


Related educational re o ces:

IIarding, J,M�Mann, R., and V. Clark. 1999. Oyster Reef Communities in the Chesapeake Bay: A Brief Primer
Virginia Institute of Marine Science, Gloucestet Point, VA. VSG>-99-05, VIMS-ES-44.

Harding, J.M., Mann, R., and V. Clark. I999. Oyster Reef Coinmunities in the Chesapeake Bay [CD-ROM].
Virginia Institute of Marine Science, Gloucester Point, VA. VSG-99-06, VIMS-ES-45.  see the OR  CB CD
wcbsite; http //www.v>ms.eau/f>sh/oyreef orecb.tttrn! for release notes and Cn .pda«sl.

The VORTEX  Virginia's Oyster Reef Teaching EXperience! wehsite. http /iv wv, vir.;s.eou'hsh/oyreot,'vortex btm!
 provides tegular updates on VORTEX program activities and resource materials!.

The Bridge: An On-Line Ocean Science Resource Center for Teachers. ltttp,>/www v-:r>ts,ego.'br.duvet  see "biol-
ogy" section for a list of links to websites on oysters and other tn<>lluscs!.

The VIMS Molluscan Ecology Program website. ttttp /www v;ms.edL>,'tish/cy,eef/reef page htm!  proi i«»
technical overview of ongoing oyster reef research and restoration activities in Virginia!.

Harding. J.M., Vlann, R., and VP Clark. 1999. Shell Games. Virginia Institute of Marine Science,
Gloucester Point, VA. VSG-99- I 3, VIMS-ES-47 11/99.

Gc 1999. VIMS VORTEX Program. All rights reserved.

This pub!icatk>n ma! be reproduced hy educate rs for instructional use only. Unless other>vise rioted. a! l pictures a>id
>! Iustrat,<>ns contained herein are the propert> of J»liana M. Hardin> . Permission to reproduce or usc any pictures sepa-
rately fry>n> the entire puhlicatit!n should be obtained chrcctly from the authors.

wow. v i ins.edu/I t s h/ 0v reef/vortex. htrl.'1

Virginia Institute of Mari~e Science
Glouccster Point. VA 23062



BAY BIVALVES
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A. External view

B. Internal view

Although the waters of the Chesapeake Bay are home
to many molluscs, the Bay's bivalves are the most com-
monly recognized and commercially important, They
historically dominated intertidal habitats in terms of
both ecology and physical presence. Bivalve molluscs
have paired shell valves  Figure 1.1! joined at the hinge
by a ligament. This ligament is much like our own
ligaments and cartilage. The shell valves grow out-
wards from the hinge structure. The shell valves are
also held together by adductor muscles. The hinge
ligament and adductor muscles work together to en-
able the animal to open and close its valves at will.
The valves must be open for the animal to breathe, feed,
and release gametes  eggs and sperm!. Bivalves are
filter feeders whose gills are specially modified for both
respiration and food capture,

The shape of a bivalve shell relates directly to the
animal's lifestyle and habitat, This activity uses four
common Chesapeake Bay bivalves - the hard clam
 Mercenaria mercenaria!, the Eastern oyster
 Crassostrea virginica!, the Atlantic Bay scallop
 Argopecten irradians!, and the Atlantic ribbed mussel
 Geukensia demissa! � to provide a broad overview of
bivalve diversity and biology within the Chesapeake
Bay.

Figure 1.1. Generalized bivalve valves

~ective. Examine Chesapeake Bay bivalve shells and
relate shell shape and morphology to the lifestyle  How
do they live?! and habitat  Where do they live?! of the
animal,

Skills Observation, communication, hypothesis test-
ing, and group collaboration.

Relevant Vir i ia SOL:
I.S.5 Classification of organisms
LS.10 Organism adaptation to biotic and abiotic factors
BIO.5 Life functions

Materials: For each small group, at least one set of
four types of bivalve shells including one each of hard
clam, oyster, bay scallop, and ribbed mussel. Use
matched pairs of valves if available; otherwise a single
valve from each species will do.

Procedure.

i. Divide students into small groups or "research
teams".

