Yes

o Reef 3: Yes

o Ree 4: Yes

• Cemen rees

o Reef 1: No

o Reef 2: No

o Reef 3: No

o Ree 4: No
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