Ecology of infaunal Mollusca in south Texas estuaries
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Abstract. The ceology of Texas estuaries is strongly influenced by latitudinal ecotones. that exist aleng the northwestem Gulf of Mexice coastline.
Long-term studies were conducted in tour of the seven major estuarine ecosystems in Texas, The ahjective was to determine the role of clirmatic variability
and concordant dilferences in freshwater inflow among the ecosystems in streciuring benthic infaunal communities and maintaining secondary production.
Mollusks are prominent members of the infauna in all henthic habitats of Texas estuaries. The abundange, biomass, and community structore of mollusks
was measured along salinity gradicnts within the four south Texas estuanies. Infanal samples were collected by divers using small (6.7 cm diametery cores
(50 larger epibenthic mellusks were not collectad), Overall, these Texas estuaries had a mean of 14 species of infaunal mollusks, with mean abundance of
7,500 individuals'm?, and mean biomazs of 2.4 gfm?, Freshwater inflow is the dominant factor regulating variabifity of molluscan communities. Salinity is a
surrogate for inflow, therefore, tere are zoogoographic pattems within and among esiaries related w0 salinily patterns. There are seasonal, interannual, and
Iatitudinal patierns of inflow, and these patterns are apparently regulating community structure, population dynamics, and secondary production in Texas
estuarics, Recont water projects to enhance Lhe amount of freshwatcr flowing inte estaries appear o have had an effect and have ncreased the nwmber of
mollesks in those aseas. However the projects occurred during @ naturally wet period, so it is difficult to differentiate notural versus anthropogenic changes.
The response of mollusks to natural gradients and man-induced changes of freshwaer inflow demonstrate the importance of this factor in repulating benthic
commumilies,

A major component of benthic ceosyslems in Texas 1982). These distinct patterns are very important, because
estuaries, as is truc clsewhere, is the Mollusca. Molluscan growth, reproduction, and migration of many species are
biomass dominates the macroinfauna in Lavaca, San keyed (o seasonal events. The timing and magnimde of
Antonio, Corpus Christl, and Nueces Bays (Kalke and inundation is believed to regulate finfish and shelliish pro-
Montagna, 1991; Monlagna and Kalke, 1992}, During duction {Texas Departiment of Water Resources, 1952),
peak recruitment events, Mollusca can also dominale popu- We have been conducting long-term studics in four
lation abundance. However, differences in population size of the seven estuaries to determine the rofe of freshwater
and communily structure exist within and among Texas inllow in maintaining benthic productivity. The primary
Bays. purpose of the current study was to determine the degree of

There arc seven major estuarine systems along 600 influence of freshwater inflow in regulating zoogeographic
lingar kilometers of coastling, 'The estuaries of Texas are dilferences of molluscan population size and community
remarkably diverse in spite of similar physiography (Fig. structure within and among Texas estuaries. The secondary
13, This is due to a climatic gradicnt, which influences purpose of this study was to assess the elfects of two major
freshwater inflow. The gradient of decreasing rainfall, with water projects designed to increase freshwater inflows to
concomitant freshwarer inflow from north to south, is the estuaries Lo maintain or enhance productivity. One project
most distinctive feature of the coastline (Table 1), Along was a mandated freshwater release schedule rom a dam
this gradient, rainfall decreases by a factor of two, but and the other was a diversion of river water to an esmary.
inflow balance decreases by almost two orders of magni- The focus in this manuscript is on the infavnal mollusks.

tude. The inflow patterns appear to group into four distinct
types of estuaries that vary by about an order of magnitude

each (Table 1), Cach esmary-type also has distinctly differ- METHODS

ent timing of peak inflow events. The northern estuaries

receive peak inflow during the spring, the central estaries All seven Texas estuaries have similantes n their
are bimodal receiving peak inflows during the spring and structure  and physiography (Fig. 1). Bamer islands are
fall, and the southernmost estuarics receive peak inflows paralle]l 1o the mamland along most of the coast. Berween
during the fall (Texas Department of Water Resources, the islands and the mainland there are lagoons. The

