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A goal of the Dredged Material Research Program (DM R P) is the development of guidelines for the management of
C...~ existing islands and the development of new islands for use by wildlife, primarily colonial nesting sea and wading birds.

~~~~~ The above photo shows one of two islands constructed by the Wilmington District during 1975 maintenance dredging

~~~~ in Core Sound , N. C. Both islands were used extensively in 1976 and 1977 for nesting by black skimmers, gull-billed
terns, common terns, and least terns (all but the common terns are rare , threatened , or endange red species). The

— — 

following article describes the nationwide group of studies to provide In~~~~ the guid~~~~ 
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.~ ~,DRWGED MATER IAL ISLANDS • Comparev atlonandblnduwofaatumland

: PR~ VI~ E CRITICAL HABITAT USED manmade islands and sites
EXTENSIVELY BY COLONIAL • St~~~~~~toryudyesr-roundus.ofdr.dgsd
WATERB IRDS FOR NESTING mat~~ I$IIfldL

The ovemU goal of the research Is the production of
A hundred years at active dredging and disposal a manual syntheslaing information obtained In the seven

operations by the U. S Army Corps of Engineers, State studies and a state.of4he.all review (Work Unit 4F03).
agencies and private Industry have resulted In the The manual, primarily for use by CorPs Districts will
creation of over 2000 msn.Thade stands throughout offer recommendations and suggestIons for
U. S. coastal, Oreat Likes, and rlverine waterways. management of enistlag Itiatide and d 1 ~~~~t of new
Usually these Islands were formed with little thought lsland~ However, other qenclu and groups that own
given to use or need for new land areas. They are of or manage the eidstlng Islands should benefit
virlous sizes and chihacterietics and presently rang. in considerably from the re~~ mendatloasbstagot~red.
age from newly formed to an estImated 30 years.
Although the majority of the Islands were createdby the TASX 0 W’OM UNITS ‘

Corps many are owned or managed by Padersi
agencies State $ovCtflments conservation The seven esgioss :±~:~ as repissastathe of
ce$mtisations1 or private sitlesne, The Corps contimiss various geogropiticat sections of the United $ta$us were
to maintain an Interest In these manimads Islands for Intensively studied In 976 ,.a,~,ad 1977 by WES
several ,ea,ons (I) the responsibility pieced on the conimCtoei and WES pqflonai~L)Tb~se studies were
Corps by Congress to provWe environmentally conducted along the 4s~iI~ ceassaf and estuarine
aocsptsble dredged material disposal methodsand sfta~ waterways of New ieIi~ , Nodit Carolina, Florida,
(2) the continued need tordisposal sites for mshstenaac, leans and Oregon/f shl~~ps~ ~ttw entire U. 5.
dredging of nsv$gebl. waterways~ (3) the recreation shoreline and staudsf4~dse Great LahSs 4ad along the
potential thee. Islands oIlW to boaters sportsmen, and Upper Mississippi River hors Akon, Ullaoh to *1.
flshermen and (4) Ii. used to prov’lde habitat toe Paul, Minnesota (Figure I). Technical reports genme*sd
wildlife. by thsss studlssereinprsparatlonor lapreesatWlS

• When the majority Of the islands were formed and will he available spon reqisss*.
during construction of the Intrecoestal Waterway 

_ _ _ _ _ _

system In the 1930.*e, public and wildilti use was not a ____ , -. 
T

ssrongcenalderatloe. However therapldhismaselnth. ~~ 1 
_ _ _ _ _ _ _ _

U. S. population and the corresponding dim*ad on . 
I

naturil resources by citizens have helped to onus. a - 

. ~

‘ 

~

‘ ‘1 , - -

• gradual change In the use of the islands by wildilfi and a I
need for reassessment ci their role as habitat, ~ v

_ _ _ _ _  L.~PRODLEM ASSf$SMINT , 
. t ~

In $976 lbs DMRP Habitat Dsvekspmsnt Project 
_ _ _(HDP) made an Initial au.rsm*t Of the azisting use of L i~~ a~irdredged material islands by wlldlUI~ primarily colonial Raw. t , A~~ jh.w*~ rAe zewn link 0

nesting isa and wading birds. Thu smusoiuat ~em)i~~ 3
~’* ~~~Ia the kvda,~,,nt .1 a nationwide group of e&~t~under Task 4P~ Island Habitat ~~~~~~~~~~~ ~~~~~ ThLEiy’SIZ colonial nesting watseblids, 17

pursued ssvesnl oWssthes~ ~
}. nosicokistal waterbed. and 32 other ac~ skudil bird