2. Provide each group with one set of shells including
hard clam, oyster, scallop, and ribbed mussel valves.
3, Using the worksheet on page 7, have students de-
scribe and compare the shell valves within and between
species in terms of:

- general shape - qualitative descriptions  round,
wing shaped, flat, etc.!
quantitative measurements of shell height and
shell width  see Figure 1.2 below!

Figure 1.2. Generalized shell valve showing locations of
measurements



gener;>i ><ppcaranee ate><lure, C<il<ir. Ctc. I
speu>l>C » l irpf I<1!vPECl>l feature; l EAClud>ng loca"
t>urll <!t the hinge and >id<hi!C>o» T>uiclu ic><rs  .leu
ht>ure !.I [

4. Af>er they h:>vie init>ally cl<antincd the ihells, give
each ltr<iup <Ef stud<.>>ts a w.t of I<'lc;>I habi.tat <kscrip-
> inn<  I�iv Cn bel<EW!. <<Esk student~ t<i pair el>eh bivalve
w<>h « h:!b>tnt IEE><he>'e do 'Vuu th»>k Vuu Win<hi llnd

>h>S lit>>>ru>l.i!. H<>ve the>n ln<,'lude lait>t><'at>On fur the>f
aniwers baicd <!n >heir ubscr v;iti<ini of sh<..ll in<irphul.
<iyy . %<>rue !'»valves >r>uy lru f<lund >n n>o>C th<>n One
ll;<lilt;Et.

iiuv><'w <'aCh >>><i>lp i resp<<>EN  i as;l Claii us» lp the
>llustia>ed keV <>A >hei l< lll<iiVu>>'. p<>1!<'s t<l e<r>phai>7<.' >iu
4><iin.,l<ips between tiiv«lve lI<ir»E;»!<l lur>C>i<in.

fh>b<>;<I I ' S<>>>d bo>t<in>. 4;>>id Ii< i»<iu> h'Eb»at >i eaiy
niburr<iW int<i;ind <S <it>e<> illteni<!;El;<nd adj;<ce>it t<i
Sea<!r:iiS beds <i> <iyS>CT rect'i.

lL'>b>tat ., k«; f sl>1>etur<'s. 8<>tu<.d fee>i life th>CC-

<l>nien< l<i<lal < truct<>r<.'s nu><lee<<<.lllsivelV <if attaChed

b<v;<I'ves a>ld >heir ihells.

H;>hit;Et 3: Tidal Salt rnarihes. T><h>l >narih hal it,l>
h;<i sctlirncr>t suitable f<ir bumlwingt and gr«ssc» suit-
able for attach>ticnt <it Tnollusci.

gc!'Etq<l yOE:'tb» I:>ry:
ad<luctur >nuicle <ine <it' the niuiclei >hat cl<iiei the

valves ot 1 b>vrilve ihell..

ag<treltate: gr<i>Ep Or >u>ther t«~~eth r.

>u>teriur: the fnrWard Or f'runt Secti<ln <if an an>mal

th>>t guCS  >Pit during lOC<nnut><!n.

elliptical: Oviil <ir el;g ih<iped, >><Et r<lund.

p<iiteri<ir: the reilr Or lait SCCtiun Of;in ar>in>al.

iuhitr;<te: the b<it ><i>1> ul iurl icc ><i W hiCh a>1 ar>i>rial

;Et>;<Ches

i<i@»<'st«:[<l>ic'l>ii><111 <!t>sitt<,!>>i:

I. L'><ter>>al tin>i»>g arul:>>tach>»ent SCars arC twn <Ef the
feat<>r<.i th;lt disti>>guiit> "ittaehed bivalves fr<i>E>bur-
Eowi>>g bivalve;, %'hy d<i y<iu think burro«cd
bivalvei lack «i>her or lioth <!f theie cl>aracteristici'

2. %'hat are Sci>ne Of the riikS and bcnetitS aSSOCiated

with b<>rruvv >ng'! lf<EW dO theSe COrnpure with th<Eie
enc<iuntcred by;l bivalVe attaelled tO an e><pOied
surtcace ".