American Malzcological Bulletm, Wol. 11(2) (19053 163-17%
163



164 AMER. MALAC. BULL. 11(2) (1993)

Pass Cavallo

San Anbonia Bay

Gulf of Mexico  .n

Fipg. 1. Location of south Texas estuarics and sampling stations,

Table 1. Gradients in Texas estuaries. Listed from north 1o south; area at
mean low tide (Diener, 1975), mean annual mindall (1951-1980; Larkin
and Bomar, 1983), mean annual freshwater inflow balance {1941-1976;
Texas Department of Water Rescurces, 1982), and mean annual commer-
cial harvest {1963-1987; Texas Parks and Wildlife Department, 1988),

Commercial Harvesl

Estuary Area Rainfall  Inflow Finfish ~ Shellfish
{km?) (emiyr} (106 m3ye) (109 kg'yr) (103 Kgiyr)

Sahine-Meches 183 142 16,107 5 332
Trinity-San Jacinto 1416 112 12,284 190 4,040
Lavaca-Colorado 1,158 102 3,242 100 2,076
Guadalupe 551 91 2,545 #0 1,545
Mission-Aransis 453 81 190 207 1,453
Mueces 433 76 S0 151 544
Laguna Madre 1,139 9 047 B34 147

lagoons are interrupted by drowned river valleys that form
the bay and estuarine systems. There are Gulf inlets
through the barrier islands, which connect the sea with the
lagoon behind the island. The lagoon opens to a large pri-
mary bay. There is a constriction between the primary bay
and the smaller secondary bay. The river flows into the
secondary bay. Primary bays have greater marine influence
and secondary bays have greater freshwater influence. So,
as well as a latitndinal climatic gradient, there is a longitu-
dinal salinity gradient within each estuary.

The similarity of the Texas estuaries allowed us to
design a sampling program where we could use statistical
control on confounding factors, e.g. Gulf exchange, circula-
tion patterns, and alterations by humans. Four to six sta-
tions were chosen in each estoary (Table 2, Fig. 1) employ-
ing the same spatial sampling design that has been
employed in previous studies of Texas estuaries (Montagna
and Kalke, 1992). Two replicate stations (A and B) were in
the secondary bay where freshwater influences are greatest.
Two ather replicate stations (C and D) were in the primary
bay where marine influences are greatest. By using two
stations in the freshwater-influenced zone and two stations
in the marine-influenced zone, we were replicating effecis
at the treatment level and avoiding pseudoreplication
(Hurlbert, 1984). There has been a diversion of the
Colorado River into the east arm of Matagorda Bay, so we
located two additional stations (E and F) there. The sta-
tions in Laguna Madre are located using a similar strategy.
Two stations were lecated in Baffin Bay (6 and 24), and
two stations were located in Laguna Madre in a seagrass
bed (189G) and an unvegetated sand patch (1895) (Fig. 1).

Two major water projects were initiated during the
course of this study. The purpose of both projects was to
increase freshwater inflows to bays to enhance secondary
productivity. In 1990, the Texas Water Commission
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Table 2. Location of sampling stafions and sampling periods.

Estuary Bay Mume Stations  Period

Lavaca-Colosado  Sceondary  Lavaca Bay A 1084 1994
Secondary  Lavaca Bay B 1983-1994
Promary  Matagorda Bay C,D 1958-1994
Diversion East Matagonda Bay EF  1993-1994

Ginadalupe Secondary  Upper San Antonio Bay A B [987-1994
Primary Lower San Antonio Bay C, 10 1987-1994

MNucoes Secondary  Mueces Bay A B [9ES-15094
Primary Corpus Christ Bay C. D 19EE-1994
Prmary  Corpus Christ Bay E 1990 1994

Laguna Macdre Secondary  Baffin Bay f, 24 19891993
Primary Laguna Madre [B9G, [988-1903