0- Det~;:s us. .1 dusdied material Islands by ‘~~~~~~~ were ISIlInS on dredged material Islands Is U.S.
colonial nesting sea an~ wading birds, waterways In numbers estimated to total two million

• Document succession of vegetation on the aduhioaatllltse.Tbocolonlalwster*dspeoiesandth.
Islands and relate sneosaslon to bird ~~~~~~, siiaswlieretheyeocuresd are listed In Table Igemsof

• Compare vegetation and bird use of dlked and lb. results and highlights of th is. studie, are
widiked Islands summarized In the following paragraphs

2
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• CQLaW1AL WAT*u $pllcIEs NESTING ON DREDGED MATERIAL

*~ANDn O MAN~$. DE SITES IN CORP .MAINTAINED WATERWAYS
~~ ~~~~~ 
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• 
• 

- ~~~~ Nco’ Great PicIfic
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Tuco . .  C~~5ea ~~~ y UtSes N.$5~~et

~~~~~~~~~~~~~~~~ ø o r *~~c~ ,,)’ 4 x
• ~~~~~~~~~~~~~~~~~~~~~ ~~~~~~ X x x

Doi~blacnatsØ vor nt Un.isrroco,.x*ctco,~ ~~ x x
OthScomaaismemm~~~I~rreco*watueiww) ~~4 x
Am~~~ (Aitnze. ath$gs) x

~~~~~~~ ~~~~~~~~~~~~~~~~~~~ 
chia) X x x x

* usiy~~~St( sl~ iM~~) ~ X x x x
cst. e~st~~j bubir Øo) ~

- X X X X X
M wb4te eon (Ar a~~~~~uad -~ x

Gint blu, heron (Á,à. h.roth.s) X X X X X
ReddIsh ,grst (13~chromwg~p. n frecrns) • X X

- ~o isaana heron (ff ~~~~~ . Wo~~ .) 
• X X X X

• Utile blue heron ~~~~~ carnd.) • •, X X X • X -,

-I Orsen heron (~ uorM’u se~~st) • X X X X
Bhcli.crownsd nIjM heron (Nyrs kure,~ ~ ‘ctko,.x) X X X X x
Yellow-crowned nlht heron (Npr,.nmua violurra) X X X X

5 5Wood at n c 4~4’cterie ~serrh’.w$ X
Wh~~4aco4 ibis ( fl.i.At chth~) 

• X• Glossy Ibis (Meg.ihsibkOwis.s) 
• 

X X X X
Wftfte Ibis (I~idodsui, eThus) X X X
Rtueste spoonblll (Ajut. ej .J.) X X

• Olau,oia-wlnjsd p~P (L~’.u ~luu sreiu)’ X
- Grist Wsok~.bache4 gull (Lanis marinw) • x x
Hsmaj $uW( Larus a~ rnlatau) V V V
Westc~n $ull ( j ~~sz o ánf .~a) ’ V
R1n -bilkd ~u1I ( 1ars~, ~ ‘Sswer, uis) V V
Laugaing gufl(Lans, .tridllh.) x x x x
Leist sea (~~c,N. .Sb~ essT) • X X X X

• Cususua lena (.~cm hàleedt ) V X X X V
R..s.w teas (.S~.as ±~~~~ ) • X V V
Fonwr’s irn(S*,wfiicser,O X X V V
Sandwich tens (.Term. sm.,~WceuU) X V V
Gull-lulled tens (GvIoi4I4èm aWio,k.I V X X X
Royal tsns ( rue maxine) X X X
Cuplea ten (Sserue c )  V X • X V X
Ibuk tena (Cbidanles nlje ’) X
Black *lmaen (~~n~~op. n~ rr) X X X V

Nose~ ‘Whits, red, sad IM.nr.s4Iaie color phases.
‘NW drsd Pd aatevlel colonIes, but not Observed nesting.
‘Maca .1.iL.J ~~ ci ~ eche.

Wa* UUM 
~~~ effects on vegetation arid bird use between dikod and