 '<in>p><re the l'our types <lf ihelli in tern>S Of Shell.
thi<'kneSS. t/<EW do y<'iu th» lk Shell thllck>1eii
latei ><1 a bivalve'i habit'lt and lit<. style".
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Atlantic Ribbed Mussel

Geukensia demissa

Hard Clam

Mercenaria mercenaria

Habitat: Tidal salt marshes, May be half-buried in the
mud/peat bottom or attached to either the roots and/or
stems of marsh grass or a hard surface,

~abitat Sand bottom.

Comments Ribbed mussels are common in local salt

marshes. Natural predators include marsh crabs, rac-
coons, and several species of marsh birds and fishes.

DDescriltion: Convex shell valves give this animal a
wedge-shaped profile. Anterior and posterior adduc-
tor muscles are approximately the same size and muscle
scars are clearly visible on the shell interior as are hinge
and ligament structures. Shell valves may be large and
quite thick. Leading edge of the interior valves may be
dark purple. Shell exterior is gently ridged.

~Lifest ie: The wedge-shape of the shell valves com-
bined with a large muscular foot enables these animals
to effectively burrow into the sand. Once burrowed,
the animal extends its two siphons to the sand surface
where they are faintly visible  called "keyholes" by
clammers!. The siphons transfer water into and out of
the animal's body enabling it to feed, breath, and re-
lease gametes while completely buried. Hard clams
are usually found in groups or beds.

~Commen s: Hard clams are the target of a commercial
fishery in the Lower Chesapeake Bay. Hard clam
aquaculture is a growing industry, especially on
Virginia's Eastern Shore. Natural predators include
cownosed rays, blue crabs, and several species of lo-
cally occurring whelks  Channeled, Knobbed, Rapa!,

PDescri Dtion: Wing-shaped shell valves have obvious
exterior fluting or ribs. Anterior end is gently rounded,
posterior end is flared. Anterior adductor muscle is
smaller than the posterior adductor muscle. Shell valves
are thin. Exterior color ranges from greyish white to
brown.

~Lifest le The wing-shaped valves help the animal
partially burrow into the soft marsh bottom. Mussels
may also attach themselves with protein threads to hard
surfaces, they do not have to be burrowed. If the ani-
mal is attached to an exposed surface, the wing-shaped
ribbed shell is hydrodynamically suited to help pre-
vent the mussel from being washed from its location.
In either case, siphons extend from the posterior  flared!
region and transfer water into and out of the animal's
body enabling it to feed, breath,and release gametes.
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OYSTER V'S. OYSTER

Re]evan  Virginia SOL:
Ls.to OYganlxtn qitaptaiii>n iii bii ue a i t ah! >>>c fi;lurs ia a

h!  >me
L4 l t T!yn»n»c nature n. orgari>sr»>
Btr>.S Or,anis>n resnO>>se t i envirl>i>men 

' Ye»ell, a. ! '?SS. ra ! Or.iei . ct>unsex in i»e Cf> sat» W Bry; X c n>"' ':S
5S -~~. ln: Ly >ct>. 43 P. an>ti. A. Stihi».k=  ear i. tins >s'"nitina sc F.:.

{: i esi>i1 nf i>Ver>>r>eS >na inc Xnrer>enn s ys>ei C ni>iii>iri i> i,r 'a ii a,' rip
i>,nrv. iSa> n'CS in Che>~ns ke tiny RCsei>rrt>. r aes>pe~I,C f esegeh

Cnr>Scnlan Purl> dlten '>ZV

The Eastern oyster  Crassoszrea vi rgini ca! is often de-
scribed as one of the Chesapeake Bay's "keystone"
species. The term "keystone" species refers to an ani-
mal that plays a central ecological role within a habi-
tat Prior tO the late 1800'S, OyStcrs doniinated the
Chesapeake Bay both ecologica]ly and physically.
Oysters were so abundant that they could filter most of
the Bay's water once every thew to five DAYS  Newell,
1988'!. Captain John Smith described these pre-colo-
nial oyster reef» in his log books as navigation haz-
ards.

