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BIOMASS PATTERNS IN SEAGRASS MEADOWS OF THE

LAGUNA MADRE, TEXAS

ChristoPher P' Onuf

A B S T R A C T

Thel.agunaMadreofTexassupportsthemostextensiveseagrassmeadowsinthewestern
Gu l fo fMex i co . I n l gE8 , " "g * * cove red?30km2orabou t t h ree -qua r t e r so f t heembay .

ment. Halodule wrighti;i doriinated the entire uppcr laguna' and total biomass was quite

un i f o rmnea r160g .m-2 th roughou t .Fou rspcc iessha reddom inance in the lowe r l aguna .
Where prcsent mcan biomass oi Thotostio rcstudinum was 373 g'm-2; Syringodium flifotme'

l3g g.m-2. Hatodule wrightii, TS g.m-r; and H_alophila engelmannii,6 g'm-t. Macroalgae

were widespread, at 7l 8r---t *h"r" prescnt. Halodule v'rightii was dominant and biomass

was low on sand flats oT the barrier island separating the laguna from the gulf- Halophila

cagclmannii was limited to the deep edges of meadows. Biomass >30o g'm-2 was limited

to one extensiv e T. testudinum meadow at the south end of the laguna at 3ll vegetated depths

and two small areas wirh s. flifurme dominant at intermediate depths. l,aguna Madre was

similar in biomass to the two regions Of extensivc devclopment of seagrasscs in the castcm

gulf: the Big Bcnd rcgion of Florida (Iverson and Bittaker, l9E6) and Florida Bay (Ivcrson

and Bittaker, 1986: Zicman' et al.' 1989)' The laguna differed from the eastern gulf sitcs in

more turbid watcrs and much shallower maximum depths of occuFence of seagnsses ((2

m compared to 8-l I m), highcr contribution of H. wrightii to systcm-widc biomass (dthough

H. wrightii,s sharc has rapidly diminishcd in l,aguna Madre as it has been displaccd by s'

ftifurme and T. tcstudinl'r [Quammen and onuf, 1993]), and much higher macrodgal bio'

mass (limited to thc secdon of the lower laguna receiving agricultural inflows)' Similarities

in the cnvironmcnts of l.aguna Madre and inncr Florida Bay suggest that' if covcr and

biomass of Ttnlassia continuc to incrcase' the laguna may bccome vulnerable to nrass mor-

talitics as are now occurring in Florida Bay'

The Gulf of Mexico region has some of the most extensive seagrass meadows

in the world. Recent surveys have documented the occulrence of meadows over

3,000 km2 of continental shelf in the Big Bend region of Florida's west coast (28

to 3O"N Latitude) (Iverson and Bittaker, 1986), 5,50O km2 in Florida Bay (Iverson

and Bittake( 1986, and Zieman et al., 1989), and 2,050 km2 off the northwest

Cuban coast (Buesa, lg74). The same studies examined Patterns in the spatial

distribution of biomass for those meadows. Seagrass meadows are relatively minor

features along the northern Gulf of Mexico, with fringing meadows on the north

side of islands in Mississippi Sound and on the west side of the Chandeleur

Islands of Louisiana (Eleutlrius, 1987). Along the western shore of the Gulf of

Mexico, seagrass meadows are minor features in the north but become increas-

ingly important in embayments behind barrier islands to the south, to the extent

that seagrasses cover ZiQ t<mt in Laguna Madre, almost three-quarters of the-

subtidal area of the embayment (Quammen and onuf, 1993). M1j9r losses^^o-f

seagrass cover and shifts in species composition from the mid-196o's to 1988

have been documented in this system (McMahan, 1969; Merkord, 1978; Quarn-
men and Onuf, 1993). Here is reported an analysis of the distribution of biomass

in this focal area for seagrasses in the western Gulf of Mexico. Seagrasses of the

Laguna Madre are of special concern, because Laguna Madre is the primary

wintering area for the iedhead duck (Aythya americana), which feeds almost

entirely 6n on" species of seagrass (Halodule wrightii) while in residence'
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ONUF: IAGUNA MADRE PATTERNS IN BIOMASS

Figurc l. Map of l.aguna Madre showing featur€s described thc text.

Srre DEScRIPToN AND

Laguna Madre is the routhernrnost embaymcnt along the

delta-of the Rio Grandc some 20o;km to Corpus Christi Bay

its widest and has a mean depth of I m, with Sreatcst natural

-iaO" *ong the short axis. The bottom riscs quite stccply at

length gradels into broad' scldom-inundated flats to thc esst' t

niia i thc coastal barrier that sePantes l-aguna Madrc from
-';;t" ycar is about 65 cm and evaporation excccds precil

rcns, 1966)-. Freshwatcr inflow is limitcd in amount and co

drains that dischargc into thc middle rcach of thc lower

405

coast. It extcnds north from the
. l). The laguna is 12 km across at

of 3 m or less gencrallY wcst of
western shore, but for about half is

landward side of Padrc lsland. Padre

Gulf of Mexico. PrcciPitation in a

on thc wcst sidc. Conscquently' the

adon by about 6O cm annuallY (Bch-

to a few flood conrol and agricultural

laguna is hypcnaline most of the time. exccpt closc to the Lunar ddes scldom excccd l0 cm'
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Figurc 2' vcgctation and envimnmental characteristics of t-aguna Madre: upper laguna-top, lowcrlaguna-bottom; transccts.along which ui"-or-t.-ples wcrc collected and numbcr of stations forwhich biomass detcrminations wcre made <"j, aittriuution of biomass (b), depth (c), dominant coverof vegetatcd areas-blank areas within the bounds of the laguna arc bare 1a;, scdimcnt texnre (c),sediment organic contcnt (f). Data ror rel a"J io were exracted from whitc et ar. (19g3, 19g6, l9g9).