North ~Carolina (Unive.iity of North Carolina, undiked Itlands were made. Dikiag of Islands appeared
contractor). Nie~y’swo psrssnt ci 25 colonial em and to affect the species nesting, Iheding habitat, end

~~~~~~ bed ~ sd.. (over $5,000 adults) Meted on vegetation colonlation and succession in several ways.
dredged mstsrlal Islands in North Carolina estuaries In Tree kilis within diked Mends destroyed potential
$977. SI... diking Of ~la’ ds was a relatively mmmi nesting habitat fur heroes slid egrets. Borrow pits
Corps dhpaeal method In need .f study, contparlsons of created by dike constnaction provided prime tsmpoesry
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feeding habitat for waI~~nwI and shorebirds Dikes
prov1ded a more stabk watsr supply by treppIagfresk-~ 

S 
• -

water, which resulted In more rapid and lorli ion 
S

colonlestio n and. succession. Dikes may prevent some • -

groUnd kesting.. upecles from suo~SuIu1ly nesting
because succession is very rapid, the heavy vegetation . S S

present is not always suitable for the species, the dike -
might prevent some species from re*chmg the water
before fledging, and an increase in flooding during
heavy rains may drown colonies. Dike vegetstion
sheltered many small migratory and year-round resident
passerine species.

S Woik UnIt 4FSIR • % - ~~~~ — ~~~~~~~~~~~~~~~~~~~~~~~~

Texas (Texas A&I University. contractor). “
~~~ ~~~~~~~~ 

S __

Between 60 and 75 percent of 25 colonial species (over Figure 2. 7)~p lcal 1m.gkb,~~uU habitat Is low, cb~riçed
200,000 adults) used dredged material islands for greases and fo rbs. Thin sh,s.ge colony (*000 bitab) Sr

nesting on a 17-yrv-oW bet4.d materIel lsI.rid Innesting In the Texas Intracoastal Waterway and flo~~~ and in asc.wese,g a, .slz eachHouston Ship Channel. The islands in Texas waterways
were found to be quite varied in physical characteristics, arucwa) seemed to be Increasing (Figure 2). Other
depending upon climatic factors , currents, and species such as roseate spoonblfis (Aj ela ~I *)  and
salin ities. Hypersaline conditions and a semiarid climate 

~~dish egrets (Dlchromarmua n llec..u) seemed to be
slowed colonizatlon and succession of plants in the expanding once more into former territories.
Laguna Med ic in south Texas , while a F~~umtly the islanth wemfonadtobesrodi ~g,Often
freshwater/ brackish-water environment and humid the island vegetation consisted of exotic species , such as
climates caused a rapid, lush growth on Galveston Bay Brazihen pepper (Schbnsr serebà,th(tbkee) and
islands. The Texas wading bird species seemed to be Aust miian pine (Casuari na equisetØilie), which were
highly adaptable in that they nested in trees, shrubs, and often used by nesting bkds as were native mangroves
cacti (C~w,tia spp.) and on the ground. Nesting and grasses growi ng on dredged material islands. The
occurred from January through September. Dredged islands were commonly used by migratory and
material islands were utilized by colonial nesters in overwintering shorebird s, waterbird s, and pasesrlnss, as
varying degrees depending upon these facto rs well as by resident nesters. Human disturbance was the

• Human disturbance and activ ities, most important factor affect ing nesting in Florida. A
• Access ibil ity of the islands to predators , crit ical lack of suitable habitat for ground nesting
• Whether or not islands were large enough (over 5PCCl~

, was also noted.
1.0 ha) to support predators year-round.

Work Volt 4F$ID• Presence of vegetation, topography , or
S elevation unsuitable for Individual species. New Jersey (Manomet Bird Observato ry,

The most Important negative factor by far was contractor). A total of 19 specIes In 116 colonIes (over
human disturbance. The paucity of suitable bare ground 126 000 adults) of sea and wading birds were on sites S

areasfortsnisaad skimmers was also a serious problem. known or suspected to be made of dredged material.
Habitat for colonial species seemed to be severely