Reel oysters are usually exposed to favorable biologi-
cal conditions in Chesapeake Bay tributaries, llow-
ever, not all  iysters are found  in subtidal reefs. Oyster
bars or flat clunips  >f oyster shc!l may also he 1'ound in
many parts of the Bay, On Virginia's Eastern Shore,
especially iin the seaside estuaries, oysters commonly
occur in small groups or clumps.

Although the seaside oysters are the salne species as
the reef-building oysters commonly ohscrv cd in the Bay
tributaries  both are Crass'.trrea visit>i u!. there a.re
noticeable differences in shell shape  >r ni >rphology,
These nivrphological difference» are largely due to dif-
ferences in the animals' habitats. Comparison of reef
oyxters and seaside oySters can reve;ll the lrl fluenCcs Vf
habitat conditions including tidal currents, bottom type.
and salinity  >n shell morphology- w ithin the same spe-
«les.

~Ob'ective: Examine representanve oyster she!ls from
the seasideand t'rom western sh >re Chesapeake Bay
tributaries and rc/ate observed dit'l'erenccs in shell mor-

p11ologv tshape! i i habitat cotiditio»s-

Skills: Observation, bypothesizin i. co nnnunic;ition
and group c >llaboration.

Materials: Oyster shells from v'estern shore Chesa-
peake Bay tributaries  reef oysters! and seaside estuar-
ies  seaside oysters!.

Procedure:

1. Divide students into small groups or "research
teams".

2. Give each group at least one reef oyster valve and
one seaside oyster valve, At this p nnt, do not identify
the shells as oyster shells.
3. Using Worksheet A, on page 11, have thc students
describe and c itnpare thc two different types of shell
valves in terms of:

general shtipe -  lualltiitlve dcxei'lptlvns  r >und,
wing shul>od, flat, etr..!
quantitative measurements of slicll height and

shell width

- general appearance and texture
specific n>orpholvgicul features including loca-
tion ol the hinge and adductor muscle scars

4. Ask the stude n ts which of tlie shells are oyster shells.
Have each research team present its answer  and rea-
sons fi>r the answer> to the class. lf the students don' t
recognize that both shells are oyster shells, highlight
the basic similarities between the shell». Tell them that
the «hserved dif'terence» in shell morphology are due
to dil'terences in habitat conditions.
S. l�ist various liabitat conditions  e.g., temperature.
salinity, tidal currents, bottom type [sand vs. mudJf on
the board t > he.lp the groups with ¹6 below.
6. Using%orksheet 8, on page 12, have the groups
>nake predictions as to which habitat coriditions are re-
sp >nsible f >r the observed differences in the shells. Ask
e;lch group to put together a habitat description for each
shell type {3 or 4 sentences! and descriptioils  >1'poten-
tial habitat-specific advantages of each Inorpfiology'
tv present to the class.
7. Following the group reports. reviev the group habi-
t.at descriptions and a lvantages as a class and compile
class habitat descriptions and advantages for each shell
type. Compare these descriptions with the descriptions
given on pages 9 and 10.



CHFYiAPKAKF. 8:%Y TRtB JTARY OR RKKI' OYYiTFRS

RU .sTt-;D HAE! i r,"iT cii %RA» i!,k:s i!~ 4Si r i I. i%1lokvii»L !ci'r

A reef oyster's shell is almost half as stride as it is Reef oysters occur in deeper areas be}ow the tide
long and somewhat »val shaped. line, where tidal currents are relatively slow.

Because water velocity or flow around the
animal is relatively low, a slim, streamlined
shell is not necessary. In ca.lm water, the
oyster's shell grows more or less equally in
each direction.

Low tidal currents mean reduced movement

of sand along the bottom. Because bottom
sediments are not usually stirred up into the
water column, reef oysters can grow near
the bottom with less risk of suspended scdi-
rnents clogging their gills.

Shell exterior is covered with worm tubes, bar- Lower tidal currents make it easier for many in-
nacles, young oysters  oyster spat! and other foul- vertebrates including other oysters to settle onto
lng ol'gan isms. the hard surfaces of oyster shell~. These inverte-

brates are able to establish themselves and begin
to grow because the shells are not scoured by wa-
ter and sand twice a day during changing tides.