1895

ordered the City of Corpus Christi to release 151,000 ac-
fiiyr (186 x 108 m3/yr) to the Nueces Estvary from the
Choke Canyon'Lake Corpus Christi reservoir system. The
releases were mandated, becanse the Cily had not been
releasing water. Stations A and B in Nueces Bay were used
1o assess the effects of this project (Fig. 1), The Colorade
River was diverted into the eastern arm of Matagorda Bay
by the creation of a floed diversion channel in 1991 and a
dam in the river channel helow the point of diversion in
1992, This project has diverted Colorado River water from
the Gulfl of Mexico into the easiern ann ol Matagorda Bay.
Stations E and F were sampled to assess the effect of this
diversion into Matagorda Bay (Fig. 1). The current study is
not a complete assessment of the efficacy of these two pro-
jects,

Replicate sediment samples (3} were taken withina 2
m radius at each of the stations in each estoary four times
per year. Abundance and communily structure were mea-
sured using the standard techniques that we (Montagna and
Kalke, 1992) have been using since 1984, This includes
sectioning 6.7 cm diameter cores (at 0-3 cm, and 3-10 cm)
to examine the vertical distribution of infauna, Animals
were then extracted using a 0.5 mm sieve, enumerated, and
identified. Taxonomic authorities used were Abbott (1974),
Turzeon ef af. (1988), and Andrews {(1942). Principal com-
ponents analysis (PCA) was performed on all data sels o
determine the relationship among stations in terms of
species composilion. Species composition was then pooled
by bay within each estuary, and PCA was performed on
these data to determine relationships among bays., Hydro-
graphic data were recorded at each station using a Hydrolab
Surveyor IT (Hydrolab, Inc.). These measurements inglud-
ed: salinity, conductivity, temperature, dissolved oxygen,
oxidation-reduction potential, pH, and depth. Salinity is
reported as practical salinity units (psu),

RESULTS

SALINITY REGIMES

There were large differences in salinity from year to
year in all estuaries (Fig. 2). The vears 1985-1986 and
1992-1993 were wel periods with concordant low salinities.
These wet periods occur during pericds when an El Nifio
event is occurring in the western Pacific Ocean. The inter-
vening time hetween El Nifio events is dry., Texas suffiers
through a series of flood and drought periods regulated by
global climatic events, There are generally lower salinities
in the spring and higher salinities in the summer, because of
seasonal inflow and evaporation patterns.

Salinity in the Lavaca-Colorado Estuary ranged from
0-36 psu (Fig. 2). The lowest salinities always occurred in
the secondary bay at stations A and B, After the diversion
of the Colorado River, Stations E and F exhibited low salin-
ities that are more typical of the secondary bay.

Salinity in the Guadalupe Estuary ranged from 0-32
psu (Fig. 2). During flood periods, this esmuary is unilormly
low (0-10 psu) in salinity. This is unusual compared to
other Texas estuaries. [t 1s caused by the high rate of inflow
into a relatively small estuary (Table 1), The high mmover
rate and low rate of exchange of marine water with the Gulf
of Mexico exacerbate this trend. During extreme flooding
the entire estuary can be at or near 00 psu. During drought
periods, there can be a gradient of salinity.

Salinity in the Nueces Estuary ranged from 2-45 psu
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Fig. 2. Mcan hottom salinity (psu) a1 all s1ations during each sampling

period. (GE = Guadalupe Esmary; LC = Lavaca-Colorado Estuary; LM =
Laguna Madme-Baffin Estuary; NC = Nusces Esmary).
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(Fig. 2). Prior to 1991, salinities in the estuary were urii-
form and high. In 1991, after a series of mandated fresh-
water releases, salinities declined in the secondary bay.
Salinities in the secondary bay were much lower than in the
primary bay, where they had been similar in 1987-1985.
Heavy rain in 1992-1993 reduced salinity further.