while scasonally' water levels may vary as much as 30 cm. I-arger changcs may be associated withstorns or strong nonherly_ winds d-urirrg frontat passages in thc w-inter. Thi rcst of thc time, southeastwinds prevail, usually in exccss of lO-tnoa tf9-k_.lr_,1.sampling transecB for vegctative *u"t "r"irv-ran pcrpcndicular to shorc with approximatcly 5krn intcrvals between uansects. In somc straltow'arcas, transects werc run in a sawtooth pattcrn, thencxt transcct commencinq from the end of the last, or parallcl to shorc. At each sampling station wecollcctcd threc or four 8o-cnra by r5 cm aeef"Ji-L'"n, corcs with associated scagrass and algae andmeasured watcr depth' watcr temperaturc, idinity lwitrr rcfractometcrJ,-ana-seccrri dcpth (20 cmdiarncter) at stations t* ,:,lg_T^1ry, a"p""Ji"! on. trans€cr and proximity to a boundary. Dcprhswere standardizcd by adjustinc rT:asured oeittr uy ihe dcviation r-- -"* ,& icvct at sampling timefor the National ocean scrvice tide gauge "i po.i r"r"irn"H, Texas. p..fti;;; detcrmincd by loranc'fn all' approximatery 3,000 corcJwcie "olr""tJ-at 800 srations along 7o transccrs.For each corc' we rccordcd all seagrass rp""i;, argal presence, *a-rr," JJmin"nt contributor tovegetativc cover' Thesc data were used to dercrmine the.extent -and composition of scagrass meadowsas rcportcd in Qrammcn and Onuf (1993). Wh; "onaition, af"wea, Je usJ acrial photography ofNovcmbcr 1987 to inrcrpolarc boundarics ;;;;;"r""ts. Too many samptcs werc colccrcd todctermine biomass for ali. Thcrefor", ;p;;;; rctained for funher processing onry from evcrythird transcct and for onlv two samples per sration lihrec for the middle'r.r"iior the lowcr laguna).ApProximatcly lSvo of tie samples'colfut o t"iCIiri-mcadows wcrc kepr for later biomass dctcrmi-nation' Thc location of ransccts and the number of stations from which biomass collections wcremade are indicarcd in Ficurc 2a. Atl samplinj*"r'"".ri"a out betwecn July and Novcmbcr l9gg.Samplcs wqe washcd *1_tyl ".rin".-artlr"nr materiar rehined on'rh" ,"ron, was praccd

1Lffi-* 
and storcd on ice for Fantport to tti t"uootory,-*ii',h.;;;i* wcre frozcn until

rElniSiirr;i.
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sensor (LI-I90SA) mounted above the boat and a
mounted on a lowering frame' A mean diffirsc

Processing consistcd of thawing and scparating into

stnucturcs) and dead (flaccid brown to washed-out mal

furthcr according to spccies and into abovcground (grecn

rhizome, and unpigmented portions of shoots) fractions' 1

weight at ffC Q2 h), weighed, ashed at 53dC for-l h' I

dry weight werc calculated for atl plant parts and dcad

per m2 basis and thcse in turn were used to comPutc r

and baywide.
Sedimcnt charactcristics werc obtaincd from White ct

seagrass disribution along a set of transccts locatcd bet

proiimately 2,000 light vs. depth profiles were obtairll

and Septcmber 1989 using a LI-100O datalogger (LI-CO.

measurcments of incirJent PAR (photosynthetically active

: (turgid grccn, whitc to bcige and pink

) frrctions. The livc fraction was sorted
ions of shoots) and bclowground (root'

from a flat-Plane (2 Pl) quantum

, Station mcans wcrc comPuted on a

biomass for cach spccics where prcsent

(1983, 1986, l9E9). Light was rclated to

2630' and 26"4O'N (Onuf' l99l). AP

samplc frrctions wqe &icd to constant
wcighcd again. Dry wcight and ash-frcc

6O sampling datcs bctween January 1988
Lincoln, NE) that rccorded simuluneous

underwatcr quantum sensor (LI- I 93SA)
coefficicnt (k) was catculated from each

ion cocffcicnts within each 0.2' of
depth profilc (Onuf, l99l) and the mean of all diffuse

longitude segment of a transect was computcd for the er study. Th€s€ valucs werc then related to

terial with livc rhizomc brought up with
depih and the occurrence of seagrass as dctcrmined from
the anchor.

ResuLrs

and southern (lower) Por-
distribution of seagrass bio-

mass. Biomass was relatively uniform in the u laguna. Between l0O and 300
(Fig. 2b), excePt for a

of Baffin Bay with biomass <l0O
was much more varied in

low biomass (<100 g'm-2) along

most of the eastern shore and along the outer of meadows fringing the two
2c). Higb biomass (>300 g'm-2)

continuous across the l4guna and in one area
reach where seagrass cover was
the east side near the gulf outlet
most of the middle reach of the

where meadows had an outer

La r g e - s c a I e B i o tna s s P at t e rns. -�Ttre northern

tioni of Laguna Madre differed markedly in t

g-m-2 seagrasses covered almost the entire
imall area of shallow flats opposite the mou
g.m-2 (Figs. l,2c). The pattern of biomass d

the lower laguna (Fig. 2b)- There was a zone

arcas of deeper water in the lower laguna ()

was limited io two elongate areas in the mi

(Fig. 2b). Intermediate biomasses prevai-led
lower laguna and in bands at intermediate
edge.

There was some association between

of meadows of the lower laguna (Fig. 2d)'
was dominant where there was a nearshore,
engelmannii Ascherson usually was domi

band at the outer edge of meadows. Most

was in the high biomass parch near the

filiforme Kiitzing also occurred at high bic
tion of the area that it dominated than was
except H. engelmannii occurred at intermedi

dominated by S. filifurme often had other sp

types or zones tended to be more monotypic'
areas of the upper laguna. The occurrence o

(Fig. 2b) and species comPosrtron
'odule wrightii Ascherson always

biomass band. while HaIoPhiIa
wherc there was a low biomass

ia testudinum Banks ex Kdnig

end of the laguna. SYringodium
but over a much smaller Propor-

case for T. testudinum. All species

biomasses (10G300 g'm-2). Areas

a shallow, low biomass band was

limited to a short stretch along the eastern opposite the mouth of Baffin

Bay.
There was no obvious association biomass (Fig. 2b) and sediment

texture (Fig. 2e) or sediment total organic
occurTed on all sediment types. The area

cat€gory (Fig. 2e). Other sPecteswas primarily in the finest sediment
occurred over all sediment tyPes.

,s interspersed. The other meadow
. wrtghtii dominated all vegetated

n (Fig. 20. All biomass classes
ated by T. testudinum (Fie.Zd)
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Figure 3' C'ontour maps 9! dcpth (left), mean attenuation cocfficicnt (middle), and percent of surfacclight rcaching the botom 
{dgltO in Laguna Madre near pon Mansficld, rexas.'rrrc dashcd line in theright panel is the outer limit of seagrasJ meadow as defin ea by >sogo oi *"t * ,"-plcs in a samplinginterval having seagrass.