SEAS' fN: OvsxvRs

S nbLt. Mo  pn >Dxiv R»t.mari u,~»rrwr  :uA  ~ crt <s tie

A sca»idc oyster'» shell is long and narrow with a Sc isidc oy»tcr» occur iri habitats with high tidal
slightly hooked hinge area. cu frent s.

These  iy»ters are usually attacfied to small
bits of shell or other hard material in the sand

bottom, The oysters grow vertically <iff the
bottom and up into the water column. The
ho iked hinge area help» prevent the animal
from being dislodged by tidal currents.

The kong, <>arrow»hell is streamlined, n.�
ducing the force of water movement over the
shelf. Thi» helps keep the animal from be-
ing dislodged.

High tidal currents stir up and move sand
near the bottom, Filter f'ceding, <iy»ter» are
vulnerable to 'clogging" ot their filtering sur-
f ice» by cxces» sand in the water.

The»ca»idle oyster's shell lack» or h<iws little evi- lt i» dif'fic<tlt for organisms such a» b;irnacle» oys-
dence of barnacles, wortn tube». <iy»ter»l>at, or ter spat, and worms to settle and <r<>w <>n sea»ide
<>ther fouling organism».  >y»ter»' »hells Swift tidal currents sweep over the

oysters twice a day scouring the»hell» vvith i mi> -
ture of water arid»and.
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OYSTERS AND REEFS: HO%' SHFI.I SHAPE DEFINES THK HABITAT
Eastern oysters  Crassosfrea virginica! dominated the
ecological and physical landscape of the Chesapeake
Bay prior to the mid-19th century. The oyster played a
central role in the Bay's food web because of its
abundance and feeding capacity Crassostrea is a reef-
forming oyster species. The large reefs created by the
Bay's oysters were the foundations of complex sha11ow
water communities whose members included

HUNDREDS of species,

A living oyster reef is a complex structure in which
many species can both live and feed. It is this
complexity that makes the reef both unique and
important. An oyster reef is not just a pile of dead shells
but a veritable condominium for many other species.
All the nooks and crannies within the reef are occupied
by species that specialize in occupying these very
special nooks and crannies. The spaces between the
oyster shells come in all sorts of shapes, Flat spaces are
occupied by flat species such as skilletfish. Tall thin
spaces are occupied by thin profile fish such as blennies.
More regular-shaped spaces are occupied by gobies,
whose bodies are about equal in height and width, All
of these species of fish may eat similar things, but they
coexist in the greater reef structure because individual
fish species occupy different types of small spaces. Thus
each species has its own unique microhabitat
requirements within the reef, Successful species are
able to make the most of available space and resources

These small fish species not only live and feed in the
reef, they breed there also, Their larval forms eat oyster
larvae, so the interdependence of the reef residents is
strengthened, These fishes are called intermediate reef

Figure 3.l. A look at thc surface of an oyster reef. Thc spaces
betv:een ihe shells provide favoraMe habitat for many small anin>als.

fishes because they are resident on the reefs and
intermediate in the reef food chain. These small fishes

are eaten by other resident species like mud crabs, and
by larger non-resident predators, such as striped bass,
bluefish, and others that seasonally move into the rivers
to feed. The food chain becomes a food web, growing
m complexity.

Figure 3.2. An underwater close-up of an oyster reef. Note the spaces
between the oyster shells and the 3 smail fishes that are visible on and
between the shells.

In essence, the nooks and crannies or spaces between
and wi thin the oyster shell matrix are defining features
of the oyster reef habitat. These spaces provide.

~ increased surface area for settlement by oyster larvae
as well as algae and other invertebrates  such as barnacles
and polychaete worms! that are eaten by larger species,

~ protected places for oyster larvae to settle and avoid
predation by blue crabs.

~ nesting sites and sheltered habitat for small fishes and

invertebrates that are prey for larger species.

Since the spaces within the oyster shell matrix are so
critical to the function of oyster reef habitat, these nooks
and crannies provide a logical starting point for any
examination of oyster reef communities and the related
food web or trophic structure.



