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group of «capri»odo»ts rvere the most abundant
fishes. Tliere were two disti»ct bior»ass peaks. A
sl>riii< pe;ik represented recruitment of juvenile fishcs
into the estuary and a fall peak represented adults
moving onshore witlr tlie orisct of cold weather. Bio-
mass ranged froiii 0.4 to 3.0 g dry wt!nr- over tlie en-
til'e st lily al'ca.

Birils were divided into five tr<il>fii« gi o ipings.
Tliese in«lucled wa liiig bii ds, w; ter foivl, fislii»g
birds, and birds ol' thc marsh proper. Tliese birds
r<.l»esc»t a wide range of feediiig liabits � from herbi-
vores to top carnivores. There were no extremes sea-
sonal vai.iations because of tlie large inHux of water
fowl into the estuarine area during winter. Biomass
of birds ranged from 0.05 to 0.06 g dry wt/m'.

Bacteria were studied fro»i seveial differen areas

within the estuary inclu li»g water, subnrerged seili-
»ieiit», mai sh soil and SPn<'t<'»n pl;»its. Organisms
Ir »n tire water wci e chai acterislically slor  gror  iilg
and were m;ii»ly proteolytic and alginolytic. Species
ol the gc»era Vibr<o, Ps .« l<»»o»ns ancl AcI<r<imo!inc-
!e>ii<i«wcic most abiinda»t. All were aci'obic. Bac-

tei i;i of tlic subnierged se linients were also slow grow-
i»g. Botli aerobic and a» <crobic bacteria were pres-
ent. Thc aei obes werc mainl! proteoh tic and the
most abundant were Bncill»t species. Tire ariaerobes
were <h>minated by sulf;ite re<lucers. The marsli soil
 i»chiding tlie bottom, regularly wet portion of the
Spa<linn stalk! was characterized b! more active bac-
teria which attackeil carboliy<h.ates  especially cellu-

lose!. Tliere were many facultative aerobes and Pser<-
<!o»i<»<ns species and Vibrio species were the most
ah in lant organisms. The top portions of the SPar-
ri»n was characterized by acrobes, manv of which
were pigmeiited. The most abundant organisms were
of tlic genera AI<'ci ococcus, Sni.<'i»n, and Bacilh<s. Bac-
terial populations ranged from 30 x 10'/gram on the
bottom SPnrtina to 9 x 10'/gram in the water. Peak
pop ilations seem to have correlated with high water
lev ls anil high staiiding crops ol. deacl organic inatter,
Respiration of bacterial populations in the marsh,
se liiiie»ts, an I water were calculate� to be 777, 507,

aii� 170 g diy wt/m'-/yr respectively.
From the' st <dies of the diferent components of the

estu;irl a builget of tire entire estuaiy was constructed.
Xct lir<iduction over the entire marsh divas 1,518 g dry
wt,'m'-'!yr. Consumer respira ion on thc marsh was
<~4 g!m'-!yr, leaving a net coinm«nit! production of
764  about J0«<n! available for export to the water.
Nct production by primary producers of the water
was 906. Cons imcr respiratioii was 86i4, leaving a net
c<>mnrunit1 pro luction in the water column of 48.
Be«a  se of tlie detritus cxl>orted from the marsh, the
total <li.y matter available to the water column was
1500 g 'ir. After consumer usc 636 g'm' -watcr/yr
were available for export oHsliore. This amounted to
42 " , of tlic total organic m;it ter a~ ailable to thc
rvater column or 30~i~ of thc total net production
ol tlie estuary.







Figure 1. Map of Louisi;l»a showing the coastal wetlancls tsfr;rded} and locatio» ol Barataria Bay where the
most intensive studies took place, Daslret} line is Gulf 1»tracoastal waterway.

nr;ljOr speCies of grasse~ in the diH'erent m;lrSh types
ar e slrotsn itl Table l.

Tab}c I. 'Af Ijor species of glas!es in Itiffc!cnt marsh l  pcs in
the Bar;Itaria Bac hs in!logic unit  f !ru! f:}lab!cch,
}970}.
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afar tl type'species

Sal i nc Ibf arsh
Disrirhlis spicata
Juncus roelnerianus
Spartina altc! niflora
Spar tina patens

Brac hish Marsh
Distich}is spicat;I
Spartina alter.niHora
Spartina patcns

Intel'nl 'cil;ltc M;u'stl
Bocopa nlonlllcl'I
0 lurhca camphor ata
Sptu'tlna pat'en!I

Flesh }Sf;Icsh
Fir»chal is sp.
I 'uucuul heal to'alon
Sagittl!ria fa]cata

Xu lrlhcl ol spcclc ' cou'I }!I 'Ising
yp of to!tal glcatCI. tllan I I ! ul total

10.0
I 4.9
62. rc

7.8

I here are several f;lctors wlrich contribute tc the

higlr productivity of tire esttlary and. deternrine the
enviror»rrent;tl setting of the area. One of the most
important is the 1!!lississippi River. '1'he riser pro-
vitles fresh water, nutrierrts, a»d secliment material to
the estuaritle;lreas. ts state<1 earlier, the major es-
tuaries are interdistributary bays. Before the coming
of tire white man there was annual over}sank floodirlg
during spring high water, introclucing fresh water
a» .l materials into the upper ends of the bays. Be-
cause of this overbank flootling, heavier m,lteri:ll set-
tled close to the stream chart»el, resulting in the larul
nes.t to the stream channels being the highest. 'I'his
;trea is tert»ed the natural levee. The slississippi is
rrow leveed mos  of the way to the Gulf and no over-
bank flooding occurs. Fresh water input to the upper
ends of the bays comes mainh trom rai». Introtluction
of river water and nutrie»ts is realised mainly through
the tid;tl p;tsses. Water flowi»g! out t»e river mouth
turns to the west, f}owing past the tidal inlets of
Bar;r tat.ia Bav where mixed river and Gulf waters

can I<rove into the bay on higlr tide. The volume of
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Figure 2. Re<ovcl of rise in rue;»i se i leiel !r<»ii tl»ce st itioris aloilg the I.<>nisi;ina <nast.

iii'ci Ho ari<lrainl'all a, i!oil as tire aiciag<r saliiiiti
of the 8:ir;rt;i! i;i Bai regiori are slioiin i» I'ioure ."!.
I Ilc salliiitics ii! Ai! pl'li!c Ialkc, tl!c rrl;<101 sttl<li slfc,
avc l!oi' ll!'illy betii'crl 1.'> !l!i<l ".> ppi. I» ' c!ici al,
sr	 ini ties in tlic bay ai e «»in <>lie<I by tlie i iverv;itlier
th'ili i i.<!!fall.

A secoii<I iniportant. <.nvivoiinie!ital parameter is
the r!ear-s»htrol>icirl clr'm;ite of tire coastal area. Inso-
lation arrcI water tcmpev;rt<»'c tlat; ! a!rc presente<I in
Figure 4. 'I'he aveva c ii,it< v te!npcv;itiive is;rl>ovc
2 !"<I' iii<1 tl!eve is aburl<lii!lr. sol'!l' rllsolatioir. Tliis<

along ivi!l! tlic abun<lai!t rainf	1, cieates <oir<litiol!s
fov a lo»g gi-oii<ing<- seasoii. Infv<ct»< nt killing frccr<s
 ai.evage of onc every > i e;r!.s!;»!ci mil<1 ii inter
ivc;rtI?ev alloiv groivtlr of sii<h ti.opical pl;»its as the
hl;icl. mat!gt.ove.

.'<Ilotlacl' llrlport;i»t pav,inietci is thc loii coastal
e!rc! gI regime  YVrigl!t a!i<1 C:olcrn;rn. 19< "a,1>: Hcckc!a
19<' a!. This loii ii ave activiti alloiis the coast,il area
to be <1<»»i»;itc<l by riiei l»e pi or esses a»<l »iiiiirrii>es
I iii<1 loss civic to e! osion.
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'I'hc ti< I;il cycl» ch;iv;rctevistic of ! hc;rv< a is;i <Iirivnal
ti<le, vari iiig froui only <i feiv in<lies to aboiit tiio
feet i!i;rmplitii<l<. Tictat !"rrr!gc i;ii ies iiith lunar
<lc< liri;rti<iii ivitli m;!xi!n«r!r v;i»gc ti<les  ! i opic titles!
i'ceil! ! i lag eve!'i' I 3 2 <'3 <Iav,,;i I ter»a ting ii itli nii nin>un>
r;i»< c  e<Iua!ovi;!I! ti<1es. At tinies ot c<lu;itorial titles a
seiiii<liiirri;il coniponeiit usu;illi c;in bc seen.

'I'Iici c is cor!si<ler able ann»;il variation i» mean

C'trit level. Tl!c hi hest meats ivater level noimally
oc< i!» el<i! iiig Septe!r!ber;in<I Octol>er ar!<I thc loivest
lei< ls occiii fio!ii December !o !I>e first pivt of a I;r! <Ir
 Fio. I!. These pat t<n ns are generalli true for the
 <irll ot lvfCX!<'0 icgu!ll  <J<arlucl< I9'?4!. IV!l?te! Ilol'Ill
iviii<Is pusli iiaiter out of the cstiiaii an<1 loiiev ii.;iter
Icicls eicri moi c. As a icsuli. !.Iic rnarshes are r !rely
coicic<1 ivith iiater <luring this pci io<l. AVater begins
to <'oicv the ma! sh regula! ly <Iui.ing tire latte! pai.t of
'.<Ia! ch. I lr is se~~onal p;ittc! ri of loiv iiater levels
gie;<tli aEe<ts su<li tlrings as popuhatioi! levels in the
nr;r!.sh ai!<1 iiaishout of <Ietritus.



Figure 3. Afap of tlie 14rataria Bay region showirig the inairi study' sites for the sea grani pioject. The two lakes
shaded black in the lower le[t are wliere the most intensive studies vvere carried oiir.. 1 he snaaller one is

AirJ>lane Lake and tlie larger is lake Paloiu<le. Straight liries;ire mari-inacle canals. Dark circles are fish col-
lectioii sites. Dashed line is appro~inuitely boundary between saline and brackish marshes.
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Figiire 4 Arinu;il variation in mecli;in teinperature,
insr>latir>r>, anil n>can ic;r level from stations along
the Louisi;ina coast.

Besides tlie perioclic components ol the tides tliere
is an im»orta»t;iperio<lic control on 3>ater level in
the estuaries by avinds. D»i ing periods of low mean
tide level it may be that. the oiily titles Jvhich can
floocl rhc marsh are those clue to svind. At such times

the frcclucncy and dur;rtiora of ~viands from vario«s
directions cari be ot critical importance to mainte-
n;incc of marsh biota four>rl in cliffcring hyclrographic
err cu rn s t a Il ccs.

By way of summary, the most important environ-
mental parameters are:

Ne<ar subtropical clir»atic regime and abundant
rainfall,

2. The broacl near-sea level plain that has resulted
from land building by the >XIississippi River.
The large in»«t of fresh water anil nutrients by
the river.

4. Tlie low coastal wave activity which allo>>s the
river to rlominate tl>e forni proceses.

5, Daily tidal fliishing vvhich is so important in all
coastal marshes. For a more detailecl discusion

of iuerliaiiisr>rs in;ri»t;rinir>g m;irsli procliictivit»ce
Schelke and Oclum �961!.
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Figure 5. Aiinual variation of r's1'ississippi River dis-
ch;>I'ge, rainfall ~long the Louisiar>a coast, and aver-
age salinity in Barataria Bay. Salinities in the stiidy
area >vere normally higher �5-25 ppt!. Rainfall
data froin U.S. Department of Oar»merce �968! .
Salinity Jr»el clischarge data from Gagliano anil van
Beck �970! .

ORC ANIJrATIOX OF THE PAPER

'I his work folIor> s upon tlie ideas pi esented by
Teal, C'olley, et al., %V'. K. Odum, anti Heea, and
;ittenrpts to enlarge these concepts hy cxtencling the
co»ir»unity corisiclerecl to more nearly encompass the
wlrole ol the m;rrsh-estuarirre system. The system is
ti cate<1 i» xsliat ~vc believe to bc logic;il compart-
ments  Table I!, An attempt has been made to be as
complete as possible brit it was inevitable that some
parts of the system were not considered.

For eacli component we hare atter>a»ted to establish
season;il trcncls in biomass as >scil as;iserage biomass
for th> year. Also, for eaclr component ive calculated
respir ition, feces prod«etio>>, org;«iic tissue procluc-
tion, rrr>rl h;irvest !>y man. I'or the most part respira-
tion rlata was o1>t;iirrecl froni values reportecl in the
literatuic. Fcccs prochictiori 3>;is assumerl to he 50%
of total fr>od intake rinlcss other info>in;rtion was

as ail:>hie. The types of food consrrmcd hy tire different
components divas determined by <3ut an;ilysis andtor
rlata alaihahlc in thc literatiire. In thc flii>al chapter,
~ve lr;rve synthcsirer! the data on the individrral com-
po»cr>ts irito a diag> am of the whole system, em-
ph;>Srriiig tire most impOrtant flO>t S.

Till'oilglloil't tl>C 1>;>per' allrl ir> tllC sir>ritual y clla.-
gr;rms wc have i>seri encrgtl slmbols of H. I'. Oclum
�9> I!. The three main synahols»seri are sho>vn in
Figrrr< 6. Tliey inclurle p> imary»roclircers, consum-
er.s,;incl passive storage conip;irtmcnts. The cliagrams
sliow tlie meaniiig of each of tire inputs md exports
to be used in the text,
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Figure 6. Energy symbols of H. T. Odum �971!
used in describing the marsh-estuarine system, All
flows are grams dry weight/ma/yr, and storages are
grams dry wt/m'.

Table 2. Components considered in the Marsh-Fstuarine system.

PR !DL CFRS
Angiospei lns
Eplphi tlc diatom s
Benthic macroph3 tes
Benthic diatoms
Phi toplankton

Bacteria, Fungi
hfeiofauna
Snails
Crabs
Poli chaetes
'Bo<l iolus
Insect.s
Birds ancl mammals

bacteria
/<roplankton
13lne crabs
Broiin and white Shrinlp
C3< sters
Fish
Birds



PRIMARY PRODUCTION

HIGHER PLANTS

10

Pi imary pr oduction in the 11;» ataria P>a! Area of
Louisiaii;i h;is been divided into three sub-units�

production by tfie marsh gr;isses. productiori !>y the
epipliytic alg;ie on the marsh grasses, anal production
by the phytoi>fa»ktor> an<1 benthic oi.ganisms, Produc-
tion b! the m rdflat algae a»d algae under the Spa>-
tina canopy has not been co»sidercd. A parti;il list-
ing of the majo< pi.ii»;iry pro liicers is give» in tables

a� cl 7.

Tlie domin;irir arrgiosi>< r r» is the o!ster grass, S/>a>-
tin» alte»>i/lo>a. It con>i>r is s about 93-95~< of the
bior»ass of liigliei pl;inrs in the Airplane Lake area
of Ilaratari;r 11;ry and aboiit 65>a~~ of the total salt
marsh. In a<l<lition to these pl i»ts the salt. worts, Anti<
nrnritima a»d Salico>'»>'n z>i>gini< a, and tlic black man-
gror c,;1 vice>min ge> mi >ra»,r, arc sigrr ificarr t members
of the saline marsh comi»unity.

Production of tlie ni;irsli grass, Spnrt»>a nlte>.»>tloin,
was mcasiiied b! obtai»i»g tlic <lry weight ol live and
dead grass at rnoritlily i>iteis;>Is from clif>l>ed 1>lots
 Kirf>y, 1972!. Two samplin«aieas weve studied � a
125 x <> meter area alon< the stre;i»i in the tall Sj>n>-
tina and a second area 25 x 25> meters in the short

Spa> tin» al>I>roximately,>0 mete» s from the stream.
Ten randomly sele tcd fk25 m- 'plots were clipped
morithly at cacli location Ior 14 moritlis. This method
orily consi<lers pr» luctiorr by tire;iboic giound por-
tiori of the pl;i»ts, the p;irt most available to highei
tropli ic level ~.

Net pro liiction was me;is >red by summing thc
monthly changes in living a»d dead standing crops
from successive months  Sn»riley, 1958 and Teal,
1962!. An instantaneous loss rate was calculated to
determine the loss of dead staiiding crop each month.
Tllese ltieas il elllerlts wel c doric 4! pl;iclll<g 30 gl ams
dry weight Spa>tina in a iiylon mesh bag a»<1 placing
these bags in the stream at the streamside and at the
inland area. Dr plicate b;igs were collected from each
area at monthly intervals. Tlie bags weve rinsed to
remove sediment, dried at 65'G for 24 hours and

weighed. The loss in weight was expressed as a per-
centage of the weight at thc beginning of the month.
This percentage is assiiuied to represent tlie percent
loss from the dead sta»<li»g crop from the respective
areas. Loss rate was calculated from a curve fit of

dead standing crop. This was necessary since clipping

an<1 Iirrei. I>;ig ex»erimcnts di<1 not occur at thc same
time,

Annual variations in live and dead stair ling Spar-
fina is sf>os n in figurcs 7~ md 7b. Dzira are presented
fi om stre;iriisi le and 50 meters inland. Tlie live stream-

sid  m,>ss att;iined maximiim bio»iass of 92:> g dry/
vvt''m'- while the inla»d are;i rcaclied a maximum of

600 g dry ss t/m-"; both rc,iche l tlicir m;iximum in
Sel>teriil>er. '1'hc dead standing <rop  Fig. 6b! has thc
highc t bio>»ass i» Fel>ru;ii i and '.<f;» ch with almost.
1,.'>00 g  by wt!m' streamsidc and 1.200 g/m'-' for the
irilan<I area. Ivfinir»um levels of approximately 925>
g 'in> sti camside and 750 g!m' -inland occurred in
Au«iist. The raf>i� <feclinc in live sta»di»g crop fol-
loiviri< tlie August-September liigh i» attrib >ted to
tlie de;ith of the grass following flowcring. Loss of
thc dc;id gr;iss is duc to <lecoi»I>osiriori by microbes
an� rhc pli!sical flrislring of the gr;iss from the marsli
1>y tides. One me; surer»crit of root biomass in earh
0< tober in<licated about 3,000 g di'y est 'm'- of root
»i;iteri;il to a deptli of orie foot. Winter tides very
1"tl cl!  over >lie m;irsh, resulting in I'irge de;i l stand-
i»g ciol>s a»d low loss rates. Bi».ing thc remainder
of tlic year the marsfi is rc >ul»> I! floo<led, removing
tfie de;i<1 m;iteri il;is scc» by low dead standing crops
an<1 higfi loss r-ates  Kirby, 1971!.

The total net production of Sp;irtina is presented
iii Figure 7c. 1'lie higliest r;itcs of piodiiction were
measured in April and Afa! when production was
al»iost 300 grar»s dry wt/r>r'-',''month. Table 3 com-
pares the an»u;il nct piod <etio» of Sj>a>ti»a alternr'-
flo>'n from several locations. Tlie d;ita for Lo«isiana
sf>ow mu li higher production tlian the other are;is.
Hos ever, if the other data ha<I 1>ce» corrected for loss
he wee» clippi»gs, tliey woiil l he»iucli higlier.  L'si»g
Smalle! 's technique, our pi o luctio» is 1,40'f.6 a»d
1,005.5 g 'm'/year at the streamside an<1 inl ind lo-
catio»s respectively.!

While all of the above stu lies except one were
limited to the Atlantic coast, a gcograplric gradatioii
of Spnrlinn production does appear. Production in
the Louisi;iria salt m;ish is higlier, prof>ably due to
the extended growing season.

The loss rate curves shoss two peaks of detrital
loss from the marsli, The first occurs during late
spririg in April and ihfay a»<1 the secori l occurs in
September and October. The high loss i",ite during
th» spring res»lts f!om higfre> spring ti<les an� risiilg
tempciatures which increase decompositio». During
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temperature of 20 C, annual gross procluction avas
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Fig«le 7. Standi»g crop of live  a! and clead  b! of><trti!!D alt v! ifto!a. in the vicinity of Airplane Lake. Also
shosvn are total »et pvoductio»  c! a»d loss rate  d!.

the M i»ter t»<»ltlls >v;>tet levels;tl'c very lolv dlte to the
lo   se;l level  Figure 1!;t!td avatev 1;«cly covet! tile
m;»!h. Thus, there is a h«il<lup of <le;l l gv;t!s tna-
terial in the m;trsh a»<l ~ l!<.tt avatev level! an<1 te»lp-
evat«le rise there is a rapi<l 1»eakul> and vv;!shout of
t!!c dead grass m;lteri'll.

As svill he shosv» in succce<li»«chaptet s, ma»v gl oups
of ol'gant!»ls ln the est<!it92'! tlsc 'th!! p«lse of ot'g; !lie
mat<vial as a food so«rce. '1 htt!, in cotltva!t to many

area> iv!!etc the spl i»g pulse i! phytoplankto» based,
it sec!us to be m, it!is detl it;ll based in B;tratavia Bav.

Rcspiv;ttion ol Sf>a! tt'>In  ! tt<I II>'ftlorc  in the Geo! gia
ln;»sh divas me;ts«rcd by Te;tl an<1 Kat!svisl!ev �961!,
From their 1;thoratovy and field st«dic! an an»ual
respilation late m;ly be projected on tc!»1>erat«re
cha»gc. They foltnd a la»ge of 40 mm' Os tg svct
ivei<d!t  ho«l at,r>'C and approximately WO mt»s 0,/g
avct 5 elgllt 'hour at 2,'>'C.

PHYTOPLANKTOV AND BENTHIC

PRODUCTIOV AVD FLORA

Phytopl;t»to» a»d benthic ploductio» vvas !t«died
by Sh;lion Brkich as a part of her doctoral v;ork.
P!.<><lttcti! ity and clllol ophvll a of phy loplankto» >vere
mea!urecl. Some of the u»icell«lar al<>ae described as

pl;»!l.ionic. !«c normally classified as bent!!ic or»critic
 P; trick, 1967! but because of the shalloav !Mater in
thc study area they often are fottnd suspendc<l in the
v:atcv column.

Primar! productiotl in the open ivat '.v vvas deter-
mined bv a cot»hi»atiot! of light-<btk bottle an<1
ditlvtlltl oxygetl curve metho<ls. The light-dark bottle
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Figure 8. Annual metabolic patter»s in Airplane Lake.  a! Ghlorol>hyll a concentration.  b! Rates of gross pho-
tosynthesis and total respiration.  c! Net claytime photosynthesis of phytoplankton ancl benthic pla»ts.  <I!
Respiration of water column  phytoplankton, zooplankton and bacteria! and benthose  including nekton!.

rnethocl follows the method outlined by Strickl;>nd
and Parsons �968!. The diur»al oxygen method
folio>vs the pro«eel«re of H. T. Odu»1 �966!. Oxygen
determinatiOn WaS dOne by clinkler tit> ati<m Or oxy-
gen probe. Estimations of phytopl;>nkto» cle»sity weve
accomplished by n>eas«reme»ts of active chlorophyll n
using the method outlined in Stri«kland and Parsons
�968!. Samples >vere collected at bi>vcckly intervals.
Result~ of produ«tio» st«dies are presentecl in Figure
8 ancl Table 6.

Chlorophyll I> levels �igl. 8a! corresponded to phy-
toplankton procluction. The common sl>ri»g bloom of
phytoplankton as des«liberi hy Ralmo»I �963!;Iud
others has not been found to occur in the shallow

waters of Barataria Bay. Rath< r, both chio>ophyll  I
and phytoplankto» pro<1«etio» were highest in mid-
summer. As show» earlic>, thc sp>.ing pe;Ik of o>ganlc
m<>terial in the estu;Ivy is <h>e to w;>shout OF detritus
from the marshcs. The ma>sh-est>>urine system seems
to be sy»chronized with tl>e mojo> organic prod«etio»
during sp> ing and fall resulting front detrit»s washout
from the marsh ancl ch>ring thc. sun»ne>' lvom phyto-
pl<1»kton pl'oductlol>.

Gross photosy»thesis and total resI>iration in the
open wa.ter are;Is arc show» in Fig»> e 8b. G>.oss

photosynthesis exceecled total Iespilatio» fro»1 '.>larch
to August, with the greatesr. excess of pho>osynthesis
ever occur> ing during July anc1 August. For the
remaindev of the year respiration is m.e;>ter th>» oross
photosy»thesis in thc water colum>!, Ove> the year
tI>e>c was a slight net community prod««tio» of 48
g dvy wt,'I»3  Table 6!. This is much lo13er th;»I tl>e
net corn>nu»itl production ol the m>rsh oF 761 g drv
wt 'nl'-','>r. During the year respiratio» and pvoduc-
tIo» ln the ope» wal.el al eas 0<.'cu> pl >I'll;1vlly In the
>I I>ter coh>m» during the wa>»>ev n>o»ths an� in the
sediment ch>ring the colder months  Fiv,. 8c, Fig. 8d,
;I»d 'I'able 6!,

Productio» data ave prese»ted in Table 6 as gross
;»Id nc.t photos!»thesis. 1» c;>I< ulati»g net photo-
sy»thesis, the vcspi>ation ol >hc pla»ts w;>s;Issumed
Io be 30<,'0 of g>.oss photos!»thesi». 1 his is somewlrat
lo>vc> >h;>» others ha>e lepovted, b«t be<;»Ise of the
ch<»acte> istic turbiclity of the Iv;>tel< we believe this
to be a reason;Ible estimate. Some of the common

species of phytoplankton are give» i» T;Iblc 7. The
nct i>rode«tivit> of phl topi;I»kto»;End bc»>hie plan>s
in B;Irl>t;>ri;I seems to bc higher tha» nleas«ved in
other a> e>>s   I'able 4!.
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Table 4. Annu;>1 prod»< i<»l of selected areas lgC'lns!

AVinter benthic macrophytes are almost exclusively
co»>posed of two genera, Ectncar/>us and Enteromo-
Pha. A list of some common benthic rnacrophytes is
show» in Table 7. Xo accurate assessment of their

l>i»mass h,ls been made yet, but during the winter,
ban<is of Ectocalpus 2 to 3 meters wide a»d 40+
meters lo»<. are commonl! seen at low tide.

The i»I1>orta»ce of each of the three major pri-
mary 1>roducers is shown i» Eig«re 10. Detritus from
thc marsh glasses represc»ts from 50 lo 70ojo of the
total organic production av;lilable to the waler areas
of the estuary.

BENTHIC ALGAE

The north coast of the Gulf of Mexico has been

clesclihed as being a barre» region for benthic marine
algae  Taylor, 19fi0!. The chief reasons cited for
this are the unstable bottoms backecl by vast marshes
anc1 the i»How of fresh water from the Mississippi.
AVhile this observation is basically correct, the Bara-
taria Bay Area does have a small macroscopic algal
flora. In the marsh pl.oper, away from the coast, larger
filan>cntous;dgae are fol»l� m;li»ly during the winter
months. The most common ge»era are E»terotnorpha
and Ectocarpus. These two forms are most abundant
on the hanks of the streams a»el 1;lkcs and in quiet
pools. They are found from early November to mid-
April and early vfay lvith their peak occurring in
Ja n liar V.

Graeilaria f<>llif<>a has been fo»nd in only one lo-
cation on the Lo«isiana coast west of the Mississippi
River  Kapr;l«», perso»al con>n>«»ication!, That lo-

Table 5. Compariso» of Epiphylic Plo<luction from different
areas.

catio» is a small bayou near the Gulf. It has been
ol>served in late spring to micl-summer. During this
periocl it grows in very cIense masses lini»g either bank
of the bayou 4 to 6 meters wicle ond in strips 1,000 to
2,000 meters long. Samples of 0.2:> mz weighed about
350 grams dry weight.

Table 6. Prin<ary Produ< ion i» the Baralaria Bay Area of Lou-
isiana in g dr> wt/ms/!ear.

Production
Gross iVer'

Marsh

Ph!  »plankton 598
Bcnrhos 698

~ 'Xc  producti<>n is less respil a i<»i <>f plants
"I'al'es into consideration bare areas on marsh
S Co»>m»nily ne  production for epiphyles

Benthic cliatoms have not been studied frequently
enough to establish seasonal trends. Table 7 shows
a list of some of the more common species.

A number of less numerous filamentous algae have
bee» found in the benthos and mucl fiats, Kapraun
 perso»al communication! has founcl Ulvella sp,,
Ulothrix sp., Cladophora and Rhizoclonium. These
algae, for the most part, were foun<I in the tidal pools
located away from the main tidal streams, bayous,
and lakes. Rhizoclonium has often been found in

thick mats growing in tidal pools less than 10 cm in
clepth. f."aucheria has been found infrequently grow-
ing on the banks of the smaller tidal streams. Ulva
lactuca, another winter form, has been found rarely
growing on oyster shells and on abandoned boats.

Brkich  unpublished data! conducted a brief survey
of the blue-green algae in the Barataria Bay Area.
Three genera of the Oscillatoriaceae were common:
Ly»gl>ya, Oscillatoria, and Spirulina, growing on
mudilats ancl on grass stems. The benthic blue-green
mats were dominated by Oscillatoria princeps, with



Table r.

Angiosperms

Sparrina airer»iflora
S. pareil'i
Av>cr'>1» ia ger»! Ina
Disrichlis spica>a
Juncos rocmcrianus
Baris Inaririma
S !I>corn i a

Benthic mac>'ophyres
Enicromorpha flcxuosa
E. in>es<inalis
Ecroearpus
Bc!sr i ych!ii I iv ularls
Polysiphonia hava»ensis
l; Isa lac>.«ca
C racilaria I'oliifera
Cla<lophora repens
Cladophora gracilis

Bi i!>hie cyanophyra
Os< i I I a>or i a
Lyngbla
Spirulina
CI!r !orococcu'i
Merismopedia
Anacystis

1'arrial list of the majorprima> I

Epiphviic diaroms

I rn ph iprora
A»iphora
>!, a»«nsra
Cainpli> lorliscus
Cocconeis
C. <lisculoi<les
C. disculus
C,. Plarennil;!
C:! linilrorhe<a fusifor>ua
Denricnla
D i p'I one is horn bus
C 'vi'»sign>i> re1'!ya!loni
Hanrzschia
Xaricula
Xirz.chia

pill a   los a
I' le«!nsigma
Ichr>1>alodia gibberula
Su I'! I cll'I a>»01 >ca»a
Cram!narophora marina
Itfelosira distans
Isrhmia nervosa
Cylindrorheca closteriu!n

producers i» Itic Barararia Bay area.

Be»>hie dia>orns

4»!ph»ra
Dent le»la
Il >prone>s
D. inreriupra
C~lrosiy»a
s!'avicula dirccra
'X i rzschia
Opepho! a
Paralia
Amphiprora
Caloneis
Ma I > ! glo>a
Pleur<>sim!I a
Su! i! ella
Cl Ii»d! r!>hera closreriu>n

I'Iil >op lank>on

Me! isnloped>a
Acr>noprychus
Biddulphia
Chaeroccros
Coscinodiscus
Cerarium fusus
C. hircus
C. rrichOCe>Os
C. tripos
C. vulrur
Dinophysis cauda<a
C'on! aulax monilata
Peridiuium
Proroccnrruiii gracile
Prorocenrrum maxi>num
Skeleronema
Dirylum bright>vellii
Thai assionema
Cylindrorheca closterium
Xirzschia pungens
Rhizosolenia

Lynghya and Spirrrlina making up tlie most notable
secondary meinhers of the algal mat. The Chrooroc-
caccas were rcprcsentecl in the mats hy Chrorrrr.ocr rrs,
MerismoPedia, and A»acystis,

EPIPHYTKS

Epiphvtic algae on the tw<> pl;iiits that occupy the
bulk of the stream side IIora, Sparti!ra alte!»i jlora and
Ar!icennia geiminans, werc studied by Stowe �9r2!.

The epiphytic community was dis ided into the
filamentous ancl non-filamentous ali>ac. The major
filamentous forms are Bos ryc hia, Polysi jihn!ria, E!r-
terorn or aha, and Ect nba r ji «s. The no>i-filamentous
algal community is composerl almost excliisivcly of
diatoms. Blue-green algae are conspicuous b1 their
absence. Only when the stems become heavily secli-
mented do they become important components of
the cpiphytic community,

The seasonal rIistribution for the filamentous algae
is shown in Fig. Ra. These algae exist in tw'o distinct
seasonal forms, Bostrychia and Pnlysiphonia in the
summer, and Enteromorpha and Ectr>carP>rs in the
winter. The summer algae in 19! I demonstrated a
bimoclal curve with peaks near tlie encl of April and
mid-July through October. Duri»g the s!fay-June
decline, Chaeto!nor/ha became a conspicuous mein-
ber of the comrnuiiity ancl remainecl so until mid-
July. The winter forms reach e<l a peak in early
January. They were more common on the banks of
the streams than on the stems.