Delth Limits of Seagrasses in Relation to Light.-De-tailed observations of theunde_rwater lighr rcgi:ne were made onry-in tfr" "i"inity oip"rt Mansfield @ig.l)' Waters were least transparent at shallow to interrirediate depths along thewestern shore, and at intermediate depths on the east side, ".p""i"riy in the iouth(Fig: 
I' left" middle). The integrated effect of right attenuatioi and depth on lightreaching the bottom was a cenrral region oflow ngnt avaitability (<lo% ofsurface irradiance [SIJ) that extended alf the way to the western shore in the south(Fig. 3' right). Elsewhere,the.cenrral 

-region- "r io*-figrri was bounded by anenvelope of intermediate revels of rightlt tne uotto-"fto_zbvo sl). Ttr".trrrvextensive region of high lighr at rhe-bottom ()2ovo sli was along the eastern
9gg" 9f fr9 r-*av area (Fig. 3, right), encompassing the areas of clearesr water(Fig. 3' middte) and exrending fiom shalrow (<r 

-m) 
to inrcrmeoiate (l-2 m)depths (Fig. 3, left).

- Based 9l-9.2' longitude intervals of transects sampled at least lo times betweenJanuary 1988 and september 19g9, seagrasses were rarery encountered at loca_tions where <loqo of surface righr reach-ed the bottom iplg. +j. rrre mean for allstarions in a light inrerval did not exceed Sovo fre4ieiv 6i o""u.r"rr"" until theinterval where 2o-3o^? of surface light reached m" u"it"* oig. 4). Based onthis -relationship, >507o frequency of-occurrence of seagra* ui u station was setas the criterion for continuous meadow. According to- tt i, "rit"riorr, meadowbounded the entire eastern side of the study area bu-t o""uolJorrry at the northand south ends on the western side (Fig. g, rignt). T\e S\%oli"qurrr"y of occur_rence isopleth lay in or ne:u the zone ulhe.e luzo% of surface Iight reached thebottom' Halodule wrightii tended to be the dominant rpi"i"r "ittighest and lowestlight, Halophila engermannii was onry dominant at lo;l;;11, ".o s. fiIifurme wasalmost always the dominant species at intermediate light levels (Fig. 4).The maximum depth of occurrence of seagrass averaged over alr sampling dates

ll[.r Ef r-z l,z



ONUF: lAGtrNA MADRE PATTERNS lN

10 2o  3 ! , - - - -10 .
iaenN s6 or suRFAcE Llct{T REAcH

uend was much more erratic along the western

the study area (Fig. 5). In fact" the very occurence o

th;;;J; srrore. TWenty-eight percent gf.the 1i13e
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Fizure 4. Thc rclationship of scagrass cover to percent of sur

;Ti;;i;i"nlirua"abngsamplingg"t*fJY:".1'-1":
of light and @vcr wcrc madc-<lurin! ttre ?t. monrtrs of thc study

,h" E;-i"*, spccics at the sotion: Erllalonhila ense!Y711ti1

;;i'*aiti'ij"t"' Thc linc connccts thc mcans of perccnt

fr.-iuii, is-zo' 20-30, and >30 inervals of pcrccnt of surfa

was hishlv variable in the vicinity of Port Man

,fr" "oftftJ* Part of the study area than in the

tered at all along transec-ts on the west side' while

it*t*" oily 66o of the time on the easl side' On
ilidand" of ieagrass was found >30 cm deeper I

CFigt. f, right; 5). Ttrrbid water extend"d f-1$i

in ?it 
't 

"it""t than elsewhere in the northern h

*iAAi"l The "island" of seagrass w-as perched on

i.t; of the surface (Fig. 3, left) far enough

Jatively clear water (Frg' 3' middle).and^th

nrr&"t i'n or out on the sarme transect (Fig' 3' ri

Local Biomass Patterns.-The entire laguna was-r"nt 
"a analysis of biomass distribution' Eastern

nrittt"a, bduut" the east side of the laguna is r

3*t"o by the prevailing southeasterly winds than

;;;;*t; between sidei of the laguna mav influe

meadows. Other distinctions were between upper

culture vs. mixed assomblage) and within the lower

light rcaching the bonom in a O'2-
rns whcrc at lcast l0 obscrvadons

of scagrasscs for G5' 5-
light reaching thc bottom.

Seagrasses grew deeper in

; however, the north-south
than along the east side of

seagrasses was errntic along
were not encoun-
were absent ftom

transect at 26"35.5'N, an
on either end of the transect

the middle of the laguna
f of the study area (Fig. 3'
rise of the bottom to within
the westem shore to be in

received more light than

to carry out a more
western sides were distin-
sheltered from waves gen-

west side. The difference in
the develoPment of seagrass

una and lower laguna (mono-
laguna, between regions. Y.ith-u 

U"t" zone in the middle'

s
s
s

g v S
w

w w
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continuous cover across the laguna vs' regions w
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39.2 3&2 36.7 X 35.5 35 3L5 3L5 305 30
TRANSECTLuL-TION(MINUTESNORTIIOF26DEGREES)

f wrsr neasr W6sa6s
Figurc 5. Variation in maximum depth of occunence of scagrasses with latitude and between east
(open bar) and west sides (solid bar) of I -guna Madrc near Port Mansfietd, Texas. "Island" (diagonal
striping) rcfers to a disjunct patch of s.ag."ss ofif the western shore on the transcct ar ZO35.S'N
latitude (Fig. 3, right).

Also, extensive areas dominated by T. testudinum were treated as a separate mead-
ow rype.

Biomass was close to 200 g.m-z throughout the upper laguna, except in the
shallowest depth zone on rhe east side, where it wai lomewhat lowef @ig. 6,
top). The lower laguna was much more heterogeneous. In the middle rcach where
meadow extended across the whole laguna, total biomass was close to 200 g.m-z
on the west side (lower laguna, wesr, no deep edge in Fig. 6) with H. wiigntii
dominant in shallow warer and s. filifurme Contributing Jtigtrtly more thai FL
YriShtii in deeper water. On the east side, biomass incieasd dramatically with
9"pttt, from l0o g-m-'al0-39 cm deep to 7oo g.m-z at g0-ll9 cm deep (lower
laguna, east, no deep edge in Fig. 6). H. wrightii contributed most in shallow
*{er, macroalgae in the intermediate zone, and S. filifurme deep.