SURFACE,AREA: %8V REEFS ARE SUCCKSSA%. HARITAT

Ntbeeettteit't'of ttyster rett'fs, sttrfacettsea describes.thtt~ arnitunt of ttyster sheII that is exposed to the water column.
Reef s@xretmtes'are ~tiaIIy 4rge jtles m tnnunda of oyster shell. These mounds provide more surface area for
set6eemt ofetyaters a'n6Ogter ttnitnalS thattOyafthr bttra, ttr Oat Iawna of Oyster shelL

%Ity dries a jnourid have more shel! exl!osed to the water iharl a law'nY

%Iten oyster sbeII is lying flat on the riltver bottom�only %hen oystier shell is made into a mound or reef structure,
one slsfe of eaclttsltiII is errposett tts the water: tnost of the shells have a portion of Bm'H sides of the

shell tutposed to the water. Remember that oyster shells
«re irregularly shaped and do not Gt nicely together like
building blocks, An oyster shell pile has lots of sp~
between the shells - and lots of exposed surface area.

P,vier I. Ti«Rer-:~ M::tt~ix: H«.it taotrtt.".«t-:.>.isttrtt;

R~lvan~tVir india S !+;
6.9 Living systetns
LS.4 Animal needs
BIO.9 Analysis of local ccr>systems

Q~e:tive, Examine the relative differences between
oyster bar»  shell lawns! and oyster reefs  shell mounds!
in terms of available surface area for settlerncnt by other

~SiLIs: Observation, cominunication, detnonstration of
the surface area concept, and math  averaging}.

Sra~te 'als: Two or three dozes oyster shell valves per
student research team.

P~poc dure:
I. Divide class into small groups or 'research teams"
of two to four students each,
2, Etovide each group with two vr three dozen oyster
shell valves.
3. Have half of the "roups use their oyster shells to
tnake an oyster bar, a flat lawn of oyster shells in a
sin le layer. 8'hen the bar is completed, have the stu-
dents count the number of vyster shelll sides that are
exposed to the air,

4, instruct the other groups to use their oyster shells to
build small mounds or reef structures. Remind i.he
students that it is acceptable to have spaces between
the shelLs. I lave the students count the number of exte-
rior and interior oyster shell sides  total or partial! that
are exposed to the air,
5. Average the number of exposed shell sides in the
oyster bar» and the number of exposed shell sides in
the oyster reefs, Compare the difference. Discuss the
biological consequences of these differences keeping
in mind that;

I. Oyster spat  larvae! prefer to settle on exposed oyster
shell. Increased availability of hard surfaces may
translate into incrc.ased oyster recruitment and con-
tinued reef growth.

2, Polychaeie worms. bryozoans. and inany local algal
species settle preferentially onto exposed hard sub-
strate like oyster shells. All of these organisms are
eaten by other members of the reef community; thus
more surface area means more food for upper level
consumers,

3. Mussels and other filter feeders  barnacles! settle on
exposed surfaces. Increased numbers of filter feed-
ers  inc!uding, oysters! translates into increased con-
sumption of phvtoplankton. This reduces chances of
seasonal algal blooms that can cause unfavorable
v ater quality conditions. Increased filtration activity
also provides more nutrients iby-products of filter-
ing artivitv! for benthic grazerhw



PART 11. REE	 REslr>Fairs: MAT ."!!!thlo Bot>Y SHAPES

wrr«HOt>SES

Quet:tive: Demonstrate the importance of spaces
within the reef matrix. as habitat for small reef fishes.

Skills: Observation, cornrnunication, and math  graph-
ing!.

Releva
6.9
LSA
1.S.7

Living systems
Animal needs
Organism dependence on living!non-tiving components
of the environment

Competition, behavivr V id!in a pr pnlatiOn
Pt>pu!ation interaetiOnS within a comniunity
Organistns response to environment
Dynamic cctnitihria within communitieS. analyaig Of
lOCal ecosystems

LS.!t
LS.9
810.5
810,9

Procedure
i. Divide students into snralI groups or *'research

teams",

2. Provide each group with two or three dozen oyster
shells, foam peanuts, and a niarker.

3. instruct each group to make an oyster reef with all
of their she}ls.