Tcinpci;iture is the major factor conti oiling the
epiptl»tic popul;ition but there seems to be a clistinct
correl;itioii betwcerr levels an<i species composition of
fil;mientous algae. AI!'hen tide levels are high  Fig. 4!,
Br>st! y chin and Polvsiphonirr ar e domi riant. The drop
in the biomass of these two species iii Ma3 ancl June
corrcsponcls to the lower vv;>ter level at that time.
Drrr.irrg the winter when water levels are Iow, En-
ter r>moil>lra an<1 Ectoca> Pris are dominant.

I!iatom clensity was estiniated 1»' counts of per-
manently mr!unted, millipore-filtc> e<I aliquotes of sus-
pcncled niaterial from thc stems collcctecl at thc
waters' edge ancl five feet inl;incl. There was con-
sider;ible variation between samples and sampling
pciio<ls. Tliis variation is attributed to thc variation
irl the level of the marsh floor, tire lack of homo-

gerieity of the epipl»tic population an<I the collection
of whole stems which made it impossible to sample
thc same location twice. If the individual stations
were comp!» ccl, variations of the magnitude found by
Hicknian �971! would be seen. Tlie density of epi-
phytic diatoms on the Spar ti»a steriis was greater at
the wateis edge than five feet inland  Fig. 9b!.

Tlie epiphytic diatoms sllors a continual rise in
cleils1ty from January to September with a bloom oc-
curring. from October to November. After this the
population does not decline to the lors founcl during
the previous January and February. Amjt!hara, Coc-
co!iris, ancl ttfelosira are hmitecl primarily to the water
eclgc stems and compose from '10 to 60~to of tire popu-
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Figure 9. Procluctivity of the epiphytic community and standing crop of filamentous algae and epiphytic dia
toms in the vicinity of Airplane Lake  Stowe, 1972!,

lation. Xitrschia is the most common genus on the
inland stems a»cl comprises 10 to 20~j, of thc popu-
lation,

The seasonality of three of the more a'bundant
gene1a ol diatc»iis is discrissecl below. Cocconeis has
a major peak rluririg the early siu»mer with a minor
peak in micl-Octol>er. It is often fouricl as an epiphyte
on the filamentous red algae.,lm/if~ora has a major
Peak of 30c:o of rhe PoPulatiorr in micl-'May. During
the rest. of the year, it varies from zero to 10~zo of
the population. Denticula is found in great abun-
dance cluring niost of the ye;ir ancl ranges as high as
30~go of the population. During periods of sustainecl
high water the popirlarion diops. An inverse ielation-

.ship of population to degree and length of submer-
gence has been seen. Exami»ation of the stems shows
an increasing domiiiance witli increasing heights on
tlie stem. On higlier portions of the stenis this genus
may comprise as »utch as 60ojo of the population,

Production of epiphytic algae was measurecl by the
light-clark bottle methocl. Two 10 cm stem sections
were incubated in BOD bottles in aged bay uvater
under conclitions similar to those found in their na-

tural liabitat. Chruiges in clissolvecl oxygen v;ere
ineasured either b> Winkler titration or by polaro-
graphic methods usirig a hIartek oxygen probe.

Gross ancl net productio11 for the water's edge
commrrnity is presentecl in Figure 9c, Summer pro-
diiction ranges from 220 to 460 rng C/m-'/day gross
and 100 to 197 mg C/m-",'dau net. The winter low
was a gross of 125 mg C/m'/clay, and a net of 75 mg
C/m-/clay. These production curves follow very close-
ly the density of the summer filamentous forms. These
w,itcr-edge fig«rcs are found to be limited to a band
around most lakes and streams in an active zone 30

to 40 cm wide.

The large discrepancy between gross and net pro-
duction is unclerstoocl if it is realized that these are

coinm«»ity figrrres. This is a highly organic environ-
ment containing a large number of meiofaunal species,
bacteria, yeast, and other fungi. iVet production re-
flects that which escapes from this environment and
is available to the water column.

Productivity figures for the inland community indi-
cate a negative net production  Fig. 9d!. This means
there must be additional inputs of organic materials,
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Figure 10. Comparison of production of benthic
plants, phy oplankton, and detritus  kirby and
Gosselink, 1972!.

most likely from Sjartina. Only during Istovember
and February does the inland community become
productive. During this time of year, low tempera-
tures suppress microbial respiration. Also, the thin-
ning of SPartina stancls allows light to penetrate to
the lower portions of the stems, thus allowing this

communit> to become more productive. The inland
community is composed of diatoms, a. few blue-green
algae and a large number of bacteria ancl fungi. Ex-
cept for mid to late spring, the lower portions of the
SPartina sheaths are in a state of decay,

Taking community respiration ah the difference
between gross and net production and calculating
proclurtion on a 12-hour clay and respiration on a 24
hottr <Iay, then annual respiratory rates of 87.0 and
90.0 g C/m' were observed for the water's edge anti
inlancl communities respectively.

The difference between the gross production and
co>»munity respiration for the svater's edge communi-
ty is 16 g C/m' -released to the water column, The
inland community has such;I high respiratorv rate
that it recluires the;t<ldition of 64 g C/m'-' in orcler to
maintain itself.

Due to the variet> of el>iphytic environ»tents stu-
died, general comparisons are <lifficult. The produc-
tion rates of an emergent fresh water substrate  Allen,
1971! ancl brackish stream sicle vegetation  Stowe,
1972! are surprisingly similar, A gene>.al comparison
of epiphytic production fron> several areas is shown
in Table 5.

During most of the year the epiphytic community
of SPartina alierni/tora can be divided into producing
and consuming communities based on their >elation to
the edge of the water. Procluction by the water-edge
communit> is dependent on heavy growth of filamen-
tous algae, pritnarily Bostrychia and Poiysiphonia, clur-
ing the warmer months of the year.

16



MARSH FAUNA

IV

The diversity of a»im <ls whi<h live mainls in and
on the malsh is lower than that of adjacent ope«
water areas, but the biomass is higher, especially in
marsh areas close to the water. The food chain in

the marsh is based, in large part, on detritus from
the marsh grasses. As indicated earlier, very little of
the marsh grass is <ons«med alive; most of it dies
and is broken dow» by a combination of microbcs
and phlsical factors.

ln discussing the marsh fa«»;<, we hase divided the
marsl< i»to two zones: a ma<sh edge habitat and an
interior marsh habitat. The marslt edge is charac-
terized by more tidal fl«shi»g, thicker growths of
grasses, higher animal biomass and greater diversity.
Wc established tra»sects with sampling sites at the
shore and 3, 10, 20, 50 and 300 meters into the

marsh. We consider the first four stations, out to

20 meters, as marsh edge. 'I'he interio< marsh is char-
acterized by sparser grovvth of grasses with so>ne bare
areas, and Ioxs e> biomass an<I diversity of animal
populations. The 300 meter station is representative
of this habitat. The 50 nieter station is a transition

zo»e. Some populations in the marsh such as crabs,
snails, and sparrows have been studied more inten-
sively and will be discusse<1 in light of. the zonatio».
Others, such as insects, have been sat»pled irregularly
or not at all an<1 must be discussed in a more general
nature.

Thc principle factor which seems to determine
density of organisms in the marsh is frequenc> of
tidal inundation or proximity to tidally affected water
bodies.

it was shown earlier that <.he highest. mean gulf
level occurs in September-October, with a smaller
peak in late spring.  Fig«re 4! This means the marsh
will be covered more often and I'or longer periods
at these times. On the other ha»d, <h<ring the winter
the marsh may not be covered at all for several
months because of low water levels. During times
of frequent tidal Inundation, animals move further
into the marsh, and the tnarsh edge is wider. When
water levels are Iow, biomass levels drop and the
tnarsh edge habitat is narrower.

SMALL I1VFAUNA

Feeding directly on the detrital-bacteria-algae base
arc groups of small inf ««>al animal> i»<luding proto-
zoa and the meiobenthos, Included in this group are

cilia tcs, foram i» ifera, nematodes, oligochaetes, poly-
chaet<'s, and small crustaceans.

Protozoa

Ciliates have been obsers ed in cores taken from

both the marsh soil and the s«bmerged sediments. No
q«a»titative counts have been made, b«t the ciliates
seci» to be more abundant in the marsh soil. W. K.

Odum �971! reported moderately large numbers of
ciliates in association with benthic deposits of vas-
e«lar plant detritus and sediments. He listed 16 spe-
cies ide»tified from naangrove detritus. The food of
these organisms inch<ded ciliates, flagellates, diatoms,
bacteria, and dea<1 ntetaroa. Jolrannes �965! studied
the infl«ence of marine protozoa on nutrient regen-
eration. He identified three species of ciliates � Eu-
l>late< erassus, 1:. t>annus, and E. I>isuleatus � from mud
flats, ti<lal creeks, and beaches of Sapelo Island, Ga.
Rege»eration of dissolved phosphate proceeded faster
and morc coinpletely in the presence of ciliates or
colorless flagellates than in the presence of bacteria
alone. He suggested that bacteria are not responsible
for the hulk of nutrient regeneration in these areas
and that a sig<>ificant fraction of benthic. regeneration
of phosphorus from organic detritus may be attribut-
able to protozoa. This may be a general statement in
that not only ciliates but other st»all infa«nal organ-
isi»s aiso may be responsible for a great part of the re-
generation of all nutrients {Xi'O, as well as PO,!.
Fhereforc, the naeiobenthic orga»isms may have a
<I«al role of nutrient regeneratio» in conjunction with
the bacteria and "packaging" of small particles  de-
tritus, bacteria, algae, etc.! so that they are more
available to organisms higher in the food chain, The
importa»c<.. of ciliates associated with detritus also
has been noted by Burkholder �959!, Mare �942!,
and Lacl'ey �936!,

Another group of protozoans which is important
it< the tnarsh environment. is the foraminifera. Cruz

�970! identified several genera of foraminifera from
the salt marsh adjacent to Airplane Lake. Among the
genera listed were Ammoastuta, Arenoparella, Troch-
arnmina, Amrnobaeulites, <'>>Iiliarnmina, Ammotium,
and Ammo>>ia. iMiliammina is siliceous, Ammonia is

calcareous and the other species are agglutinated
forms. Warren �956! studied the foraminifera frona
the Burns-Scofield Bayou area, a salt marsh area east
<>f Barataria Bay. The marsh areas were characterized
by A»>roti am, ArenoParella, 'Ifilinrnrnina, and Troch-
ammina. Lake sediments were characterized by Am-



Distance

from shore

Month

."vugUst

555 962
109,076

JubJune

626,780
185,150

1,196,587
930,000
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nrobnculities, Cribroelf>hidi um, and Ff>arri tella, Jas-
pers  unptihlishetl data! sampling in the stone general
area as Cruz, counted an average of 210,000 fora-
mimilera tests per m'. She macle no attempt to differ-
entiate living from dead.

Phleger �965! studied populations of livirrg fora-
rninifera from six areas of marine marsh in C'alvcstorr

Bay, Texas. The general marsh asscm1>lage is an
Ammotium salsurrr-llfiliar»rni»n fr sea one, with Am-
morria beccnrii, Arenopar1edla mexicana, and Troch-
amrnina inftntn common, and in somew liat smaller
frequencies Arnmoastuta inef>fn, Elghidium spp.,
TiPhotrocha comPrimatn an� Trochammina macres-
ce»s. Phleger reported that several marsh environ-
ments had distinctive assemblages of foraminifera.
Tlicsc inclutled channel or h;ly bordering a marsh,
fringing Sf>ai tirra alter rri fl >r a zone, Snlicorrrin zorie,
lagoori btiriier marsli, and more and less saline marsh,
I'hc inner Spar'tinn zone was corilposctl. nlair'tly of >'.
Paterrs. I otal living populations ranged fi'om less than
10' to greater than 16" per rn"-. The percent of the
total population which was living ranged from zero
to N"�' anti averaged about 30~zo.

Phleger stated that knov>ledge of the ent ironment
was inadequate to explain the distributions within
the marsh. %Phile this is true, several general patterns
were evident. In most cases the highest populations
were located at the marsh-water interface where SPar-
ti»a alternifi'ora dominated or in shallow near-shore
areas with turtle gTass or emergent Sf>artirrn, Mud
seenied to have general higher populations than sand.
Lowest populations were generalh in the backmarsh
areas where Salicor.nia or S. patens was dominant.

Lee, et al. �969! measured the standing crop of
foraminifera in sublittoral epiphytic communities of
a Long Island salt marsh. Foraminifera were most
abundant in epiphytic conununities of Fitter»ma>Pha
in early suminer arid later spreatl to Zostera, Zanichel-
lia, Viva, P >l!'sif>honia, and Ceramirrm. By summers
end Enterornorpha rarely had a standing crop of fora-
minifera per gram of substrate  plant plus cpiphytc!
but there was no correlation between epiphytic com-
munity weight and total number of foraminifera
recovered. Ammonia was one of the most common

genera encountered and exhibited little substrate
preference. Less abundant genera from I.orig Island
which were common in Louisiana marshcs were Tro-
chafnmina, Ammobaculities, and Miliammina.

Foods taken by foraminifera include algae, bac-
teria, and yeasts  Muller and Lee, 1969!. They prob-
ably also take detrital particles. Muller and Lee also
reported that bacteria werc required for the sustained
reproduction of four species of foraminifera in gno-

tobiotic culture. Tliis indicates with the other bac-

teria-irifaunal relationships mentioned above � that
the ielatinnsliips among the mciofauna, protozoa, mi-
crobes, tletritus, and primar! producers are very com-
plex. I'ood links, reproduction, and nutrient regen-
er;itioii are not as straight-forward as was once thought,

Meiobenthos

Meiohenthos is a practical term first used by Mare
�942! relating to sinall benthic organisms. This
group includes such things as ncmatodes, ostracods,
small polychaetes and oligochaetcs, amphipods, and
hai.pacticoid copepods, but does not t>ormalh include
tire protozoa.

I'he meiohenrlios of the iu;irsli soil was studied dur-

ing tlie summer of 1972 by Alice Simmons  unpub-
lished data!. She counted total populations in the
first three meter's of the marsli at 50;iiid 300 meters

inland. Res tits of the s inipling are presented in
T;ibles 8 and 9. Xrleiohentlric populations declined
otcr the slimmer  Table 8!. Tlris is similar to findings
hy Bennett.  see next chapter! who reported that
meioberitliic populations of the submerged sediments
also de lined during the summer months.

Tal>lc 8. Total mci»l>euthic p»1>ulath>us in the salt marsh
during the sun>mer r>f l r>'> r'from simm»us, unpub-
lishc>1 tlata!,

In general, populations arid diversity of meioben-
thic organisms are higlier in tire first three meters of
marslr;rdjacent to the shore. Only one sample was
collected at 500 meters. The population at that point
was 700,000 organisms/m', These were mostly nema-
todes so that even though the total population is
liigher than some ol the stations nearer shore, the
biomass is lower because of the lower individual

weight of nematodes. Nematotles, copepods, amphi-
pods, polychaetes, and oligochaetes comprised greater
tlian 90,' of the total meiohcnthic populations. Popu-
lation levels of individual groups are presented in
Table 9,

Meyer �971! collected a new species of nematode
from the marsh soil near Airplane Lake which has
been described by Hopper �971! as Diplolaimelloides
bruciei. This nematode was an abundant bacterial

feeder type. This is the onl! nematode which was
specifically identified from the Louisiana salt marsh-
es. It is likely that most meiobenthic organisms in
the stilt marsh feed on bacteria and detritus.



n Isu! s;>< v,'u'!ous loca
Siu	»<!!!s, 	!!p!!l>hshed

500
n>c<c>'s

Present a<
o0 me le»

yes

Ilarpac<icoid
copcpo<ls

Amphipods
Poi! chac<cs
Oligochactcs
Ostracods
Tanai<1accans
Mites
Small snails
Other annelids
Insect larvae

�0-f 00!
  5-45 !
�0-"� !
  S-4 !
  5-1<< !
�1-14 !
  5-24 !
�5 !
�0 !
  5-8 !

yes
no
yes
yes
no

yes
ves
yes
yes
yes
yes
y'es
ves
yes
ves

vcs
no
yes
y'cs
vcs
no no

yes
yes
no
yes

3

no
no
no
ves

To<a! groups present

97.6 11.9

36.9

MEIOBKNTHOS

19

Tahle 0 P!essence of meiohcu<hic o>ga
<ious iu <he salt n>arsh �'r<»u
data!,

Organism Population 0-5
Group  nu>nhcr 'm-!x 10'< !ue<c>s
Ncn>a<o<lcs  <0-000! yes

!Xlciobenthic population> have been studiccl from
s;<lt marshes along the At.la»tie coast. 1 eal a»d Wieser
�96 i!reporte<1 pop«lations of ncm;>todes of 0.46�
16.3 x 10"/ms in a Georgia salt ma>sh. The bio>n >ss
ra»gecl from 0,2 � 7.6 g wet wt/m'-'. Wieser and Kan-
wishev �961! reported lower populations but higher
biomass of nematocles from Pe»rance Point salt mavsh

near Woods Hole, Mass. They found 1.4 2,1 x
10" /ms and an ave>age biomass of 18.4 g wet/m' in
November and 8.7 g wet/ms in June. Thc avc>agc
weight of o»e ne>»ato<le in the <~lass;>chusetts stucly
 .00266 mg! was about 10 times higher than that re-
pol teel in the Georgia study  .000266!. The average
wet weight of si»gle nemato<lcs collected by Rogers
�970! from soft bottom sedin>ents in Barataria Bay
was calculated to be,000269 mg  Loesch, 1971!. The
weight of the ncmatodes was calc«latecl by Loesch by
using twice the volume of a cone f/2 the le»gth of the
nen>atode ancl multiplying by a specific gravity of
l. 13  Wiesev, 1960!. Usi ng the same method, the
avcva< e weight of single D. brueiei is approximately
.00018 mg. Average polychaete densities in thc Geor-
gia salt marsh werc 6700/me in summer ancl 12380/ms
in winter, excludi»g >s!'ea»thes, �'eal, 1962!. For oligo-
chaetcs, the densities were 5000/ms and 6630/ms in
summer and winter, respectively. Insect larvae levels
were 370/m' ancl 26/m' in winter and summer, re-
spectively. These data are from Table VIII of Teal's
work. �962! . Site 21 was exclucled from the average
because it is a mud flat «nd there is very little corn-
p;>rable area in Louisiana marshcs.

Biomass svas calculatecl by multiplying «vevage pop-
ulations by average wei<ghts of single individuals. For
ne»>;>tocles, a weight of 0.00018 mg wet weight was
used. Bc»nett  unpuhlishecl data! provided incliviclual
weights for arnphipods and copepods of 200 and 10
mg dry wt/individual, respectively. For Polychaetes
and Oligochaetcs, a weight of 50 nrg wet/individual

was use<i. Tietjcn �969! veportecl an average weight
for polychaete from two Ncw England estuaries as
33 mg wct wt. The above five groups compvisecl about
90";;, of the total populatio» a»el the total meiobcnthic
biomass was correctecl to reflect thi>u All wet wts. were

converted to dry weight ass«»ring 80o<,' water. Calcu-
late<1 thus, the total mciobenthic biomass was 7.6 g
d>y wt,'me at the shore and 1.99 g dry wt/ma when
averaged over the entire marsh. The high value at
the m;>vsh eclge is clue mainly to the preset>ce of am-
phipo<ls. The large indiviclual size  '200 mg dry! makes
them a la>gc part of the total biomass.

Wc calculated respiration using a rate of 0.08 > g
dry w t respirecl,'g dry bocly weight/day, Wc have made
no >ncasuvcn>cuts of respiration on the l.ouisiana salt
marshcs and a rate of 0.083/da! is our best estin>ate
calc»l;>ted from Teal �962!, 1'eal and Wiesev �966!,
a»d Wicser ancl Kanwisher �961!. Using the rate of
0.083>,'day, respiration was calculatecl to he 0.101 g
clry wt,'me/day or 36.9 g/m','year. We used 10 turn-
ovevs per year in calculating the pvo<h>ction of the
mciobcnthos. Gerlach �971! gave a figure of 9 turn-
overs/ye;u an� McIntyre �969! used a figure of
10'ye;>v. We will assume an assi>nilation efficiency of
50~r'o, giving a fecal procluction of 48.8 g dry
>vt/me/year. Tht>s the total intake for the meioben-
thos is 97.6 g dry wt/m'/year. Two amphipods are

commonly found associated with Spartina roots near
thc water's edge. These are Corophium sp, and rfm-
Pilesca sp., however no quantitative counts have been
macle, Hcald �971! reported that two species of am-
phipods, Melita nifida and CoroPhium laeustre, and
the crab, RifhroPar<ojeus harrisii, were important in
the breakdown of larger detrital fragments derived
fro>n red mangrove leaves. Fenchel �970! found that
thc amphipod, Parhyalella <uhelPleyi, was important
in decreasing the particle sire of detritus dcrvied from
Turtle grass, It is likely that amphipods a»d probably



of numbers and biomass of macrofauna in the marsh at Airport Lake. Number before slash is biomass inTable 10. Distribution
number/mr.

average
biomass
to 50m

Distance into Marsh from Xvater Pldge
10m 20m

Organisnl
50mshore

Polychaetes
Aug.
Oct,
Dec.

. l /22

0 .07/4
.2/8
29/10

G

0
22/20
.47/'1 2

0 ,2/8
.6!r,r40

.4/36

.36 l20
0

.3 /16

0 0
.14
.18
.20

x =,17
Neritina
Aug,
Oct.
Dec.

1.2/36
1.4/28
0

0
.07/4

0 0 0 .08/4 1.3/200
1.6/52
6 9/136

.8/20

.25/4

.4/8

1.16
1.15
3.18

x = 1.83
Sesarma
Aug,
Oct.
Dec.

7,9/4
0
1.1/4

5. 8/8
3.6/8
5.5/8

0
4.2/8
0

.03/4
0

.88
1.03
.67

x=.86

0 0 0
1 iddler
Aug.
Oct.
Dec.

4.7/8
6.7/8
0

3.0/8
0
0

14.8/20
1.7/4
4.7/8

1.8/4
2.1/2
0

0
7.5/12
0

0 0 0 2.50
4.68
.45

x = 2.54
Blue Crab
Allg.
Oct.
Dec.

0 .02/20 0 .01 88/4
0
2.75/8
0

0
.02/2

0

0
.G16/4

0
0 0 G 0

.61
,005

x = 20
Littorina
Aug.
Oct.
Dec.

16.9/112
10.0/76
6.7/40

6.3/52
7.6/76
1.1/8

4.9/36
6.3/52
8.9/56

2.8/28
3.6/32
0

8.16
5.81
3.95

x � 5.98
Melampus
Atlg.
Oct.
Dec.

1.3/208
0.4 /108

.14/16

6.1/1088
1,4/284
,07/28

4,1/444
1.6/216
1.6/176

4. 3/680
.7/52

0

3.64
1.30
1.05

x = 1.99

3.6/688
2.4/497
3,3/600

1.2/316
1.1/112
6.2/68

Modiolus
Aug.
Oct.
Dec.

0,6/24
63/64
3.0/20

2.0/80
3.4/72
0

2.43
4,21
2.94

x=319

3.6/64
4.8/44
9.5/40

6.6/148
.9/12

3.3/16
0 .5/4
1.4/36
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nrost of tire meiobenthos in the Louisiana marshcs play
similar roles,

MARSH MACROFAUXA

The larger org;rnisms of the marsh community were
collected from 0.25 ms <luaclrants at the shore arrd 5,
10, 20, 50, and 300 meters into the marsh at Airplane
Lake in August, October, anti December, 1971, ancl at
Lake Palourdc in August, 1971. Data collected at Lake
Palotrrcle in August gives an idea of the spatial varia-
tiotl in species composition that can occur in the
mar sh. At. each sampling location an area was se-
lected by walking the appropriate distance from
shore and throwing a svooden frame of 0.25 ms in
one directiora or another. Tv;o persons then walked
arouncl the spot where the frame landed, stomping
thc gr;tss and making noise. The purpose of this ac-
tion was to drive any crabs in the area into their

burrows, The frame was then pushed down to the
surface of thc marsh, All organisms readily visible
werc collected ancl placed in formalin as the grass was
slollly renrovetl from the plot. These organisms in-
cltr<Ie<I m:linly the snails, Littori /re,,'seri tirrrr, and Mel-
utrrPrrc After removal of all animals and grass from
the plot, the marsh soil was removed a little at a
time and sifted by hand to remove polychaetes, crabs,
and lrlt ttiol«s, All organisms were removed to the lab
where thcv were washed, counted, and driccl at 105'C

for 3 days, then weighed, fired at 450'C for 24 hours
and rclveighecl. This proccd«rc was followed for each
species at eaclt station. The results are reportecl in
ashfrce dry weight  organic matter! /m'-'. Biomass
distribution i» presented in figures 11 and 12.

The effect of ticle level can be seen in the distribu-

tiorr of organisms in the marsh at Airplane Lake on
the three sampling dates  Fig. 11, Table 10!. The high-



est tot il birimass at the 50 m station occ«rre<l in Oc-

tober; tlie December bio>i<;iss w;is less tli;iii I /10 of
th< level occurring diii iiig 0<tuber. 'I he level in A«-
gust was r >'.r', of that in Octob<r. Tlie highest »ieaii
sea level occ<ir» in Septcmbei anil October. Interme-
<di;ite levels occiirred througli the summer with very
low levels in tlie winter  Fig. 4!. In thc. following
p ii'agi"iplis, e;icli gioiip of:iiiiiii;ils will hc co»side>ed
separa tel! .

8,0 ,62

3.35
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Polychactes collecte<l i» the <Iuad>at samples are
m»<li I;irgci: than tliose of tlic inciobeiithos. These a> e
between 5 anti ]0 c»i in Ieiigth aiirl liavc bee>i iden-
tifiie<1 is .s err>>tires sir< cinr'n, Iii August they were col-
lected at all but thc shore a»d 3 m st;itio»s. I» Oc-
tober, tliey were abseiit at 3 � m: in Decembei. they
werc prese»t at only tlie sfi<ire, 3 m, and 10 n> stations.
Tlie higliest pol!cliacte bi»i»;is» occ«ized at 50 m in
A<rg<ist a<i<1 Oct<>ber, and at tlie shore in December,
I'he higlicst n«mhcr an<1 bio»>ass of polycfiaetes for
;ill trips was at the sliore st;ition i» Deccii>ber. I'eal
�9 >2! i.epor c<l th;it thc lii liest »u>»1>ers of Xeantfies
>nrr rinea we> e c<>llecte<l di» i»g the wi»ter in a Geor-
gia s;ili. marsl>. Ah<he» place<1 iii jars of m«<1 in the
laf>, some speciiiiei>s const> u< ted U-sf>ape<i tubes and
p<iiilpcd watci' thro«gf> <lie>!i, Otllcrs bu>'1 owecl
tliiough tlie miirl. Te;il ieporte<I tli;it an examin;itioii
of the 8<it of S'er<nthcs sir<air>ea revealed only di;ito»is,
<Ie<r ii iis, ni«<l, an<1 sand. W. E. O<lum �9< 1! ideiitifie<l
two iicieirl woims, Xrr>eis 7>ela«>ca and 1Vear>tfies srrc-
cinea, fiom tlie sedii»ciits in tlic North River estuary
in the Eveigl;i<les Xatio»ril Park. vr..s<rccinea seas pres-
e>>< al. all t>»les aild was Illol.c;ibulldail .. He repoi'ted
th;it boil> wor»>s were omnivoio«s feeders, co<>su»ting
fine detritus, algae, and even small crustaceans such
as h;irpacticoid copcpocls a>id amphipods.

Tlic average standing cr<>p of pol!ch;ietes was 0.1>
g org/in'-'. Tliis was obtai»ed by integrating the area
on the three curves repiese»ti»g polychaetes for each
montli and then averaging the three months. Only
Aiipl;ine Lake data was used, This same procedure
was use<I in deteimining average weight of the other
me»ibcrs of tlie iua<rof;«i»a. The budget. data shou»
for Polychaetcs is a» average over the whole m;irsh,
while that for the other groups is for the first .>0 iiieters
of marsh.

Respiration of Polvcli'i<tes was calculated using a
rate of 3«r~ body wt/day  Prosser a»d Brown, 1961!.
Assimilation efficiency of total food intake was as-
sumed to be 50";~. Prorluction was taken at twice the
average staiiding crop  Gerlach, 19> I!. Using this data
thc total intake is 8 g org/n>-'/year; respiration is 3.35,
feciil production is 4, an<I production is 0,62,

 'r;>bs collected in the marsh sampling i»elude tlic
fiid<ller crab, Uea p<rgnax; the s<1«are-backed crab, Se-
srr>nra >eficirlatirrn, and small  less than 25 mm! blue
cl ibs. Calli nectes sa7>idrrs. Gi'abs ai'e co»fi<>e<I to m;irsh
edge tyJ>c Il'lbitat v;itli fid<llers arid Mue crabs:.xtend-
iiig iii as f;ir as r>0 m in October.. In October ther.c were
»o cr;<bs collected from <lie sliore station a»d the peak
of ci;ib biom;iss measi«ed in August;i»d December at
3 m w;is considerably reduced. This may represent in-
creased pre<1atioii b! fishes during times of the high
tirl;il levels. Islo small blue ciabs were collected in

Aug«st her ause spaw<»»g does not take place ui>til
late su»imcr and ciabs of this small size would not
ippe;ii until late September or October. The highest
biom;iss of fi<ldler crabs was at 3 m, except during
October when it was at 50 m. The peak birn»ass was
3-I.!I g/m'-' at 3 m at Lake Palouide. Highest. biomass
f'oi' Sesarnra was at tfie shore in August, «t. 10 m in
Octol>er,;i»d;it 3 m in December. The only significant
blue crab biomass was found at 3 m during October.
Bioni;iss at other stations was all less than 0.1 g/m'.
Ag;ii», the higher biomass at the interior stations is
correlated with high tide levels. I eal �958! reported
thatV. 7>rig»a>r occurred throughout the Georgia salt
m;irsli aiid that S<sarma sp, was confined to the water' s
edge. He also reported that U. 7>rr<rr<ax burrows were
found only where there was vegetative cover. Siniilar
ohseivirtio»s were»iarle in this study. Teal reported
biomass of L'. prig»ax of 5.1 to 54.3 g/m- "on the levee
an<I 3,1 to 12.2 g/m' in the short S/>artina and biomass
of Sesrrrama of 4.8 to /.4 g/m- streamside and 0.8 to
22.1 g,'nt'-' on the levee.

I hc average biomass of the crabs in the Louisiana
m;»sh  Fiddlers, Sesa>.ama, and blue crab! was 3.60
g org/m'-'. A respiratory rate for crabs of 4.8%%u, body
wt/d;iy seas usecl  M'atern>ait, 1961!. This gives a total
respii ation of 65.23 g org oxidized/m%ear in the
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Fi ure 12. Distril>ution of macrofauna in SPrri l >ra a!terrri flora marsli at Lake Palo»id».

maish eclge habitat. Aii assimilation efficienc of 50~<�
was assiiniecl and a»riual procluction of twice the
average staiidi»g crop  Gerlach, 1971!. Thus calcu-
}at»cl, tlie total intake for cr;ibs is 145.4 g org/m"-/year,
feces pi ocluctiori is 72.>, anil proc!»etio» is 7.44. These
clata are average for the sr.rcamside marsh.
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Fic}cl}er crabs feecl by picking up clawfuls of mud
aire} soi ting it with their moiith parts, taking out
n»matocles, bacteria, and cletritus  T»al, 1958, 1962!.
Teal founcl that U. prig»ax was able to live on a mix-
tui'e of bacteria, cleiiitus, ancl sancl in the lab.

.'if»el crabs were not collectecl in any of the tran-
sects, but they have been taken occasionally from tlie
saine area. Wagner �970! reportecl Parroperrs her!>stii,
Aithr oparroperrs harrisii, and >lfenippe incr cerraria
from the marsli edge and along th» shore in the vi-
e:initv of Ail}~lane Lake. The liermit crab, C!it>crr»rri»s
sP. was also observed along the shore. Teal �962! re-
norted the biomass of the mud crab, I'-'»rytiurn limo-'
s»nr, in the streamside ancl levee marsh, ranged from
2,6 to 15,6 grm"-. He ciassifiecl tliis species as a second-/
ary consumer. W. E. Odum �971! found R. harrisii
at;ill st;itious in the North River system. Examination
of tir» buccal cavity revealed plant detritus �2~~~!,
animal matter including mostlv copepocls and amphi-
pocls �1",c,! and diatoms ancl filamentous algae  9 j~!.