Work VOlt 4FSIC restricted I. New Jensy. Tree-nesting wadln$ bird, were
~~~ cla (Sesbird Research Inc., contractor). nesting In giant reed (~~negm1es matna~ ) , and black

Apprseimstsly 30 percent of 26 species of waterblrds skasimers established colonies In the salt marshes.
(over 200,000 adults) used dredged material islands for Undisturbed bars ground areas for tei~. and skleemen

in 1977. ii Fluids these species nested from wer .epscla~~ critical. Ilmean disturbance was ma
December thrungli Ostobsr. Whi le black ,khemer again found to be the sim#s most ortaM factor
(~~s,pr*epi n~~ ) and least tern (&anse a~~ ’orea) ‘governing the nesting s’iw’ii. o(the birds, sIss.wlth the
populations ware suffering, laughing gulls (Larsn problem of lack of suitable habitat.

4
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Week Unit dEllA birds. Colonies In the southern half of the study ~~C*

Oie~t Of~t IL*4t~ ~oilege, were flaither apart and smaller; colonies increased in size
m~-$Sr st~~ nolenluso f and frequency to the north.

1 eel mist b peciei(e~~3I0,*’adUIts) oh In general, cOlànhs Were located below or at the
%~~*JI ll p.et~~e suE Wand. of~ sGrest ~~~

1t— Dus cohh1u~nce of major tributaries of the Mississippi River
t igrii~~~~ 4vels ~ 197?, oewlys~~ Md 11U4S were and! or dams, always on nitural sites. Human
being need by t uas b~ds~ butwbethheo,noI,s~ erua.s disturbance was once again found to be an Important

~~pap*iLn ~ II re~~ w~is not diM. mined. l~ bitat factor affecting nesting colonies, since immediately
otmhsd~~~, la g~~t~~Iakes, eepec~iI~ ~ rpovnd upoO place metit of dredged material, human
metlegisris ~~~~lh. OaI~ IS pti ,eai of tije ~~~~~ recreational use of the site increased greatly to the
unit kioaiè4 ódredged ilaterlal or mIa~

.emd slip1 exclusion of any birds attempting tO nest.
bu(ci~e1i ~Spercses of all available ‘r~sn.ade iltee S

~lin,b~~ ~~dfor~~~log. Ildued. birds bested on O~~~ STUDY CONCLUSIONS
S ~~~~~~~~ oii~ the,a~~ Winds within ntonths after 

- S

they were formed. Human disturbance, predat ion, and Several broad conclusions may be drawn from the

Uiàited suftsbls b b*at all p1i~ed important iol~s In the data coll ected lnjhe various regional stud ies. Human
sonceis of Qreet Like colonies. disturba nce and intrus ion were found to be highly

S detrimental to the establishment and success of a bird
Week UPIIt 4FSIE colony. Campers, spOrtsmen, boaters, and other

Pacific Northwest (John Orsham Comj~any, rocreatlonalistswere harmful toth e colonlesand created
S contrECtor). Sevèmn 1~ohalal species used dredged havoc among nestlings who fled from Intruders and

sMtà4ii Islands fOr nestlng In Oregon and Washington adults who flew away, leaving eggs and flestlings
là relaelvciy low percentages compared wfth actual exposed to weather and predators.
populations of seabirds in th~ area. How,5~er1 the islands Dredged mater ial islands were used extensively by
seemed to be of importance to Casplan term (Sterna colonial nestcrswhere naturalslteshavc bcsndestroyed.
c5~ Ie~,” western gulls (Ii~iss occ1dr.ualb)~ and Where natural sites remained available, use of dredged
&auec~~wIsISd gulls (L.so 1làs~cesce,ss) sifice almost material islands was lower. However, In some areas,
everyavalable Island north of the Columbia River had a some species actually preferred dredged material islands
nesting colony In Wi’? . Common term (Sterna hlhasdo) to natural Islands.
and rtng’.billed gulls (Sterna delaw.r,nsó) were Some dredged material deposIts did not provide S

obshrved nesting in small colonies on the study Islands In suitable habitat because of factors relating to predation,
Wsihlngtoo, a first IecOid~d nesting for theSe species on location, elevatio n, configuration, and vegetation
the colaS One of two hsroides In the Coluni bia River Numerous existIng dredged material Islands were found
wasYfltbuldon an island with dmd sd material depos its, to be looat$ too cu ss to the mainland and/or In such
The larp.ecsls use ~ thsse islands by all sp.d.s Is not ~~ water that lOW ~~S crested a land bridge to the

• UkeI~ for foUr flasons natural kiarids are still available ~
-

~~~
-

~~
- This alowed e~, ioüseu foe ~ eda1on. Large

fir nestlng human disturbance levels Ire low out natural shads (wet. LO ha) wet’ nit cites used, probably
sttis pspulsdess of ground-nesting species In the area bosoN predators could Mvs on theto year-round.
ate relatively low cuospaind to the cl iff nesting seabirds Bhu~~onr~~d~shaps el an Wind sAss detirmined
and the Wilds are not sulta bkklblM tbfdVf nessers. wh ich ;: ~u could etuui *d* **, Orotad neuter.