Materials: Oyster shell valves �-3 dozen per group!,
small.  < 1 inch tong! white foam pac:king peanuts �
dozen per group!, larger �-2 inch long! foam packing
peanuts � dozen per group!, colored markers.

Have students use colored markers to label the

smaller foam peanuts as naked gohies  Ci! and the
larger peanuts as striped blennies t 8!.
%hen the reefs are completed, have students place
as many naked gobies and striped blennies as pos-
sible in their reef without disturbmg the reef rna-
trix. Only one "tish" should be placed in each space.
Have each group report the total number ot gobies
and blennies that "live" in their reef, Display class
results as a chart. Discuss how the ditTcrence» in

the shapes of the reef's nooks and crannies !rdght
be related to the differences in the shapes and sizes
of the fish profiles as well as fish behavior  see Fig-
ures 3,3 and 3.4 below!.

7, The table on page 16 shows typical numbers of go-
bies and blennies that might be found living in a
Chesapeake Bay oyster reef. Using the data from
Table 3.1, have students graph f! sh abundance in re-
lation to bottom type  see workshcet on page 19!.
Use the resulting graphs to discuss the relationship
between habitat availability and the abundance of
naked gobies and striped blennies. After the stu-
dents understand that increased habitat availability
 reef nooks and crannies! translates int<> increased
abundance of gobies and blennies. use  he Oyster
Reef Trophic Diagram  Figure 3,6! to apply this
concept to the overall reef community Resident
fishes are fish species that live in the reef matrix.
Semi-resident fishes spend a n!ajority of their time
on the reef but may move off-reef occasionally.

Fig«rc 3.S. Picture and profiles Of an ddult . triped hlenny. Striped h! cnnieg
dre !arger arid morr dggrevgiur. th' i itaked girbiug. Bierit.its use!urger rect
: parce for !tiding pidcch. fccdiiig grOUIIdn, ai'Id DI'.51;ttg "',Icn.

Figure .!.'. picture arid profiles Ol an otlua I'.,hcd e; nt. S "hid Itch,ts are
Smut! dtsriic fthi'i Ths r ugernrutti,.'n uter pici,lu «s d hi-Irn: pia - s.,'ccd
jrr- grout ds, ant! nesting Sitrs



Transient fishes inove onto the reef to feed but spend
most of their time elsewhere. Keep in mind that:

l. Increased abundance of gohies and hlennies pro-
vides more food for benthic predators such as blue
crabs. Increased blue crab ahundance provides
inore focal for larger fishes that eat blue crabs in-
cluding striped bass.

2, Gobies and blennies "graze" or feed on algae and
small invertebrates such as barnacles and polycha-
ete worms that are found on the reef's surface. An
increased abundance of gohies and hlennies may
result in the removal of tnore algae and other inver-
tebrates, High levels of grazing may help to keep
at least part ot' the reef surface available for contin-
ued settlement of spat and other invertebrates
throughout the season,

3, Increased abundance of naked gohies and striped
blennies provides more food for larger fishes like
striped bass, bluefish and weakfish,

4, Increased amounts of food for larger fishes may
positively affect fish abundance and indivtdual fish
growth, survival, and reproduction.

The relationship between increased shell surface area
and the reef community food web is pretty amazing,
isn't it?

Table 3.I. Data from a diver sutvey of l2 sites on and imme-
diately adjacent to an oyster reef. The type of bonom ur sub-
strate is described in terms of i' he percentage ot oyster shell
within a one meter square area. The number of adult naked
gob ies and striped blennies observed svitbin the same one meter

srIttare area ts a! so icpcLrted. Figu< 3.5. Repr Sentative Oyster reef predatOrS ieuniumerS!: btaefiib
iupper left!. Stripe4t bain ftuu'er !eft!, and e blue crab t iiabi!.