In portions of the laguna with mixed assemblages bordering orrdeep, bare areas,
seagrasses on the west side were barely present in r39 cln of witeq reached
maximal biomass of 16o g'm-2 evenly distributed among H. wrightii, s. fittforye,and ?1 testudinum at 4o*79 cm, and diminished to 35 g.m-z at;120 on ilo*",la.guna, w-e-st, deep- edge in Fig. 6). Macroalgae dominated at g0*119 cm, con-
tributin_g_22O g.m-2. on the east side, biomasi increased from l0o g.m-z ai 0*39
cm to 230 g.m-z ar 80-l 19 cm and decreased to 40 g.rn-2 at >tlo cm (lower
laguna, east, deep edge in Fig. 6). H. wrightii was the only species present at o-
9?_"-, H- wrightii and macroalgae dominated at 40-79 i-, s. fitilorme ar go-
l19 cm, and macroalgae at >120 cm.

Biomass was high at all depths in the T. testudinum meadow (lower laguna,
east, deep edge, Thalassia in Fig. 6), ranging from 300 to 700 g.m-2. Thaiassia
testudinum dominated across all depths; howeveil S. filforme contributed >lO0
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Fieure 6. Distribution of biomass according to dcpth in L

euit ria" of laguna-righu upper laguna--top; lowcr laguna'

i-rn ,op: IottJ-r laguna' mixed meadows ending in dccp r

Jominaied by Thilassia testudinun -bottom' Ha.lodule

black; macroalgae-'+rosshatch: Thalassia testudinwn4

"u,", no ..-p[t from that depth category' Samplc sizcs

g-m-2 in the two shallower depth zones' Ma

iU aeptns. Although no obvious relationship

ture was apParent in the gross patterns oJ distri

portionmenf of biomass within H. wrightii plants
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Figurc 7. Variation in proportion of Halodule wrightii biomass belowground (solid) and scdimcnt
grain size (open) across thc middle reach of the lower laguna: means and standatd errors.

size. In the middle reach of the lower laguna, H. wrightii occurrcd across the
whole laguna. The proportion of biomass contained in the belowground fractions
increased from the mainland shore in the west to the Padre Island flats in the east,
and there was a corresponding increase in sediment grain size (Fig. 7, particles
>4 phi are classified as silts and clays).

Bay-wide Biomass.4verall, in the upper laguna, H. wrightii occurred at every
station where any vegetation was encountered, macroalgae at 72vo of the vege-
tated stations, Ruppia maritima L. and Halophila engelmannii at l2ovo (Thble
1). The mean biomass of I/. wrightii at stations where encountered was almost
an order of magnitude higher rhan macroalgae, the next biggest contributor. when
computed over the whole vegetated area of the embayment H. wrightii accounted
for 9OVo of total biomass.

In the lower laguna, macroalgae were most. frequently encountered, followed
by H. wrightii and S. flifurme, all occurring at )45Vo of the vegetated starions,
while z testudinum and Halophila engelmannii occurred at lzovo (Thble 1A).
Where present, T. testudinun occurred at more than twice the biomass that IL
wrightii achieved in the upper laguna and, in the lower laguna, 2.7 times .s.
fliforme, )4 times H. wrightii and macroalgae, and 20 times Halophila engel-
mgnniL When adjusted for frequency of occurrence over the entire vegetated area
of the lower laguna, S. filifurm€ was the most important contributor of biomass,
followed closely by T. testudinum, H. wrightii, and macroalgae. The contribution
of Halophila engelmannii and Ruppia maritima were negligible. System-wide,
biomass was 35Vo higher in the lower laguna than the upper laguna and distributed
among several species rather than concentrated in one. Baywide ash-free drv
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Tablc l. Pcrccnt occutrcncc and biomass of

biomass; B-Ash-frcc &y weight of abovcground

* r c

A. Total biomass (above and bclowground &y

Uppc rLaguna f l =47 )

Halodule wrightii
Halophila engelnunnii
Ruppia naitinu
Macroalgac

Total

I-owcr L.aguna Q'f = 132)

Thalassia testudinum
Syringodium fliforme
Halodule wriglxii
Halophila engelmannii
Macroalgac

Total

B. Aboveground ash-frce dry wcight

Uppcr Laguna (N : 47)

Halodule wrightii
Halophila engehunnii
Ruppia naritinu
Macroalgae

Total

l,owcr l-aguna (N = 132)

Tlalassia testtdinunt
Halodule wrightii
Syringodiwm filiformc
Halophila enqelnanni
Macroalgac

Total

weight of abweground material was 40
portionate contribution of macroalgae was
(Thble lA, B). In the lower laguna"
aboveground ash-free dry weight (Table 1
tributor to total biomass (Thble lA).

Biomass patterns in the upper and lower
differ in two principal ways. First, one
as three species of seagrass and
equally to total biomass in the lower
uniformly distributed in the upper laguna

The difference in species contributions
a recent phenomenon and may be short-li
the early 1960's (McMahan, 1969), H. wri
of the Iower laguna. By the mid-1970's,
1978), and by 1988,45Vo (Quammen and

100
17
l5
72

l 7
48
66
l3
73

100
t7
t5
72

l7
6
50
l3
73
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and maooalgec in Laguna Madrc (A-Total I t

BiqtEwlEFsrl
(9h, *t Sts)

Brywi& |H biru
(/ml

158.0 r 9.0
4.7 ! 2.1
9.9 + 3.6

18.9 r 5.4

373.0 ! 62.4
138.0 r 16.0
77.6 + 7.6
6 .1  i  1 .8

70.5 + l2.l

158.0
0.6
1 .5

12.4

172.5

29.2 ! 2.7
3.2 + 1.6
8.8 r 3.8

12.9 ! 4.O

&.4
69-5
50.8
o.8

49.8

?35.3

29.2
0.6
1.3
9.4

,+0.5

l3.o
l  1 .5
18.3
o.2

26.1
69.1

77.8 ! 26.2
17.5 ! 2.5
37.8 + 5.6

1.8 = 0.4
35.6 I 5.5

in the upper laguna and the Pro-
times greater than to total biomass

were the biggest contributor to
, as compared to fourth biggest con-

of the Laguna Madre of Texas
dominated the upPer laguna, where'

in aggregate contributed roughlY
Second, biomass was much more
the lower.