Salinity in the Laguna-Baffin Estuary ranged from
10-60 psu (Fig. 2). Seasonal fluctuations are less evident in
this system. Changes occur system-wide when there are
large climatic events, e.g. the 1992-1993 El Nifio event.
There is little salinity gradient in this ecosystem, because
freshwater inflow and exchange with the Gulf of Mexico is
restricted.

COMMUNITY STRUCTURE

In the Lavaca-Colorado Estuary, stations A and B
were almost identical (Fig. 3A). Station F, at the mouth of
the river diversion was also similar to A and B. Stations C
and E were similar, and both these stations are nearly equi-
distant from freshwater input and Gulf exchange. Station
D, near the pass, was the most different station of all. The
pattern elucidated in the PCA was driven by the greater
number of species that were found in station D, near the
Gulf pass (Table 3). Also, species dominance patterns were
different. The dominant bivalves were from the genus
Periploma at stations C and D, whereas Mulinia lareralis
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Fig 3. Principal components analysis of molluscin communities at each
station over the entire study period within estuaries.

(Say, 1822) was dominant at stations A, B, E, and F where
there is freshwater influence. Gastropod species were more
uniformly distributed throughout the estuary. The domi-
nant gastropods were Nassarius acufus (Say, 1822) and
Acteocina canaliculata (Say, 1826). Bivalves were always
dominant over gastropods. Gastropods were most COIMmMOn
in Lavaca Bay where they constituted 32% of the popula-
tion at station A and 49% at B. In contrast, gastropods rep-
resented only 24% in C, 14% in D, 16% in E, and 20% in F.

In the Guadalupe Estuary, all of the stations were
somewhat alike in terms of community structure (Fig. 3B).
There was more of a gradient from stations A to B o C to
D in terms of abundance of individual species (Table 3).
This was true for the dominant species, e.g. Texadina
sphinctostoma (Abbott and Ladd, 1953), Acteocina canalic-
ulata, and Mulinia lateralis. The brackish water species,
Rangia cuneata (Sowerby, 1831) only occurred in stations
A and B. In general, there were more species in the marine
end of the estuary where stations C and D are located.
However, there were much higher abundances of species in
the freshwater end of the estuary where stations A and B
are located (Table 3). In spite of these trends, the PCA
indicated that there may be more affinity between stations
A and C, and stations B and D may be more alike (Fig. 3B).
This trend may be explained by the unusual circulation pat-
tern in San Antonio Bay., Freshwater enters the estuary
near station A, and travels southwest along the shoreline
toward station C. Maring water enters the bay near station
[ and travels north toward station B, The species commu-
nity pattern in the PCA is driven by the number of gas-
tropods versus the number of bivalves. Gastropods were
most common at station A (80% of the population) and sta-
tion C (58%). In contrast, gastropods represented only
41% in B and 30% in D.

In the Nueces Estuary, stations A and B in Nueces
Bay were almost identical (Fig. 3C). Stations D and E
were very similar, and station C was somewhat different
from all other stations. Stations D and E are nearest the
Aransas Pass in Corpus Christi Bay. Station C is in the
upper part of Corpus Christi Bay. The pattern elucidated in
the PCA was driven by the greater number of species that
were found in stations D and E, near the Gulf pass (Table
3), and some species unique to station C. In stations A and
B. the dominant species were the bivalves, Mulinia lateralis
and Macoma mitchelli Dall, 1895, In contrast, at stations D
and E, gastropods were always dominant, where they con-
stituted 46% of the population at station D and 33% at E.
Gastropods represented only 7% in A and B, and 16% in C.
Station € was different from the rest in that the dominant
bivalves were from the family Nuculanidae (Table 3).