At distances greater than 10 meters into the marsh,



molluscs were the pre<I»»iina»t lai.gci org i»isi»».
1 hcsc incl«ded three species of si>;iils and orie species
of rn«ssel. Sr>ail» inclii«led the iiiar»li peiiwi»kl<. Litto-
ri»a i»'o>ntn: thc sirloo'tli pei iwli>klc, X< >i ii>i<r rc< li-
rrnt<i; air«I the sn;iil Mctn»>/>r<s l>i<le>rtntn. I'lie sriails
h;ive bee» observe<1 bol.h on the gri<ss»talks and on
the m;»»h Hoor but they co»imonly climb tlie grass
stalks is the title rises. They feed on the epil>hytic
algil film on tlic plants a»d on the mar»li Hoor. Thus,
the cliet probably coiisists of di;>toms, filamentous al-
gae, dctritu», and smill a»inials living in the cpiph! tic
frlrrr. Smalley �95'! reporte<l that Littorinn co»sunies
'>/>nrti><n detritus, film algie, pliiiktonic larvae, an«i
mi<ic>scopic consumers o» thc mu«l surface;in<i SPnr-
ti»n aiifwiichs.

In ter»is of bioni;iss, Litto>i»n was the most import.-
a»t of tlie snails. The ra»g!<. of biomass was from 1.1
to 16,9 g,'m'> at station» wlrcre it iv;is colic<.tcd. Sm;<lie!
rcp<>rtcd air aver;ige of about 10 g/ni'-'. Iackmori �9<0!
st««lied ditto>'i>«r in tire mar»h aro«rid Airpla»e Lake.
On a I < meter trar>»cct, hc fo«iid tlie highest biomass
�< g dry wt/m'-' betv eeii 8 an«l 10 meters into the
mal'sli. Tire hlglrcst ll<ilnbel 'wiis 196 in«lividual».'m'-'.
I lie hrghest nulllbel ellcoillltei'C<l aiorlg oill tl;insect
in this study w;is 148 'r»'-', but we hav< observed Lit-
to>i>rn populitio»s as higlr as 52>0/m'-'.

AVitI> tlic excel>tiorr of r.lie »i>ore sr itioii in Decem-
ber, Littorryrn was pre»crit out to the 20 m »ration for
all sa»ipliiig «late» at Airpli»e Lake. In a<lditioii, it
w;is prese»t at 50 rnetcr'» ar Lake Palour<le. The high-
e»t. biomass at Airpl;ine I.ike was at 20 ineters for
A«gust and Octobci but. at IG dieters duriiig Dccci»-
ber, This biomass decrease seems to be due to a

witlrdr.a»al from landwar«l areas be< aiise of lowered

water lcvcls as well as a gciieral clccr case iii the popu-
I a t > 011.

The small »riail, Mcln>>>/r><,s, w;is tlic most iiunierous
species collected i» the <luidiiit samples, but because
of its»mall sire �-5 mm! it was less important in
ter»is of bio»i;iss. It wa» collected at all stations with

the c><ccption of tlie 300 m station iii December. iXorre
of tlr< other macrolaun;il orgi»i»iiis divas found it the
deep statio» in December. The highest bioi»iiss was
foiind in August at 5G m and at the shore station in
Deccmbei. Melnmpr<s and pol!cl>;retes were tire only
organisms wliich inhabited both the rnirsh edge habi-
tat an«l tlie i»terior ni;>rsli habitat.

The smootli periwirrklc, Xcriti>rn, wis most abun-
dant at the 10 and 20 meter stations. The highest
X<.'>iti»n biomass at Airpl;iiie Lake was at tlie 20 m
st;itio» for all three sa»ipling dates,

The average biomiss of sniils  Yc>iti>rn. Mcln>n/>rrs,
and Littori>>n! was 9.80 g «Irl /m'-'. Using a respiratory

i;iie ol' 3.2c'; ho<i! wt/«lay  Prosser and Brorvn, 1961!
t<>t;il respiration in thc mirsh c«lge habitat wis figured
to I>e 111. > g org or<i«li~ed,<rn-,,'! ear. As witli crabs, the
prodiicti<>» is assumed to be twice the sta»«ling crop,
;>»<I;i»»iniilatio» cffrcierrcy is assur»ed to bc 50~y~. The
t<>r;il irit;ikc foi sn iils is tlieri 268 g org'm- "tyear of
wl>iclr 131 i» lost as feces and 19,5 is pr<>duction. These
<I;it;i;ire I'oi tlie niarsli edg« liabitat.

268 19. 5

114,5

SNAILS

1 lie ribbed mus»cl, Moil>'vl«s der<>is»i<», is also an

irrxpor i;i»i. rcp>cscntativc of ihe. marsh fauna. Mo<liu-
I«> lives buried iri <lie rnu<l witli the ariterior end

piotriidi»g sliglitly above tlic»urfice a»d occurs in a
< lii»ipe<I di»ri ib«iioii. Gioiips live a»so<.iated witti
cl»»>p» of S>j>nrti><n, irta«bcd Io the roots v.ith their
b! ss;il tliie rd». I he largest cluriips encouritered were
0.2 to 0.3 iri in diameter. Kue»hler �961! reported
c.h»rrp» as hrroe as oric meter iri di;imctci in a Georgia
s;ilt i»;irsli. M<><lioir<s is a. Rlter feeder. Because of its

loc;ii.i<>n in tlic nr;rr»I>, it p> obribly feed» oii susperided
det> ii«», al'i ie, '/ooi!I'rrlktorr,;in<I other material wliich
be<oi»e» sii»peiided or Ru»I>eel i» bi the ti«les.

It w;is foun� o»ly at Airpla»e I,ake, and only in
the m;ir sh edgic habitat. Highest bio<»a»s levels oc-
curred 1>ctweeri 3 arid 20 meters. The highest was 9.5
g <lry in]-' at 3 m in Deccml!er. %@hen high nuinl!er» of
rnu»scl» wcie found �48 in August! they were mostly
»»>all.

Kiierirler foiiii<I that the average biomass in a Geor-
gia salt. mii'sh was 4.55 g/m'-' x>ith the lugliest meas-
ured being 31.6 g/m'-'. The highest populations were
in tall .>urn> ti>r<r at creek I>cad». In tire Louisiana marsh
the liigliest populatioiis were foun«l at 10 meters from
the w,iter. By integrating the;irea o» tlie curve to 50
m tlie avci age bio>T!a»» of >lfo<liolr<> wa» 3.19 g org/m'-.
Re»1>i>atioi> was calcr>lated using a rate of 5.5~~ while
p> <!<hi«tiori was assumed to be twice tlie average sta»«l-
in< crop  Geriach, 1971!. Using the above data, total
ini;ikc wis detcrinincd to be I Hk8 g d>y v;t/ m>/year,
witli 6>1 gl m'-'/year going to respiiiition, <0.4 for leces,
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an<i 6.4 for production. These <Iata ai'e for streamside
marsli to 50 meters.

MARSH INSECTS

Tliere has been no detailed study of insects in the
Louisian;i marshes. We will use data from other works

and general olrservations in our study are;i to estimate
insect populations. Mc'Aiahn et al. �9/ I! studied
micro-artlrropods during the siimmer in a North Caro-
liii;i s;ilt nuirsli in tlic vici»iii of Moi ehcad City. The!
coiinte<I and weiglied all artliropods  exclusive of
crabs! <aptrrrcd in a box placed over the marsh. Bio-
rnass raiiged from 0.12 to 0,14 g dri wt/rn'-'. I»sects,
spiders, mites, pserr<loscorlri<rris, arid anipliipods were
collected. Of the insects, the orders homopteia, hete-
roptera, diptci.a, and collernliola were the most im-
portant. They calcul;ited a diversity index  no. spe-
cies,'sq. root no, speci»ie»s! of '2.6. This is much higher
tha» that reported by K. P. Odrmi �963! for insect
diver sitv in a Georgia salt maish. Smallcy �958! stud-
ied tire gr;issliopper, Orc/r<.'lrrrr urn, in a Georgia salt
m;rr'sh. He measured ivcragc population densities for
adults and n>.rnphs at 3.4 and 3.15 individual~ per
sqrrirre meter, respectively. The average dry weights
per in<lividual were 0.37 g and 0.2 gfor adults and
nymphs resl>ectively. This gives biomass for adults as
1,25 g dry wt /m'- and for nymphs as 0 Ji3 g dry
i4 t/m'-'. These values are much higher th;in those
me;isi»cd in North Caroliiuu Golley et al. �962! es-
tirnated insect biomass in a Puerto Rican»iangrove
swamp at 0.103 g dry wt/m'. Tliis is close to that
measured b> Iric'Afahn et al., but again mucli lower
than that reported by Smalley. Most of the insects
feed on the maish grass or on the detritus. The spi-
ders are mostly carnivores.

Wc will assume an insect biomass of 0,1 g dry
wt/m' and average respiratory rare of 0.7 g organic
matter respired/g dry wt/m%lay or 25.6 g/mz/year.

For a similar biomass level, > IcMahn et al. �971! es-
timated insect prorluctivit> in the North Carolina
m;irslies at 0.4 g/m'-'/>e;rr. 4't'e wiII use tire same figure.
Assii»ii»g an assiniilatiori elliciency ol 50~,'� feces pro-
duction is 25 g/m'-/year and total food intake is 51
g/'m'-' /> ear.

MAMMALS

>Iammals which are important in the marsh are
the raccoon, Procy<»r lotor, and tlic muskrat, Orrd<rtr<r
zitr<.'t/ricrrs. R;i<coons are true omnivores wliich seem

to siiow a preference for a»im;rl matter. There are no
specific studies of raccoon feeding habits in the I.ou-
isi,ina marsl>. St idies in other areas indicate that they
vs ill take wliatever is assailable  Stains, 1956; Stuewer,
1943; Whitne> and Underwood, 1952; and Martin et
al., 1939!. Raccoons will feed on more pla»t material
at certain times than at others. In sur»mer and fall

their diet. probably has a higher plant material con-
tent. Iruits arc the principal plant foods. Raccoon fe-
cal pellet~ have been collected from the marsh around
Airplane Lake. The pellets are composed of 6G to
80~<,' fr;igmeiits of. mollusk and crab shells. Another
source of information as to their feeding habits is
examination of rejected material at sites where they
h;ive been feeding. I'his includes mainly,'tfo<liolus
and crab shells. Batenaan �966! noted that raccoons
feil on r;iil eggs. Therefore, the diet of raccoons in
the marsh probably includes plant material, crabs,
s»ails, fiisli, bird eggs, and mussels. Crabs and mussels
seem to be the most important, The population den-
sitv of raccoons is estimated at 0.025/acre  Palmisano,
19r I!. Weights of individual raccoons range from 8 to
15 pounrls. An average wet weight of about 12 pounds
or I�'i00 grams was used. I he biomass calculated was
about .028 grams wet wt,/m'-. In our lab we found
tire average dry weight content of mice to be about
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Table 11. Distribution of Marsh Fauna in I,akc Palourde in August

average
biomass
to 50m

Distance into sfarsh from teater Edge
10m 20m

Organism
50mshore

Neritina
0.2/16

Scsanna
5.2/4

Fiddler
L8/4 1L545.6/1684,0/80 11.7/20

18.8/148

8.1/672

8.2/20
Littorina

8.620.8/80 15.5/882.9/408.6/40
Melampus

1.24L8/260 02/20L4/592.2/28
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30 jo of total weight. We «se this value for marsh
manic»ala, Thus, the asev;tge dry weiglit of riccoons
is 0.0084 g/m-'. An average respivatorv rate of 19%
hotly wt/day tvas calculatetl fvom Altman. et al. �958!.
This gives an average respiration of 0.0015 g/ms/day
or 0.55 g/ms/year. Assimilation efficiency was assumed
to be 50%. Production is probably less than one turn-
over per year since these animals live longer than one
year. Thus, it is less tliari .008 g/m%ear.

Tlie Ill ii!kl"It popllla troll was estimate<I ! rom a co«iit
of the number oi muski-at houses in the marsli. Nesv-

som �971! countetl .025> houses per acre in the salt
mavsh in the vicinity of Airplane Lake tluri»g August
196i9. O' Neil �949! gives ati average ot5 muskrats per
house anti an average weight of 1000 grams wet wt.
per i»dividual. Using these figures, there are .125
muskrats/acre or .031 g sect wt/m'-'. Ass«ming 30%
as the dry weigltt fraction,. the biomass is 0.0092 g
dry wt/m'-'. Using the same respii atory rate as for
raccoons, the respiration is 0.0017 g/ms/day or 0.6205
g/ms/year. Nutria, Myocastor coypus, are generally
1/5 as abundant as muskiat in the salt niarslies  Cha-
breck, personal comm.!. 'Blink is found in the salt
maish and its biomass was calc«latetl to 0,0056 g
wet wt/m'. Otters are probably about as abundant as

mink. 'Afarine animals such as porpoises have a tro-
pliic positioii which is similiar to top carnivorous
fishes and are considered in the section of fishes.

MUSKRAT AND NUTRIA

The muskrat is princip;illy a lierbivoie, but it will
occ;isionally take animal matter. Marti» et al. �939!
report. tliat buIrush and cattail make «p the major
pol tion of tlie diet with SPorti »a accoiinting for only
2 to 5ov'c. Tlie first two plants are fresh and brackish
water plants; thus, salt mars!i grasses must niake up
most of the <liet in the area o! st«dy. Our observations
inclic;ite they eat mainly tlie roots rather. than the
above-grouncl portion of tlie pl;ints, Nutria generalh
liat e simil;ii. food habits to the m«skrat, but feed

I;ivgely oii thc basal portion of the stems of plants,
The data above are foi saline mavshes. Muskrats,

raccoons, and iuitria are inucli more abundaiit in the
brackisll aiitl ii cali watel niiii'shcs.

Birds wliicli feed pri»cip:illy on the marsli include
sparrows, wrens, rails, blackbird», and grackles. 'Afa»y
w;idiii bircls anti shore hirtl» feed oii the animals in

the mars!i as well as those of ponds, lakes, ant! bays,
Tlie trophic relationships oi the birds will be con-
sitleret! in detail in a later section.
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The submerged seclime»ts of Baratal ia Bay co»sist
mai»ly of soft peaty or mlldll! materials. Because of
the soft nature of the seclimcnts theve is a scarcit! ol
lar< e sessile forms. Large flats <>f molluscs such as
clams or sc;lllops are 'Ibsl »t from most of Baratavia
Ba!. I he o»lv la>ger sessile benthic organisms which
have developed large popt>iatlo»s arc oysters which
are reef l>uil<li»g orga»isms a»cl Razzgia clams which
i»l>abit the oligohaline poztio»s of the bay. Oysters
arc consiclcrccl in a sep;>rate chapter. Ravzgia clams
are not. discussecl because they fall out of the saline
zo»e which is the subject of' tl>is pai>er. Tile greatest
;>mon»t ol the biom,lss of the sub»zcvgctl sedi»lents is
vepl cse»tell by meiofa»»al o>ganis»zs. This chapter
will bc cancer»eel mai»ly with these organisms. A
11»ml>er of e>,te»sive studies and reviews concerning
the meiobc»thos ha>c bee» reported in the literature.
Among these are works of Xlcfntvrc �969!, Gerlach
�971!, Wieser �960!, Tietjen �969!, an� Fenchel
�96lz, 1969, 1970!.

%Caldron �963! studietl fnraminifera in Timbalicr
Bal which is west of B;Irataria Bay  Fig. 1!. Bottom
samples weve collected at 17 stations throughout. the
1>ay with a 2>rt-inch core tub». Very few specimens
weve less than 0.149 vnm in diameter, The following
species rcptcsc>>ted thc greatest part of the fovamini-
fera collected: Amr»otiztm dilatatrzrzz, A. fragile,
salsum, Elf>hidium gu»tevi, E. limosam, E. matago1-
rlarzzrrll, Sf>ei>lzrs f>arlcizzso>ziarza, S. fef>icla, and Mili-
arrzrrzi>zct fusca. Warren �9ocH! studied fovaminifera of
sali»e marshes in the Mississippi Delta just east of
Baz ltaria Bay. 1 bc most important genera character-
izi»g lake sc<linzents weve Arrzrzzof>aczzlitiesc Cvil>zooi-
d>fzicliurrz, and Ef>orzicfeRa. 4'>'aldron found that in-
dividu;II stations showecl peak populations at diferent
times of the year, He suggestccl th;lt orga»ic materials
in the water werc responsible for higher numbe>s of
loz ami»ifcva in the sedizzzc»t. %lean monthly popula-
tio»s ol foravninifera we>e calculated by averagi»g the
pol>ulations at the 17 stations foz. each month. Al-
though peak populatio»s at individual stations oc-
cur>ed at dilfere»t ti»les, the highest tnean peak oc-
curred during April co>responding to the tivne of
high loss of detrital material from the marshes  Fig.
13d and 1'able 12!. VVatkins �961! found there were
higher populations of foraminifera near sewage out-
falls on the California coast.

F M A M > > A S 0 >l 0

Figuze 13. Annual vari;ltions of biomass and popu-
lation levels ol' meiobenthic organisms of the sub-
merged sediments in Airplane Lake  Bennett, 1972!.

Table 12. Population levels of foraminifera in Timbalier Bay,
La. 1Recalculated from Aualcfron, 1965!.

Mo>1th %umber live fora>us/ma

Janualy 5557
1'el>ruary 5609
Marcll f8945
April 45188
May 15894
June 18808
July 19451
August 15685
Seple>nber 15822
october 18764



The average size of a single fov;imiiiil'er;in c;ilcu-
laied from Waldion's dati was betweeii 0.2 and 0.3

mm, a splieve 0.2;"> mni in di;ii»etev iii a specific gravity
of 1.2 weiglis appr<>ximatel! 10."'g. The average popu-
lation of Iii inf> for;imi»ifer;i diiring the lear was
16,600'm'-'. Assumiiig th;i< tlicsc are all spheres with
specific»ravity I, this >epresc»ls an;iverage bio-
m;iss ol �.16 g wct w<. 'm-'. Gci1;icli �971! reported a
foiiiminifci;i biomass iaiige of 0.43 g �:L91 g wet/<»-'
in 3 siibliitoral zones nfl' Goteborg. TI>e:<aerage was
2.22 g 'm'-'. Tlie or g;»iic <oiitciit ol I'orarninifera is
about 4c<, ol' fresh weiglit  Gerlicli, 1971!. This gives
a bin»>ass of .0064 g org m-' loi tlic c;<lculation from
Waldloil and .089 g/m" fol Gei lit< 11.

%<cry fcw cilii<es have bccii observed iri submcvged
sediment san>ples fi on< Bai;it;<ri«13ay. Gcrlach states
that iri soft bottoni sedi»ieiits, »cmiio<les and cresta-

ce;i <Iomiii;ite and tlie ii«mbci s of 1 urbellaria, Gas-

trotricha a»d C."iliata ave iel;itively small. This is true
fov the sediments ol B;ii.;itari;i Bay. Fcnchel �968,
1969, 1970! has reported exte»siicly on marine cili-
ates.

in fall and ~< inter, Tlie niaximum in cpigrowtli-feeders
coinci<lecl witli increases i» benthic microflora pro-
duction a<id tlie maximum of deposit and omnivorous
fecdci coiiici<lcd with increases in orgiiiic detritus
levels. The high Ies el of nematodes in %larch in
Loiiisi;i»;i coiiicidcs with high levels of detrital wash-
out fvoni tlie marsh.

He»nett  <inpublished dat:i!;iiid his co-workers have
st<idicd <lie h»gei meiobentliic population in airplane
I.akc. Tlie niost common oi.g«riisms  excluding nema-
tod<s! were liarpacticoid copepocls a<id the second
most commoii were amphipods. Tliese two groups
repvescni. about 80';, of the total numl>cr of orgi»lisI1>s
coll<lied. The next most c<>mmon groups were ostra-
co<ls, cliironomid larvae, and polychactcs. I he above
five groups made up greater tlian 95 ., of the total.
Tan;iid;ice;i»s and cumacc:i»s were nuinerous at times,

Tlic most common amphipods were C'oroPhiur>< I«-
cu<trc anti Am/>tlesca sp. t.. lac«str< was most com-
moii i» Sj>«rti»n roots near tlie shoie, Am/»'lesca was
most common in the submerged sediments adjacent
to the shore,
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MEIOFA UN A

Rogers �970! studied meiofaunal populations in
sever.il areas iii the Bar;it;iri;i 13al system, In the Air-
plane Like area, pop»I;itions of nematodes ranged
from 68.>,000 to 4,1C>~>,000/m-'. Biomass of nematodes

w as calcul;i ted using 0.0002C>9 mg as t tie average
weight of a single neniatodc, Tlic dctevmination of
this weight was discussed in the section on the meio-
fauna of thc rn;irsli soil. Gvaplis ol iieriiatode biomiss
and numbers are present iii Figures 13a anti 13b, re-
spectively, 13otli »umbevs an� biomass were higlier
in <larcl> aiid lowest in tlie siimmer months. Nema-

todes represented about 90'zz of <lie total ii imbers of
meiobe»tliic organisms. Wieser �960! reported nenia-
tode populations of 1.69 to 1.8t> x 10" /m'-' in Buzzards
Bay, 'AIass. Tlic average weiglit of a single nematode
was higher than that of the Louisiana nematodes
�.00! 2 to 0.0041 mg! thus the total biomass was
Iiighc< � I to 0 6 g dvy wt/m !. Nematodes and
kinovhynch» comprised between 89 and 99~~ of num-
bers of meiofauna in Buzzavds Bay.

Tietjeii �969! studied the meiofaiina of two New
England estuaries. Nematodcs s< cre the dominant
group, averagi»g 83,~ of the total numbers and C>4%%uo
of the total biomass, Nematode populations ranged
from 0.82 to 4.8 x 10'/m-" and biomass ranged from
3.3 to 32 grams wet wt/m'. Epigrowth and deposit
feedi»g. nemato<les were most abundant. Epigrowth-
feeding species reaclied m;iximiim numbers in spring
and summer; deposit and omnivorous-feeding species

Be»nett provided population densities of copepods
and anipliipods. 'I lie average annual population level
of ampliipods was 3080< m'-' and tliat for copepods was
6832 im-'. The ave>age length of ampliipods was 2-3
mm and the average weight was about 200 t<g dry
wt individual. Tlie harpacticoid copepods were much
smaller, weighing about 10 > g dry wt. each, I'he
weiglits for these organisms is much higher than the
26 > g wet weiglit for ampliipods, but close to the 7.>r
tzg foi harpacti<oids reported by Tietjcn �969!. Ben-
nett estimated tliat ampliipo<ls and harpacticoid cope-
pods make up, on the averige, about 80",~ of the total
meiol'aunal population and 90",�' of the biomass in
the subriierged sediments  excluding»ematodes!. Tlie
rest consists mainly of ostraco<ls, chironomid larvae,
an<1 polychaetes. We estim;<ted the biomass of meio-
beritliic org;iiiisms other thari copepocls and amphipods
as tivice that of harpacticoid copepods.

These data are presented in figure 13c. The highest
biomass levels occurred during February and Xfarch;
the lowest levels were in I< fav, June, July, and Septem-
ber. The low populations during the summer months
coulcl be the result of higher preciation or perhaps
lower oxygen levels in the sediments because of higher
temperatures. Amphipods dominate the meiofaunal
biomass because of their large individiial size as com-
pared with other meiobenthic organisms. It sliould be
remembeied th;it these data are for Airplane Lake
only, and are not necessarily representative of the
e»tire Barataria Bay region.
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Hiegel �971! conducted detailed stttdies of the
haiparticoid ropepoil» in tlie sedime»ts of Airplane
Lake. The majority of bei>thic copepocls were har-
pacticoids, but several species wei.e ones commonly
fou»d in the pla»kto». There wa» a consistently great-
er population density in parts of the lake with the
greatest c«r>e»t  highest ri»t ent = 5 feet/sec!. After
a rain copepod numbers incre;ised near shore. This
is pi obabb because tlie r;i in w ishecl detritiis into the
near shore areas a>td copeliods moved from deeper
w;>ter to feerl on it. Cont>.oiled lah experiments have
shown that harpacticoid» will actively seek out areas
of favorable feediiig co»ditii>»s  Gr;iy, 1968!, Although
there are»o sh;ii.l> e<.olc>gir;il zonatioiis in this shal-
low lake, each copepod specie» show cil a definite
prefei.e»ce for a certain poitioii of it. The most nu-
t»erous species was Can»ella elr>ngata. It was 1'ound
over the whole lake but prel'erred the deepei central
portint>s wliere higher cuiients liave been measured.
Psendozosime sp. were most numerous in the middle
groiincl I>etweei> the cleep and shallow water about
70 feet from shore. Xi tocra,st>i ni pcs and Paralao-
/>l>nnte larerdai were botli fou»d in the shallows w'ater
around the edge of the lake and absent from the
deeper poition. ls'. 5Pinipes was founcl in areas with
higher currents �-2 ft/sec! a»d P. larerzlai inhabited
sh;illow areas of sluggish cur> cuts  less titan 0.5 ft/sec!.
Tacl>irlins liltorahs v as re»Irirtecl to the deepest por-
tion of the lake a»d completcll absent from near-
»liore stations.

Spatial variation of meiobenthir biomass is pre-
sented in figure 14. The figure represents a typical
transect across Airplane Lake. The transect is about
400 meters in length and stations I and 9 are each
about 20 m from the two respective shores. The bio-
mass of meiobeiitliic org >i>is»is is higher nearer the
shore. As in the seaso»al pictuie, amphipods donii-
nate the biomass of the meiobenthic organisms be-
cause of their large size. One iniist examine the na-
ture of the bottom sedimci>ts to understand this dis-

tribution of animals. The sedimettts near the shore are

typically brown, highly orga»ic a»d of a larger particle
size as a result of deti ital material being washed in
froi» tlie surioundi»g marsh. However, secliments in
the renter ol the lake contain a much higher portion
of silt and clay, are typically grey colored, and haie
sm;ill particle size  Be»iiett, personal communication!.
Since many of the meiobe»thic organisms are detrital
feeders, there would be higher populations in areas
of higher organic levels.

Figure 14. Variation of biomass of meiobenthic or-
ganisms on a transect across Airplane Lake. Note
that biomass is higher near shore  Bennett, 1972!,

FEEDINC HABITS

Weisci �960! reported that most of the ineiofauna
feed on the substrate itself  i,e., they are deposit
feeders!. Perkins �958! founcl the gut content of 16
.specimens of nematodes with strong buccal armatures
to consist cl>iefly of diatoius, bacteria, and possible
minute Ragellates.

The only nematodes identified from the Louisiana
niarsi>es had a small unarmed buccal cavity. "Nema-
todes with small u»armeil buccal cavities have been

classified by Wieser �959! as selective deposit feeders
anil are thought to feed on small pieces of detritus
anti bacteria which they iiigest by the sucking power
of the esophagus"  Tietjen, 1967!.

BIOiVIASS, RESPIRATION AND PRODUCTIVITY

The average aimual total biomass  nematodes, for-
aminifera, a»d other meiobenthic organisms! was 1.47
g dry wt/m-". We used the same respiratory rate that
was used for the marsh soil meiofauna to calculate

respiration of submerged sediment meiofauna. Thus,
for an average biomass of 1.47 g org/m', the total
respiration is 45.9 g/m'/year.

Gerlacli �971! gives 10 as the average number of
turnovers per year for the meiobenthos. Production
for a» average biomass of 1.47 g org/m' is 14.7 g



oi g,'tn'-',,'ye;<r. Assiiming aii;issi»iilatio» efFiciency of
;>0'! � feces pi <><.l«ctioii is 0>0. i and total intake is 121.2
g org/m'-' 'year.

45.9

a>! iii ihc c'<aiei'li pal't of Bar;<taria Bas. He collected
s;i»il>les rsitli a Pete»son Dredge. The most abundant
<»ga»is>i>s <sere two species of polychaetes similar to
tiiose <.ollected in the marsh. Also fairly abundant
wei.c sever;il species of. small mollusks. Formaii also
collectc<l cpibi»itliic invertebrates in trawl hauls in
I.;ike Gr;i»dc Fc iillc. Thc minor i»sertebrate com-

f>oil<.'I <Ls dill'iiig 19t0 consisted of Thais haer>rostoma
 os sic> di ill!, Ctt't><r»o>i»s r>it tat» i  liermit crab!, Squil-
la < n> »csa  mantis shri»ip!, Alpheus bete> oehaelis
 s»;il>ping slirimp!, Callinectes similis  a swimming
cr;ib!, tsso species of no»-commercial penaeid shrimp�
T>«<hype»en> .sir»ilhs a»d Xiphope>>e>cs kroye>i � and
ses ci;il species of xatithi<f crabs. The biomass for
tliese minor compo»e»ts is shown in Table 13.

MEIOBEYTHOS

Forman  «»p«blisl>ed data! has qualitatively inves-
tig,<ted the larger i»fau»a i» Lake Grande Ecaille  Fig.

l al>le 13. B«>n>ass <>t ill«lol'
Lal'e C'ran<i Kea
data!.

Season
ss <>><el
Si>l lug
S92n>>n>e<
I'a 1 l

c<><nl>oncn<s in trawl san>t>les from
ille, 1 970  t onnan, nnf>nl>lishe<t

g we</n>2
0.0009
0.0077
0.0024
0.0060



ZOOPLANKTON

This cliscussiori of zooplankton is basecl mainly on
the works of Cuzon du Rest �963! and Gillespie
�9<1!, Cuzon cIii Rest studied zooplankton in salt anti
brackish water areas north of Brcnton and Chande-

le«r Sounds on the easter» side of the lrlississippi
River. Gillespie's s;imples were collected along the
entire coast including ne;ii shore areas a»d passes of
tlie Barataria Bay complex. No extensive studies of
zooplaiiktoii have been un<lertaken as part of the
LSU sea grant program because the above works
have given a fairl! detailed an<I extensive description
in Louisiana estiiari»c areas.

POPULATION COMPOSITION

Both Gillespie and Cuio» drr Rest reported similar
patterns of co»ipnsirion an<I seasonal abundance ol
the zoopl;irikton, although sig»ific;intl! higlier num-
bers were reportecl by Crimson dii Rest. <AI aximum
zoopl;i»kton populations occurred in April. The most
import;»rt zooplankter is tire copei>od Acartia to»sa,
This sirrglc species accor»ried for an average of 60%
of the total niimher of organisms cou»ted by Gillespie
ancl 83% for those cori»ted by Cuzo» du Rest. At
times it represented more than 95%of the organisms
caught  Fig, 15!. A. t<>»sa has be<.n reported to be the
major component of the zooplariton in many estuarine
are;is includi»g Biscayne B;iy tWoodmansee, 1958!; St.
Anilrew Bay, Florida  Hopki»s, 1966!; the Laguna
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Figure 15. Annual cycle of zooplankton from salt
marshes east of the ihfississippi River  from Cuzon
du Rest, 1965! .

'Afadre of Texas  Simmoiis, 1957!; Long Island Sound
 Con<iver, 1956!; the surface waters of the Delaware
Bay region  Deevey, 1952 a, b!; Great Pond, Falmouth,
'Afass.  Barlow, 1952!, and I.ake Pontchartrain, La.
 D;rr.rieil, 1961!. Darnell found the greatest abrrrrdance
of copepods in surface waters of areas "characterizecl
by mixing of water m:isses, bottom roili»g, and prox-
imity to erodirrg marshes." A. to»sa is a euryhaline
an� eurythermal organism. It was found throughout
all the temperature �-35'C! and salinity �.3 to
greater than 30 ppt! ranges stuiIied b! Gillespie.

Other copepods of importance were Labidocera
aestivn, t entropages hnmat«s, Temora t«>.bi»ala, Tor-
tan«s sp., I'»di>>i<la vrrlgaris, Halicyclops fosteri, an�
Er<ryte>nora hirrrndoides. Gillespie noted tliat, as the
number of other copepocls increased  par ticularly
Lnbidocera nestivn!, Acartia tonsa decreased. L. nestiva
is co»siclered a predatory copepod ancl this may ac-
count for the diminishing numbers of A. to»sa with
an increase in the L. aestiva population.

Decapod larval forms were present throughout the
year but were most abundant cluring the spring
months. Zoea and megalops of the blue crab were
ofteii abundant, The peak periocl for these larval
forms was during the spring months but they were
encountered throughout the year. I'wo decapods,
Acetes america>i«s car olinae and Lucifer fnxoni, and
the caridean, Leander teniiicornis, were often abun-

da»t. L. faxorrr' is considered a carnivore.
Ctenophores were taken throughout the year but

were particularly abundant during the summer
months. Wherr high concentrations of ctenophores
were present, the rest of the zooplanton was low.
The ctenophores seem to be important predators on
the zooplankton. The most common species were
Beroe ovata and i<r<fnemiopsis rnccradyi. Phillips, et
al. �969! studied jellyfishes and ctenophores in the
Mississippi Souncl. They reported that ctenophores
and hydromedusae constituted the most important
group of predators affecting zooplankton populations
due to:  I! the extreme local abundance and �! their
voracious feeding habits. They presented a trophic
diagram which indicated that jellyfishes and cteno-
phores feed mainly on zooplanton and, to a lesser ex-
tent, on small fishes. They are fed upon by several
fishes, crabs, and shore birds.