the two parts of the laguna is
. According to surveys conducted in
ii covered 897o of the vegetated area
'. 

wrightii covered 757o (Merkord'
nuf, 1993). The probable reason for
and T. testudinum is moderation ofdisplacement of IL wrightii by S.
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the salinity regime of the laguna. Prior to the dredging in 1949 of the Gulf Intra-
coastal Waterway through the Land Cut (Fig. l), a 20 km expanse of emergenr
flats separating the upper and lower portions of Laguna Madre, salinities exceed-
ing l0O Voo in the upper laguna and 6O Voo in the lower laguna were not uncommon.
Since then, salinities seldom have reached 5OVoo, especially since the mid-1960's
(Quammen and Onuf, 1993). The expansion of S. flifurrne was north from Brazos
Santiago Pass, the natural gulf outlet, and had reached the northern end of the
lower laguna by 1988 (Quammen and Onuf, 1993). In the upper laguna S. fili-
forme was not present at any sampling station in 1988; however, parches were
seen in transit, and hundreds have been located in systematic searches for S.
filiforme patches since 1990 (unpubl. data). Observations at one site suggest that
these patches are expanding rapidly. Therefore, it is probable that the composition
of seagrass meadows in the upper laguna will converge toward that of the lower
laguna in the next few decades.

Biomass was remarkably uniform between sides and across depths in the upper
laguna compared to the lower laguna (Fig. 6). The most likely cause of the uni-
formity was the morphology and orientation of the basin. Except near the mouth
of Baffin Bay, depths ranged from 40 to 180 cm, the basin was narrow, and
prevailing winds blew mostly across the basin, rather than along its long axis.
Because of relatively small fetch for the wind over deep water, wave development
and resuspension of bottom sediments was limited. Consequently, lighr did not
reach limiting levels, and relatively high biomasses were mainrained ar depths
where biomass was reduced or absent over much of the lower laguna. Converiely,
the absence of the o-39 cm depth class in the upper laguna meanr that the othir
zone of low biomass of the lower laguna, broad flats along the east side, had no
counterpart in the upper laguna.

. In counterpoint to the uniformity of biomass patterns for the upper laguna,
there is great diversity of pattern in the lower laguna. At least three tictors ieem
to modify the amount and depth distribution of biomass at a locarion: side of the
laguna, species, and whether cover is continuous across the laguna or terminates
in a bare middle zone.

The species effect was most obvious for T. testudinun. where it prevailed,
high biomass was maintained to its maximum depth of occurrence. s. trliforme
achieved comparable biomass, but only in a depth class of very limited occurrence
(2 sta-tions) in one part of the laguna (Fig. 6). one possible reason for high ?l
testudinum biomass up to maximum depth of occurrence is that *"t"r "I-ity
decreased very sharply from the outermost vegetated station to the first station
without vegerarion. Across 3.5 km of meadow ranging in depth from t20 to l2g
cm, Secchi depth was never less than 120 cm. At the-first unvegetated station in
l38 cm of water, Secchi depth was 7O cm (unpublished data).

A positive feedback between the filtering action of seagrasses on suspended
paniculates (short and Shorr, 1984) and biomass seems li[ely. The presence of
P]-antq at the margin of a meadow improves the clarity of water in from itre margin,
allowing proliferation of those plants. The resulting denset canopy will enha-nce
water clarity further. The consequence is a much steeper gradient in biomass at
the outer edge of the meadow than would be expected on ni basis of depth alone,
because the gradient in available light is muih steeper than accounted ror by
depth. Perhaps the lower maximum biomass of other meadow types results in i
more gradual improvement-in water clarity at the outer edge and consequently a
more gradual decrease in biomass.

Prevailing winds and the waves they generate account for east-west differences
in meadows having a deep edge. on thi east side, wave action was usually neg-
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energy water environment, in this case. the
currents are negligible, since the wind b

Iigible in shallow water and only built to
at depths >l m (personal observitions). Cr
in shallow warci and became turbid in
waves broke right on shore. The shal
because the plants were uprooted. Along
bottom dropped steeply, no meadow deie
ual, more light reached bottom 0.5 km out
This phenomenon was most conspicuous"island" of seagrass was associated with
surface light reached the bottom (Fig. 3,
most turbid water between sides of the ,

opment of continuous meadow. This is con
et al. (1991) that the ..ecological light cor
to lsEo SI for the same species in HoUe
Indian River (Morris and Tlomasko, 1993).

East-west differences in biomass in the
seagrass cover was continuous across the
by light availability and sediment stability.
may contribute to the two and one half timr
shallow zone of the west side compared to
The two major drains of the lower Rio Grar
the western shore (Fig. l, Aroyo Colorado
southeast winds and wind-driven currents
terial from the meadows spanning the lag
leaves along the western shore. Nutrienis
be available first to seagrasses growing in

The much higher investment of H. wri
side than the west (Fig. Z) also is consisteni
supplies between sides of the laguna.
water systems (Barko, et al., l99l), for
1987), and for T. testudinun (Burkholder,
more highly organic substrates. The alternati
ment in root and rhizome might be required
vironment is not supporrcd. Although cbarser

The plants on the west side are exposed to
despite being rooted in finer sediments.

The very high biomass of S. fitifurme in t
more to history than any special suitability
stations in the depth category. The mean of
stations was 9O0 g.m-2. Based on the distril
7-9), that station was the only one sampled
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point of stirrlng bottom sediments
, the water usually was clear

ths of I to 2 m. On the west side,
depth zone was largely unavailable,

, the water was turbid. Where the
oed. Where the slope was more grad-
rom shore than closer, in some cases.

the transect at 26o35.5,N, where an
offshore area in which lO-2OVo of

ht). Thls difference in depth of the
na led to the result that seagrasses
western shore than on the east side
broad meadows and the west side

at lowesr and highest light levels in
f) is consistent with the depth distri_

Florida repofted by Iverson and
of seagrasses at stations receiving
currence of seagrasses at stationa