The Laguna Madre-Baffin Bay system exhibited the
most varied molluscan communities within an ecosystem
(Fig. 3D). This trend was due to the difference caused by
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the seagrass habitats of Laguna Madre, versus the open bay
habitats characteristic of Baffin Bay. Stations 189G and
1895 were identical, and stations 6 and 24 were identical
{Fig. 3D). Gastropods were rich in Laguna Madre (13
species in stations 189G and 11 species in 1898), bul few in
Baffin Bay (3 species cach at stations 6 and 24) {Table 3).
Only one bivalve species, Mulinia lateralis, was ever found
in Baffin Bay. Incontrast, 11 species were found in station
189G and 9 species were found in station 1895, Because of
the concomitant low numbers of individuals found in Baffin
Bay, the proportion of cach class was similar. Gastropods
dominated this ecosystem, 77% at station 189G, 71% at
189S, 679% at 6, and 38% at 24,

Community characteristics varied among the estuar-
ies as well as within the estuaries (Table 4). Salinity gener-
ally increased from north to south. The lowest salinity,
open-bay station (Guadalupe A) had the highest abundance
and biomass indicating high productivity. The only high-
salinmily stalion with high abundance and biomass was the
seagrass habitat of Laguna Madre (station 189G). The
hypersaline environments of Baffin Bay had the lowest
abundances and biomasses. Diversity was generally high-
est near Gulf passes and in the seagrass habitats, Ovwverall,
these Texas estuaries had a mean of 14 species of small
infaunal mallusks, with a mean abundance of 7,300 individ-
uals'm2, and mean biomass of 2.4 g/m2.

Table 4. Summary of zocgeographic distnbutions and estuaring charac-
teristics: mean salinity (psu), number of species, aundance (W/m2y, and
Bicrass (2/m?) for each stution over the entire study period,

Esmuary Ewation  Salinity  Species  Abundance  Biomass
Lavaca-Colorada A 15 18 4,700 1.13
B 149 18 3,504} 0.0
C 24 18 4,000 0,40
D 20 26 8,100 .59
E 22 10 9,700 .38
F 7 ] 2800 202
Gumlulupe A 7 3 A5,000 393
B 11 Il 13,600 205
C 15 17 9,700 165
5} 16 23 7 400 B.43
Musces A 3 4 2 800 1.03
B 7 9 4,80 261
C 3l B a, X 092
] a2 22 7,200 0.35
E 28 15 3,300 0a7
Laguna Madre 189G 38 24 13,000 10.41
L8395 Et] 20 S000 1.34
Baffin Bay ] 40 i 1,900 0.25
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Fig 4. Principal components analysis of mollusean communities in each
bay over the entine study period, (BB = Baffin Bay; CC = Corpus Chrisd
Bay; GE = Guadalupe Estuary [San Antonio Bayk, LA = Lavaca Bay; LM
= Laguna Madre, MA = Matagorda Bay; WU = Mueces Bay).

Each estuary is generally composed of two bays,
except for the Guadalupe Estuary (Fig. 1). The seagrass-
dominated, hypersaline Laguna Madre was very different
from all the open-bay habitats in terms of species composi-
tion (Fig. 4). The two secondary bays that receive the most
freshwater inflow (Lavaca and San Anlonio Bays) were
alike and shared a similar space in the PCA diagram (Fig,
4). The restricted freshwater inflow into Nueces Bay
caused that community to appear more like a primary hay
community than a secondary bay community. The two
most-saline bays in south Texas (Corpus Christi and Baftin
Bays) were alike. In general, the first PCA axis is separal-
ing communities on a gradient from seagrass to fresh to
saline habitats, The second PCA axis appears to he sepa-
rating large open bays from smaller closed bays.

The infaunal molluscan community in Texas estuar-
ies was dominated by the dwarf surf clam, Mudinia lareralis
(Table 5). M. lateralis populations were more abundant in
the more freshwater bays of the northern part of the study
area. Only in Laguna Madre, which is dominated by sea-
grass beds, were other species found to dominate. Salinity
alone is not the only factor determining mollusk distribu-
ticns or dominance. Estuarine physiography is also very
important. For example, M, fateralis was found in Lavaca
Bay and Matagorda Bay, but was at highest density in sta-
tions C and E, which have moderate inflow influence, and
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Tahle 5. Dominant species in each esmary, with overall mean abumdance (MN/m?) in parentheses.