Sniall bivalve larvae were conimon from July to
November. Annelid larvae anti post-larvae, mainly
of the species Xeanthes succinea, were most numerous



around October. The chaetognath, Sagitta l>isPida,
was abundant in September. and October. The tuni-
cate, Oil opleit>'a sp., occurred throughoiit the year
and was most abundant duriiig the spring.

Gillespie states that "salinity appears to he the cliief
conti oiling factor iii the number of species present,

while temperature, competition, and predation con-
trol the number of individuals present."

EOOD HABITS

Both Gillespie and Cuzon  hi Rest conimented that
detrital material accounted for most of the volume of

material collected on most taws. Gilles»ie found this
especially true of waters of llie B;irataria Bay region.
This information, aloiig witlr Darnell's observation
that copepods are numero>is near eroding marshes,
iiidicates that detritus is pi.obabis aii important com-
ponent of the diet of most zooplankters. Iilost zoo-
plankters are considered to be herbivorous filter-
feeders  with thc exceptioii of the carrrivores men-
tioned above! and will probably take any sm~ll par-
ticulate material. Detritus is tire most abundant sus-

pended particul;ite material in  lie waters of Barataria
Bay, thus it is probahll tal en more often by the
fil ter-feeder s.

Cuzon de Rest. showed a major peak during April,
This peak occurs at tire same time the majority of
fish larvae appear in the estuary and they probably
serve as foo� for the fish. He showed no other well de-

fined peaks and only slightly less zooplankton bio-
mass during the colder ruonths, Gillespie, however,
showed a smaller, hut well  lefined zooplankton peak
during September and October and definite winter
minimum.

Cuzon de Rest's numbers arc about 10 tiines Iiigher
than tliose reported by Gillespie. C»zori du Rest
measured the highest pop«1;itions of Aca> tia in the
hr;ickish marsh. The intcrniediate rnarsli population
was 76% and the saline area population was 44%
of that in the brackish marsh. Gillespie's low num-
bers in the pass areas may he indicative of the same
trend. She also found that A. tonsa rel>resented 60%
of the total population as compared to 83% for
Cirro» de Rest. This may be repi'esentative of higher
diversity isitli increasing salinity.

The biomass figures were calculated as follows:
C rzo» du Rest reported results as numbers per 5
minute drag of a 0,6 m plankton iiet hauled at the
si»face at approximately 2 knots. He suspected that
miich of the water did not filter because detritus

cli>gged tlie net. Assuming half. of the water filtered
throiigh the net, a column of watei 16>2 m x 0.196 m'

50 m' was fiitered. Assuming water 2 meters in
depth and that zr cartia was e I»ally distributed in
the water column, the number of copepods per unit
area can be calculated. Loesch �971! gave the aver-
age iiet weight of one 3carti t as 0.09 mg. 'I his figure
was used to convert to biomass. Dry weight biomass
for Aca>tia was calculated assuming 80% water. Bio-
mass for total zooplankton was then calculated as-
suming zfcartia represented 80",~ of the total.

RESPIRATION

Respiration was calculated using a rate of 10%
body w ight oxidized per dai. Qasim �970! reported
a figure of 12%. Using these methods, respiration was
calculated to be 0.22 g org material oxidized/m'-/day

BIO i>r Ass
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ZOOPLANKTON

Biomass and respiration of zooplankton were cal-
culated based on Cuzon de Rest's data for Acartia

tonsa, then corrected for the whole zooplankton pop-
ulation assuming that zr. tonsa represe»ted 80% of
the population. Cuzon du Rest collected plankton
from tliree areas in the estuary � a brackish marsh, an
interinediate marsh type, and a saline marsh type.
The data presented below are the average of all
collections made in all types of marshes. zr. tonsa
represented about 85% of all organisms collected.
There was a large biomass peak in April and per-
haps a snialler one in August. This compares with
peaks in June and October measured by Gillespie.



ot 80.6 g/m-'/year fo> Acat t!a tri».sa. Assunring Acat tia
represented 80;.�' of total resl>iration, the zooplank-
ton polrulation respired 0. 8 g org/tn-"/day or 100.fi
g/m !' year. 'it oodniansec �9 r8! estimated that Aca! tia
tonsa passe I t1rlougll alrout 11 generatio»s per year
in Bisca!ne Bay, Florida. The temperature is some-
what cooler in Louisiana est»a~ ies so we will assume

10 generations per year, Using 'r.0 g org/rn" -as the
average biomass then the production of organic ma-

terial hy Acartia is 30 g org/m%car or 2~r g/'m"-/year
for the total population. Mullin and Brooks �970!
gas'c gross growth efficiency of about 40'jI, for cope-
pods, Assuming that this means that 60",!0 of total
organic intake goes to feces, then feces production is
l,r0 g tm'-' t> r for Acartia or 1817. r g! m-'/yr for the
total zoolrlankton population. Fugleman �961! found
that the percentage feces production for Daphnia was
7aa'





I,«rger crabs are present in tire summer. Thc crab
biom;iss,'m'-' iv;is compiited;is follows: The weight of
;in aver,ige eral> foi. each trawl was cleterinined from
a gr«pli of c«r«pace widtii versus weight presented
by Trucsd«lc �970!. Ttie weiglir. for ari average cr ib
iv;rs then multiplied by the numl>er of crabs for tliat
trarvl to obr«iii-the total bioniass. Foiiman weighed the
crabs Iic caiight so tliat biom«ss on a g/m"- basis had
only to be divided by the total area covered by the
tran 1, We are assuming that the trawl is 50~!~ efficient
in captiiring crabs: tlrcrefore biomass data from For-
man and Peiict h«s becii ni«ltiplicd by a factor of
two. Wet weiglit biomass was coiiverted to diy wciglit
assiiniing 80~!�w«ter.

Foi both wor kei s, tlie highest biomass peak was
dr<ring the sunimer. There is fairly close agreement
except 1' or measurements of Perret duiing April and
M;ry. Rccorcls of crab fishery catcli indicate that
there may bc considerable vari«tion in tire quantity
of fishery yiehl for differcnt years which m«y account
for the clifferences. The biomass r«iiged from 0.23 g
dry wt/m'-' during the summer to a los of 0,02 g
dry ivt/m- diiring the winter.

Biom«ss of several species of less «bund«nt crabs
wai also obt«i«ed from Form«n for collectioiis in

Lake Graride Ec«ille. Included among tliesc species
of crabs cauglit during 1970 were Calli>recte>. similis,
,Ua>ri/>pa mer<a>>aria, Rhitlr>o/>a>roper<s harrisir', and
I:r<ry/>air<>/>err« sp. The biomass of these organisms
aver.;iged aboiit .012 g wet wt/m'-.

tioii must be replaced each year. This gives a figure
of about 0.2 g clry wt/m'/year for production if we
use 0. g/m" -as the peak siimrner population. It must
be reniernbered that these data aie c«lcuI«tcd from

tiai<l tows. We clo not knoiv how effi<ient trawls are

in sampling the crab pop«lation ancl «re assuming
50".<, efficierrcy. Fisclilcr �96.>! estirnatecl the blue crab
p<ipulation in the Neuse River in North Carolina
usi»g catch-effor, catch-sampling, and tagging meth-
o<ls. From niaps of the region, we estimated tire total
are«sampled aiid obtained «biomass figure of 0.15
g org'rn-". This is a rough figure, biit it is relatively
close to the onc presented here.

J«rvorski's �970! report of the total crab catch for
b<>tli cominerci«I and sports fishing claimed 2,200,000
pounds for 1970. If we assunie tliat dry organic mat-
ter  less w;iter an<1 ash} is «bo«t 10<~~ of the fresh
weigIit, then the total crab fishery in Barataria Bay
is approximately 10' g org/year. Lrsing a figure of
1.6 x 10" m-" for the area of the Barataria Bay system,
the take of crabs by man is approximately 0.06 g
dry ivt,'m'-',year. The bay system is about 50i: water,
thus the total catch on a water area basis would be

aboiit ti<ice this or 0.12 g <Iry wt/m" -water/year. Thus
thc tot;<1 int;ike of organic matter by' the blue crab
popiiI«tion miist be 1.88 g/m-'/year to account for
0.2 g of prodrrction, 0.74 g for respiration, and 0,94
for feces production  assuming 5>0~!~ assimilation effici-
ency!.

0.2

�.12!
].88

0.74

BLUE CRABS

RESPIRATION

Respiration was calculated using clata from Water-
m;in �960!. An average respiratory rate of 0.03 re-
spired/g C body weight/day w«s recalculated from
Watcima». This figur was miiltiplic<1 by the average
bionr«ss to obtain respiration. The average respiration
foi tire entire year is 0.002 g dry wt respired/m'-/day
or 0.74 g/m'-'/ye«r ivlren c«le«lated either from Per-
ret's or Forman's data.

It takes «bout 12 to 18 months for total maturation

of bl«e ci;ij>s. AVe will assume that all of the popula-



SHRIIYIP

Sfirimp are ani !rig the»!ost in!poi t;int con!!!retrial
species in Louisi;i»a coast;!I and estuai iiie watei s.
1'lie>' r;i»k first ii! <lollai aalue ancl second to men-
haden in total pou!i lage. The averrigc a»11<1!il shl ilnp
harvest f! om inshore I.oiiisiana waters from 1963 to

1967 was S0,6 million po«» ls  fisc weiglit! v;<l«e<I at
mo!e than II0 millio» to the fislieiiuan. I hese clata
wer< obt;!i!!eel fr >i<i ari 1}4>,f listi»g p! o! i lecl l>1 the
Natioii;il 1<I,» iiie Fisheries Ser! ice  N'. IFS! Statistica}
Office i» New Orle;i»s, I.;i. Diirii>« the }963-67 periocl,
the B;irat;<ri;i Bay con!pie!  acco«»tc� foi. about 27I' ,
of the tot;<I sh! iinp pro liictiori i» }.ouisiana  Lin l;	1
et al,, 1972!, Bro<vri shri!»p. P . nner<» <r.>  :rr», ariel
white shrii»l!, P. setife>'rr», aie <oii!merci;illy im}>o! r.;<	<
iii Loiiisi;!i!!i. Other' shr!!lip }>reve!it hilt r!or, nea!}y so
ab<indar!t are pink sliri»ip, f'.  fi o!'<r! r<>!!I seabob,
Xi j>f! ! j!err< r<s fi! o>eri; rock shrinip, Sieyr»!in f»euiro»-
tris; mantis shrimp, S f !<illa em pi< sn, and snappiii 
s hi i m p, 3 lj>fr e r » sp.

LIl 'E HISTORY

"The n<>i!».il shri!»p cycle is n »v well est!iblislied
anil involves tlie move»»eiit of post};!nae into inlancl
w iters, thei!ce deep into the sh;<}low n«rsery areas
svl!e!e they metainorphose into rapidly growir!«j«-
veniles. These juver!iles, as they inc:re;ise i» sile, begin
a movement into the deeper, larger ba! s anil out the
passe~ to osffhore wite»"  St. Am;iiit et al., 196>5!.
Generally, both bro!<n aiid whi!e shi i!ilp !<p'lw» off-
shore. Bro!vrr sir! imp sp;!<!» in water of 10 to 60
fath !»is an� white sli! i!n ! sp;<xvr! in 7!/~ to 15! fatllorl'>s.

Brow!! shrim}> postlarvae migrate into tire estuaries
in gre,<test numl!ers diiriiig !lie inonths of February,
1<fa!.ch, and April. The postl;irvae appear to come
through the passes as waves o» the inc.omiiig tides.
There is very little growtli of postl;irvae at teni}>era-
tures <!rider 20'C; and s<ilii!iiies less than 15 ppt. "Tire
appe;<!«rice of postlai ;<e at !lie passes seems to have
little relati<!iiship to water tempeiariiie on the r!urser!
grou»d, biit s<r!viva} anil groNth of tlie postlarvae
is apparently stio»gly;<Ifccte I by temperature and
possibly salinity"  St. Au!ant et al., 1965!. Brow»
shrin>p move offshoi'e during ear}y to mid sur»mer.
 .'row }i»g and higli su!»i»er tei»perat«res seem to be
the most in!port:iiit fa< tois i»f}<rer!cing this offshore
movement.

Postlarval white shrir»p move into the estuaries i»
greatest n«mbers in July and August. Ifost of the
shrimp leave the estu;iry cluri»«! v'oven!ber and De-

ce!r!l>c!. Tlie fi!sr. movement appears to be due to size
;iiid later, as tlie tenipeiat«ie clrops. there is gerieral
e! o<1«s.

HABITAT

B<!ih b!o!v» a»<l wirite sl»ir!ip prefer soft muddy
or p<',it! siil>strat;i, wlrile pink shiiml! teiid towards
moi.e fir rn bottoms  Hilclebi ancl, 1954; WUi}liams,
I!}.!~: }>.<!tk«h», 1962>. Thc scarc itv o} pii!k slirimp in
Loiiisi;iii;! xv,!tc! s piobal>ly results primaril! from the
f;ict th;it most ol tlie water bottoms;iie soft mucl or

peat. 1. ! !scli �9 
 ai!cl 1965! si«died shriirip popula-
tioris iii '.<>Iol>i}e Bay, Alabama, 1}e found thar. white
sh! irn}»ve! e coi!cerrtr;it«l in w;itcr less tlian 2 feet
<le< p i» ar e;is xvith large ar»ourits of org;i»i<. cleiritus.
Brow i! slirimp were »!ore ab«»<1;<nt in water 2 to5
fee! clcep a!no»g;!!!ached segeiatioii.

FOOD

Sl» imp are generally o»!nivoro«s, eating plants,
animals,;ind inorgaiiic an� orgaiiic detritus  Far}ante,
1969!. Sliriiiips i!i Lal.e Por!tchartrain, f.ouisi ina cor!-
suined detrit«s a»cl gro<ind organic matter �8%!,
sr!i!ill rrlollirsc!   I 2",'!, al!c'I 11>lcl ocr«sta< el< �%!  Dar-
»e}l, 195!8!. Fliiit 1956! reportecl th;! t small shrimp
 less th;<ii 10mm! consurried niostly blue-preen frla-
m< iit<>«s all~.:«! and cliatonis !vliile a<liilts feil on bryo-
zo;ins.,.rlgae, cor;il, roots, ar!<1 stems. >Villiams �955!
repo!'terl sl»'ii!il! foo I, in o!'d  r of aburidance, as un-
recog»iz,! l>lc detritus, chitin, fragments  cr«staceans!,
sc!ae;iiid vv<>!air jaxvs  ai»ieli ls!, aii l plant fragments,
Liii<1;! I} et al.  I!}72! repoi te<1 that iliere are some
in<lie;!tio»s th;it alg;ie provide an important. part of
ihe  lie< of white shrin<p iii Louisiana waters. %U. E,
Od«rn  }9>1! studied pink shrinip in the Yortli River
estiiai! in the Everglades. C'<it analyses indicated 15%
plant detritus, and 69% inorganic and unidentifiecl
fine particles. Also observed were harpacticoid cope-
pocls, sniall inolliiscs, ostracods, benthic cliatoms, and
fib!rile»to<is grec	 all� blue-greeri algae,

8IOWf ASS

It is mirch easier to estimar.e the popidation of
1>r'os! n shrimp tha» it is for wliite shrimp. Brown
sl»iiiip te» I to distribute tl!ernselves ur!ifor!»ly while
wliite shrii»p tencl to "school." Trawls for brown
sliri»i}> te»<1 to be fairly close on botli spatial and
time basis. For white shrimp, ho<vever, trawling in
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a !'I a>'cl! c'1! 1 gr vc »I»lost !in !I i 1'i i>i p ol 1<'. week;i i > d
vci'y higli popiil;itious tile»< st. 'I I>>is. it is milch morc
diff!< lilt to oht;> in good pop i i 1;itin>> a»d hion> ! ss
d it I nil wli i tc slii'i	>p.

Bro« iz sfizh!r jz. B> ow» shrin>]! biomass w;is  .",ilc i-
lated frnni drit;i fr<»ri collcctini» iii Aii pl;»ic L:ikc iii
I l69 and 1970  Jacob i»id Locs li, 1971!  Fi c I7!.
Lnes<h  perso»;	 coi»»1»i>i<ation! estim;>ted  liat the
t! a><l was about .>0';, eff!cie»r in c;ipturi!ig sliri»>p:
tli»s, tr;iwl diil;i h;i. 1>ccii iniiltil>lied hv a fi<tnr of >
to ohti»n f>grr! es 1vc h<Iicvc tn h  clnsei to tlie;ictii;il
hinr»ass. Sh! imp wc! e dried a»d ashed to dctci mi»e
tlic perce»tage nf nigr»ic»>atter. Ascitrgc fig<>res dc-
terrnine<I wc> c 80,1"�1v,>ter, lli.0' n>ga»ic m;it ter
 >sli-free d>1 11 .ight!, 	»d 'l. l, iisli  Lncsch, pci'svii'll
coin»iiiiiicatin»!. Tlie a><;> u!>der ea<h of tire 1!inis i!
slirimp cr»vcs w;is i»tcgiatcd to oht;iin an aver;>ge
hinm;iss for tlie entiic year. 1 hese ivcic 0.0 i g dry
wt, m" foi 190!.! and 009 <1ry wttnx-" fnr 1970, or at>
;ive>,igc of 0,07> g  h 1 1> t 'm'-' for thc two ye;i>s.
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Figiire 17. Annual biomass variation for browr1
shrimp  Jacol> and Loesch, 1971! in Airplr»>c I.akc
and white shrimp  Cro<ve, u»puhlislicd data! in
parts of Baiataiia Bas. The two years of d;ita for
brown shrimp are 1969 and 1970. The data for
white shrimp is for 1971-7'>.

The! c was a much higl>c> h>own sh! imp popula-
tion in 1970. As stated earlier, if tenrpci;it»re. and
salinits cn»ditinns are r>ot optimal when the pnst-
lr»sac ar! ive on the r!iirsci y grou>zds, tlieii g>ns< th
will be slo» a»<l m<».tality tviII be high. For the lirst
yc;ii. tli<. pcrik hin!na~s v!as reached in mid-J»»e while,
foi Ihe second year, the peak was in early Wlay. Win-
t<r ter»pc!.atr!res in eai.ly 1970 1vcre muc!i mildci thaii
in 19 i9. This rcsiiltc� in a longer growir>g scaso»;>nd
prol>ably res«ltcd in the higher hiom;iss levels i» 1970.

'I h< d  liiie d»riiig hotli icai1 is thc res«lt of con>-
me! <i;>I shi.impi»g, natural mortality aiid migration
<!iit of tlic cstii;iry.

11 fzite sir!i«zj>. Anniial hinm;iss patte>i!s for white
,slirin!p ar' ' shn>s» in Figure IC>. Thc pnstliirvae mi-
g!;it<- into tile est»;irl diiri»l th ' siirilnlcl'. Mai<imum
hini»;iss»n! malll occiirs in l ite f;ill with e»ligratinn
sn<»i;!fter. Tlie>.e was a sm;ilier biomass peak in late
Fch>'rl,'«'y. I I!c w]lite sh> i!i>p t;>ken in late February
1< i c ad«lts whi< I> had nverivintcred in the est»;iry.
'I'he 1971-72 >vinter >i as very mild. It is not uncom-
mnii tn 1>ase f;iiily high nund!ers of shrintp sta! in
thc est !'»'i dul"llig' »>rid %i»tet'«htlt. air»ost all le;ive
<lrii.iiig <nl<lei 1vintcrs. Aii a1erage an»»;il hinmass
of �.03 g di 1 wt 'm-" was calcul;!ted hy ir>tcg>.;iting the
ale;»i»<lc! th  ciri vc fnr white slirimp. Tile peak bio-
n>ass 11;>s 0.1C! g dry wt,'m'-' �.98 g wet wt,'m-!, D;it;i
on vvli! I c sh! r	>p al e f> or>1 a» .> I. S. thesis ln. pm!'!'css
by Artliur C.'rosve.

Bin!»;iss Icvcis of some of the less in>port!i!it sl>rimp
species have been provide<I hy Form;iii  li»li! . Iislicd
data! finm Lake Gra»d Fc:iille in the eas!: ! part
nf' th< Bar;itaria Bal svste»i. The grass shrimps,
Pal !euro!z 't!.> 1>r lga! zs and P. j>r gio, w<»! e rake» witlr
a 2.!-foot sei!ic in areas close tn shore. Tl>ey were not
collected in ope» water, The hiom;iss of Pain<!!zo!ret s
i» I!!!>9 was 0.22 g. wct 1<t.'rn'-' for sl».i»g collection,
0.10 g tn>"- for the sunimer, ai>cl 0.21 gf n>' in the fall.
Xo cnllcctinris we> c n>ade diiri»g thc winter because of
Inw w'1!<'i'. 1'r;iwl colle tior!s of less important shrimps
g;!ve l>inr»;iss levels of 0.0. 0.001, 0.006, a» I 0.0009 g
1vet:n>- dt	 ing the wh>tei, sp> i»g. s»mr»er, a»el fall
ol 1.�t!, respectively. These shrimps incliided Pe»ac«s
d«o!'az'rz!zr  pink shrimp!, Tz'a 'f	'j>e!zezzr sir!zz'lis  pe»-
acid shrin>p!, Xi/>lro/>e!rerzs f<!.oy !'!'  selbnh!, Ali>heus
heter oclzaelis  sna pping shri!» p!, ar>d,'<> I!<illa en! pusa
 »>;iritis slirimp!.

DESI'IR ATION A!!!'D PRODUCTIO'!i

Bro«n sf!!'f!!z/>. A respir;itoryrate of 5.7'�body
s> t t ia> 1vr» used in calc«latiiig shi.imp xespi> atini.
 M' iltc!'111 >n, 19�0!. Using ari avcrilge 1	11»al b>on!:lss
of 0.07>< g orgtm"-, tlie total brow» sl>i iinp .«spii ation
is 0.1101'2 g nrg,'m-',.'day or 1.53 g orgjm'-'/year. Respira-
tioii at the time of pe;ik hiom;iss of 0.37 g/m-'  average
fni the two peaks! was 0.021 g org m-"/dav. Loesch
and Jacol> estiinate that sh> imp production is ro»ghh
t>vice the ma><imum stan<lirig crop. Ilius, for a peak
crop of 0.37 g/m', the yearly prod» tion would be
0.71 g o> g/n1'/vear.

Lnesch arid Coho �966! reported tliat commercial
I;i»di»gs of shrimp were 1..'> to I.g times maximum
stan<lii>g crop in Ecuador and L<!esch �962! esti-
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mated that commcvcial lan<li>1gs were t>vi<e the maxi-
mum standing crop in >fol>ile Bay, Alabama.

The average annual corn>nevcial catch of shrimp in
Barataria 8'>y from 1965 to 196>7 1> as 4,544,000 po«nds
of 2.065 x 10" g fresh weight  I.i»dali ct al., 1972!.
The Ba>ataria Bay marsh-estuarine area is approxi-
matcl! 1.6 v 10'n1'-', thus the avevag>e catch for the 6
years is 0.26 g dry wt,'m-','year. The area is about 50,.~
water, thus the total catcl> on the basis of water is
0,62 g drv wt/m' of watcv surface,'lear. Ro«ghly 57,~
of the total shrimp catch is brown  Lintlall et al,
1972!, thus the take of b>own shrimp is 0.30 g org 'm'-/
vear, or 41,0 of proch>etio» by brow» shrimp is har-
vestecl by man.

Condvey et al. �971! esti>nated the assimilation
efficiency of organic matter bs brotvn shrimp to be
about 75;"�giving a feces procl«ction of 0.77 g org/
m-"/yeav.

JT'hiti shvi»>/a. Data for respiratio» anti production
were calculated using the same rates as were usecl for
brown shrimp. Ush>g 0.057/day for the respiratory
rate a»d an average annual biomass of 0.04 org/m',
the total >vhite shrimp respiration is 0.0017 g org re-
sp>>cd»1%1>1 01 0 62g/Ill /yr

l'sh>g Locsch and Jacob's esti»1ate that production
is twice thc mavimum standing crol>, the yearly pro-
d>» t.io» 1'o> white shrimp is G..'12 g org/m-"/yr.

As stated earlier, the total sh> imp catch in Barataria
Bay is 0.52 g dry wt,'n1'-' of' wate> surface,'yr. About
43";; of this is white shrimp, gi> ing a commercial
catc h of 0.22 g org 'n>%r or 69~, of white shrimp pro-
d«etio».

1.>sing 76>",~ as the;1ssimilation eKcie»cy  Condrey
et al., I971!, tl>e l>rocluction of feces is 0.,'>9 g/m'-'/yr
and the t» al intal c is L39 g/m'/yr.
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200 grams wet wt/m"-/year. This figure is less than
1/3 of the figure of 711 g/m"- mentioned above, Our
observations indicate tlie latter figure is probably
more nearly correct.

Calculation» from Galtsoff �964! indicate that oy-
sters respire about 5~Jp of their dry body wt per day.
The initial seecl oyster biomass was 33 g org/m'-'. At
harvest time there were 77 oysters weighing g orgl
nl-', or 154 glaiils ol'g nl'-'. I liis is the liigllcst bio»»is»
attainecl because almosth;ilf of the oysters are har-
vested a»cI the remaiiicler suffer lieavq mortality dur-
ing the sum»ter months  St. Ainaiit, et al, 1957!. The
avc | age of the initial anclhigliest biomass, 93.5
org,/m-', will be used to calciilate iespiration. Using
this biomass and the 5 Jp respiratory rate, the aver age
o>ster respiration over the sire moiitlis on tlie fatten-
ing beds is 4.5 g org/m'-/yr.

'Alackin �962! measured rates of production of
fec;il a»cl pseuclofec;il m;iterial from aclult oysters from
Louisi;i»a wateis at 1.11 cc of fecal mateiial and 1.71

cc pseiiclofcc;il m;iterial pei oyster per day. Assuming
that the average weight of each oyster was 20 grains
a"d that the specific giavity of the material was 1.0,
then an oyster produces 5.6~jp of its weight in feces
anil 8.6~ip of in pseucIofeces per day. For a 3 gram
oyster, there are 0.17 g of fecal material and 0.26 g
ot pseudofecal niaterial proclucecl per oyster/day. For
a 20 rani olster, tlie iiites are 1.12 a»cl 1.72 grams 
oyster/day. Si»ce theic.. v;ere I10 seed oysters/m' at
tlic begi»ni»g of tlie seaso», the production by small
oysters was 18.7 g/m-/cIay of fecal mateiial and 28.6
g/m'/clay of p»eudofecal material. There were 77
adult oysters �0 grams! at harvest time. 1 he produc-
tio» by these large oysters was 86.24 g feces a»cl 132
g of pseuciofecai material per m'-/day. The average
procluctio» of fecal a»cl pseuclol'ecal material of the
sn»ill ancl adult oysters was 54.47 g/in-"/day and 80.3
g/m'/day, respectively. Over a six inonth season �80
da~ s! this prod»etio» is 9,810 g wet wt/m' of fecas and
14,450 g wet sit/m"- of pseudofeces. We will assume an
organic content of 10pp. Thus, the fecal production
is 981 g org/m'/yr and the pseudofecal procluction
is 1,445 g org/m' of oysterbed/yr,

The initial biomass on the beds was 33 g org/m-"
a»cl the biomass at harvest time was 154 g org/m',
Thus the increase in oyster biomass over the 6 month
grows iiig season is 121 g org/m"-. The initial input of
33 g org,'m' yr. is all at once when the planting is
done. Tlie intake of food by the oysters during the
time caii be obtained by sumining the amount of
oi.g;»iic matter usecl for feces, pseudo-feces, respira-
tion ancl procluctioii while on the fattening beds.
This giies a total of 3,502 g org/matter/year. AII
of the above data are based on the area of actual

of stei pi ocluctici» which i epresents about 2.3PJp of
the tot;il water area of the bay. Since the oysters are
clepe»clent of currents bringing food to them from
othe! liarts of the bay, a better idea of the significance
of thc o!stcrs is obtained when they are considered
over the whole ba>. Thus cIata is presented below on
tlie basis of the oyster beds and also over the whole
water area.
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liiies of the bays rather ttiaii i» the clcet>er areas. The
opposite is true in the fall: rxd winter. Saiiipling sta-
tions rcpicsent a sand beach, a deep pass, a sr»all
shalloxx marsh lake, a deeper marsh bay, a clia»nel
between tivo bays, an intermediate size marsh bay,
and a dead encl oil can;il. 1'he greatest number ol
species occur in late summer to earl> fall and the
lowest in late winter. Sper:ies diiersity is therefore di-
rectly correl;itecl with ter»t>erat»re.

A dii ecl correlation also exists between size clis-

tribution and salinity anct temper;it»re. Smaller ju-
ve»ile fislies are able to tolei;>te lower salinities and

loxver temperatures tlia» adiilts of the same species,
Post-larval fishes of manx species move into upper
freslier sections of the estu'iry arid gradually move
Gulfw;irct as tliey mati».e. 4< ti;it res<ills is a rlistribu-
tion of small fishes in «ppci est >aries in thc spring
after spawning an<1 la>ocr fishes in tire loxver bay in
tlie summer anct tall as tlie fislies ne;ir aclulr size. A%'ith

a rise of temperature tliroiigli. tlic spring and summer
months, growth rates accelerate and fish reach sub-
adult size in late sumnici befoic moving offshor to
sp;rxxfr. Another offsliore mover»e»t occurs ivhen tire
first pronou»cecl tenil>erat »e dr<»> occurs in the fall.
A mass migralio» of m;iiiy species is triggci cd by this
ch;inge in tempei at»re. Three migr;itions are therefore
iioticeable in fishes in this area: an inshore feeding
migration of post-larval frsl , a» offsliore spaiviiing mi-
giatio», and an offshore ovciivintciing migration.

Inclividu;il species seasonalitx has beeii studiecl in
Barataria Bay xvliich is just east of C;aminad;i Bay by
Guntcr �938! an<i Fox aii<1 Xlock �9 i8!. Gunter used
ari otter trawl exclusiveli and Fox r»d stock a beach

seiiie. Thi» te»rls to bi;is resiilts scvcrel> bcc;iuse cer-
tain species are susceptible to oiily cci lain kin<Is of
gear. These a«tliors foi»id differenr species to be the
most aboundant fish. I'his is due largely to the utili-
zatiori of different types of collcctin<! gear, Gunter
found the Atlantic cro.il er. most abuncla»t xihile Fox

and x lock found the bav a»etio> y most ibiind;int,
Di».i»g thc prescrit sturti tl» cc i> 1>es of collecting gear
were used � a 16-foot otter- traivl,:i 75-foot bag seiiie,
a»rl a 800-foot tra»imcl net. Fintrol, a frshpoison,
was used for sampling the sm;�1 ponds in thc marsh
interior.

Results from March 1971 to June 1972 of this sam-
pling are presented in 1'able 14. A rotal of 97,223 fish
of 100 species from 82 genera representing 46 fami-
lies were collected. The 16 species of fish mentioned
earlier make up 88.7 percent of the total number. The
remaining 84 species make up approximately 11 per-
cent of the total. It shoulcl be mentioned that the

clata on the last three species for group of species! is

V» »her<, order of abundance, and percent of total
ca eh for IG speciei cnllecte<l a  7 siarions in the
Ca»!i»ad;1 Bay area. �farch 197I-June 19�!

tliought to rinder cstimf te tlieii triic abiinrlaiice. The
striped mullet easily escapes thc ti awl a»rl ol'tcii jumps
oircr tlie seine anti tram»icl ncr.. 'I'Iiey are visibly,
hoii'evci, a i.eri importaiit componenr. iri the fish
fau»;i, especially iii uiarsh creeks anil ponds, yct are
riot bei»g acte<t«ateli sample<i. Tire> do become morc
vul»er;ible iri tlie coldei ii.inter mo»rlis ivhen forced

t<> le;ivc the shalloii littoi al areas for tlir. rleeper
channels ivlieie tlicy m;rx be collected arith tlic otter
trawl. 'I hc speckle� trout, beca»se of its swiftness, is
adcptat avoiding the traxil,iri<1 is more ah radar>t than
indi<.ate I. 'I he cyprinodonts ai c an extremely im-
portt;i»t elerner>t of the fisli fauna in the interior marsh
or "pr,iirie" as it is cattect in South Louisia»;i. The>
typic;illy iiili; bit shallow m:irsti poiicls aiid tidal cieeks
ivitli a bottom composed of rnurt, cl;r>, and organic de-
tritus. 1 hey have not been srrmpted adecluateiy be-
cause the three nets used could not be fist>e in the

sm;ill ponrls wliich the>. inli;ibir. 1'oremaii �968! made
a dctailccl study of cyprinodonts in Barataria Bay.
The tidexvater silvcrside is also more abundant than

incticatecl and probably rariks higher in the orxler ol'
abu»dance. It has only been taken with the 7n-foot
sci»c bec,iiise of its nearshore shallow ivater habilal..