S - ood4 sit srmceseibily oust on Winds thM ~ureWeek Uoh 4001E -~~~~~~~~~~~~~~~~~ ~~~~~~ -~~~~~~~~

• 

S U~ Ir ~~~~l~pl River (WPS In-house stnd~) ~~ es — ieini* with still-wiler interior ponds
Th*riyflv, colonies Including seven pecies of hires, Or coves fotmsd by w of dredged material.
qnta, cotmomass, and isea wets loomad In the Upper -~ SinslUin ad’4iii ~y of r tlon determ ined
MIsuI.lppil *Ivw Ass Loch led Dim 1 at llt. POut, which bird species would use an island, and plant
MInnesota, thu~~ LICk end 26ai Abcs, Illinois stocueli* totes and patterns determined how long an

of thee. ioI~~ua unto en died j~d aM1.tlal and Wand woUld be of use to seine bird species bsfote
although se were doe, by, 1iI ~~4 mutielal deposits becoming available to others. Rars ground nester. such

t~~ Is hive as ~~~ 5SIMi or bad. on the nesting as black skimmers and least tanas generally only have

5 5

_ _  
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access to an island for I;o 3years befere growtb of
vege1atlos forves them oul.oround nesting gu~~~~ 

5 5
teens that prefer pass and harbuesops cover will use an , ,  

S

.island from two years of ago and older, depending on
rates of plant colonization and succession. Sometimes S

an island will maintain * climax communt~ of ~. .
herbaceous plants that can be used by ground nester..
Trio-.esting species generally cannot uae a dredged
material island until the vegetation has rench~d a tree-
shrub stage and th, plants see tall onough(l.$ to 21 in)
to suppoul d*elr nests. 

-The construction of permanent dikes (FIgure 3)
affected bird species using islands in several ways
Feeding and loafing areas were enhanced and enlarged
by those dikes that had shallow protected borrow pits
behind thesis. On the other hand, nesting was disrupted figs” 4. Gew egress. snowy .‘pvf~ oud 111* M.because the dikes created a barrier to water acorns for iesibni
ground-nesting species. The trees killed by changes in ___ 

~, ~~
,, 1• J~~saliyandwste rInvelswsre n~~~~~~,fortme. 

S

nestIng species. In general, dikes were beneficial in
creating feeding said loafing areas and were detrimental nesting seasons and competent knowledguiblein disrupting potential nesting sims. researchers and work crov~s. Restrictions on fishing said

boating could be enforced around islands with colon ies,
MA NAGEMERT RECQMMFJ,’DA T1ONS 

S

_ _ _  
____ 

_ _ _ _ _  

Supply Sultabli Nestin g Hobitit S
Cumid lines.. D.Litanc. nimble nesting habitat could be provided. ThisOf the factors which man can potentially control, can be done in several ways, depending upon thehuman disturbance Is the sIngle greatest one that demand for certain kinds of habitat In a given ares.disrupts nesting. Measures successfUlly employed In .N*w is~an4s could be built If necessary, such as thesome locations Include posting of Islands known to have two by the U. S. Army Enginect District, Wllmngtoncolonies and patrolling of islands by full-tim. wardens (cover photo)~ BIrds nested successfully on both in 1977.(Figure 4) A certain amount of human access to colony A~y new island built should be less than LO to 15.0 ha inWiads is .~ ij ~able If limited to visitation between size, Ito ~ m&bove mean high tide, sad Isolated as much

III 
as po~sible from the mainland and rocrisatiosalIsts.

Existing Islands could be expanded. A cooperStive
• S 

• effort betwàen the Florida chapter of the Nitiona)
Audubon Society and the U. S Army Engineer D1strict~Jacksonville. resulted In an extension to Sunken Island,

• an Audubon Sanctuary heavily used by nesting birds.
• ~~ 

ad4l~ofl ~~ istlaig island and created
nestIng areas for tern. and gulls. A study cia proposed
extensIon of Sidney Island (a dredged material lull

• S tht lean Audubo n Sanctuary) In Sabmne Lake, Texas, 1.
underway.