Estuary 15t Dominznt 2nd Dromnimant Frd Dominant

Tavarca-Colorado Mulinta lareralis Macoma mitchelli Acreocing canaliculata
(1900) [ATNY) {400}

Guadalupe Texading sphincrostoma Mulinia lareralis Macoma mitchelli
{64007 {0} (4000

Mueces Mulinig luteralis Marcoma mitchelli Ricranis punctostriatus
{150 (3000

Laguna Madre Hamincea antillarum  Caecum pulchellum Chrione cancellali
(4000 {5000 (60

Ballin Bay Mufinia lateralis Rictaxis panciostriatus Acteocing canaliculule
(B0 (500} 100}

moderate mean salinities near 23 psu (Table 3).  But, in the
higher-salinity Batfin Bay {(about 41 psu), it was still the
dominant species (Table 3). M. lateralis was abundant in
the Guadalupe Estuary where salinities ranged from 7-16
psu, but was most abundant in stations A and B where the
salinity was low, about 9 psu (Table 3). M. lateralis was
also equally present in most stations in the Nueces Estuary,
where mean salinities ranged from 23 to 32 psu (Table 3).
On average, M. laterglis was more dense in the secondary
bays than in the primary bays from San Antonio Bay south
to Baffin Bay. The only exception was in Matagorda Bay,
but here it also occurred nearer the freshwater inflow
sources, and was rare near the Gulf pass.

There was a great deal of temporal variability with
respect to the densities of all these organisms. However,
this was most exemplified by Mulinia lateralis (Fig. 3).
"The temporal patterns within esmaries were similar, but of
different magnitude. The periods between 1987-1988 and
1992-19493 were good years for M. lateralis in the central
estuaries (Fig, 5A). This pallern was not as distinct in the
southern estuaries (Fig, 5B). The good years commesponded
to wet years which followed, or cccurred during E1 Nino
events, M. lateralis practically disappeared from Baffin
Bay during 1990-1992 corresponding Lo the occurrence of a
severe brown-tide bloom. Large-scale climatic events seem
to be controlling M. lateralis populations.

DISCUSSION

On one hand, there appears to be a typical, open-bay,
“Texas molluscan™ community. The community is domi-
nated by small bivalves. lypically the small bivalves repre-
sent two-thirds of the community. The dominant species
are Mulinia lateralis and Macoma writchelli.  'The esmar-

ine-wide pattern is influenced by the patterns near the river
mouth, where bivalves can be as high as 90% of the popu-
lation. The dominance of these clams is important to the
entire trophic structure of Texas estuaries, because M. larer-
alis is the predominant food source for black drum,
Pogonias cromis (Goode, 1884) (fide Martin, 197%).

There are two exceptions to this “generalized Texas
community,” where gastropods are dominant: San Antonio
Bay and Laguna Madre, Laguna Madre is dominaled by
seagrass-bed habitats, and diversity and standing stocks are
generally very high. This is a direct result of the value of
the seagrass habitats. San Antonio Bay is unusual in that it
is dominated by [reshwater inflow. This is due o high
tumover rates ol water and low rates of manne exchange.
Tt appears that hydrography and physiography are responsi-
ble for the dilferent kind of community found in San
Antonio Bay.