1 he sci»c. w;is used at five stations oii an alter»ating
schectulc i<bile r.he traivl was usecl at every star.ioii oii
ever! collecting trip. Thus, bottom and sloii-movin<
fislies more susceptible to lr;uil capture are more fre-
<tuenlli taken,

SMALL POVD STUDIES

Txio ponds were sampled in October, 1971, with
Fintrol-o, a fish toxicant witt> I percent Aritimvcrrl A
as the active ingredient. It was used at a concentra-
tion of I.or ppm in both poncts. Two types of ponds
werc sampled. One was a blind or isol,ited pond of



221 m-' si>c iiith a clcpth of 8 to 50 cm an i a soft. silty
bottoill ol Spa!'!!!!a cletl'itil!. I li<' otl>er' iv'is sliglitl1
!mrdlci  I98 ni>!, hut somcii.liat. clecpcr �0 to 50 cm!,
1'lie bottoi» iv is ol';i fir>rrev silti- hiy textiiic. 1'hc lat-
ter po»d liacl a small ticl;il cre«k. cn»nccl.ing it to;i
hiigci baiou anclwas theiefnrc not isolalecl or laiicl-
loc keel.

Some !ignific;i»t diN  i ence! ii.eve note� in species
coiiil>os!i ioli, Ilillii hei s,;ii'id hin»la!s 111 tile rwo pnilds.
'Xi!re species iiere collect«<1 in the blincl poncl, thc
maj >vity of iiliicli were fishes of. the family Cyprino-
clonticlae anil >Xfugiliclirc. 'I hc fish faun;r ii eve repve-
seiirative of tlie tipical sli;illoii ivatcr and shoreliiie
asscml>l'ig<c of fislies. A tot;il of 1,619 fi!h, weig<lii»g
10,oI L9 gr;rr>rs, iverc tal.cii. I e» species ivcre taken
i» tire coniiectecl po»cl biil. werc. representarivc of
fish«! occ«vi i»g i» cleepei b;iis;!riel m;i!sh lakes. It is
sigrrifi<a»t tlial. nn cyi>vi»oclo!rts wcic taken in the
cc>nnectccl pond. Tlic 1>vcdumina»t spec:i«s ivevc
A!!c'l!oa !nitcl!ill!', f:y!!os ion !'rc:l!!!los! >, C'ynoscr'o!! a!e-
nav!'!! s, 	fc!!iclia be!Vl/i!!a, Pa! alic l!ll!@is fell!os !'g!ncr,
;in� Sr! o! gylr !'a !na!i!!a..>c total of 106 fislies iieigli-
in<g 2,6C>6>.8 giar»s iiere cnllectccl,

I'lic isol;!teel poncl hacl a mucli higliei standing
crop biomass than the cu»rieclecl pnricl: 46.1 grains
wct/m'-' as oppu!ecl to I!3.8 gv;ims 'm-. Nevcrthelcss,
thc!«. binmas! figures ire i»iicli liiglier tlian those ob-
raiiiecl ivitli tlie 16-fool otlei trawl. M!e feel this is a

reflectiori ol' geai selcctiiity si»ce the otter traivl cap-
tures prima! ily small or sloii.-moving botto»i fislics
wliilc the Iisli toxin is elective on a ividc variety of
species. These sr»all m;»sIi pc>nels rn;ry, hoivcver, be
naturirlli more piodiicl.ivc tlian the clecper bay areas.
I'hey haic a gie,iler productivity zo>re, ie. fringing
suvf;icc ave;i of m;irsli iegctatinn. 1'his periplicval
~uric pin<I«ies most of the organic detritus found in
estu;rvir>e is at«! s and is the liiik bcrivccrl plllIlavy ariel
sec >i>el ivy procluctivity. I'lie blincl poncl had a much
gve,itei. volume of cletrit.«! on thc bott»in thaii the
coniicclccl poncl, ancl tlic clo»ii»;crit fishes found here
were h«rbivoics ancl cletiiti» Ice le!!. 'I'hc coriiiectccl

poricl is siibject to daily ticlal flushing, undo«btedly
rei»ovi»g mucli of thc.' detiitus. There maybe tivo
reasons for the dif'ferencc iii tlie standing crop bio-
m;iss of tIie tiio poricls, 1 he blincl poncl may be
rrat«r,ilh more pvocluctive than the cori»ectecl pond,
but sampling procedures ariel exi!ring conclitions of
turbiclity m;ii have li;icl;iii eff«ct. 'I'he bli»cl poncl iias
cle;ir to the bottor» iiliile the conriected poncl was
m<>i c tui bi<i;incl tlie bott»i»»ot visible. These figiires
are niiiiiin«m estimates of biomass in these ponds
l>ec;i «se not all fislies weve recovered. They ivere
visited 7 hours after initi;il trcatinent a»cl many deacl

fisli«! ii.ci.e nb!evvable on tlie bottom. Manv others

i<tie lo!t tn cliiing hivcls;i>id blue crabs ivliich eat
the fi!Iies bef'nie tliey coiild be»ettecl. Fro»i the num-
ber ol»cried siil>!cqiic»t to collecl.ion and those lost
to hi!el! anil crabs, pvnhab11 only about one quarter
of tlic fi!lic.s present ii.ere collected.

STANDI'X  CROP BIOAIASS

13ioni;i!s cl;it;i is presented in Figure 18. The clata
is b:i!c.cl o» fish binmas! ai ailahlc to a 16-font otter

traiil coll« i.ccl in a five-minute drag at each of six
st;itin!» pcr collecting trip. A 5-niiiiute drag samples
;>pl».oxi»i;iteli 558 meters of bottom. This figure ivas
aii iiecl at bi rcpeatecl mc;isuicmcnt nf thc clistance
cove! ccl;it a trawling speccl of 2,200 rpm. I'Iic 16-foot
otter tr rivi lia! an opening of 2.>v meters iilien being
fislied. Tliis figure miiltil>liccl bi tlie cli!t,ii>ce covered
in a:>-min«re chag gives i» m' -thc area fished. Since
six station! per trip aic samplecl, tire area fished mul-
tipliecl bi si>c gives the area s;implcd per trip � approxi-
i»;itcli >,000 m'-'.
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Figure 18. An»«al patterns ol trawl biomass of
fislic.. Klritc line is aver;ige of seveii sites in ivesterii
Bar at»i ia Bay  see Fig. 3! for 1971-72. ]3lack line is
average of 5 years �968-71! at 3 stations in Lake
Grancl Ecaille and vertical lines are the range over
this period  from Forman, unpublished data!.

It should be ve-emphasi~ccI that this data is esscn-
tialli fov only seven species of fish collected. ivitli one
ripe of s'r»rplirrg gear. These seven species are among
the most abunclant, however, and it is thought that
thc biomass figures, although underestimated, begin
to approach ii.hat is actually present. Thc periocl of
pc;ik abundance for these species is presentecl in Table
I:>. It is reaclily eviclent tliat peak populations occur
from earlv to late summer. Thc seasonal marine visi-

tors st;«t to leave tlie estiiaiy for tlieir oflshore spawn-
i»g gvoiincls arouncl June with tire greatest period of
off!liove movenient occurring in the fall.



Table IS I'eriod of peak abund:ince of selecie<1 species in
Barara<ia and Ca<nina<la bays. Dashes incidaie no
refcre«ce.

in rvirrter or spiing, These data are tJ>e aveiage of
tlii ee statioiis in Lak<. Gia»de Kcaille duririg 1970,

Reference

Fox lt Mock,
19<>8

Gunter,
1988

sr ag<'<e>',
19 2

Sept - Oct
Sept - Xov
Junc - Oc<
May - Ju»e
Sept - Oc<

June-July
July - Ailg

July � Aug
Mal - June

Aug
Mar - Mav
Fcb - April
Mal J ul1
Mal - JuII

Anchoa mitchilli
Breooortia Patronus
Arius fefis
Micropogon u>«i<<fat«s
Ieiorton>us xanthurus
Cynoscion arenarius
Menidia beryllina
Citharichthyes

spi l opt e r us
Mugii cephalus
Cyan<cion nebufosus
Cy prl nod on < s

May
Aug- Sept
ofay - Sept

A llg
June- Oc<

Sepi June
Mal � Jul>

April
Mar

Julv
Aug - Sept

April
Junc

Jan- Feb
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Iri ge»eral the biomass is higlicst in the spring and
late sun»»cr periods; lower during the fall and lowest
duriiig the wintci, Simil;ir pat tei »s were found by
I oi ma»  u»published data! <Jui i»g 1969-1971 in Lake
Gra»d Ecaille on the eastern side of Barataria Ba!.
For»ia»'s data are an aver ige of. tliree trawl stations
in Lake Gr;inde I'.caille tli;it Jrase been adjusted
for unusually largre weights of i»diiidual fislies. The
spririg peak in fish bio<»rrss is associated with mi-
gration into the esturir! of j<ive»ile fislies. The late
summer and fall peaks ai c larger lish. I'hus, 1'or
equ;il bio»i,iss levels in spriiig;i»d fall, the nurribers
of fish will be more»u»ierous iii tlie spriiig. Tlie peak
biomass reported here is 3.0 g dry weight/ma in
March-April. It must be remembered that these data
are fish biomass availablc to the trirwl. Fish biomass

from methods svlrich captuic all fisli iinlicate th'it. ac-
tual bio»iass may be much liiglier, Hellier �962!
reported a wiritci. minimuni of 2,0 g wet/ni- and
a summer maxim»i» of 37.8 g v et/n>s for fish bio-
mass in the upper Laguiia rlf;<cire of Texas. He
used a drop net frame foi. collecting fish, Jones et al.
�963! used a helicopter boi nc purse net for sarnplirrg
fish populatiorrs in Corpus Christi Bay, Texas. They
reported biomass levels of 5.07-18.7 g wet wt/m"-. If
the data for the shallow Texas bay are represeiitative
of shallou Louisiaria bays, then it seems that the
trasvl may be about 20 percent efficient in sampling
fish biomass. The data in figur- 18 assumes tliat wet
weight is 20%% dry wt. and that the trawl is 20%%
effective in capturing the fish. By. taking the area
under the curve, an average an»ual standing crop
biomass of 1.1 i g dry wt/ms was obtained.

The squicl, Lolligrt»culrr breuis, was collected by
Forman  unpublished data! from trawl samples in
Lake Grand Ecaille. The biomass of squid availablc
to the trawl was .0009 g wet wt/ms in the summer
anti .055 g wet wt/m' in the fall. No squid were taken

FISI3 I'RODI.,'CTIOJs<

In energetic studies an estimate of fislr pro<hiction
is a more valuable a»d meaniiigl'ul me;isurei»eiit than
is tlie sta»<li»g crop biomass. There has been much
co»i»sion ore> the terms, "p> odu<tio»" and "standin«
crop." Standing crop biomass is tire weight in grams
of fisli fouiid in a uriit area at one point in time.
Chari<rc iri seasoiial st;»><ling <iop is a usel'ul indica-
tion of giowth, distril>uti<rrr arid ab<iiida»ce of fish,
but reveals little aboiit tlic rate of pi odiicrion in a
certain area. Some workers have called fisliery yield
the pro<luctio» of an area. We will d<.fine Jisli produc-
tion as tlie rate of increase in biomass tlirougli grovvth
or reciuitment wliile t]ie fish are in a defined area

in a given period of ti»ic. It will be a ini»imal esti-
»i;ite because no correction has bee» made for natural

oi' frslri»g r»ort ility. X <t<rral niortality includes pre-
datioii;ind emigratiori from tire study are;i. Fishing
lit»i't all< v is t Ji a t pai t of tot;i 1 pi'oductror> which Is
Ji;iriested 1>y man as fishcr! yield. Production estimates
were calculated from 0 age class Atla»tic Croakers at
tlrrcc-week i»refusals from tuly 1971 to June 1972. TJ>is
te»<ls to miiiimire tlie fluctuatio» in pi od«ction cause<1
l>! mot;ility. Hopcfiilly, gear selectivity and bias has
l>cen p;irti;<lly eliniinated bl c<u»bini»g data on
crooker s colle<te<J with three gear types � trawl, tram-
mel n r t, an d seine.

1 i<'o comput;iion metliods weic utilired in estimat-
i»g fish production. 'I'he first was based on the Allen
�95> J! graphical method  I';<hie 16! a»d the second
on tlic Ri<ker  J<A6! nui»cri<;<1 nietliod � able 17! .
In Alleii's g>.;rl>hicaI me<lioral, tlie niiiiibei of fish  iV!
in tlic study area at s<iccessive time iritei vals is plotted
vers<is the mean <veight  w! of an incliiidual in the
same i»terval of time. The procluction in a small
irrtcrsal of time would be eclual to Xs4 wheic tow
is the growth in mean weight of the fisli in tlie time
interval. Summation of the production in ea<li time
interval would give the total production duriiig tlie
year. <%lear< weight was deternii»ed by first obtaiiiing
an estimate of growth by change in length as revealed
Jro»i leiigtli frequency analysis and converting this
length to weiglrt by using the following length<weight
relationsliip derived from fish in the study area:

log w = � 5.5082 + 3.2454 log L
WJrere w = weight in grams

L le»gth in mm

Ri<:I cr  I<116! for>»ulatcd productiori drrrir>g at as:
P = GB



Table 16. Alla»lie croaker production � age class! in the
Gainina<la lia> area derhed from Allen's graphical
inc i hocl.

Mean Mean
Length S<»eight
 nim!  g!

L iv iv N

Change
in w Number Production

Date

o'cs 4-;>
ov. 23

Dec. 16
Jan. 12-13
Feb. 2
Feb 24
Mar. 14- I 5>
April 4
April 29-90
May 17-18
June 7-8
June 28-29
July 28-29
Sept. 21-22

95
28
2/
94
38
35
38
63
89
96

106
111
122
142

11.25
63.96

-161.52
147.90

6.90
27.00

428.40
889.50

3298.40
1520.00
216.30
101,20
253.00

4.55

6746.24

0.25
0. 64
0,40
0 98
0.95
1.GG
1. 90
3.40
8,00

11. 80
19.90
18.50
30.0G
30.65

G.25
O. 99

� 0.24
0.58

� 0.03
0 05

.90
1.50
4.60
3.80
2.10
4.60

11.50
0,65

45
l64
673
2oo
210
540
476
593
704
400
103
22
22
7

Sum
6746.24 g/7842 ms � .86 g/ms/year

Wlicic C', tlie inst inl;»i<'o«s giowth rate,
e<l»;ils In Ls .. � In Vv,

At

aii<! B, tile mc;ill bioiniss, is B, + B, Instar>eous
2

giowth ral.es ai>d mean biomass were calculated for
each time intel val from July 1971 to June 1972 and
summc<l to gcl. total plod»ction for the year. Dividing
thc niimbei of glams of fish weight produced by the
sanipllng al'cii gives thc pl'odilctloll estlnl;itc 111 tcl ills
of grams,'met cl'"-,'year. Both estimat<s of production
weve then compare<1 for reliaI>ility. Data is presented
in Tables lfi an<1 17. segativc valiics are apparent in
Decc»rl>el aii<l Februal>i Alllioiigh it is obvious that
ti lie growth is not n<gilivc, it is possible lo get nega-
tive fig»res in cafe»Iatioi> of pi.oduction due to ap-
p;ivc»t mean weight loss cause<I by recruitinent of
post larval croakevs int<i the study arei. This recruit-
mciit extc»cls froiii Nose>nl>er to April. Thc negative
vol<res of p>o<h>etio>r wclc sunlnicd togclhcv with the
ncw pro<liiction of hiom;iss in both calculations. The
Iiiglicst produc tion oc<«rre<I in April wheil the croak-
els aiel;igerl abo«t 90 nu» tot;il length. Peak popula-
tioris of croakevs were preseiit at tllis tinie because
emi<>ration fiom the st«dy area i>ad not yet started.
The water tempcvaliiic w;is also ne,ir optimal condi-
tio>is, Bier;igiiig be<wee» 21 and 2 'C. Emigration oc-
ct»'1'cd fvoln i<la> to Octol>cv, causing a decrease in
the number of cvo;ikers present. The instanteo»s
glontli vates an<  mein bioinass also rlecreased throiigh
this periorl, causing lower production.

>c;». Tliis i» a very high pvoduction rite because thc
Iiigliesl stanrli»g crop biomass of croakers in April
1972 is only 71% of the yearly productiori of croak-
ers, it is possible to get a crude estimate of total fish
pro<luction. We must assunle all species are equally
siis<eptiblc to c;ipture with the gear used and that
0.99 g 'l»e year is;in average rate of g>owth. Croakers
arc ibc>»t I.2"< of rhe toial yearl> fish biomass, there-
fore l. % /100% =- �,93 g!ms/year!/ x g/m%ear!
x /2.8 g,.'m'-','year wet weight total fish production.
Ass«»iii>g 90",o' dr> wt this is 21.8 g dry wt/m%ear.

Ach»» ic croaker producii<»> � age class! in the
Gan<inacIa Ba> a>ea derivecl from Ricker's melhod.

Mean Instantaneous
SVeigh 1 Biomass Gro>vrh Mean

 g!  g! Rate Biomass
>v B Production

,95 58.11 55.20
�.48 187.08 � 89.80
.90 259 55 233.60

�.03 224.70 � 6.74
,06 369.75 22.19
.64 722.20 462.21
.58 1460.30 846.97
.85 3824.10 3250.49
.39 5176.0 2018.64
.17 307o.85 522.89
,28 919.3o 257.42
.48 533.50 256.08
.02 437.28 8.75

Table 17

Dale

7837.90Sum
789/.90 8!'/842> ms = .9'9 g/ms/>ear

RKSPIRATIOls<

T<>t;ll fish respiratioii was computed using an aver-
age respiratory rate of 3.0<,"~ body >vt/day  Prosser and
Brown, 190>I!. iso consideration of age of fish  i.e., ju-
venile or a<hilt! or temperature was made. The total
respiration/ms vvas computed from the trawl biomass
data by multiplying the rate constant times the fish
biom,iss �.17 g diy ft/ms!. In this manner respiration
levels were 0.042 g dry wt respired/m'/day or 15.4 g
org/m%ear. Using the above figures, the annual car-

63.8 21.B

Nov.

l>cc.
Jan.
Feb.
Fch.
Mar.
A.pril
April
Mav
Ju lie
June
July
Sept.

4-5
2
16
12-13
2
94
1 4- 5 5>
4
29-30

17-18
/-8
2/<-2>9
28-99
21-22

0.2.>
0.61
0,40
0.98
Gdl.>
1.00
1.90
3,40
8.00

11.80
13.90
18.50
30.00
30.65

11.25
10 f96
269.90
249.90
199.;>0
:>40.00
904.40

201620
5692.0
4720.0
1431.7
407.0
660.0
214 55

If the estimates from the two methods of calculation

are avci'aged, the production for Age Class 0 croak-
ers in the Canlina<la Bay area wouId be 0.93 g/m'/

15.4

FISHES



bon budget of the fish is as folloiis, as.»iniiii<! aii as-
sii»il;itioii eff>cict>cy of 50«'�.

Tllc d,tt,i on fisliely tak» by m,»i iv«v» c;ihiilatcd
using tlie area of the B;ii at»via Bay sisteni as 1.6 x
10" ms and the aietage frsl>cr y fov Barataria Bai Ior
the ! e;irs 196�-1967  N'AIFS pcrso»«el!. Cori>met cial
fishirlg for finfish, as opposed to oyster s, ci abs, or
shrimp, is not very important in inshore waters in
Louisi;lna, The largest finlish fisher is that for <fen-
haderi, iihich arc takeil oil'slrore. Hooii»ee, th«estuari

series as a nursery for most of the fish ivlti«lr are
c;iught offsirore. The total  at h fov I.oirisiana irl
19/0 was 1.1 billiorl poii» ls. <vfost of this pottnd-
age is rneiihacleri, iiliich represent«<i abo»t 81 c�of
the total catch for the iears 19f>3-1967  scc 'I'abI«s
20 a»«I. 21!. Practically all Louisia»a fisheries arc
dependent on the inshore eslii;ii-itic are;is for nur-
sery «ro«»ds, Taking thi» insfrovc arc,i for Loiiisiaiia
to be 25,200 km-", tlie tot;11 ai»i«;11 c;lt«li  assunling
dry weight eciu;rl to 20",o wct iici<!lit! for Louisiana ls
2.704 g dry. wt, of fishevies/ms of insliore estuarine
area/yr. or 0.0074 g/ms/day. This gives a much better
idea of the fishevy importance of thc estuari. than look-
ing at fishing only withili Bai ltaria Bai,

Data on thc spot t fi»fisli fishery were ol>taiiled from
a. phorle sur i ey colldlictcd I>y pcl'sot>riel of rhe Bul en l
of Sport Fislrei ies and Wildli fc, Fish and Wil llife
Service in Vicl sbuvg, Mississipi>i. They esti»lated th;it
the total sport finfish fishery Ior the Baiataiia Bay
complc>  in 1968 was 6,878,000 pounds. Fhis is more
than 10 times the inshoi.e coi»inerci;il finfisli fishery
for Barataria Bay. Assumi»gr 20~g dry iveiglrt, this is
5./8 x 10 g dlv ivtl yl'. Ass«tilt«g 'lrl al'ca fol' thc B'll a.-
taria. Bay Syst«r>r of 1.6 x 10' ni-', tliis is 0.86 g dri/
ms/i i. or 0.01 g dry/ms/ I;iy. 1'his iiicludes borh sports
fishing iir the bai's;rrld sports fislrirrg olfsliore in botli
priorate and commercial bo;its. We;tssiirllcd that about
50«!o of the total sport fisheri was inshore. 'I hus the
take by man from sports fislli»g within th«bai system
is 0.18 g/ms/yr or 0.005 g ln'/day.

Figures presented aboic are for the total fish popu-
lation. To gain a bettei un�«istanding of the f.rophic
relationships, it is clesirable to brcak the total figures
into the different trophic coinpoiients shoivn in Table
19  herbivores, and prim;iry, mid, anil. top c;lrnivores!.
<We accomplished this through a knoivledge of nu-
mevi«al abundance of diff'«ie«t fishes  Tabl«14! aiid
biomass distribution among the species studied. The
figures were adjusted for species of fish which are not
readily cauglrt by the trawl. These include trout and
mullet because of their fast swimming, and cyprino-
donts because they are normally found in areas which
are not easily trawled. From this analysis the herbi-

voics constitilte '1,7~/o of the total fish biom;iss, pri-
nliri y cal ilivorcs constitute 3.;">",�'., mid carnivorcs con-
stitute 48.6>«, and top car »ii ores co»stitute 42.8«zo.
The data for thc different. trophic lei «Is usi» these
p«l.c«ntag!«s are prese»ted in '1'able 18.

 >! ganic htrd~crs for the different trophic levels of
fish. Units arc gran!s dr> wcigfrt/ms/'year.

Total
Intake Respiration Feces 1'roduc ion

3.00 0. /'!
2!.23 0.34

31.00 7.48
2/.30 0,30

Tahl   18

1.23 1,03
0.03 0./0

17.93 I 0.<r;
11.38 0.33

Herr!l'1 OCCs
0! in!;!rr Carnii n!CS
.!fn1 cal'11!votes
1 of! cal'1111 oi'cs

As stated earlier the total commercial fisheries in

Baiatavia Bay was 0.016 g org/ms/vear. From an IB'vf
listin<r of the NXIFS statistical office in Neiv Orleans, it

ii.as calculated that 22/ of tIris was top carnivores,
78~io was mid carnivores, and 0.7~go ivas herbivores.
I lr« top «al'«ivor'es wcl'c flout i>lid ffoundel', the mid
cai »ii'ores i««luded drum, c;itfish, cro;iker, and sheeps-
head. The Iievbii ores i» .lu led tile sti ipecl mullet.
Using thc above Ii<»ures, tile take of comrneicial fish-
eries is 0.0036 g org/'ms/year for top carnivores, 0.012
for mid C.;irnivores and 0,0001 for hevbivorcs. The most

important species of fish for sports fishing are trout.,
re Ifish, flotiilder, black  li i«n,;i»d shcepshead. 1'he
trotit is tlie nloSl impoVtanl fisli and iS a top CarniVOre.
Tlr«otli«r species arc mid <;ivrlii ores. W» i<ill assume
th;it 40",c, ol the total sports frsfrery is fov top carni-
voves a»� 60"o is for mid carnivoies. The total sports
fisheii is 0.18 g/ms/ye,tr. Tlius thc amount of biomass
fovsports fishcvics is 0,11 fov mid carnii ores and 0.07
g,/iris 'i«ar for top carnivores.

FOOD HABITS

A!/«lro/> r!rrt«ltilti � >rr! E. O lu»l �971!, in a study
on th« fish«s and major i»vei r.ebrates in the North
River' Sy stein of South Florida, fo»il l the r»ajor food
iteills iil bay anchoi I storrturcI>s were copepods,;tillphi-
pods, in!sids, plant detritus, ostracods, small molliisks
and chironolnid larvae. Darnell �958! in a study of
the food habits of fishes and larger invcrtebt ates i»
Lake Pontchartrain, Louisi;i»a, listed zoopla»kton
 largely tlu copepod Acnrtia to//sa!, organic detritus,
sm;ill fislics, and microbenthic aninials as the nlajor
itcnis. We fo«rid «vab megalops and zooplankton most
import.;tnt in anchovies taken fvoiri Caminada Bav.

8>dl!ooi.tia />atro»us � Darnell �958! found the
major items i» Gulf menhaden stomaclis to be large-
ly organic detritus, with lesser  luantitics of phyto-
pla»kt.on and zooplankton. June and Carlson �971!
reported that larval Atlantic menI>aden, B. tyra!r!tris,
ate zoopl;irlkton  mainly copcpods!, while piejuveiiiles
;ind juieniles f«d chiefly on phytoplankton.



.4»us felrs Darnell �9»8! foii»<1 nrg>;iiiic detritus,
microheiitfios, m;icrobe»thos, and zooplankto», while
W. E. O<liim �971! fouiid s»i;ill crxr!», an>phil>ods, my-
si<fs, and fisfies iri sea catfish stomaclis. Harris a»d

Rose �968! found these fisfi to be sigiiificant predaioi s
on the <omnrercial pe»acid sfiiimp in Texas. We
for>rid crab megalops, fish rernai»s, and organic detri-
tus iri se i catf>sf> sto»i;ichs.

31ic> opo«o>r u»dula us � Fxtciisive food studies
have been doiie on the Atlantic croaker in varyi»g
g<ogiaphical areas. Peaisoii �928! fou»d croakers
to subsist largely on shrimp, a»nelids, fish, crabs, arid
mollusks on the Texas coast. Roelofs �954! listed
aiiiicli<ls, copepods, pelecy pods, mysi<fs, amphipods,
<fi >toms, fish, a»d dccapo<fs iii >North Carolina. In
Louisi;ina, Dai'nell �958! fou»<l microbenthos, orga»ic
<Ictritus, fislies, macrobentfios, arid zooplankton, Han-
s<.'ll �9I>9!, near Peiisacola, Floi ida, est;iblislied anne-
li<fs, ci ustacea»s, fisli, arid moll»sks as the maj»r items
while 1'arkei �971! fou»<1 tliat juve»ile croakers fed
on copepods, mysids, ai»phipo<fs, a»d organic detritus
witfi larger individuals a<f<fitio»ally cn»sumirlg mol-
liisks and insects. We found amphipods, anrielids,
copepods, orga»ic detritiis, fisfi, anal insect larvae in
cioakers fiom the Cai»i»ada Bay area.

Lei os oin us x<i at l> urus � I'he spot has also re-
ceiie<f considerable attention concerning its feeding
an<1 food habits. Pearsoii �928! found crustaceans,
an»elids, small molluscs, fish, and organic detritus
while Roelofs �954! ha<I copepods, nemato<les, dia-
toi»s, and fora»is as tfie pri»rary itei»s. Townsend
�95fi! listed copepnds, an»eli<fs, and fisli in spot sto-
macfis from Aflig;rtor Harbor, Florida, Dar»ell �958!
lisie<1 niicrobentlios  largely ostracods and harpacti-
coi<! copepods!, organic deriitus, and vascular plants.
Dawson �958!, in South Carolina, determined small
pl:inktonic arid denrersal crustaceans and a»»elids to
be most important. Parker �971! studied spots in two
areas tlie Lake Bnrgne regioii of Louisiana arid Gal-
vesro» B;iy, Texas. In Louisiarra spots utilized pelecy-
pods, detrir.us, and copepods while in Texas, they ate
copepods, vascular plants, and ostracods. Thomas,
Wagner, and Loesch �971! listed amphipods, calanoid
copepods, and organic detritus,

Cyunsci o>r arer>a> i us � In sand seatrout stomachs
Dar»ell  f958! found fishes alniost excfusivelv with
rnirioi' occ«rre»ces of macrobentfios, organic detritus,
zooplankton, and vascular pl;ints. We recovered am-
pliipo<ls> fisli remai»s, and other small microbeiithns,

Menr'dia be>»llirra � According to Darnell �958!,
ti<fer<atei sih>ci'sides feed on amphipods, isopods, and
chiroriomid larvae wirfr lesser quantities of organic
deti itus, zooplankto», and vascular plants. W, E.

O<Ioiii �9> I! rer»oved copepods, mysi<fs, anipliipods,
ieiiestii;il i>>sects  tliose falli»g into tlie water near
sliore!, and chiro»om>d larvae from silverside stom-

achs. We foiind primarily zooplankton, insect larvae,
and fish remains.

Crtl>ar>cA lrys sf»'lopte> us � Little information was
ar ailahle o» tfie food iralrits of the f>ay whiff. Thor»as,
W;igiier, and Locscli �971! found polych;ietes, rnysi-
d ice;r»s, ampfiipods, copepo<I», nemato<Ies, fishes, and
insect larvae iii bay whiff sto»rachs from tlie Caminada
Bay area.

>if ugi1 cefzl>alas � Darnelf �958! i eports the striped
miillet's main diet as consisti»g of largely organic de-
tritus with small amounts of vascular plants, micro-
benthic anir»als, and blue-greeii algae. W. E. Odum
 I!�1! lists benthic diatoms, fila»rentous algae vascu-
lar plant detritus, and i»or.y»ric sediment particles.
We fourid prii»arily organic detritus a»d green algae
an� rar.el! an annelid iri mullet stomachs,

Cyr>oseion nelzulossu � Speckled seatrout are pre-
daceous on fislies, macrobentliic animals, microben-

thos, and vascular plants according to Darnell �958!.
W. E. Odum �971! reports juveniles to consume my-
sidaceans, amp}ii pods, chiro»omid larvae, caridean
shrimp, and small fislies with adiilts feeding on larger
fisfr aiid caiidean shrimp. ivloody �950! reported Flor-
ida speckled seatrout as passing through four feeding
stages: less tlia» 50 mm � copepods and other plank-
ters; 50-150 mm � carideaii shrimp; 150-275 mm-
penaeid shrimp, and 275 mm � other fishes, In large
speckled trout, we found exclusively fishes.

C! pri nod»» uari ega  us � Hildebran<1 and Schroeder
 I!128! report sheepshead mi»nows as feedi»g o» algae,
pla»t detritus, and sand particles. Odum �971! lists
them as predominantly detritus � algal feeders. For-
man �968! lists detritus, plaiit fif>ers and algae as the
main food items.

3dinia xenica � W. E. Odum �971! classifies the
diamond killifish as a herbivore feeding on vascular
plant detritus a»d berrthic diatoms with occasional
small amphipods, copepods, and small insects. Fore-
nian lists detritus, diatoms and small crustacear» and

1llsects.

Fu»dulrrs gra>rdis � W. E. Odum �971! found gulf
killifish consiiming amphipods, isopods, small xanthid
cr ibs, chironomid larvae, terrestrial insects, small gas-
tropods, and filamentous algae. Foreman gives the
m;iin foods as polychaetes, insects, and small fishes.
We found fish re»rains, amphipods, crab megalops,
a»d trematodes in gulf killifish stomachs from the
Caminada Bay area.

Pundulus conf luentus � W. E. Odurn �971! lists
Palaenronetes, small fishes, amphipods, isopods, adult



an� ~!I;«!t delril.us as tl« food items found in vain-
w;! tev ki llilisfi.