>l5Vo SI is required for the devel_
t with the finding of Kenworthy

point" was in excess of l0
nd, Florida, and elsewhere in the

reach of the lower laguna where
obviously were not driven
differential nutrienr supply

greater biomass of seagrasses in the
east side (Fig. 6, second from top).
agricultural district discharge alohg
North Floodway). AIso, prevailing
to remove aboveground dead ma-

and deposit great windrows of dead
from these deposits would

low water along the western shore.
in belowground parts on the east

th the inferred difference in nutrient
patterns have been noted in fr,esh-
ra maruut ln mesocosms (Short"

al. 1959) grown in sand vs. fine4
hypothesis that increased invest-

for anchoring in a high energy en-
sediments usually indicate a higher

are windblown, and waves and
off the land immediately adjacent.

waves and stronger currents,

8O-l 19 cm depth range may owe
the depth. There werc only two
three samples from one of those

ional maps of Merkord (1928, figs.
1988 that also had been dominated
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by S. filifurme in 1974. T. testudinum dominated all other stations in 1988 where

S'. filiforme dominated in 1974. Thus, it is possible that. S- filtforme had been

estabiished too short a time over most of the area it dominated in 1988 to have

achieved maximum biomass.
In northeast Florida Bay, nutrient enrichment in the vicinity of roosting birds

has led to displacement of T. testudinum by H. wrightii.(Powell et al" l99l:

Fourqur"un et al., 1992a, 1992b). No such process is evident in lower Laguna

Madre. Halodule wrightii is dominant where the supply of nutrients probably is

i"ur, on rhe easr side. Elsewhere, fl. wrightii is being displaced by S. filifurme

and L testudinum. Apparently, the more diffuse supply of nutrients in the laguna

does not produce thaionditions necessary to favor H' wrightii'

In addition to reducing the area of cover by H. wrightir', the establishment of

S-fitifortne and ?'. testudinum in the lower laguna has led to a reduction in mean

biomlss where H. wrightii remained. ln 1974' the mean biomass of H' wrightii

where present was l2i g.m-2 (Merkord, 1978). In 1988, the mean was 78 g'm-2

(Thble l), because H. wrightti was displaced from depths where it was capable

of achieving high biomasJin the absence of other species, as was the case in the

upper laguria tFig. 6, top), and continued dominant only in shallow water on the

eait sidJwhere ii occurred at low biomass (Fig. 6, right, second and third from

top). In turn, ?n testudinum may be displacing S.rtfiforme from.its optimal sites.

MLn biomass of S. filiforme it the 9 biomass stations where it was present in

1974 was 218 g.m-z (Merkord, 1978), compared to 138 g.m-2 in 1988 (Table l).

Because of thJ higher biomasses achieved by the displacing species, talyiO:

mean biomass of ieagrasses in vegetated areas was somewhat higher in 1988:

185 g-m-2 (Table l), than in 1974: 16O g'm-z (Merkord, 1978)-
Comparable assessments of .biomass are available for two other large seagrass

tracts in the Gulf of Mexico: tlie Big Bend region of Florida' from 28 to 30" north

latitude (lverson and Bittaker, 1986), and Florida Bay (Iverson and Bittaker, 1986;

Zieman, et al., 1989). The systems from opposite sides of the gulf differ most

strikingly in the depth range of seagrasses. Along the broad, shallow continental

shelf o}-the eastern gulf, the outer limit of seagrass meadow was about 8 m in

the north and I I m in the south (Iverson and Bittaker, 1986). In Laguna Madre

on the western side of the gulf, the maximum depth of occurrence of seagrasses

was (2 m in this study. Water clarity accounts for the difference in depth pene-

tration across the gulf. In Florida from St. Marks to Crystal River the mean

extinction coefficient (k) was 0.5; from Crystal River to Tarpon Springs, 0.32;

and in outer Florida Bay, 0.25 (Iverson and Bittaker, 1986). Within Laguna Madre,

mean k values were 1.59 within meadows (N = 62) and 1.84 in deeper, bare

areas (N = I l9). Presumably, the seagrasses cannot establish offshore along the

western gulf because the continental shelf is narrow, and its shore fringe is subject

to too much wave action for seagrasses to maintain themselves. In contrast, the

Florida Gulf Coast is a relatively low-energy shoreline (Iverson and Bittaker,
1986). Although the laguna is a protected environment compared to that on the
gulf side of Padre Island, wind-generated wave action within the laguna is strong
enough to stir bottom deposits and create turbid conditions much of the time in
and adjacent to areas exceeding 2 m in depth.

Aboveground biomass values have been reported for the two great expanses of

seagrass meadow in Florida. For the Big Bend region and outer Florida Bay'
mean ash-free dry weight of leaves were computed using data extracted from
Iverson and Bittaker (1986: figs. 8-10 for L testudinum, S- filifurme, and H-
wrighti). These values were multiplied by the proportion of samples in which
each species occurred (Iverson and Bittaker, 1986, figs. I and 2) to give system-



OMJF: IAGTJNA MADRE PA

Tablc 2. Abovcgmund ash-fr,cc biomass (g/m2)
and macroalgao in large scagrass systcms of thc
snrdy, Big Bcnd and Outcr Florida Bay from lvcrson
Zienzn ct al. (1989). Sco tcxt for convcrsion factors
frcc dry weigha.

IN M^CROPIIYTE BIOMASS

pcrccnt fiequcncy of occurrencc of scagrasses
of Mexico. Data for L,aguna Madre from this

Bittakcr (1986), and Inncr Florida Bay from
convert Inncr Florida Bay dry wcights to ash-
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Mcan biomass whcre prcsent

Uppcr Laguna Madre
Lowcr [.aguna Madrc 78
Big Bcnd 33
Inner Florida Bay 58
Ourcr Florida Bay l4O

Mean biomass system-wide
Upper Laguna Madre
Lower l-aguna Madre 13
Big Bend 28
Inner Florida Bay 56
Outcr Florida Bay 84

% @ucncy of occurrence
Uppcr l-agunr Madrc, N : 47
lnwcr Laguna Madre, N = 132 17
Big Ben4 N = 106 85
Inncr Florida Bay, N = 106 95
Outcr Florida Bay, N = 136 60

wide means. Ash-free dry weight to dry
586) werc used to convert dry weight

ME}
Haldil. Rt,?b nolahlb .l3a

To..l
(sfrr6s 61y)

l  I  9  4 0 ( 3 1 )
26 69 (43)

(44)
lo 73 (64)

(r24)

ratios (Iverson and Bittaker, 1986:
for inner Florida Bay (Zieman et

29
l 8
t 0
7
7

29
t 2
4
3
2

100
6
60
48
29

9 3 1 3
2 3 6

13 r7 72
13 73

7

of S. fi.lifurme and L testudinum between 11965 and 1988 and the occurrence of
tolerable salinities throughout the laguna {urrently (Quammen and Onuf, 1993),

d., 1989) to ash-free dry weight. Ratios ftom this study were used to
estimate ash-free dry weight of from dry weight in inner Florida Bay:
I-auretrcia spp.{.7 I, Acetabularia c .40. The value for A. crenulata
was assumed reprcsentative for P, spp. (J. Fourqurean, Florida Interna-
tional University, pers. comm.), and the ratio for all macroalgae col-
lected in Laguna Madre--O.61-e7as used lfor Batophora oerstedii.