S S Some ,ila*lng islands could be cleared of.5 5 

5 
5 

5 
5 vqe~atlous to provide nessing habitat far bare-ground

?lgswe 3, ~~~ EtE.~ ssaI..~.I liMped IC nester. such as teens and skimmers, Dredged materialCavoAes Ass $tsirb~ 4O~teiW habitats rAIN Wbr. could be placed on existing Islands to set back the stageáb*,g. 7)s.s were kdkd aid borrow pi t s  r.ore4 of succession and ye
islands be ted In t 

S

5 - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~~~~~~- — • S~~~~~~~~~~~~~ - S— ~~~~~~~S~~~~~ S 5~~~~-~~~~~~~~- -- S- S~~~~~~~~~~~--  5 5 --



—~ 
•
~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~

~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ 
S

encourage eertaln 5 0aid testers and to stabilize the ColaI C.srdlsetor
Island, or planted In trees to speed up the rat, of A ccntralcoordinationpoaitioncouldbedevelopcd
successIon .1 vegetatIon to benefit tree-nesting ipselee. and used to coordinate location and condition of
Wetland plants could be used for island perimeter colonies, and cooperative efforts among the various
stablIlsatlos as well as nesting substrate for marsh Federal, State, and private agencies and to in general

• ‘seaters. ensure the welfare of colonisl watethirds through
Smce dikiag does not appear to be beneficial to careful monitoring of developmental and

~~~~
—-

~~~ nesting spiols, efforts should be made to environments) aCtivhl~s throughout the United States
negate the harmfUl effects by (I) soudiklng, (2) as they pertain to waterb rds and their habitat The

or removing the dike after the dredged coordi nator would be responsible for maintaini ng S

material baa dewatered, oi ~3)by bulldIng.tbreA~dsd Or , contact with know ledgeable local and regional groups
partial dlks~. and Individuals and for dissemination of informat ion to

it i~ rr - J—n- i-i- U I ImIsI~f lsH*.~
S 

• 

. NEW DMRP PU*LICA~1IONS
I • 

S 
S 

S

j Marine Sciences R*search Center, “Aquatic Marshes” WES Technical Report D-77-35,
Disposal Field InvestigatIons , Eatons Neck November 1977, prepared by the Department of
Disposal SIte, Long Island Sound; Appendix B: Environmental Sciences, University of Virginia , for
Water -Quality Parameters and Physicochemicat . the Environmenta l Laboratory. (Final Report on
Sediment Parameters,” WES Techn ical Report D. Work Unit 4A05.)
77-6, J~’su” ry 1$*.prspnr, d by State Univeenty of
New York for the- Environmental Laboratory.
(Final R*port on Work Unit IAO6B ) . Gcssc hnk, J. G., Hopktnson , C. S., Jr. , and

Parrondo, R. T., ~~ommo n Mareh Plant Species of
the Gulf Coist Area; Volume I Productivity and

Canter, 1. W., et al., “An Assessment of Problems Volume II: Growth Dynamics,” WES Technical
Associated with Evaluating the Physical , Chemical , Report D-77-44, December 1977, prepared by
and BiOlOgical Impacts of Discharging Fill Louisian a State University for the Environmental
Material ,” WES Technical Report D.77.29, L~boratoiy. (Final Report on Work Unit 4A045.)
December 1977, prepared by. Il)s. SchOol of Civil
Engineering and Envi ron4ntsl Science , . . . . S

University of Oklahoma, for the~ Environmental •Gulnison, Douglas. “Mineral Cycling in Salt
Laboratory (DMRP-relatcd ) ‘S Ma~s h-Estu arine Ecosystems; Ecosystem

~~~~~~~~~
Model Descri bing Mineral Cycles,” WES

Sternb.rg, R. W., ci *1., “Aquatic ~lspoeal Field Tecbflica l Report D-7$-3, January 197$,
InvestigatIons, Columb ia River t~spoeaI Site, Environmental Laboratory. (Final Report on Work
Oregon; Appendix A: Investipt~o~ of the U~4t 2A~S.)
Hydraulic Regime and Physical NatuA
Sedimentation,” WES Technical Repint D-77-* ~December 1977, prepared by the D.p rtmsnt of
Oceanography, University of Washingtán fo r site NOTE. ~ c~ repects *15 be himlsbed to

• .EnvironDIefl~i L*bor*toq. (Final Report on Work i~dMdi.sl isi~tis.i.~s ce lon as ts~. Ste., ~t ~ osly
Un~’ IAO~A ~ fu Mble to petet a bashed at copW.. .‘s~pe.u. for Mn 1e

‘5 mIbur t~~ skl$s copies b~a side alit.. *11 be app..clsted.
Ph... add.,.. an ...~...l. to lbs Wawr,.,y, Espurheusi

S ~~5 ’ St*1.s. A~~~’ ML D. P. Io~~ *bus - -
~~~~ a..ex~~~~~• Ziema.. hG., and Odum, W. E., “Modeling of 

_ _ _ _ _  ~~~~ 5
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