[During the entire study period, except for 1989,
there was a continuous brown-tide bloom in Lapuna Madre
and Baffin Bay (Stockwell er al,, 1993). Other brown-tide
blooms have had catastrophic cllects on bivalves (Shum-
way, 1990). Effects have ranged from reproductive or
recruitment failures (Bricelj er al, 1987, Tracey, 1988), to
adverse effecls on feeding (Tracey, 1988; Tracey et al.,
1988%; Bricelj and Kuensiner, 198%), to a toxic effect
(Draper et al., 1989; Tracey et al., 1990; Gainey and
Shumway, 1991). So, it is possible that the trend reported
here is not normal, and could be due to the effects of a
brown tide. We know that Mulinia lateralis Teeds on the
organisms that produce brown tide (Montagna ef al., 1993),
50 it 15 likely that the changes in Ballin Bay are related 1o
an effect on larvae, reproduction, or are completely unrelat-
ed to brown tide. Tf the brown tide has had an effect on
bivalves in Laguna Madre, then the conclusion that gas-
tropods dominate in the Laguna is not a generality, but sim-




172 AMER. MALAC. BULL. 11(2) (1995)

Mulinia [ateralis
N A |:||
10000 { -0 LC [l d};{
1-0- GE /| [
] E,f | FI }i
| |
g 1000 ﬁ Jﬁ? i 24
g i Y
* ] | |
-4 g ?
100 | ]
=] |
.-'|I[
b
10 - & o |
1984 1986 1988 1980 ooz 1994
10000 = o
{6
1 —C— NC
1 —{— BB
1000 -
fE\_ 4
=)
z
100
10

r ]
1984 1585 1988 1980 1092 1904
Year

Fig 5. Mulinia fateralis, average population abundsnce over enting estiany
at euch study peried. A, In the Lavaca-Colerado (LC) and Guadalupe
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ply a temporary event caused by the brown tide.

Brown tide is not a possible explanation of the domi-
nance by gastropods in San Antonio Bay. In fact, San
Antonio Bay has a large population of Mulinia lateralis
(Fig. 5). Tt is merely that the population of Texadina
sphinctostoma is enormous at the mouth of the Guadalupe
River (Table 3). The unidentified gastropods in these sam-
ples are all very small juveniles, and are also likely to be T.
sphinctostoma. San Antonio Bay is also less like other
Texas bays in terms of physiography. The demarcation
between the primary and secondary bay is less distinet (Fig.
1), and there is very indirect exchange between the bay and
the Gulf of Mexico. In San Antonio Bay most living fresh-
water species are found in the upper bay and along the
western shoreline, being conspicuously absent from the

castern shore (Parker, 1959). The distribution of Rangia
cuneata in upper San Antonio Bay and along the western
shoreline conforms with the dominant freshwater flow pat-
tern (Ladd, 1951). In general, the average pattern in the
Guadalupe Estuary is masked by an unusual pattern of
freshwater species near the river and the circulation pattern.

Ecological studics over the years have demonstrated
the importance of salinity as a factor in affecting the distri-
bution of marine and estuarine organisms. The number of
species, but not necessarily the observed total biomass,
increases as one proceeds along a salinity gradient from the
freshwater side of a large estuary to the open sea (Springer
and Woodburn, 196(0; Gunter, 1961). This trend is also evi-
dent among Texas Mollusca (Table 4). The dominant
species found in the current study are Mulinia lateralis and
Texadina sphinctostoma (Table 3). The distribution of
these species is strongly linked to long-term environmental
conditions, although responses to flood conditions may
result in rapid population changes.

Texading sphinctostoma populations increase follow-
ing peaks in freshwater inflow (Harper, 1973; Matthews et
al., 1974). This is apparently a breeding response caused
by a salinity decline (Harper, 1973). T. sphinctostoma car-
ries its eges on the shell and undergoes direct development
with the young ready to assume adull exislence upon
cmerging from the egg. T. sphinctostoma is commonly
reported as one of the most dominant gastropod inhabitants
of the river-influenced upper bays of the Texas coast (Ladd,
1951: Ladd e al., 1957; Parker, 1959; Harper, 1973;
Matthews et al., 1974; Gilmore et al., 1976; White er al.,
1983, 1989; Stall et al., 1985).