1'r!r ci fir< fnli j!i »»rt � S;<i lf! n mollies, according to
O', F.,  ?tl«m �9  1!, are 1!! iniavill l!eel!i! ores, feecliilg
on !;<ac«1,<v plant cletritus, algae, ancl di itoms.

Table l<!. 1'i<rphii Specti ii»i of the M<»t Commo» lrislic» i» tlit C;<»iiiia<la Bac A<ca  l!c.ign aficr R. M, l!arnell

M dr
O rd

V

Cdr e

Species

r!f ugil cePhalus

Poeciliri l«tipinnr<

Aden » xenica

CyP<inorlon zcar<egatus

Br c crooi tia fratron us

Arir Jroa n<i chil i

F<rnduf<rs conf luentus

F»nrluiuc grandis

L rid«i<ra pr<rz a

G G CdCirhriiir lr  i<yes .<pi fnjrteruc

r!f e»  d i rr lr er!' I li r r «

i.ei oc or<i us Yar< tli ii i'<is

<!tier opogon ui<dul«tris

Ar-ir<s felis

Cynoscion rirenarius

Cynoscirrn nebulosus

ke!: � Trace
Frequent

dd Dominant

anti lavv;<1 iiisects, col!el!ods, ms»id», ostracocls, and
alg;ie fil;imeiit»;is tlic main diet of mai»l! killifisl!.

I.tt r<rtirr /!r<vzvr � W, K. Odt«n �971! records;!mp1!i-
1!od», cl! ironomid lava'ae, Inl'»ids, osti'acocls, col!ei!ods,

G G 0

c<C
G

U



S 11>>alp

Ivhi e Brown Oi s ters"Yea>

1963
I <3�4
19 L!
1966
196/

Cl absFish

2 B�9 000 3 875! 000
.!5,8 2! I,OO J
5>.7R 1.000
G.405,000
6,717,100

3,664,>�0
5,383,000
3,467,500
1,100,400
2,4 >/,800

/20,000
683,800
6c!.>,400

!,2»58,5/OO
1,37!,200

292.400
3/ i,2 >0
15>B 700
23 LB j !
390,500

5 yr av.
Ibs 'yr
g/yr
g wet/
>n>/vr
Barataria Bay
g d>> '»>e 'il
 '>Oe�dri, we !
Tnl at I./!»indiana
g dl'> 7»>a/Vl'

812 /00
3�8,9�5> a 10:>
0.2306

29 i,320
13'>,259 >< 10>

4,544,800
2,063,339 a 10'l

1.2895

3,210,640
1,457,612 a !0'
0.91

0.0826

0.01�10.25/9

0.2648

0.1820.016.!

0.00352. 704 0.0029

'Prii are lease onti.

n;><t«H>ii are i, Data is <h"ui 11 from previous studies
as well as stoi!i«el> analysis done bi the authors. Foo<1
it< nrs ai < lis ed i» <ICC>-e;<si»i fre<lueii< i of occurrence

S<»uc gciicr al conclusions caii be clraiun from this
«i!;ilysis. It «ppc;11 s tli;it o!g;>r!ic  Ictritus is the major
co»it><»ieiit ol' tlie hei hivoi o«s tislies. Fishes of tlie
hi > li< i ti opli ic lei els in«v utilize detritus somewhat,
p;irticiiI;ii I! t lie bai ancliovy, but ingestion may be
;1« i<leiital. 1'hc hai anclioi i, a prim;iry car riivore,
tcc<ls pi imarili on zooplankto». Little utilizatiorr of
plii t<>pl:i»ktori was obscrvecl, lending further eviden 'c
th;it »« riti<>» in this si stern is based on allo< hthonous

;i»ic <letritus sii< li;is .<>f>a>-fina «n<1 other nrarginal
m;i! sh »1;l croIili! tcs,

TROI>HIC: <sVEL'TRIINI ANALY>>!I<>!

Alter d<  e! i»i»;i ion ot tlic too<1 h«bits of these

fishe, it bc <>1»es possible to ai'1/l»gc thc»1 111 «sc-
<Ir>en< e b«s« I on the foc><l itei»s tliei iiigest.  T«hie 19!,
1 iris te< li»i<1ue enables a»;>Is sis of tlie food ii eb arid
of the iri ter<le pe»dcii<. e of one tropli ic lei el on an-
ot lier, Divisioi» m;ii he made into several I'eeclin<g
categories as <lc lirie<1 beloli:

Hcr bivoi cs � fislics feeding pi in>;» ily o» vegetable
»latter, pl!i r<>pl i»kto», or o inic dct! itus; only
occ/is > o1 1 1 1 I i I;i k l 1 1 <g> s»1 «ll 11111111:11 forms.

Omnii o! es- fisl>es sl ion ing»»o p;ii.t icul;ir per fcrcnce
for pl'i»t <!r;!i i i»i;<I ni;ite! ial, thc onc oi the othe!
preclomi ir;1 ii tli, dc pe» d i iig on ai «i la bi li ty in the
parti< ul;ir habitat,

P! ii»;i i y car»ivorcs fishcs fecdilig mostl! on zoo-
phliiktoil 'l» I »lier obe»th1c a»i»lais but' occasion-
alli oil pl» iit »1:ittci. ! r!<l org>' iriic detritus

I!/ficl cai i!ii or<.'s--fislies feedin> on hotli microben-

tliic and n1 ic> ol>e»thic ariinrals such as nrollusks,
ampli ipod», pen«cid shrimp, small crabs; small
frslics of lou cr tropliic levcIs> an<1 organic detritus.
I'lic latter is probabl! taken incidcntaIly in feed-
iiig on anir11;ils.

Top carnivoi cs � liiglili «>red;iceous fislics feeding
mostly o» sm;>lie! fishe such as the I;irgesc«le
nrenli;!deil, b;ii anchovy, tide!i «ter silverside, and
1,11'i'«I Atlantic croakers an� the larger ini�ert-
ebra�t such as pcnaeiel shrinrp and blue crabs.
1 hc I;iri «I ariel juvenile stag>es of these fishes m«y
fu net iori as»! i<1 ca! rrivores as poi»teel out by
AV. E. 0  .I u n>   I  ! 7 I ! .

The following is a compilatio» of studies done on
the foo<1 habits of the most coinmon fishe i» the C:ami-

I «I>Ie 2  A> e»>g/> annual harv< sl �96>3 67! of rhe major com-
>nei cial Iish and shell ish produce<1 iu Louisiana
walcrs  L i»dali er al., I'.! /2!.

Percei> age
of Tora!

Poul«ls Percentage
 Million! of Total

Value.
II!fillions!
of doIIars

10.12
26.68
0.42
4.39
0. 73

Species

713.06
73.51
23.71rj
9.<37
8.27

23,3
61.4
0.9

10. I
1.7

Mc>>had<.'1'1
Shrin>p
Croai.cr
<!'> sic>'
151ue Crab
C,'»6il> a»d

B» Iihea.ds
Spo 
Se>ll>'oui  .ii>or<ed

and I! bile!
 Led Dion>

To at

84.6
8,7
2.8
1.2
1.0

4.59 0.5
4.<i27j- 0,6

0.78
0.08

1.8
0.2

0.4
0.2

100.0

4.117j 0.5
0.53 0.1

842.3 / 100,0

0. 19
0.09

43,48

«Live iveigh 1
t I uli7 eii essc1 p> ices I3!

rslncilides ii>du<<rial bol<o>nfish

Table 2 j C/»n>»ei ci;>I fish<ries ii> B;» l> aria Ba! . I.oui<i;»>a fro>n I!> > I »> I!! i Pish vi/ I<i <i;»;> f> <»» X >>II 8 per»nneI in Xe><  !> Ie»»
  1 !en, 1971 j, 'I hei< dale cai«iIal<sl fr/>in total Louisiana c»< I»;»d lo>al I oui!ian;l es u;>rine area. Tor;>I c»n»nerciat ca>ch,'
i <" »' >» I!»ands.



Tlie mictol!entl!ic ani!Dais are utiliie<1 by the ma-
jorit! of these lislies. The microbetlthos  or meioben-
thos accot <ii>1<! t<! some attthors! inclti<les snt;<11 animal
cr«staceans an<1 insects. 1 hese organist!!s are the maiil
<liet of. t]le 111<ii ca1'nivol es.

a» IC! <ii»cs in the C:a»iiiia<la Bar san>plii!g du i ing I<
1-72. Thc fishes a>'e grouped
their fccdi»g habits. 'I'he gi<»mph>gi are discussed in the text.

HERBIVORES
Shcci!shcad >ni»now;  Cyprinodor> variegatus!
Sail ii> n!oil!  I'i>ecilia Iatipinna!
Si i ip  d <»i<llct  kfiig»ii <cphaIus!«

PRIM AIIY CAR iIVORES
Bi<! an<E>o<>  Anchoa mi«hilii!

MID CAR'%IVORIES
C'i ccn gob>  Itficrogobi<is ihalassinus!
Frin»g»ed Rounder  Etropus crossotus!
Lea't puffei  Splioeroides par»us!
Spot ILeiostoi»us xan> hurus!
Bai »I! iff  C ithai ichth! s spiloptcrus!«
Dai tcr gobv  Gobincllus bolesoma!
I.ad> fisli  Flops saurus!
Sea catfish  Arius fclis!
C:rei ailc jack  Caranx hippos!S
Sharptaii gobF  Gobinellus hastatus!
Rake<i gobv < C'<>bi>»ma bosci!
I iii< d sol  i Xchirus iincatus!
Pii>lish  Lago<lon rhomboides!

Skipjack herring  Alosa chrys»cliioris!
Gulf !ue»ha<lcn  Brcvoortia patro»us!«
Dia<»ond I ill fisli  Adcnia xciiica!

Striped anchoi>  Anchoa hepsetii<!

TOP CARI<< IV ORES
S;!<id seiitiout  CI»oscion arenarius!
Slii i»ip eel  Opliiclithus gomcsi!
I»~foie iixaril fisli  S! nodus foetens! «
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Table 22. C;liccl,list of fishes taken m » < th
into irophic lereis accoiding to

Atlantic bumper  Chlorosco»>b> us chr> surus!
Florida pompano  Tracinotus <arolinus! r
Spotfin mojai ra  E»ril»!«to>i><is ai'gclltc>is!
Shccpshca<1 CK I»eh os;il'g»s pi'<!h;l i» 'eph'>1>is! I'
Gaff<op catfish <Barge marin»sl
Gnlf killifisli  Fuiid»his grandis!
Longnose kiflifish  Fuiidiiins siniili'!
Roiigh siirersi<le ibfe»!h>as martinica!
Tirleiratel: sih erside  Me»idia hery.flint>!
Sil<ei peich  Bairdiella rhrisu>a!»
Ban<lcd dru»i  I.arimus Iasciatus!
Sou ihern kingfish  Mcnti irrhus aiiiei icanus! 1
Atlantic croai cr  Micr»pogon u»<lola<us!*$
Atla»tic spadcfish  Chaetodipterus faber!*t
Blaci'neck tongue fish  S><»ph<» us plagiusa!
Bighead scarobin  Pron<it>is tribulus!

Atlar!tic cutlass fish  'I richiur»s lepturus!«
Sou<hei n flounder  Paralichth< s le >host ig»! a!$
Spot<cd seatrout  C» nose>o» »eh»i<is»s!*t
A<la»iic aced>cfish  Sti ongy i»i a»iaiina!

«important ti! coiiiiiiei < ial Iisheiies
tSport-fisheries i>nportance

The toll carnivores, rel!resente<1 h! sanil seatrout
an<I sl>eckletl se;>trout, f<.'e<1 lat'gely on tile fishes of
loner it of!l>ic le>els,intl mactobenthic 1'olms such as
hl<tc < rahs anil petto>eitl at!cl caricleati sht i!nil.



BIRDS
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Bi> d», along with cei tair! mar»i»;!is an i fish, i'cpre-
sellr. tlie top of t]!e food cliaiii iri the estuarine ecos>'s-
tem. For this paper we li;ive sep;!iatecl the birds into
sevei.al dilfere»t tropliic groul>s  Table 25!. The list-
ing in Table 25> is not exlrarrstivc, but include» tliosc
bircls deemed to be most ii»poi r;r»t. The groups in-
cliidc waclirrg bivcls, w atcvfowl, shore bircls, fishing
birds;ir!d birds of lire niai sir pvopei.. Tl!e wadii!g I>inls
inclucle the hero!is, egrets, aiicl ibi». AVaterfowl in-
cirr Ic»  hicks and coots. Sar!Hi>ipcr», willeis, and plov-
er» comprise the shoie bi! is while gulls, terns, peli-
cans, and skimn!crs make up the fishing birds, For-
merly, the brown pelican was an important fishing
bit I, but populatio»s i!ave declined and it is now
very rare along thc Loui»iana coast. Birds which live
almost er!tircI> within thc marsh include spavvows,
wre»s, rails, grackle», and veclw ing bla .kbivds.

SEASONAL ABUNDANCE

The scasorial al>u»�;i» c of tlie various birds is i»-

dicat .d in hguve 19. '%fr!eh of this information was
taken from Lowery �96>0!. Shove birds aie more abu»-
d;int iri the s;ilt r»rrvsjr duri»g the colder months.
Tl!ese birds feed pirr»;rr il> o» expos .d niud Hats whicll
are extensive during thc r.he colder mo»tlis wlien the
vvater levels are Iow.. I'em» are»!ore abunda»t during
the summer w liile niost giills are winter vesiderits.
XVi!itc pclic;iiis niig!'ite into the coast;il mar»lies dur-
ing the coldei' r!lolltli». i%I;rrl> wadiilg bil cls migrate
soutli».ard into Ir fexico diiri»g the coldcv n!o»ths.
Sp;irrows decrease during tl!e winier montlis, pri-
marily because of natural mortality. Rails follov a
similar pattern, The Clapper rail is a >ear-round resi-
dent, while Virginia arid Sora rails migrate into the
area during tire wi»ter. I!«cks migrate into the coastal
m irslies in great nrrr»ber!» cluring tlie fall season and
most leave by late spring. Onh mottled  lucks are
perm;inenr. resiclent». Tlie clata for ducks represent
the net effect of coi!stant movenient into and out of

the salt marshe». Some ducks stop in Louisiana on
their»ay fuvther south while others spend th .' entile
wi»tcr in the area. Tlicrc is also consiclcrablc internal

movement b> all write!fowl within the maish areas
as liabir;rt condirior!s an. clianged by rain, tides, and
other factors. For ex;i»iple, local weather conditioiis
and food availability constantl> influence the number
of lesser scaup found in the salt marshcs along Lou-
isiana's coast, Louisiana'a coastal scaup population

ol'teii ver!!;ri»» i» offshore, Gulf. waters lor the entire

wintei., but in some years reduced food availability,
weaihci, or other factors require many of these diving
ducks ro mo! e into shallow bays and salt mavsh ponds.

Duri»g December, Louisi;i»a's coastal duck popula-
tioii estimates rrsrraII> decline. This results from both
the dispersal of diicks from I.ouisiana's c >astal marshes
wliich h;ive been inundated withwiriter rai»s and a

loss of tra»sieiit pucldle ducks that continue their
sourliwaixl migration at rhi» time.  H. Bateman, per-
sonal commuiiicatioii!

FOOD HABITS

Tlie food habits of tlie various birds;ire presentecl
iri Table '25>. %radii!g binls take mostly small fishes,
cviisiacearis, molliiscs, and irisects. Thc> commonly
feed in small marsh ponds ancl channels and within
tire maish itself. Gulls and terns feed in the small

marsh ponds as well as larger lakes and ba>». Stomach
cx;rmi»atio» of several ter»s and gull» showed only
fish a»d shrimp. Gulls and terns will also feed on car-
rion  I.owery, personal communication!. Plovers and
sandpipers feed mainly on bare mud fiats, taking
s»i;ill worms, cvustaceans, etc. During the vr inter,
Hocks of A%hite Pelicans gatlier a! ouncl sinall poncls in
tire marsh, apparently feeding on the small cyprino-
dont fislies which inhabit these areas. Palmer �962!
reported tlrat the diet of Wj!ite Pelicans consisted al-
rnosr. solely of small fish of no commercial value. The
m;rjority of the food of ducks consist» of plant ma-
teri;il. i%I;rrtir! arid Uhler �939! examined 200 giz-
zaicls of 17 species of diicks a»d found that 75.2%%up
of tire content was plan!. material and 24.8pr~ was ani-
mal. Of tlie a!rim;il matter snails werc 11/p insects
v:erc 'I",p, ancl fish were 2%%up. Stieglitz �966! stucliecl
tlie food consumed by several species of diving ducks
a»d I'ouiid tliat plarit material made up 68.5,p ancl
anim;il in;itevial macle up 31.5%. Of the animal mat-
ter, nioll«sc» made up 29%%u and crabs made up 3%.
Iri general, diving ducks tend to take a larger propor-
tion of animal material tliari do puddle ducks. In
Louisiaria, molluscs, shell fish, and small fish are im-

portant food sources for divers in coastal waters.
Clapper Rails, Rail!is lo>rgi>ostris, are one of the

more important top consumers in the marsh. They
have bee» studied in I.oui»iana by Bateman �965!
and in Georgia by Oney �954!. Oney gave the food
of rail»  % by volume! as snails � 14%%up, crabs � 74%%up
 Sesarnra � 54%%up, Uca � 14%%up mud crabs � 14%%up!, insects�



9 <, a>><1 Li':I<  is of spi lei s, f>shcs, a»d pl<i>! Ls. BaI c!I>«1»
rcp<» teel c»«»ti;<II<' tlic sai» .  Iict includi»r < r;ihs   jr i
;i»<1 .!' << <I!ii I!, s>>;>ils I'Ii jfr>i I'rra!, and i»sc«s..!<>aalysis
ol' stoi»ach  o»t< iits of sc <side sp;» >oiis i!i<lie;>tcs tli:iL
in~ect~ ace<>unt 1'or;ihout. 00 to 80",' of tfic fo<»1 <oii-
Su>'<>C L Othe>' it<'I'l>S i»eh«IC Sn>i>ll C> «at;<CC<i>ii �0 Io

20".;,'! sm;ill snails  ,'> "r''! an� plant i»;i>c> i;il  ."i";,! .
M're»s have sii»il;ir fccdiiig h;>hits, iihilc hl;i<l.fir<Is
and gr;icklcs take;> grc;itcr pi op»i tioii ot pl;int ma-
teriall.

RIOM.JL88 A%I! RE8VIR,ETIO%

The a»»<ial  listribiition ol' hii l biom;iss is shoiii>

in Fig<irc 1!!. Points maikcd iiitI> circles,>rc me is<i>'cd
<1;it I points. M'e haic coiintc<1 .sc;>side sp <rroivs on a
300-1»c'Lcl' tl <<>>sect in th<I '»>'»'sl> su»'0<iii<1>llg Ai> pl'u>c
I.ake. >!<»»«al populati<»i an<I biomass vari;itions are
shoiin in Table 23. The aveiaoe <vcig>I>L of ill birds

'1'a>>lc 2.'3. Pop<il;>iir»>;n><i I>jr>n», ii r>f S<s><i>l< Sp;><to><s,;<long a
300-n>ei< >' i <a<>sc<i in S j!rr>oi »4 rrncr»i jjo>'rr n>a>si> a<l
!ac<»>« o Ai>plane L;>k<.

g <1 <v 'ie I r Yn�

.04 i

.02 i
,011
.006
.009
.007
.010
.022
.032
.029
.032
.029

Date L>ir<is /ma

Sep<. 1 .006.>
Sept. 20 .003>ii
Oct. 2"r ,00>;>
Xov. 20 .0012
Dcc. 12 .001:3
Jan. 26 .0009
Fe!!. 23 .0021
Ap», 3 .00'>9
Mai' 0 ,0043
June 9 .0039
Juh 24 .0013
Au!,. 23 ,0039

capt>iied was 22.7 gr, I his ii;is used to co»icrt birds/
ma Lo g ii.er. i<rt 'm-' and <lry ii:eight ii.as t.akcn «s 33,7,0
of S<'et iieiglit. Tliis fig>«rc is thc avci age of five Wil-
son's Plovers, C'ji ir I l>i>rs n ilio»inr iiliicli iie>e driecl
a]id ivcighc<I in o»r lab. D»iing il>c x<';>r>ncr months,
spra I I'oii'! ii'crc <ib «» i<i > I I Lhla! L>ghout thc in<>1 sl I su!-
>oun li»g:Yirpl;»>c Lake. Duri»g thc fall a»cl ><inter
months n>ost iic>c iiitliin 100 meters ol' thc shore.

Oney �954! cstimaetd tl>e rail population in Georgia
at 1.3 to 1,5 per acre. Loiiisiana Wild Life and Fish-
erie~ If:om]nission pe>soi»iel  B;itein;in, pe]so»al com-
munication! estiin<ite<l 5 ';<Lie. We cstiinated 2.1,'acre
i>i tlie s i>'1>lane I.ake aic;i. Tl>is is;in a<ci age of 2,8
bi! ds;>c>'c or 0.1�07, m'-'. 13,item;»> i cpoi Lc� an ai c> agc
SSeight for ii>;iles aiid 1'eni;iles <>f ".� <gr;inis, giving a
biot»;iss of I!.2<! g <v«t <it,ri»'-' or 0.0!!8 «Iii ivtr'nia
usin<gr 33';<, as tl>c hai<tion of <1ri iiciglit, I'he bioinass
figures in Table 23;i>c for tlic ni<»sli;ire;I only,:u>d
for r;iil, onli Ioi the I»;irsh e lge hi]bit;it ii'here tl>ey
are;il!«i]<lii»t. G;igli;ii>o  unp«IJIislie� data'! repo>-ted
that 43",<, of thc;ire;i of B;irataria Bay i» marsh, the
ren>;ii»<ler being ope» iia>tc>.  .�",0! or 1>igli land � 0!.

gp'l>'I'oii' I!l<>»>;Iss N'"is clct«!'»>illc� bi l>>illtiplviixg>' the
<I:i>;i f<>i Lh<»i;irs!i;iloi>c bi .-13> to obtain;>n avcrag<'
;iic;i has« l bi<>n>iiss foi th  iiliolc bay siste>n. For rails
it <v;>i;>ss»»>cd tli;it marsh e<lr e is:ippi os.in>;<tcly 37",;,
»I I lie»>;I> sh;in<1 Lhus <lie bioi»ass lo!' >aiils ivas ]u«I-

tiplic<I bi 15.9';. II<iils Ni>>tei' I>op«i;>iio>i <<ere as-
si»n  l I<> h . I '2 of the s«mmci i«i els.

i<I>< i>4> bil'<ls <i'cl c  .'«i<»Lcd bi' . >C<vs<>1»  «»pula-
lish«<I <I;it;I'I <li» i»g A«gust I ! i8. Hc supplie l figures
i» 1<..i.iiiv <>I »iinibci of Iai>ds ';>crc. I his <isis <1ividecl

hi' 4, >5� ii>a <I  I' ' '>n� 1>iultiplic I l>y LIac avc> Jgc iveight
pci bii<I  fi40 g! to OIJt;>i» th< hiom;iis in g iict iitrrm'-'.
This mc;i» iieir>ht iiais ohtaiiicd bi;iicr>ging iieighis
ol niiic <liffci ci>i iiai li»r> bir<ls;<s listc<l IJ< P;ilmei.

 I!�"!. Wii>ici lcv< ls of iiaidi»<> bi> <is iiere;iss<miecl
Lo hc I,'I of tlic s«i!nncl' levels.

Dii<ks;irc coii>itc<l »ion>Iili hi l.»uisi<»i;< M'if<1 I.il'e

aii<1 I iili«I i«s I »»»»issi<an I!ersoiiiiel. 1'!acsc da>a i<ere
siip»lie<1 I<> iis hi 1-1. A. B;iteman, a vvatc! foii>1 Ioiologist
fo> tlic <o>»I»ission. Divi>in cli>cks, maiiili lesser sc;»>p,
lr<' the >1>ost ill>i»»l<> I'I I. Nsat<'I'foii'1 lou» l in I.oiiisia» a s

.s;<1< m;ii.ilies. Thcii «sc of these i]i;>i'sfie» is unpredict-
able an l cii <itic from ie;<r Io icai I he sc;>up is i>ot as
access;ihle o>. higlili so«r>lit;ift<.r hi iv;itcrlo«l hiinters
i» I.o«isi;»>;<;>s;» c p«d<llc du ks. c:o»ac<I«ectly, hinit-
iii pi<»«IC is 1<»i in s;ilt i» iislics and mucli lii<ghc>
in th>' f!'csh<'] ]» i>slics, Ir shoul<l bc noted that tl.c
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Fig«re 19. Pattern of pop«lation composition and
I>ion>ass ol birds in the salt marsh. Data on clucl.s

from Batcmi»> �971!, wadi»i birds from Bateman
�971!, .'<Ieivsorn �971!, and Loivery �900, 1971! .

s;ilt »>;i> sf is not tlic prime h;ibitat I'or all  'Iucks in
Lo I i i si,i »;i. P u< 1<lie <I «cks;i> c perliaps te]i t i]nes as
ab«iid;iiir. iii thc brackish;ind fresl> <narshes,

.J n;>veia<ge vrcight ol' 789 g iiet iit for ducks was
OIJt;<ii>ed I'iion> fiiiiitli �9f! I!. This figure <vas use<1 to
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'I ah>< ".. I oo

!pecies

1<!'adi»e Bir<ls
Gre;ii Blue Heron

l.i« ie Blue Heron
L<nii!i;in>r Heron
< I!i ci'I <';I ri I' gre L

Sr>on s Fgrcr.
 .arri  I:grcr
4th i I c ibisof <lifhi<ai< groiip! <if birds

II >ra>i<if'< Bas!
brood This
' !'hi>< f>c <l IbisB!on>a+!  g dr> is i<<re!

0,00 i! I
0,010 j
0.01 I 6
0.0099
0.0061

To ra I � 0. 0-t-t

D«cl s
U'adh>«hh <is
ipai! li>< '«, ''<'I'<'Iis! cic.
R;i il!

bii<ls anal li!hiiig birds

Fishin! Birds
Hci i i»g  '<ill
I a»ghing Giill
Rillg-bill <1 Gull
Forstci 's 1 em
Rm;ii Tcr»
I e;i!  Tern
Teiiiie Pelican
> k > I i>! > i ers

ill>llii<nrs arid oper! ><ate> fish
S Ii I I Ill 9

fi h <'I'a1»>c>! 196'>!

Shore Bird!
Piorer s, I< il leis
>I! I I <. I I < i I > C I s
I! f<rrsh Proper
Ra i I!

Sca Si<lc Spari<>is.
4!'rens
Blackbirds and

Grackles

~ 0.0227.33�

.20

5.11

BIRDS

!>3

< oiis ci >  lie I><>I!<il;i tioi> n>ii»li  i s to bi<>i>!;I!! 0» 1 o r»!a
h;i!is 1s w;I! doi>c- fo> the x<;idii><s bn d!. Thc bi»i»ass

of' shc>i'c bi>' I! an� fishii!< bi>' ls Ii';I! >s!»1» 'd to I>e

2:">", of' tli;>t of the xs.;1<Ii»>r bird!;ii>d to bc twi e as
h!gh i!i the w!»ter. I he a>ci:><>c b>r I I>io»!u>s! fo> tfic
c>iti>c sc;» >cii! 0.0$f v <li! sit »I-  ;>ss»»>i»<r .'>!I."> ?<,
o!<ui>!i< i»litter!, TI>i! is diride<I;it>ioiin ifi< s 0> ioii!
cri Oi>I>! 'Is,!ho><'Ii 1» l i>bi i " f. ThC I'eip>11>tin>!  <1>!

i abl  "I..hc I;ig .:iiiiiii;ii ln
iri ili< ~;>lh«ar<!< of

I I <<pili<'. gi i >III>

c I I  III I to<i i>'I» ><~ I> I'c!I»i I to>'s' r itc  if 3 I.fs ' < bo I!
set  I>is . I his fig~�>i�> c I! i>1>  Is <'I i> <>rc I ate  "Il '»I>it c 'I Iroi>>
,> It»»; i> et al. �9.i!!, a»� I'ro!sc>.;in l Bio>s» �961!.
L.!i>if tfii! Ii ~u!e tlie t<>i;if bi! d ie!piiaitio>i i! 0,011 ~
o>»»! ni< !n! lie> oii<liIC l,'1>Ia d;is or a. I I g. !»c <'sear.
Sticonlit> �00>fi! Icpoi ts th;>t;»> i>se>"i><~ . foo<l i»t;>Le
I'or <l»cks  fo<> l,i! «I» w i rl>tj is 10' <, of the ss'ct body
Icc>~~I>t. Tfiis I! ecf»>s"i>lc»t to 000~>!! o  I>s ut Intake'
»I,  I Iy Ol....2/ <r '>» ! el>I' IO>' thC C»t!I'C b!I  I popiila-
tioii, u fii< li i! lo><'c!' tlii>li th '  'o»!p>itc l re	>il"It>o». IL
I»II!t be Ie>I'Ic»!l>c>'e<l tli;it il>c 10';. I>o»> c i! I'oi <l»ck!,
;!n<I tlie I»t;IL  r,ite I<» sn»>ll I>ii  I! Ii!cc sp1> rows
!h<»ild I>e Iiiolie>. Piodi>cti<»> i! t;>ice» to be hall the

as < i1 c !t iii liii«< >of>: th it. i! 0  I"'>  . d> s»t.'I»a>'year.
'I hi! u;i! cfct<n!i!iiic<1 bx';i!!>»»i»n. tfi;it bi«ls >epface
tIic»i!< lscS e;icl» ;ii a»<I I»<> I spci> !;iboi>i lialf' Of thC
!eii>.' II! thc n>;I>'sli. I'e 'cs p>'»duct>on w'I! ci>I  iil'>ted to
bc ~2. >II '' Ill ', sc;»',;I!!u»>i»I>' >»>;>!s>»i	;!t>on.  'ffi '>c»cy
Of <0«<. 4'Si»~ the!e fi~~>u>C! the toi;>1 irit >I C Of tl>e
1>i>'<I! Is I .g>o> o'  I! !  > I !»- s'c;I92!

N arrr I'osrt
Puddle Ducks

Sho   c le i
G 1d>< a ll
P in>ail
r<t'i<lgcons
s<I;>ll » <I
af<ir i.le<i l>iicl;
Bloc-<ririged Teal
G rcci i « in gee Teal

D>riiig Di>cks
I cise r S <1«i p
><n>crrcaii !feinan!cr
H<><>d<d !fei ninscr
G iv s
Rc<lhc;ids

Il;ibi s <if priiicipa'I e~l «a>inc hii<l!

Foo<l Habi>!

i!iillflo>< - 6i"'j, <hriinp s cr;>1>! � 10"j,
! I I i il II «> i>i<1 'ii! i>l � 6

.!Irmll i<if>< !, <au'ri>r< >r> . !nail!, ir>!ect!
neo.il< inicc s
eros<;r«s<i>s  i >"<� ish I,'I",, siiail» � IS~>r,

ii<i ci! � >;><';,
ci u<l I '<"llis, !Ils<'ci<

  I "<1»i< r, I9ii2!

Srrvuli<n I 968. 66','. plai!t
.'31.6>' <', Inini;I>--mollusc29,>r

crab! 9",�'.

Ala> rin an<i I hIer f939
"< <.2; plant
2 I !' I 1nim >I � ns ii! I'<'

ii>sr  ts 4~<
fish 2%%u

sriails. crnsracc>n! an<1 »<her animal! of
miid I>i»s an<1 1>;>i e areas

ci aI>i, !n;i ils, in<eris  Bairn»:n, 1966;
O>ier, 19>i!

Insecrs and plan> niaterial
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Tfic import;ince of f>;<<teria a»d fuiigi i» thc break-
<losvrr of tlie m;irsli gi.asses in the fori»ation of detritus
Iras beeri recogriizc<l for some time. The nutritive
value of detiitiis to highev consumers is increased be-
cause the percentage of protein  due to bacterial bio-
mass! is increased in the detritus-bacteria mixture
 Biivkholdcr and Borriside, 1957; B«rkholdev and
Burkliolder, 1956; U<lcfl et al., 1969; Odrrm an<i de

la C.'ruz, 1967; and otheis!. St«dies by Newell �96:>!
an<I Fe»chef �969! Iiave indic;itcd that tfie inost im-
p»i t rrrt Ion<1 soiiico to deti it»s <o»siim<'vs is the micvo-
orgar>isn>s living iii association with the detritus,
He«Id �971! and Fencf>el �970! h;ive shown the im-
portance ofhiglier orgaiiisms such as amphipods in
th e for in ation of der.i itus. He«id showed that the

aiiipliip»cls clo not atta< k m;i»grose detritus until it
has f>cen iri the w;itev and siihjected to bacterial action
foi sever,il moritlis. Fenchel fouiid that thc detritus-

col is<I lllillg '11»phipods increase the total metabolic
rate <rf the n>icr nb< s bs de< re«sing the particle size of
the deti itirs. rife>ers �971! piesented a general dis-
cussioii of the r»icrobiological studies conducted in
B,ivat;iria Bay under thc I,SI J Sea Grarrt Program.