Figure 3,6. A simple food web for Chesapeake Bay oyster reefs indicating the main trophic levels. The
species that are listed for each trophic level are common representatives. ln some cases, there
may be at least 20 other species within a particular level. This figure is niodi tied from.
O'Beirn, F, Luckenbach, M, Mann, R, Harding, J, and Nestlerode. 3. 1999. Ecological functions
ot constructed oyster reefs along an environmental gradiettt in Chesapeake Bay. Virginia
1nstitute of Marine. Science, Gioucester Point, VA. Annual report submitted to U,S. E.P.A.
Chesapeake Bay Program, Annapolis, MD.



benthic: referring to organisms that live in or on the
bottom.

matrix: the complex three-diinensional structure
formed by the oyster shells in an oyster reef.

recruitment: successful settlement of an oyster lar-
vae from the plankton to a hard surface such as an
oyster shell.

settlement: the process by which larval oysters
change from a free-swimming planktonic body
form to a pertnanently attachedbenthic body form.

spat; young oysters that have recently settled from
the plankton onto a hard surface.

trophic level: one link in a food chain or food web;
part of the trophic "pyramid" that represents the
energy flow through the living components of the
ecosystein

u . t di . ion uestions;

l. %'hen oysters reproduce, the males and females re-
lease eggs and sperm into the water at the same time.
Fertilization and development of the embryo take
place in the water collumn. How could the physical
structure of an oyster reef iinprove the reproduc-
tive success of oysters in the Chesapeake Bay?

"-, Severe storms and floods can send large volumes of
siediment flowing down rivers into the Chesapeake
Bay. How would this sedtment affect oysters?
Which type of oyster structure might suffer the most
negative impact from this sediment, an oyster bar
or an oyster ieef? Why?

3. Why might it be important or beneficial for a filter
feeding organism. like the oyster. to live up off the
bottom in or on a three dimensional structure like

an oyster reef.' How might these benefits relate to
the long term success or failure of an oyster reef
comniunity?

National Sea Grant Depository
Pell Library Building - GSO
University of Rhode I slanci

Narragansett, Rl 02882-1197 USA
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l. Given that oyster reefs attract juvenile striped bass,
bluefish, weakfish, and blue crabs, why might it be
important for sniaB reef fishes to be able to hide in
the reef structure?

2. Which type of oyster structure do you think could
support more blennies and gobtes, an oyster bar or
an oyster reef? Give at least two reasons for your
answer.

3. lf a striped blenny attempts to move into an oyster
shell where a naked goby has established a nest, what
do you think will happen? How could a gaby avoid
this situation?



REEF RESIDENTS %ORKSHEET

Fish abundance in relation to bottom type on and near oyster reefs
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Table 3.1. Data from a diver survey of 12 sites on aud immc-
diateiy adjacent to an oyster reef.



VORTEX
Virginia's Oyster Reef Teaching EXperience

An Educational Program for Virginia Science Educators

W'har ir VORTFX?

Virgirua's Oyster Reef Teaching EXperience  VORTEX! is a multi-component program focusing on
the importance of oyster reel communities in the Chesapeake Bay ecosystem. VORTEX is designed
specifically for science educators by the Virginia Insitute of Marine Science. The program includes a
series of workshops and multimedia materials  i.e,, a CD ROM and Internet web sites! AII program
components are designed to provide a basic biological and ecological background to enable partici-
pants to inte rate program materials into hands-on science lessons that support selected Virginia
Standards of l.earning m Science.

Program partners and co-sponsors include:
Vtr}',inia Institute ot Marine Science Departinetlt. or I'lshcnes Science

Vll glflut Sea Grant Miu line Atlvlsor'v Program
Vii gnlia Environnienial F'.ndowrnent

Chesapeake Bay Restoratton I and Advisory   t iBlnuttee

For more information, visit the VORTEX web site at: wvine.vims.edutfishloyreef~vortex.htmi or contact
Juliana Harding  jharding@vims.edu!, Vicki Clark  vclark@vims.edu!, or Roger Mann
 rmann 8' vims edu!.

v!i!nN!A
i Chesapeake Bay Restoration
! Fund Advisory Committee

/,g
fkltk!  !'!! Patt, API: kl:

%,"cl'its 1i '-I I!' le i!i .'Aking! <5.5<3' '!i f
S~.if t! !li aWINt s�3+'cr

Virginia
Emimmnental
Fndowmcnt

VJigInia