The composition of Laguna Madre meadows differed from those of
the eastern gulf in the much greater contrilbution of H. wrighrii (Table 2). In allulg vowru 5s[ ur urv rusvr.  \ --vrv

likelihood, this difference is transitory. Gifen the trend toward increasing cover

the contributions of S. filifurme and 2" probably will continue to con-
verge toward conditions in the eastern glulf. The low biomass of I/. wrightii
compared to the other species that domin{te large areas of bottom probably ac-
counts for low system-wide mean biomasslof the upper laguna and the relatively
low system-wide mean biomass of the lowpr laguna compared to locations in the
eastern gulf (Thble 2, middle). Since the bfomass of all species where present in
LagunaMadre is within the range of valuej for locations in the eastern gulf (Thble
2, top), system-wide mean biomass shoulp approach that of Florida Bay as S.

filifome and 7i testudinum become more $revalent.
The other difference in biomass amonglsystems was the much higher contri-

bution of macroalgae to total abovegrounO] Uiomass in the lower laguna than the
upper laguna or inner Florida Bay (Table 2)f The high standing crop of macroalgae
may be the consequence of inflows from allarge irrigated agricultural district that
the lower laguna receives, unlike the other ]systems. This speculation is supPorted
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by the observation that algal biomass was three times higher in the middle reach

oi tt" lower laguna GZ 6m-r), where th9 agnculnr4 Otl": discharge, thln ttt"

norrhern sectioi (17 g.;--) or iouthern (19 g:q:t),_*lt:t" drains do not discharge'

Associations between trigtr nutrient supply ana nign biomas: of.macroal$ae have

been widely observedlrilakes (Cattaneo, tggZ), estuari€s (Sand-Jensen and Bor-

um,l99l)-andcoastal lagoons(Harl inandThorne-Mil ler '1981).
FloridaBay tras ctrangla dramatically from the summary given herc' based on

sampling conducted in 
-1984 

(Zieman et al., 1989). T' testudinum has died off

ou"i t"ri" expanses. Dense p"rch"t were most severely affected. Abnormally high

warer remperarure, ,"""nt reduced ftequency of hurricanes, a.pathogenjc 9ti1e
mold, and chronic nypoiia of roots an-A rtrizomes are potential causes (Robblee

et al., l99l). Leading irf to tt " die-off, biomass had increased greatly (J' Zieman'

Unilrersiiy ofnirgi"I", pers. comm.). On9 hypothesis to account for the die-off

is that the combineo stresses of high salinity ind temperature' operating on higtt

biomass and large accumulations 5f dead material, resulted in extended periods

of hypoxia in dEnse parches that the plants could not withstand (Zieman, pers.

comm.;. Phytoplankton blooms resultihg ftom nutrient additions to the western

part of the bry *"y "lro be involved by reducing available light and increasing

nigt t-ti-" tryioxia ln. LaPointe, Harboi Branch Foundation' pers' comm')'

L"gun" M"-Arc and Florida Bay share much in common. Both have restricted

circul-ation, receive limited fteshwater inflow, have higher rates of evaporation
than prccipitation, experience long periods of high water temperaturc' and are

subject to Lpisodes of hypersalinity. The conditions that allowed T' testudinum to

nuoristr havi been in effict longei in Florida Bay than Laguna.Madre; however'

a trend toward dominance by V. testttdinrart and increasing biomass is clearly

underway in Laguna Madrc. ntttougtr the two systems u-iy4 at commonality

Uy oppoiite nya6togicat shifts (Floriia Bay by intemrption oj-sheet flow through

ttre ivergUajs anO-a shift toward higher-salinity, Laguna Madre by improved

circulatiJn, increased inflow, and loweisalinity), seagrasses in Laguna Madre may

be on a similar trajectory to those of Florida Bay. If cover of T. tesUdinum
continues to expandand biomass incrcases where it is already established' Laguna
Madre may berome increasingly wlnerable to the mass mortalities already seen

in Florida Bay. Assuming ttrit- the rate of expansion of 7. testudinwn evident
between 1974 and 1988 continues into the funrre, T. testudinun should not dom-
inate the lower laguna for another 50 years. Probably the most feasible way to

minimize the risk of mass mortalities in the future is to promote practices that
will limit inputs of nutrients from the agricultural drains. The development of two
large shrimp farms on one of the drainage channels since 1988 points up the
immediate need for nutrient input management.

AcxNowr-eDcMENrs

This study could not have becn complctcd without thc collaboration of M. Quammcn bcforc hcr

untimcly Aeittr ana thc unstinting hclp of C. Loftin. R. Adami, D. Echols, T. Nelson, C. Petcr' and E.

Smith a-bly assistcd. Discussions with J. Fourqurcan, D. Tomasko, and J. Zicman piqucd my awarencss

of parallcis bctween inner Flori& Bay and lower l-aguna Madre: howcvcr. I_am rcsponsible for any

spccutative cxcess, H. Ncckles provided valuabte guidancc on sedimcnt and nutrient rclations. Thc

manuscript has bencfited from critical resdings by T Calnan, A. Czcrny, K. Dunton, J. Fourqurcan'
D. Fuller, J. Kaldy and an anon5rmous revicwer.

LTTSRATURE CrrEP

Barko, J. W., D. Gunnison and S. R. Carpcntcr. 1991. Scdiment interactions with submerscd mac-
rophyte growth and community dynamics. Aquat. Bot' 4l:. 1445'



ONUF: IAGUNA MADRE

Bchrens, E. W 1966. Surfacc salinitias for Baffin
1966. Pubt. Inst. Mar. Sci. ll: 168_l?3.