BA C'TKRIA

H»»d �970! studied bactei i;il types and population
deiisitics in the vicinit> of Airplane Lake.

Sul>merged Sediments
B;icteria ol the top fcw centimeters are t> pically in-

«ctive ancl slow grow:ing . I'he prc<Iomiriarit bactci ia
in both aerobic and an;iev»bic sedimenrs are Bacilli<a

�0 to 15 important specfes!, I hese Bncillr<s species
niake up about 50 to 60"�' of the total niimher of
bacteria. Less ir»poi tanr. in the aerobic zone are the
Pseucto»r o»ns species. In the losver anaerobic zone
Ciosti'idium is important.

The most important nritvitional t>pes in the aerobic
zone are proteol>tic species. making up 50 to 60 i~
of thc total. The otlier 40<,'~ includes lipolyt.ic and
algiirofytic types. C:ellulol>tic activity is low in the
submerged sedimeiits. In the anaerobic zone, the most
important activity is that of sulfate reducers.

Marsh Soil

'I'his includes the bottom 1 or 2 inches of the

Spavriria stalk as well as the soil itself. 'The most ini-
portant species are Ps<su<fomorras «»<I Vif>vio with the
first being morc numerous, There are a few Bacillus

h«t tfiev are different from the Bacillus found in the

submerged sediment, The marsh species are more
f>iologically active than the species in tlie submerged
se<liments as tfie marsh soil b;icteria exhibit a con-

sider;ibl> sliortev gerier;itioii ti»ie and utilize a larger
vaviei> of c;irhon sources. The> produce very active
eiiz>iiies whicli veadil> attack carboliydrates such as
st;ivches. free sugars, and cellulose. Most are faculta-
tis e aerobes.

C;elluh>ylytic h«cteri«are lo«»d in high coricentra-
tions within the marsfi soil 1>ut tlie higliest biomass
»I' cell«lose «tilizers is foiind on the bottom of the

,$1><»li»n stalk. These data siiggcst that greatest cellir-
lose «ctivity occurs on the plant itself. I he genus
Pseud<»»o»as is found to be the pi'edominant type of
cell«lol> tic bacteria.

On Spartina

Bactevia o» tire SP<rvti»<r grass are aerobic. They are
le;ist abiiiidant o» tlie top porti»» of tfie grass which
is sci > i arel> wer. by the salt water. The organisms on
the top of tlie fisc Spavli»n ave mostlv pigmented.
I'fiey are similar to air contaminants one would get
o»;iri open petri <lisfi in a lab. They are different in
tfiat they reqrrire sodium, thus the> are "true marine'
ovg«iiisnis. Tbes probably represent bacteria indigen-
»«s to tlie sc;i >rater dispersed in the form of aerosols,
The most common are genera of .s tier o< occus, Savcina,
ari<1 Bnci llu,s.

'I'he next higher numbers;ivc found in the mid
povtio» or splasfi zone of the Sl>avtina. This is the
zorie wfiich is wet b> the high tides and by waves.
The types of organisms found in tfiis zone are inter-
medi;itc between those fo«nd on the top and on the
l>ottoni. There are a few pigmeuted forms and a few
ave like those found on tlie bottoni part,

Ba<tevia on the bottom of the S~ar tina were dis-
cussed earlier. These are on dead SPavtina sheaths,
whicli normally cover the live culms. In general, the
numbers of bacteria increase from top to bottom.

The most important orgaiiisms in the water are
species of Vit>zio, Pseudomonas, and Achromof>ac-
tev~rrrir in that orcler. These are fairly slow growing
and are mostly proteolytic. There are very few Bacil-
lus. There are also large populations of organisms
which decompose agar  alginolytic! but not as large
as the proteolytic types, The water organisnis seem to



 :onstitutc a dilleienl p<>pul;itio» tha» tliose i<hich
g>row in tlic st<i!mc! <rcd sediments. FIood �<970!»ieas-
ured b;ictci ial pol!iilatio»s i» v;irioiis pai.ts of the
Bai atari;1 Bay s! stem usi»g st;i»daid diliition and
pl;ite techrii Ives  Hood a!id Colmer, 1970, 1971!.
These data arc prese»ted in Table 26 an� Fig  re 20.
Be<ause of tlie pl;ite tc<lini lue, it must b<;issiimed
th;it these arc rni»ir»iim estimates since plate  o«nts
giie lou v;tines. lol!cII a»d Fcltman �942! stated that
pl;itc coii»t proccdiii'es detect a nutxi»iiim of only
10":, of total living ba tei ia.
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Table oh. Bar<et ial 1><>in>la<in»i in <ari»«i hal>ii<>is of th<
ma<sh-<il«a<inc s<.<e»> ii> Ba>aia! i;i Ba!. Xumbers
are a!riage over the !ea>. 119<191970! 'X«n>hers are
esiii»;<ies 1>1 Ho<«l <19>0! ai><1 Ho<><I;«<0 C;<>lmer
 971! 1'r<»» si;!»<h<><1 <liliiiion anil plate tech«iques.

'»foist<ir< P C<'lls'g<lr! wi or«>i H,O
S p«>  <»<> � iop 5.! 1.! > x 10s
Spar! >i»n � mi<1 poriio>i GG 90.0 x 10'
Sj!»r i»<< � hotio>n pn>'<ion 30.0 x 19"
Vfa>shia«<1 soil GG 6.6 x 10s
Suh»>< >gr<l s«lime<>t 7'I 4.8 x 10<!
Water 95 x 10!

Api il and >ofay. These high populations coincide with
rising spring temperatures and the time of greatest.
detrital export from the marsh as shown by Kirby
�97"!,  Fig. 10!. Voli ntann and Oppeiiheimci �962!
also»ie;is«red increases in bacterial numbers in spring
in Rcdfisli Bay, Texas, biit niimbers continued to rise
thi o«g>i>oil  the summer, Hood  unpublished data!
staled that avci age bacterial populations iii Barataria
Bay were closely correlated to organic matter present.
4'oil mann and. Oppenheimer �962! and Oppen-
heimci. �960! also reported that bacterial activity in
shallou Texas bays was propoitional to tlic amount
of org;inic ni;itter present. Bacterial populations in
tlie m;ii sit soils werc higher towards the end of the
suninier  I;ilc At!~ «sl and e;irly Septeinber!. It is also
 hiriiig this time th;it the live .vpa>fi>!a begins to die
off. It m;iy be that bacteria are responsible for the
initial degradation of Spa>ti»a.

Oppenlieimer and Jannasch �962! reported bac-
tcri;il populations of 9 x 10" to 5.2 x 10 /cc. iri water
and se<linient of sli illow Tex is bays. Using 2 x 10"
g as the weight of one bacteriiim  Kriss, 19;>'1! they
 alc«lated biom;iss ranges of �.2 to 6 g/m'!. Zobell
and Feltma» �942! used an average weight of 0.5 x
10 '-' g and estimated dry weight of 2 g /ma for bac-
tel ial biolll iss.

x 10'
I
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I »!
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Figure 20. Seasonal distribution of total bacterial
populatioiis in three estuarine eiivironments  Hood,
unpublished data!.

Total bacterial populiitio»s iii three different estua-
rine environments aic prese»tcd in Figure 20. FIighest
populations in tliree diffcrent estuarine environments
are preset!teil in Fig«ic 20. EIighest populations in
the water and submerged sedimc»ts occurred during

Respiration
There have been no direct measurements of bac-

terial metabolism made in the Barataria Bay area,
Therefore, we wiII try to infer the magnitude of the
bacterial metabolism from other studies. Teal and

K <itis isher �961! studied gas exchangre iii a C'eorgia
salt marsh. They estimated that bacteriiil respiration
consumed 1,608 g dry wt/m"-,''day or 586.9 g/tna/year.
Total animal respiration was 0.62 g dry wt/ma/day or
262.9 g,'m-'/year. These figures were calculated from
the 0! consumption data of Teal and Kairwisher using
a cons ersion of one liter 0., consumed = 1.34 g carbo-
I»drates  AVieser and Ka»wisher, I'961!! and ass«ming
carbohydrate is identical tc organic matter.

Tlie respiratory demand of detritus consumers on
the m;irsh, excluding microorganisms, has beeii cal-
culated elsewhere in this paper. Summarized here, they
are: Respiratory consumption,

g dry wt/m%ear
<AIeiobenthos 77.9

Polychaetes 1.86
Crabs 65.2

Snails 115

'.<Iodioius 64

Insects 25.6



11>c!e tigiirc! a>e fni stv«;Ii»!i<le ni »i;ivsIi-edge h;>bi-
ta i. 'I'1 > i! hiibi 1>i t <.ricoii ip;i!!c<1 a pprn>< i m; Itelv the
fii.l;�ni of I»;».»Ii a<ljacc»t to t tie  <ater. To obtain
rc!J!i>;Itin>i oi ttic mcinf;Iiiii;i i» tli«naar»JI edge we
;i«!u»i«t tli;it tl>c ave>a>g«bininass to .!Brn wa» 2.4<3
g <by ><t.'m-'. Iliis give»;I respiration of 77.3 g dry
xv l » i -' x e, i i .

YVC »ill as!iii»c tli;It th<. r >tin <!f th«vest!iratinn ot
;I< t! itri! coi>!ur»ei! ln b;Icteri;il rc!pii ati<>ii I'epoi te l
1! 1'«;il iiii ! kai» islicr  i.c., 2 iZ.9:6136.9! holds fov
< >!»' »»» ! ll. I llc bi> 'tc> I!I I I'c! p»' itin», est »»at .d I»
I,hi! 1<as, wo»I<1 I!e 777 o d!s a<t 'rr>ejye;Iv. TJIus, to-
<81 rn»sur»ptio» o» thc m;i>sJ> is 7!7 g!na> 'year  bi>c-
 .<-I i;>! phrs 34l! g !»s»cai  cur!»»incr»! or I,I2a g 'm'-'.'
yc;iv. Xct p! oductio>i <>1 pJ;»!t »»ilcriiil h;Is bee» oivcn
b! I irby  I!�2!, I'>-nducli<»> at tli<. e tgc of the»tre;ims
w'Is,960 g dvy I  l. 'm-",'y«;Ir ai> d the I» nd uctioii;it !!Om
i»lii»� w;>! 1,4t� g'ni-"i ye;i>. � ir oh!«> atio»s of the
in:»!Jl c<lgc i»di<;itc tli;it tl>c;ivciagc J!ro<lu<tion in
ilii! e<lge h;It!it;>I i» aboiit 2,3 ili o ch! wt m>!year
I us!i!»>i>>o tt>;it  i0";., i! Iik< st i <;imsi<te a»d:JO'~<, is
''kc lfic 50m me;isuremer>t!. 'I hu!, a itf> a consiinap-
!,I' !n. O	 iLh« luiir!li ot 1,1;! lnli! yciir., I, 11 g '>1l-',
«;il' o .
.4':, ot the nct. I! o lli<tioi> is;I! ailable for

 !,J!<».t t<> tt><;idj;Icei>t wi>t«r.
I oliil I'csl	1"Itin» nt tl> .' »>al 	1 ttoo>' wi>!»1c';is»i'cd

<l ii ii>< tJI«su»»»er of I'.l7'. Di» iii Ji»!e tot<it i espi> 1-
ti<!ri >v;I» e<lrii<;ileiit tn 1.0	 g dry xvt,'u>-'jyca>. For
I» t!;I»d Aug»st, I"> les ie«l' ' t�1;»ld .!'1;! g dl'v wt '»I
v<;». !e!pe< ri>cly. Thu!. tlic ti.eii<1 <vii! tnr tlic rcspira-
l >n» ln fall du!'ii!<g th<1 !iu»linc>', I hc hrg'h«!it I'esp>i'il-
' i<!n Je! cI! prob;ibly occi» <lii> ii>g tl>«spi ir>< when
Itic><' is a large loss nt d<!tiit;il nl;itcri il f>on1 the
>II ill",Il l. I I> us, «vcr> tho I ig! i th e re» 1 >iri«in» rii tes cal-
cul;i>cd ii> th«pr«cc<1i»g p;»;I<gi;>p1> arc detcl'lr»n«d
f><!n> tli« lit«i;Ilui«, >i«b«lieve tl»>t the! represent a
goo<i est in1;it«<!l h i t«!.i;il r«!pi> a ion in tile Louisi <na
n>;> i ! li cs.

4'3 «estiin;itc<l 1<hier«i i;il rc!pivatiori i» the water and
sedi»ie>ii! tvnn> total r«»pi> atioi> Ics! lhc SL»11 of pliuat
Ii> J al»in> 11 I'c!pi>"lt lo». Tot. I I J>c» I hi« I'csph >tron was

calculi>lcd to bc 7!3S g  h ! >  t,'mc 3 yci>! . This svas
clcteriui»ed from the diffevc»cc betnceri total >'espira-
t>oil ci>tculiltc t ti'onl ll>c d»ill>>11 orey'gcll cul'vc flic b-
od an� wi>tei re»pi>atioii c;ilcul;itc l fvo»l the liglit-
d;i>1 bot tie m«tl>od. Th»», the fig»i c for bci>tl>ic
r '! J!ii'>itin» i!I<'I»des tli;it nf liu gci' nektoil !u< h;1! fish,
ciiihs, a»d sl» imp an<'1 the w;<ter re!pir>tior> includes
tlinsc oiganism! x<1>icl> «ould be capt>»ccl in;< I3OD
bnttJ«. This would b  pli! topla»ktn», t!acteria and
ZO»I!J;i»ktO». FOr C ilCul;itirlg pl;i»t reSpiiatiOr>, 1<e
as!urri«<I tl>at pl;lr>t rc!pii;Itlo» wa! 30",, nf gross pro-
<hi! t i»». Rest»>'atin» data tor the w>ter and»ub-

Ta hi<. Rcspi ra ic n fOr various <'on!pone<'I I! of  h< <rarer
an<I suhnlcI'gc l sc<l<»1<'nr!. Pli»1< I'est>>I il! Ion;ts'iun'Ic<l
ro hc 80'!<, of gross pro<1!re<ion..> lt figur< 1 are g �I!
><   j ms,! year.

Total Ira er
Rcspirarion

I'h >  op 1 ank on
Zooplankrori

T»I;il HcnihiC
Re!pira ion

Benthic Plants
Me to f a u» 'i

798
179
101

209
45.9

280.94

8.15
18.8
154

ill!i<' CI i>h!

Shciinp
O>sicr!
1'ish

291
1 oral Bac < rial

Respirari<n! I'>va ci'!
To< al Bac<e! tal
Resp!ra<ion  Ben hie! 170507

I»er <gc<1 !«liiii«»ts ai e pr esente� in Table 27.
'.<Jcrisi»cmer>ts of hcntl>ic > espir;>tion were cond>icted
d u i I »<' I he su>» » I  'I' nf 1972 1! y Tim Gayle and
C.:I> <ries EE»pkin»on  unpublislicd clara!. They found

tot;il beiitt>i< re»piratio» of h.'3! g diy wt, >»%ear
near tlic»foie;i»<1 332 g n>'-','yea> in tlie center of
Ai! J!l;i»c i.;ikc. 13cckc> �97 1>! reported the total
»Ji » «li»c length iri E3ara>tiu.i > 13;>y wa» 2,739 miles,
1 Jii! in<tie;it<! tl>ar at>out 2:!'c, of tl>e total 1 ater area
i! >< ithiii .�»>et«r! of' the»J><i> e. To obtain an average
v; liie of 391 g/m> jycar fnr be»thic respiration, we
;i«iim«<1 tliat tl>e nea! ~hove v;>1»e rcf!rcsci>ed 2a"�
nf th« total area and the mid-lak«valiie rel!icscnted
7,!', ot lhe I»'c'1. I 1!ls fig»l « is cnl I'cctcd for I esp>Ill"
tio» i» tI>c le>ter so tt»it it ! CJ!>«»el>ts hacteiia, ben-
thi< plai it!,:I»cl i»ciotau»a, l3ottI nleiofaun:i and
bc»tlii  pta»r» r»c lo>v <luri»g the !»i»i»e>»>nnths
!n thai lhc I'espi>.atio» is in;iinly 0;ictcrial. 4 benthic
i.espiiati<»1 r;>te ot' 391 g/r!i- Jeav is 116 Jess ttian the
:�7 i!i> vc;» g1iven i» Table 27. I3cntt>ic respiration
i! gi c;itcl' dul'i»g tti<.' colder montl>!  Fig. 13!. Therefore,
if mc;isuleuie»ts > ele coi><luctcd year-rolin<I, a higher
v;iliie 1«»il l likely be ot>ti>inert. At'e iisccl 507 as the
b;>< le>.i;Il ! espiration t<» ll>e scdin>e»ts. I'J>is indicates
that. about 65<!o of total bcr>tliic respiration is bac-
tevi;il. Hai. rase �969! e»timated tliat 3a<'< of total
bciithic icspiration was bacte>ial in a frestrwatcv lake
in C,'a»a<la.

I'otal r«spiv«tion ir! the w;<tcv ivas JO0 g  h! wt,'n>e '
yeai ..'iitlce thi»   ais estimate<1 from liglit-clark bottle
e>eperi»>e»t!, it i»cl« lcs phytoplar>kton, zonpIanktn>a,
;»1� h:Ic ter ia. Znnpta nktoi> respiration was 100.6
g m< ye;Iv. Phytoplailkton, estimated at 30o<, of gross
production, is 179 g/ms 'ye;ir, The sum of phyto-
pla»kton and zoopti »kton respiration is 2SO g/m-'*I!
ye;il Ie;ixing 170 g,'maj'sear which we will consider

ba< tevi;Il respir >tion in the >rarer column,
Il. i» i»teresti»g to»ote that Teal arid Kiu>wisher

�961! 1'o>irid that bacterial respiration was lower at



2.'>-" C tlr;r» at 20'  8.1 mm' O.,tcm"-/hr as comp;ircd
to 9.20!. As st;rte<I e;»lier, Hood found lower- popula-
tio»s of' bacr<i.ia d<ii ing the warinest moiiths of the
y<;ir. II;rctcrial populaiio»s wer.e closely correl;ite<l to
the ai»o<iiir of oig;i»ic ni;ittei. present. Our me;isure-
ni<'iits sh<>w th;it respir;iiioii of <lie marsh and sedi-
meiits were low.cst;it the e»<l of the sumi»er. This

seenrs to in<lie;it< that m;ixii»uin bacterial popula-
tio»s a»<l metabolisi» do riot coincide v ith thc high-
est tei»peratiii cs, brit are <»ore siibstratc controlled.

MARSH
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SEDIMENT

507

WATER
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In calciil;itirig utiliz;itio» ol detritus by bacteria wc
have only coiisi<leicd respirartori loss. Som<. detritus
is, of coiii'sc, coni cried to bacterial biomass. Since it

is very liard to separ«rle bacteria from the detritus,
an<I since larger org;i»isms feeding on the detritus
take rhc bacteria, we are co»siclcring the bacteria to
be part. of the detritus irisofar as standing crop is
considered.

YEAST AND FUNGI

Ycist an<I fungal populations in the marsh study
area h,rve been studied by S. I'. Me>ers and his co-
>< orkers of the Department of Food Science at I.ou-
isi;i»;i St;itc University' �<feyers et al., 19>0, 19">I,
;iii<I >files, 19>I!. There is a higli predor»i<rance of
sexual species of yeast, the most abundant being
rliose of the genera Pichi«and j'<'l«r>eronryces. There
is a comp;<restively sp;irse asexual population.

Thc abundance of yeasts co<»pares to the richest
terrestrial habitats. Numbers of yeasts in the water
an� siibnierge<l sediments tend to be highest in sum-
mer a»d lowest in winter, while the yeast numbers
iii tire marsh soil aie gener;illy higher in the winter.
The aver;if>e population in tlie water column was
470 cells 'ml w itli the maximiim measured being 1,400
cell >ml, Higher numbers rvere foun<I in the sub-
merged sediments with an average concentration of
>,95>0 cells,.'cc sediment and a maximum population of
1.8 x 10' cells,'cc. Yeast were most abundant in the
marsli soil. 1 he highest pop»l;itions occur're<1 during
tlie sum»rer months with a secoridary peak in mid-
winter. %'ery low numbers were present during the
f;ill. 1 he average populatioii was about 1.6 x 10'
cells tee an<i a m;iximum of 9 x 10' cells jcc. Meyers
et al. �9>0! suggestc<l that the high winter popula-
tio»s i» tlie marsh soil were due to the SPartina "die
back' dr<ring thc colder months which provides a
v;ii.i;ible and rich source of carbohydrates for the
yeast population present, Since tides do not normally
cove>' tlie marsli <luring the winter, the dead Spar tina
material would riot be available to yeasts of thc water
air<1 sub<nerged sediments until the higher spring
ti<.les.

It was found that several species of yeasts could
utilire amines  Nicliolson, 1970!. This suggests a role
for ycasts in nitrogen regeneration in the marsh sys-
tem.

A niimber of species of molds  filamentous fungae!
liavc beer< found in association with Spartina stems,
Fungal growth is prevalerit throughout the plant
stem, both on the outside and inside, The prc<lomi-
nant organisms are deuteroirrycetous forms, The most
abundant species are representatives of the genera
F >r >ca > i n m, Ph om a, and Ki g rosp or«.

No specific measurements have been made of the
ye;ists aiid fuiigi, The calcul;itions for bacterial respira-
tion presented earlier probably represent total micro-
bial respiration rather tlian just bacterial. We do not
have ii»y data on the portion of the total microbial
rcspirario» which is duc to the fungi, but because of
their smaller numbers an<I larger size, they have been
estimated to represent less than 25/~ of the total
respir:ition  Crow, personal communication!.

5r
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That detritus plays an extremely important role in
estrarine ecosy stems is a point that has been made
clear by several, perhaps most emphatically by Dar-
nell �961, 1967;i, 1967b!. Despite the recognition of
its importance, there rem iins a great degree of ignor-
ance as to tlic nature, quantity, and qualitl of detrital
matter, so much so that tliese problems can be rea<lily
identified as the least un<lerstood aspects of the
estuarine ecosystem.

Darnell �967a! defined detritus as all types of hio-
genic material in various stages of microbial de-
composition which represents potential energy sources
for consiimer species. This definition excludes the
microbiota, wliicli use detritus particules as a. sub-
strate, from being considered a part of the detritus it-
self. %fany reports of measured standing crops of
detritus probably included thc microbiota as well,
but in most instances tliis lead to a small overestimate

in teims of total organic carbon, hut not in terms
of organic nitrogen. Ideally, measurements would be
made that woiihl allow separation of the detrital sub-
strate and the associated»iicrobiota. This is of in-

creased importance witli the realization that a num-
ber of detrital feeders assimilate primarily the micro-
biotic elements with the detrital substr;ites passing out
virtually un;iltered in tlie feces  Yewell, 1964; Fenchel,
1969!; W. K. Odum, 1971!.

The standing crop of detritus in the estuary at any
given time is a complex product of events in different
sections of the marsh-estuarine ecosystem. The live
standing crop of Sf>nrfi »<i is traiisformed to dead stand-
ing crop at a fluctuating rate and this is, in turn,
transformed to mulch or debris on the marsh surface.

About half of this matc> ial is consumed on the marsh

arid about half e»ters the water  Teal, 196'2; Galley,
et al., 1962!. The detritus in the estuary can be par-
titioned into suspended detritus and detritus settled
on the bottom, but this partition constantly fluctuates,
depending on water turbulence,

Kirby �972! has shown tliat the live standing crop
of Spartir<a <zlternif for<> is maximal in the July-gep-
ternber period and minimal in the January-March pe-
riod, He also shows  Fig. 7! that the seasonal distribu-
tion of dead standing crop is very nearly the reverse of
this with a maximum in January-Isfarch and a mini-
mum in June-September. The fall and early winter
months then are the period in which transfer from
the live standing crop component to the dead stand-

i»g crop component is most rapi<1. The spring months
are tlie period in which the dead stan ling crop is re-
moved from the marsh most rapidly as is corroborated
by the rapid decrease in dea<1 standing crop in early
spring and by the litter bag loss stiidies made by
Kirhy �972!  Fig. 7!. The liigli >ate of loss of detritus
fi<>rn tlie marsh coriesponds to peaks in biomass of
zooplankton, larval, shrimp and fishes, Forami»ifera,
an<1 others.

Ii fulkana �968, 1969! li;is repoi.ted data on sus-
pended matter in seven stations in Bar;itaria Bay. He
ter»lined material retained by. a plankton net �6 rni-
cron mesh size! as plankton and material passing
throiigh the net as nan»oplankton. 'I'his terminology
is confusing; a better usage would be to divide the
two size fractions into seston;ind nannoscston since

tlie materi;il lie sampled inclii<led deti.it<is and mineral
constituents as well as planktonic organisms. The
quantities ol' mineral matter;ire roughly suggested by
ash values exceeding 50<',�' i» all samples of seston
an<1 nannoscston. On an ash-free dry weight basis
 estimated from Ii fuikana's <lata!, the seston varies
from .09 g/m'-' to 0.52 gi'm'-', Golley, et al. �962!,
measured export o'er a tidal cycle in a Puerto Rico
mangioie ssvamp to be 1.57 g C/m- '<Lay which in this
case se as a quantity in excess of net prodiiction indicat-
ing more data were needed to get a longer term aver-
age figure. F, P. Odiim and de Ia Cruz �967! made
me;is«rcments of detritus flux in and out of a small
tidal stream in Georgia over a five-month period from
June to November. Their figures indicate a net ex-
port »ot as great as Teal estimated, but this is prob-
ably because the rapid spring export was not observed.
The na»noseston is much more abundant, ranging
from about 10 g/m" -to 90 g/m'-. isfulkana gives as an
overall average figure that. nannoseston standing crop
is 113 times more abundant than sesto» standing crop,
This relative size distribution compares favorably with
that reported from Georgia by Odum and de la Cruz
�967! who stated that nanno-detritus  in this case
less than 64 micron sized material! was 95%%up of the
total standing crop of detritus.

Cruz-Orozco �970! measuied suspended solids in
smaller water bodies co»nected to Barataria Bay on
its western side and found values of 35 to 42 g/m',
slightly lower than 31ulkana reported when allowance
is made for water depth. The results also differ in that
Cruz-Orozco found proportions of organic matter



 measured by loss on igriitiori! tliat were just under
.>0',,', of total s«sl>e»ded s<>lids. These discrepancies are
slight. piol>;ibly less than tlie errors of the compari-
soii since different metho<ls were used a>id the Iiydro-
~mapliic co»clitio»s of sainpliiig stations differed.

C:i tu-Orozco  I<!>0! also reports org;inic content  as
loss oii i nition at 500= C! of tlie uppermost bottom
sediillcllis �-1 ciil! io varv fl'orll 3 8 14 8 'p Ho �9/I!
reported that organic caibon in the <ippcrmost se<li-
merits ra»ge<l from 3.6 to 6.4 percent which is in
re;isoii;ible agreeiiient with tlie above if the organic

m,itter is assunied to be about half carbon, She has

;ilso measuied dissolved organic levels in the water
of 4 g,'nt'  personal communication!. For >~ater bodies
tliat are im deep, this is 4 gtrn'.

Flsewliere, estimates have been made of detritus

production. Teal �962!, after accounting for all con-
sumption of net production in a Georgia marsh, reck-
o»ed that there was an export of 45~J~ of net produc-
tioii whicli escaped from the marsh into the estuary
as d e tri t us.
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Thc .sti.ucture a»d budget foi the mal!li-estu;iri»e
sy!t:ni i;il«til;tte<I in thc «>ic«ec<lin > sectiotis is sholvrt
i» Iigttves 21-2 I. The ilata ai'c prc!elite«l using etiei'g!
Iaiig»;i c s! i»hnls �1. T. 0 l«m, 1971!,

I hc data fov prini;ir! piodu«tiori c;in. bc cotisidcie<l
in several vvat!. As stittcd eai.«ict', kit'l>v  I.�2! meas-
ure I gross prodiictiori ol 11.000 g,'m-,'ye;tr streamsidc
an«I 9,7!>0 at. a dist;trice ol' .>0 mctei.s frot» the wiitei,

<!ct plod«<tion Ivas 2,9C>0;tt>d 1,480 from streaniside
ail� i»1;iiid areas, ve!pectively. As sh<ilvtt in the scc-
tioti oli m;itsh fatttta, most ol tlic;tiiimal bioiii;1!! o<-

ciii s withi» 50 meters of tlie shore. Thc avevagc nef
pvodtt«tio» ol' grasses iit tltii 5>0-IItctcv zorie  c;ilcul tted
in tlic sectio» ott h i  tel i;1! is 2,3C>C> g 'm'-'ir'yv. Kivby
fntiild thiit 18".«, ol tile in; » sli ate;I in thc vi«inity ol
Ai'plalie L;ike wa! stic;i»lsid  habit;it, 52'~ was in-
hi;id h;Ii>itat  i.c. simil;ti. to the 50 m st;ition!. and
30";, was b;tre are;I! a»«l sina ll ponds. Using these
percent;ige! the as cragc pi o<1««<ion over the e»tire
m:ii!h was c;ilciilatid to be 8,«18 g,'m'-','yr lor gross
pro lit< t ioii, 1518 gr'rn'. 1r fov rlet proiltiction an<1
6,900 for respir;itio». Tlicse figures are b;tse l on the

i» tlie vi iriitl ol' Aii plane I,ake, but we be-
Iics ! tliat Aii plane Lak«- is;i good rel>rescntitive of
the saline Sp rvtr'»a alter»rrflo> <»tarsi< in Rataatavia
Lay. It sho«ld l>e cmpla;isized that tlais data is only
loi sali»e m;ir!h. The foll»i<i»g clat,> of Chaul>reck
 I!�0! gives the ar»our i t s of the ili f leven t ty pes of
ln i» !li I» th c 11itl'it t'it I'I it 11tt v h 1  I i'»logic «tilt.

itI«> s!r 7.!.p» A rrrrar «' of Totnl
S;I«inc 144,214 30.7

Bt it 'kisll 26.7

I nf cl'111cdi;itc 20,084 4,3

Fresh 179,717 38.2

111 a<lditio», t«ic oper> water ai'ca of the hydrologic
unit is 419,891 a<ac! of whi«la 18C>,974 acres �1.6~»!
are in the s;i«inc area. 'thus, in the saline z >ne, �.6,',
of the total aria is »tars«t and 56.4>�' is open water.

Rc!pivatory il;tta foi. flic mavsli fauna was summar-
ized in the section on bacteri;i. Itl the first 50 m the

re!pir;ttioii of tlie rnaisli f;iuri;i w;i! 348 g 'm'-'.'» rind
that of the bacteria w;ts 777 g/m'-'tyv. Again, these
data are fov the 5>0 meters a<ljacent to the water. 'I he
only larger organisins foiind at the 300 meter station
were snails  ilIelrtnr p!<>! anil poly chaetes. The cal-
culate«I respir;itioii for these tl o at 300 m is 18.4

in ' yv. A vcl;igc Inc robe» till« re!pi l it<ion ovcl the
m;»!h i! 3C>.!1 g'm'-', yi.. Fot bacterial vcspir;ition, wc
>vill;t!!<tine tliat thc spatial saviations fo«lot  that of
t lie Sp II'! I Prot. Iii la»d %pe< vf I >I II biol»it ss Is 60";, of
sti.e;tr»side. A similav redtictiori I'ov l>act«via give,
lc!pit atioii ol 539 g ill I]'. Tlt<ts, fhc tot. 11 ia!pit itin»
frit' tire decl> trlitl sit I! .>7.'> g in,'vi' �>39 lol' biicteria«

I8.-1 foi polv< hactc! and sii;iils ill«1 18 for rncio-
fa»II;1'!. H '«kent �972!>! me:i!i<re<I tlie total shoreline
Ie»rgtli in I!;tr;tt;tria 8;ty, From Iiis <l;ita ir. can l>e e!-
tirt>;ttc I tli;it;<bout 27 ~ ol the in;it'sh lies withitt 50
nlctcl! fvom th<..!lioic. AVC w ill use 3<!';;1!;1» iiv<!i;igc
foi the sire of thc 5>0-inc<ex zoric. The I'olio« iiag stmi.
rri;itize! the re!pir;itioit of tlie rii;ii!h la«»;!.

.Urr> <1<   rig ' t'!r!"; ! I>rl »rr' l�0";,I
782 .'39

350 55 3

1132 594 751

u»its;ire g  lv> wtr'tll-/y>
Tittle, tile t«t;il co»!umprioii l'ov ait;average m- 'of
S;iliiie i»;ii	1 iS 7 >4.4 g,r'ilt'-'!yr. The aVCt age net pri-
miiiy pv<>dii«tiori is 1,5>18 g 'm-" 'yi. I'hus, 764 g,'m- "'yi'
or 5 ! 3",; of tlic nct pi odii«<ioii is exported;is deti itu!
fl.' >III thc In,'ll'!ll 1»to the sul'I oundirlg Iv;<ters c,'lcli
yci». I'his compaies to an export of 1,12:> grm'r»
lor tlie ri«li mars«i edge h;il>it;it.  ;It;thvcck's datii show
tli;it i» <lie i;<lit>e,tre;t 56.4 " , of th<. avca i! water anil
43.C>". , is »I;t»lt. Be :;t«sc tlicic is m >rc»itter tlian
»1'll'sh, ail cxPol't. Ol r 6! g'I"tnls  hv wti m Irlal'sh sul'-
I'ii«er 1!r I! c ltilvalcnt to 594 grriil of lvatci' stir fa«e/xt.

Tlic  Iucsti<»i arise! Ivhcthcr all of this ttct pl.ocll«.-
tion is exporred to fhe water. 'I lic subsidence curve
of Figure 2 is direct evideti e tliiit !ome «o»ti ibutio»
froi» nct primary prodiiction goe! to seiliine»t;ition
on tlic Hoor of the marsli and estuar!. The oserall
rate of .!ul>side»ce appears to bc al>otit 0.81 cm per
year, If sc«limentatioti is keeping pace Ivitlt thi! r'ate
of suhsidciice then the same thickness of scilimcnt

musr. a«cunt»1;tte each year. 8in«c sediment supply
Iror» the Missi!sippi River i>as I'ov the most part beeii
intcvv<iptcd by levee c inst.i uction it is Iik<'lv that

osr. sitch compensatory seilirnentation is from or-
gaitic m;ttter. Wet organic se<liinents typical of the
mai.sh f loni. have;1 h<ilk ilciisity on the order of 1.1, a
diy weight org;inic matter content of about 60,�and
a watei. content of 80", 'I'Iiis mea»s that a cubic
 eiiti»icter of surf tcc sediment. coritains;ibout .88 g
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of u;Itei, 0.1.> 8 of org;»!i<' iri;Ittri,;i!i<I .�'.! g of Iiiii!-
ei;!I m,ii!<I. Iii k<epiiig willi tlie sul>!i<leiice iate ot
.81 ciii per ve;Ir it I'<>liow! tli;It. al>oiit 1,0:� g:ina of
oi ~~'ll!Ir Illiltt  I co«ld bc lost t > se�»iiciitililoii ciicli
ve:I i .

Foi' tlie m<>st p;Irt tlii! lo!s to se liii'e»t;itin» nit<st
c » i ie fi oni i oot pro<1 iici ioii ! i iice th i» is ci»place<1
i» tli< se liiii iit <liii i»g tlic gin« th ol tlie plant. Coii-
se<ii«»tly, we feel tlii! h;I! little effe<1 on our judg-
me»t co»cei iii»g tlie fate of;Iho!e-giou»d i>et pro-
d«<tioii whicIi, for the»i<»t p;ii t, i! utilize<I by Inai!li
coiisuiiiers or liii<l! its w;Iv to tlie;< Ij;!cent estuaiiiie
w <ter bo lie!. It is also apl> ii e»t tli it tire m ir!h is
lo!ii>1 <>iit iii tlie 1>attic agaiii!t siibsi<lerice since tliere
I! 'I lict 1 !s! ol la»� I i! flic Bii'I" I ta!" iii Bay hy <li'ologic
iiiiit   iaglia»o a»<l va» B< ek, 19>0/. Tliis implie!
tli it, for tlie niost p;irt, the pi'o luctioii ol' oi ganic
m;Itter caii»ot I.eep pare witli the ri!i»g !ea level
oi is soi»etliiiig le!! tli;«I tlie 1,0r!3 g/uia nientioned
ah !! e.

Tlie p! o<1iictioii of the cpipliy tes w;is discussed in
th . !e  tio» on pi'imary pro hictioii. T'hi! data wa! for
the epipliy tie comniunity wliich iiicl<ides bacteria, pro-
tozoa, and meiobenthic oigniiii!m! as well as the algae.
A nef;i! i!e value was obt;Iiiie<1 I' or net pi o<lurtion be-
e;iiise tlie total coni»i<i»ity re!pirition was included.
'6'< esti»uited th< respir;itioii of the ei>ipliytic;IIgae
iiloiie bv iis!iiiiiing tli;it tlic I'espiiatio» was 20o~ of
g! o!s procl<i tioii. Thi! i! tlie aver;ige ol pliytopla»ktoii
;<i i <I be»th ic flor;i I c!pii;i tin ».

Tlie l>u�1 et d;ita foi t'lie m;ii'!h mac>of;iuna pres-
ent in the marsli fauna section are for the marsli edge
li;i bit;it. As sliowii earlier the I espii ation for the
m;ii sl! f;i«»;i are!;igcd o! ei the eiitire Iruirsh is 37.3''o
of the re!pii atioii in tlie ni;irsli e<lge �30.1 g m'-','yr
I!  »nil>;irc<l t<> 3;� g,'ma/yr. We w.ill a!!»me that the
h«<!get <lata foi tlie diffci e»t populatioiis is 37.3/o
of th;it for tlie marsli e<11 e. These data are piesented
i» T;ible 2S.

Da<;I on ca!1>on had<;c< of major detrital ronsumcrs
of salt marsh. t nits are f; dr! wr,,'m-', !r. Of each
pair of »u>»l>ers. <hc 6!s< is Ihc >aine f»r Ihe marsh
ed«c �<! mc<crs adj  cc»I Io Ihc >va<er! and the
second is the a! c«!8  for  hc cniirc marsh. Data for
pollchac<cs and n>ciobcn<hos are over the entire
marsh.

I i >iii 'I'iihle 28 it can be scen tliat tile;ir»ou:it of

 »giiiii< <natter;ivailable to the highei consiimer oii
<lie iii:ii.!li «;I» be calcul;!ted 1» !«mmi»g the produc-
tioii loi. !ii;Iils, ciabs, /Ifodiol«s,;<»<I polyciiaetes. TJ<is
is I'2.84 g,'ms/yr.

Higli<.r consumers i» the marsli wliich fee<1 oii the
de<i.i<;il lnoup include raccoons, rails, !! ading bird!,
a!tel  i;ib!. Raccoons take 1.1 g me/yi;iiid rails take
I.t� g 'ma Iyi. Our calculatio»s shoe! wa<liiig hie<is
coiisiime aboui. I./6 g/m>/yr. Data in Table 20 in-
dic ite tli it <bout half of their food  about 0.88 g/ma/
! r! <oiisi!ts of m;Ir!h orga»isi»s, We calculate that
!liore bird! take about 0.45 g'm-/yr. We have not
obt;iiiied any data for i»u<I crabs. We v! ill use the
d;ita of 1'< al �962! for inud crabs. He i'eported that
they c<»isume v.4 g,'ma/yr. Thu!, tlie total intake by
second:»'y con!u!ncrs on thc marsli I! 9.4/ g//m /yi'
leaving 3,3< g ma yr unaccounted for.

As st;i!ed earlier, r>9-I g/'m"-,'yr of m;irsh gi ass detritiis
is iiitroduced into the water. The net benthic produc-
tion  gros! photo-synthesis-plant respiration! is 488
g/Ine/yr aii<l the net phytoplankton production is 418
g/ma/vr, the total production of organic matter in
tlie <>pe» water zoiie is 1500 g/ms/yr.

It the consumption in the a! <ter is summed for all
trophic levels  less feces productioii!, the total organic
u!e is 86>1 g,'»!'-','yr. Of thc 1300 dry vct,'ma/yr avail-
,<hie to the estiiarl, 636 g,'ma 'yr are left atter coiisump-
tio». lifo!t of this material is probably Hushed from
the est»fir! by the tides. Dr. Frank Truesdale  Per.
Comm.! encoiiiiters large amounts of detrita1 material
flo!ving out aloiig the bottom of Cami»a<la Pass o»
tlie ebbiiig title, Phytoplankton and zoolplankton are
also 1luslied out by the tide. The organic material ran
be utilized on the shell by many orgaiiisms. There is
lai'ge fisliery for white shrimp;Iii<1 me»ha<len in these
sliell wateis. This data on flows of carbon a»d com-

munity sti.ucture are presente<l in figures 21-24. The
struct»re of the entire niarsh-est.uarine community is
sliov!n in Figure 21. We have included this figure to
allow the reader to visualize the entire system as a
uiiit. The details of the thiee subsystems  marsli, sub-
»ierge<l sediments, and rvater! are prese»teel in figui.e!
22-24. We have used values for detritus in the suh-

n!ctge<l se<lirne»ts an<1 in the marsh soil of 500 and
1000 g orgaiiic matter/m', respectively. These values
are for tlic first cni of sedinient material, The average
organic coiitent of the submerged sediment is about
5<,',<,. We 1»ive Is!»i»cd the level iii the inarsli soil to
be tv<ice this. All numbers u!ed in figures 22-24 are
the aver;Ige»ver the whole water or marsh surface.

I'he prodiiction and flow of orgiiiiic r»;iterial in Ba-
rata> ia Bay is summarized in Fig. 23>. I» order to cal-
culate e><port horn the estuary, net production on the



Table 29. Production and use of organic matter in the Barataria Bav Area of Louisiana. Data for marsh are g dry wt/mz tnarsh/
year and data for water are g dry wt/mz water/year,

Community Net
Production

Consumer
Respiration

MARSH Production
Gross Net~

2960
1484
1518~"

14000
9750
8418*'

Streamside
Inland i50 m!
Average over marsh

Grass:

764~~zo

Epiph! tes: Streamside
Inland � m!
Average  to 2 m!

103,9
27.3
32.2

60
� 18.4

25.8
764Total:

WATER Community Net
Production

Total
Respiration

Production
Gross

Phytoplankton o98
Benthic Plants 698

Net'

418
488

4o0
798

Water Coluntnt
Benthis and Nel ton

Total: 1296 1248

" Net production is less respiration of plants
~~Takes into consideration hate areas of marsh
g Phytoplankton, zooplankton, and bacteria
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matsh was recalculated on tlte basis of water area,

Therefore, 1,5l8 g dry wt'm- marsh/yr becomes 1,208
g/m' water yr. The expot t from the marsh is 50.4o/o
of net production, and the export f'rom the estuary is
42.4'/o of net production available to the Prater or
80",.~ of the total net procluction i» the estuary.

The production and utilization of otganic tnatter is
also prese»teel in Table 29. There is a pronounced dif-

ference between the net contmunity production on the
marsh and in the water. In the marsh there is a net

community production of z64 g dry wt/m' marsh,'
year, while the net cotnntu»ity procluction of the
watet colttm» is 48 g dry wt/ms water/year. This in-
dicates the importance of the marsh in producing the
characteristic net production of this estuarine system.
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SEDIMENT
Fig<lre 24, Summary diagram of the flows of organic carbon in the submerged se<liments. Units are g organic

lnattel /m'/yr.
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Figure 25, Production and flow of organic matter in Barataria Bay. Number for marsh are g dry wt.'m'-
marsh/yr and g dry wt/m' water/yr for water areas.

66

BENTHIC

FLORA

636 g/m~ WATER
356 g/m~ TOTAL

ESTUARY

AREA



In the previoiis chapters we have discusse«1 the or-
ganic budgets, food habit;irs, and composition of the
varioiis populations in the estuary, but have ignoretl
many of the inter;i«tioiis;inio»g the different popula-
tio»s an«l witli the abiotic system. In this chapter we
will investigate in some detail tlie interactioiis and
processes which we co»sitlei most. in>poitant, 4 dia-
gram of the estuarine system sliowing some of these
interactions is presented in Figur.e 26. I» order that
thc diagram can be easil> u»ilersootl, we have shown
detail only for tire processes whicli we are discussing,
In several instarrces we have shown an iriteraction

for one compartinent wlicn it shorrld be shown for
all srrclr as the effe«t of teniperatiiic o» rletritus pro-
duction. Temperature affe«ts niany other pro«esses
in tire estuary, brit we show it affecting only this one.
All sirnplifications are pointed out in the text.

Forcing functions afl'ccring estiiari»c processes are
shown as circles. Tliese i»«lode tides, insolation, tein-

peratiire, water level variatioiis, rai»fall, inputs from
the Giilf and Mississlpi>i River arid nitrogeii gas in
the atmosphere. The ride is very importalit in regil-
latiiig many processes. It creates a "subsidizetl fliict«a-
ting v ater-level ecosystem"  E. P. O«him, 1971!. It
fluslies water, nuri ients, and s;ilt into tlie estuar! from
botli the Gulf anrl the River, Tidal action is also im-

portanr. in tire movcmcrit of detritus from the marsli
to thc water arid from tlic estuary to the Gulf. Alany
migrating organisms, especially 1'irval and juvenile
forms, ride tidal ciirre»ts in movirig in an«l out of
the bays. The movement of post-larval shrimp into
the estuary is a good example.

Salinity changes are one of the stresses with which
estuariiie organisms must. be able to cope. The salt
water balance in the esi«ary is determined by inputs
of water from rainfall and water and salt from the

Gulf anil the River. Generalize«1 sali»ity effects are in-
dicated but no detail is sliown.

The biotic communities in the marsh and water

have been divided into three compone»ts: the pri-
mary pro«lucers, thc «lerritus-inicrobe asscn>bl;rge, and
tire fauna. Photosyiitlrcsis is an interaction between
liglit energy and nutrients. Respiration of all com-
poneiits is show» by aii arrow to a heat sink. The
formation of «letritus from marslr grass is one of the
most important processes in the estuarine food web
and it is shown in sonic detail. Very little of the grass
is grazed alive  Smalley, 19:>8!; most of it is converted
to detritus. This corrversion is dependent on a num-

ber of things. In the spring, rising water levels and
tempei at»res, combined with the over-winter accumu-
lation of dead grass, make conditions for mi«robi il
a«tivitv very good. The biological breakdown of thc
gi",iss m;iterial results from an interaction of inicrobes
with larger fauna, particularly the meiofauii;i. This
type of interaction has been rcpoi.ted by Fen«hei
�970! and Heald �971!. Tliere is also a» uptake of
nutrieiits by the microbes during the break«lown of
the grass  Fig. 4-11, K, P. Odum, 1971!. Nutrient
regeneration is also shown resuliing from aii inteiac-
tion betiseen the microbes and fauna  johannes, 1965!.
l empeiature affects the inetabolic rates of all the
biota and there is nutrient regerieratioii from all com-
ponents, but we have showri tliese effects only for
selected components.

'Aiost evitlence indicates that nitrogen is the primary
linriting nutrient in estuarine systeriis. In a recent
review article, Williams �972! cites iiui»erous ex.-mi-
ples ol estuarine systems where nitrogen is the lim-
iting nutrient, These include estuaries on the soutli
shore of Long Island, the Potomac Rii er estuary,
parts of Chesapeake Bay, the York River, the james
River, a series of iNorth Carolina estiiaries, arid tire

Naccasassa estuary in Florida. Preliminars work in-
rlicates that nitrogen is limiting in the Barataria es-
tuary. One of the most important new sources of
nitiogen for the estuary is probably fixation by bat-
teria a»d blue-green algae. I'his is shown as bacteri;i
a»d primary pro«lucers on the marsh pumping rritro-
gen gas in the atmosphere into tire niitrient pool.

In the water zone, there is significant grazing o»
the primar! producers as well as input into tlie
detrital pool. I he compo»crit labelerl i~ ate> farina
inclu«les all top carnivores as well as herbivorcs;i»<1
omnivores. Birds which fee«l in the marsh are in this

category. Thus, there are flows from most of the rrtlrer
compartments. All migrating organisms are iii the
water fauna. These include shrimp, crabs, many fish,
arul birds. Xfigration is depedcnt on a seasonal pro-
gralll of rhe migratliig organisms all<I, irl m'lily c'lscs,
tlie tide.

The presence of man is f'elt in several places. I isliing
affecrs only the water fauna � shrimp, crabs, oysters,
fisli and birds, For simplicity, pollution stress is shosin
only o» the ivater fauna, but it would affect all of the
biota, Oil, pesticides, heavy metals, sewage, and tur-
bidity represent. the different t> pes of pollutio» c;u»ed
by man. Tire effects of drcging activity in the marsl!cs
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;ive shown scpai ately. Wfrcn marsh is coiivevi.ed to
ii.ater bi  hedging tf>cve is a lower productii'iti be-
cau»e pvimary product.ion in thc ivater is less than in
the marsh.

There are some proces»cs whicfi:tie not shoii n iii
the di;igv;in>, Diffusio» of o> igcii and c;irbon dioxide
across the air-iiater boundary is not coiisi fei.ed a»ig-
nificant li»iiting factor. St ilies in I'cr as bays  Vavk,
et al, 19;">f1; Odum and IVilso», I!Ni2! and sh;illoii
estu;irii>e ponds in ixrovtfr C:aroli»a  Day, 1971! have
sf>owr> rliat diifiisioi> of tliese gases is not significa»t
when comp;>red ii ith biologi alii cau»cd clianges. The
iii»d is irnpoi tant in slialfoii s>tcr>rs in determining
circulatioii and temper;it«ie p;ittci»s, Tlie effect» of
win l in tire diagram aie reali>cd through the tide,
water level, a»d te»ipeiat«ie fu»etio>is.

Iii the pieviou» par;igi,ipfi» we have disciisscd the
pvocc»ses and interactio»s whicfi ive coiisidev most
impor i.ant aiid ii  now ivisf> to coiisider soine of
thc»e in more detail.

Estu;>vine aiea» exhibit very high net pvimavi an i
secoii lai.y f>rod«etio>i. Indeed, the pvoductio» of tlie
mar'sfr gi'as»es in the I.ouisiana marshes is the liighcst
yet reported. Orliei pi ii>i;ii y pvoduction uiiits such
as pli>topla»kton, and epiphitic and bentliic plants
corltl'lf>rite io ffEC pl ilriill i' pl'odilctioll hur. tf>e lnal'sh
gras»es ai c the largest conn ibutor. I his high riet pri-
m;iry and secondary piodu«tio» is uirdouhtedl> re-
flecre f in ttie yield of fislicr> products. The Louisiana
c >astal area has tire largest fisheri in the United
St;ites, yicldi»g iii excess of one biilioii poiinds an-
nually.

Factors respoi>sihle foi the higli primari production
in est«aries have been discussed by Schelcke arid
Od«m �9fi 1 !. Iii ge»  i al the»e include liigh i'eav
round producticii, tlic import;trice of detritiis in the
food wef>, the flushirrg action of tlie tides an 'I ahun-
da»t supplies of nutiients Estuarine production in
the I.oiiisiaria maishes is enlia«ced hy its location in
tlie deli aic plain of the Afis»issippi Riser. The wide
coiiti»eiital shelf has alloiicd the deielopment of ca-
te»sii c niai.sh and estiiai inc. areas. 'I'he near sub-

tl'opical position assm'es high solar' in»olatioli coin-
bincd ivitli the distinct climatic pulse corn»ion to
higher Irrtitudes. Tliis rriakes for warin water tem-
peratures in the shalloii estuaries. As a result, con-
ditions are ideal for maximrrm growtli arid loii. mor-
tality.

The descriptiori of the estuary can be considered
in terins of different t>pe» of striicture. For conveni-
ence, we will consider three tipes of stv rctuve tem-
poral, spatial and comm«niti. Tempoi;il »ii'uctuve re-
fers to se piencing of events. Spatial structure refers

to positio» a»d  oi»niii»iti: sti « .ture rei'crs to the
lil'tel. ii 't! »11» amorlg tl>e val'lo ls compo lie>its.

TEMI'ORAL STRUCTURE

l'f>c a»nu;il se I«en e of' events i» tf>e estiiary is
detei»iiiied hi pf>vsical p;iv;imeteis. Of primary iin-
porr.;irice is thc annual variation of solar i>isolation
i  liich < ai'c risc to ivavm watei te»iperaturcs � gener-
alli. in the ra»ge of. 10 to 30"C,' and aier;igi»g;ibove
20" C;. lire illissi»sif>f>i Riiei fia» its higliesr. di»cliarge
diiviiig tlie spvii>g witli rainf;ill being most ahiiiidant
i» the I;itc si»nmer, fall and ivintev. Thus, there is
sigrrifi iarrt fresli iv;iter i»p«r ie;ii rou»d. Tire marshes
aic nor>>raff> flooded by the tides fvor>r afar ch through
ixoverrrl>er. Highest wafer leicls occuv in September
a»d October.

As has f>ccn shoii.n, tlic rn>rjor unit of primavi pro-
duction is the marsh grasses. Tfie highest net pro-
duction is  hiring Api.il an l '. f;ry ivith high levels
oi' prod  etio>i i»to Ixover»f>ev. Tfie grass flowers in
Scptcmhci. and October, after wliich niuch of ii. dies.
It is»ignific;int to note rf>at there is a i .ar lag in
the utiliration of the m«rsli grass hi most of the
coiisiiiiievs in the estuary.

Tf>c dc,«1 standi»g  rop of m;irsli g> iss reaclie» >>tax-
i»i«m Ieiels iii I;rte ivi»tei. 'I'lie>.c is an app;irc»t se-
 fuerrcc ii> tli ' hie;ikdown of the mavsfi grass. Highest
h;icrevial populatioi» i» the vriarsh are present in late
»«»>mer an� thi» seems to irrdic;ite that the initial

bre;ikdoivn of thc gi asses is pvimavilv bacterial. The
wii>iei die back of the grass combi»ed iiir.h tire low
ivater levels result in a buildup oi' dead grass on the
iii;irsh. Diii ing this time of high dead gv;is» bioinass, a
popiil;irio» peak of yc;i»t;iiid f«»gi occurs  ife>ers,
eral, 1970!, f>vof>:rf>f> causing;i frrrtfrc> hre,ikdoiin of
the gr;i»s. Diiri»g th» spvi»g, iiatcv once agaiii begiris
to coin. the maish vegul;ivly aii� there is i pulse of
matu ial loss from thc marsh. This coi» ides with the

hi liest mciofau»;il popul;itions of tlie iear. The»ieio-
fauna iiitfi the associate� bacterial flora are probably
iespoiisi1>le for further breakup of the marsli gi asses.
I'he import;«ice of detrftus i» detrital productio» has
heeii iioted elscii.lieve  Fench .l, 1970; Heald, 1971!.
Thu» the pvodiicr.ion of detviius from thc grass seer>>s
to he a sc lucntial process iiitli bacteria being most.
impovta»t, the>i yeast an� f'urigi, followed by thc
meiof;iui>a. Of course, all tfiiee groups ave involved
;it;ill times, hui. it seems that they plav the primary
r ofc;rt diflereiit tiines.

In summai y, the main pulse of detritus loss from the
m r>.sf> occ«is in the sprir>g. I'he loss is lower iii the
sumn>ci ii ith a sm;illev pulse in tire fall  .orresponding
to tlic liigli water levels at that time. The highest
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pliytol>1;irikton production is diii ing mi<l-s«i»mer, co-
iiici<li»g with thc lesscried <le<viral pro<liicri<>» <h»ing
t!iat p<.i io<1. Produ<tiori by l>«iitliic plants in the water
aiid <piph>t«s in tire mars!i is big!>est in tire svinter'.
I'i>us, org;iiiic prodi«<ion av,iil;>hie to the w;itei comes
»i;iiiil> li.o»i deivit«s in the s»mmer and fall, from
pli>topi;i»kr<>» a»d detviriis in tlie summer and fvol»
heiithic pl;ints ail<1 epil>li>tes in the wintcv, The point
is that prii»ar> pro<1<>etio» is high year roii»d as a
result of tire differcnt ui>its of pvii»avy production.

An ir»por.tar>t factor to consider iir the temporal
sti «< ri»c is tire large»<iii>1>er ol' s«aso»al migr:rnts.
A se;iso»al p«lsc of fo<><l;ivailability is more effe-
ctive> <is«<1 hy a populatio» whicli is largely r»igvatory
he<;i«s«. tli<.y can move into the estiiary when con<li-
tions aie opti»ial. The hr.<;<e;rird jiivcniles of many
spe<.ies move into the esr«ar> at tire time of spring
detvit;il piilsc, This is true for brown shrimp, blue
<v;il>s and m;iriy pieces of fish. In gerrer.al, noii-r»igra-
t<» y species arc small;ind I>ave fast growth rates
v liicli allow tliei» to i espoii<l <1<tickly to i»cvease<l
I'ood av;iilahilitv.

I»;idditio», tlic fee<li»g habits of some species
<1«i»ge as tli«y grow a»<l tli«change appeais to be
coripl«<1 wirli tire cli;irilf<s of primarv and seco»dary
production iii tli<. es«u» v. An exa«iplc is thc Gull
Xfcr>I<;«Ici>. I.a>v;il meri!i;i<leri move iiito the est<ra> >
iii gre;rtcst niimhevs in December. June and Carlsnn
�971! reported that pre-juve»ile Atlantic menhaden
coiisiime mainly zooplar>ktor>. As the young menhaden
!lier;llnorphose into juveniles they become herbivor-
oris, consuming mainly phytoplankton. Our data in-
dicate tliat many of the young menhaden are still in
tlic pre-j«ve»ilc stage at rhe time of' r!ie zooplarikton
h!ooi» in tlie spiing, By May, most ot the rneiihadcn
avc jr<ver>iles an� are coirsuming pli>topi;inkton a»d
prob;ihly deti itus, As rioted above, pliytoplankton
pro<lu<tio» h'is become significaiit by this time.

D«ring tlie winter, many of the fishery species and
hir<1» migv;ite from the estuary and populations of
r»rrrly endemic. species decline and there are low
standing cvops. Some species are moie abundant, how-
<'vev, because of habitat changes, For example, popu-
lations of shove birds siich as sandpipers, which feed
oii bai.e m«d areas, increase during the winter. This
results hecaiise many of the areas which are small
ponds during times of high water are bare mud areas
d«riiig tlie winter, thiis creating greater habitat for
tlie shore birds.

SPATIAI. STRUCTURE

Tlic spatial structure of the estuary includes such
tlrir>gs 'is the gcometiv of the marsh and the structure
of tlute water column and the bottom,

Tire r«ost pro<luctive area of the estuary is the
mavslr-xvatev interface. Procluctio» ol' marsh grasses is
move tli;in tsvice as high near tlie shoic than in the
i»tcvioi mars'h. Similar observations have been made

in Georgia salt marshes � eal, 1%>2!. In the same
gener,il area the higliest standing crops of »iarsh ma-
crofau»a an<1 meiofauna occur. In addition, respira-
tion rates of the surface sediments is about twice as

high near the shore as in the middle of the water
bodies. Standing crops of orga»ic matter and meio-
he»thos in the submerged sediments are higher near
shoi<. In contrast to tlie shore zone, bottom sediments

away from shore;ive composed mainly of soft, fine-
grai»ed chi> mi»cvals an<1 tire l>e»thi< populatioris in
t!iese areas are sparse.

These factors suggest that over;ill marsli production
will increase as the amoiint of niarsh edge habitat is
i»<re;ise<1. The familiar pi<ture of' salt mavshes with
»i,iny twistir>g an<1 de»tritic cliannels probably reflect
a te»dcncy of the estuariiie system to develop maxi-
mum production. Man-nrade channel» which are
us«ally straight are a striking contrast to the natural
chaniicls. From measurements of shoreline in Bara-

taria Bay  Becker, 1972b! we estiniate that nearly
30"�' of the mars!i gi ass lines witliin 50 meters of a
shore.

The water areas of Barataria Bay are non-strati-
lied because of tire shallow nature of the bay, As a
result tlieve is ofteii not a disti»ct differentiation be-

t>vce» the beritliic system and the water column be-
«;i«se hc»thic elements ave mixed into the water.

COMMUNITY STRUCTURE

Viue!r of tliis report lias been concerned wit!i an
aiialysis of the marsh-estu.ivine community. Biorrtass
v'Iriatioiis, food h;i bits, lite cycles, and domi»ant spe-
cies have heeii disciissed for the various cor»ponents of
tire syster». 'I'he food web of rlie entire system has been
siimmarized in Figures 21-24. We now wish to discuss
the ecological roles played by the various species.

Role is a concept by which the many different or-
ga»isms in a complex ecosystem may be grouped into
general categories based on function and process.
Basic roles are packaging, regulation and regeneration.
All orga»isms act in all three roles but one role
usually dominates, The roles may change during the
life of tlie organism. In the marsh system described
in this rcport some examples of these roles are in-
dicated in Table 30.

Packagers organize organic material into forms
available for convenient transfer to higher trophic
levels. There is a progression from diffuse material
form to concentrated bacteria1 form in packaging.
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Packagers
Spartina
Benthic algae
P el'i pl iy 5 0>i
Phyroplankton
Killifish
Shrimp
Fiddler Crabs
Juvenile fish
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Paclcagers may bc autolrophs or heterotrophs. The
airtotroph» i»el>i<le the gr asses, phytoplarlkton, ben-
thic pl rut», and epil>hyres. Heterotrophic. packagers
I>le!ude meiofauna, snails. fidd!er crabs, shrimp, most
/ool>1'5»!.ron, and many small fishes. These organisms
;ire prirlcip;5! Iy her bivores, They typically have a high
!>io»l;5»», small»ize, rapicl growth rates and short life
»p;>ns. %i< robes coul� be p!aced in this group because
of their role in degr;rcbtion of detritus, but because of
their import;inr role in nutrient regeneration we have
I>!;iiecl them in a separate group. I'his group includes
rhe organisnls which are most important in nutrient
regcrleratiori, including protozoa and meiofauna as
nell as micro'bes. All orgi»isms exi..r'ete waste products
a»il:ire regenerators to an extent, but the organisms
rrrerltir>ried above pla1 p;irtirularly critical roles in this
res!>ecl.. Regeneration is the opl>o»ite of packaging in
t!ie»erl»e th:it it proceeil» from concentrated material
!orms to difI«se matci ial !'orms.

Regiil;itors incl tide organisms with generalized feed-
ing habits. They can regulate populations by feeding
on the»lost abu»da»t foot! sources. In general, regu-
lators !lave long life spans and larger individual sizes.
In spite of slow growth rate», regulators can rapidly
i»crea»e their biol»ass in an area because of high
mc>!iility as in migration.

Regulators can be subdivided into whole-system
regtr!ators ant! subsystem regulators. The subsystem
regtil;itors ustially feecl on specific types of organisms
suc!5 as meiobent! los, mai robenthos, small fish or
zooplankton. Inclucled a»long the subsystem ~egula-
tor» are catfish, blue crabs, shore birds, drum, croak-

ers and many others. These are generally analogous
to micl level carnivores, Whole system regulators feed
on siibsystern regulators as well as many of the foocl
items that the subsystem regulators feed on, The
regulatory role of the whole system regulators is thus
more comprehensive. Inclucled in this group are top
carniiorous fish  trout!, mammals  raccoons and por-
poises!, most birds  wading birds, bulls, terns and
pelicans!, anti mair. Tliere i» very little preciation on
these top regulators except by man who has become
a regulator of the whole system, Humaii effect on the
system has accelerated spectacularly from the simple
hunting, trapping, and fishing for survival roles ol'
earlier populations to the immense commercial fish-
i»g, mineral extraction, transportation, recreational
fishing, and residential development activities of the
coastal zone at present, The rate of increase in ac-
tivity lias been so great that there can be little doubt
that we are dealing with a system that is out of equili-
brium in the Louisiana salt marsh. The most dramatic
e!feet is the extensive channelization for transporta-
tion and mineral extraction.

It is worth noting that some of the prirrcipal pack-
agers can have an effective regulation role of anotlier
ki»cl. The copepod .4cactia to>><a and the amphipod
zfr>rpilesca are cases in point for the Louisiana marsh-
estuarine zone. These are very abundant packagers
which are preye I upon by a wicle variety of juvenile
an I adult fish. Supporting a large number of feeclers
a» it cloes, each of these species will exerr a regulatory
role in some way on those species depe»i!ent on it
The basic generation time in the life cvc!e of sr>eh
species is an important regulating facto>. The effect
of physical-chemical factors in the rate ot growth of
these critical species gives us a clear conception of
how regulation is impose� by non-biological factors.
A given range of physical anil chemical factors and a
given set of community elements will lead to »elec tiori
of certain organisms as major nodes in the web of re-
latisliips through which energy and materia! flow
rapidly. Such organisms are analogous to inajor la!les
in a chemical refinery process, just as are so 5:e of the
toP carnivores and the i>la-fixers. As such tI:;I ai, e!a-
ment» to be wary of with regard to man-impi>serI
stre»ses on the system.
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