Bucsa R. J. lT4. poputation and biologiJ data
on thc ncthwestern Cuban shelf. Aquecuttrre

Burkhotdcr, P R., L. M. Burkhotder -d f. e-
grass, Thalassia Estudinum. Bull. Torrcy Bof

Cattaneo, A. t987. periphyton in lakcs of aiferer
Elcuterius, L. N. 1987. Seagrass ecology alont

Pages I l-24 in M. J. Durako, R. C.-philn;s
posium_on subtropical-tropicat scagrasscs of tl
search Publications No. 42. Floridabepartment
St. Peterburg, Florida.

Fourqurean, J. W., J. C. Zieman and G. V. N.
trients and seagrasses in a subtropical carbon:-and 1992b. phosphorus
evidence from C:N:p ratios of tt. Aoniin*i
37 :162-111.

Harlin, M. M. and B. Thorne-Miller. t9gl.
coastal lagoon. Mar. Biol. 65:221_229.

sEFC-287.

Shelf Sci. 32: 567-579

D. Portcr, L. A. yarbro, R. T Zieman and'J. C.
seagrass Thalassia testudinum in Florida Bay

Sand-Jensen, K. and J. Borum. 1991. Interaction!
_ in temperate freshwaters and cstuaries. Aquat. I
Shon, E T 1987. Effeca of sediment nut i"it" "i

penment. Aquat. Bot. 27:41_57.

Ivcrson, R. L. and.H. F Bittaker. 19g6. Seagrass
waten. Est. Coast. Shetf Sci. 22: 577j/.Ji2,

Kenworthy, W. J., M. S. Fonseca and S. J. Dipicro.
point for seagrasses Halodule wrightii and Syr
regime monitoring in the southern Indian Rir
Haunerr, g!s..U.S. Department of Commerce,
National Marine Fisheries Scrvice, NOAA Tccl

McMahan, C. A. 1969. The food habits of ducks v
New Mexico State University, I_as Cruces, Ncw

Merkord, C. W. 1978. The distri6ution and abundan,
Thesis, Tcxas A&I University, Kingsvillc,

Morris, L. J. and D. A. Tomasko, eas. tiSS. pr
aquatic vegctation and photosyntctically activc

::..l"lEI 
}tanagcmenr District, palatk", Flr

Onuf, C. P 1991. Light requircments ot naiUut)
engeltnannii in a heterogeneous and variablc cr
Pagcs 87-97 in W. I. Iienwonhy and D. Iproceedings of a workshop to examinc the
monitoring programs to protect seagrasses. U.S.
Armospenc Administrarion, National Marine 1

Powell, G. V. N., J. W. Fourqurcan, W. J. Kcnwonhv
seagrass cnrichmcnt in a subtropical estuary: obJr

Quammen, M. L and C. p Onuf. 1993. I-asuna
salinity rcduction. Esruaries l6: 303_311.

Robblce, M. 8., T R. Barber, p R. Carlson-Jr., M.

TN MACT,OPflYTE BTOMASS 419

and l-aguna Madre, Tcxas, April 196,a_March

T:l.-ry* e,tulassia tcsdinum K6nig, I 8O5)2m-226.
i959. So-mc chcmical constitucnts of tunle
86: 88-93.

tnophy. Can. J. Fish. Aquat. Sci.44: 296_303.
coasts of Alabama" Louisiana, and Mississippi.
I R. R. l-cwis III, eds. hocccdings of ,f," ,i[_
southeastern Unitcd States. FtoriAa f"f arine'n"_
Natural Rcsourccs, Bureau of Marin" n"."*"i,

1992a. Rclationships bctwcen porewater nu_
cnvironment. Mar. Biol. I 14: 57j5.

ion of primary production in Florida Bav:
s Thalassia testudinum. Limnol. Oceanoir.

enrichment of scagrass bcds in a Rhode Island

and abundancc in castern Gulf of Mexico

l: h-!ryng the ecologicat light compensarion
tiunljfg\ from tong+erm submarine tighr

Pages lo6-13l in W. J.-Kenworthy and D.t.
lional Oceanic and Atmospcric Administration,
Mcmo. NMFS-SEFC-287.

o-n Laguna Madre, Texas. M.S. Thesis,
37 p.

,fo** 
in Laguna Madrc of rexas. M.S.

and conclusions of wortshops on: submerged
ion. Special hrblication SJ93-Spl3. St. Jof,ns
24 p plls appcndiccs.
ishtii" Syringditlm filiforme, and Halophila
rnment infcrred from. long-rcrm monitoring.
eds.'The light requircmenb of seagrassei:
ty of water quality criteria, standards and

of Commcrce, National Oceanic and
Service, NOAA Tech. Memo. NMFS-

and J. C. Zienan. 1991. Bird cotonies cause
and cxperimcnEl evidcnce. Est. Coast.

: scagrass changcs continue decades after

Durako, J. W. Fourqurcan, L. K. Muehlstein.
ieman. 1991. Mass monality of rhe tropicai

Mar. Ecol. Pnog. Scr. i�l:297-299.
lphytoplanlcon, periphyton, and macrophytes
4l: 137-175.

lircrature rcvicw and mesocosm ex_

tion ofestuarine and coastal watcrs. pages
Academic Prcss, New york.

, T G. Liuteton, J. H. McGowen, H. S. Nance
Texas, Corpus Christi area: sedimcnts, geo-
cd wetlands. Bureau of Economic Geoligy,
54 p.

!"ll*": sedimens, geochemistry, ben_
of Economic Geology, The Universitv

lands of Texas, Kingsville area: sedi_



42O Bt LLETIN oF MARTNE sclENcE voL 5t' No. 2- 1996

ments, gcochcmistry, benthic macroinvcrtcbratcs, and associatcd walands. Burcau of Economic

Gcology, The University of Texas at Austin' Austin' Tcxas. 137 p.

Zicman. f. e., f. g7' Fourqu;an aad R. L. Ivcrson. 19E9. Distribution, abundancc and productivity

of seagrasscs and macroalgae in Flori& Bay. Bull. Mar. Sci. 4;292-3ll-

DArE AcEEFTED: Septembcr 23, 1994.

Aoonsss: National Biotogical Semice, Southem Scicncc Ccntcr, Texos Gulf Coast Field Station

Campus Box 339, 63AO Oceut Dr., Corpns Christi" TX 78412.