Mulinia lateralis is an extremely hardy species,
ranging from Prince Edward Island, Canada, to Yucatan,
Mexico, and in salinities from 5 to 80 ppt (Parker, 1975). 1L
is an opportunist of adversity because it can colonize rapid-
ly after a disturbance event such as dredging or heavy rain
(Flint er al., 1981; Flint and Younk, 1983). It is one of the
more abundant mollusks in the low-salinity bay heads of
the Gulf coast (Hopkins et al., 1973). In San Antonio Bay,
Matthews ef al. (1974) and Harper (1973) reported M. lat-
eralis widely distributed from brackish water to higher
salinity as found here. Both reports indicated that the close
resemblance of Rangia cuneata juveniles and M. lareralis
may have resulted in numerous misidentifications at the
low salinity stations. In Laguna Madre (Alazan Bay) M.
fateralis was the most abundant and widespread mollusk
(Martin, 1979; Cornelivs, 1984). M. lateralis is widely
reported from other bays around the Gulf and Atlantic
coasts of the U.S. Spawning was observed in the Tred
Avon River, Maryland, and Chesapeake Bay where it was
observed to have a continuous period of setting from a sin-
gle spawning cycle from May through November (Shaw,
1965; Holland er al., 1977). In Alazan Bay, Texas,
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Comelius (1984) observed juveniles in all months except
December, and Poff (1973) observed year-round spawning
in Trinity Bay, Texas. M. lateralis has a very short genera-
tion time and is capable of successfully spawning at 3 mm
in length which is approximately 60 days old (Calabrese,
1969a). Embryo survival and development for M. lateralis,
as it is with R. cuneara, is dependent on certain salinity and
temperatire ranges. M. lareralis developed into normal lar-
vae throughout the salinity range of 15 to 35 ppt and the
temperature range of 10 to 30°C (Calabrese, 1969b). This
¢lam is an mmportant food item to bottom feeding organ-
isins, ie the black drum (Pearson, 1929; Breuer, 1957;
Simmons and Brever, 1962; Martin, 1979) and to the
greater and lesser scaup ducks [Avthya marila nearctica
Stejneger, 1885, and A. affinis (Eyton, 1838), respectively]
(Cronan, 1957). Large rafts of scaup ducks were observed
in upper San Antonio Bay in November 1988 correspond-
ing to high densities of M. lateralis (pers. obs.).

Humans have had an enormous impact on coastal
ccosystems in general, and Texas is no exception.
Recently, intervention has been attempted by Stale agencies
to try and conserve or enhance natural resources, Two pro
Jects oceurred during the current study: a mandated fresh-
water release schedule in Nueces Bay, and a diversion of
the Colorado River to the cast arm of Matagorda Bay. Both
projects appear to have had a desirable effect, if this is
defined as enhanced molluscan communities. The physical
effeet of both projects is obvious from the lowered salinity
values that have occurred (Fig. 2, Table 4), In the Nusces
Estuary, the stations A and B had very high salinities, and
no longer exhibit this characteristic. There were generally
low abundances and diversity prior 1o the mandated releas-
es, and there is now a productive community, In the
Lavaca-Colorado Estuary, station F is now very much like
station A in terms of salinity and species composition.
Both projects appear to have had the desired effects.
However, there are two caveats. 'The changes that nccurred
in the Nueces Gsmary coincided with an E] Nifio event, and
therefore may have occurred without the releases, The
changes that occurred in the Lavaca-Colorado Estiary are
also being mitigated by siltation, which threatens to cloge
the diversion or restrict freshwater inflow. Only after sever-
al more years of sampling, to determine the long-term
effect, can we be certain that these two projects will have
lasting value.

Freshwater inflow has obvious benefits to estuaries,
Only Texas estuaries with high freshwater inflow rates sup-
port a productive shellfish industry (Table 1), The distribu-
tion and abundance of Mulinia lareralis demonstrates the
importance of inflow and the physical characteristics of
estuaries. The variability of salinity patterns is more
important than the absolute salinity values., M. lazeralis

occurs most frequently in Baffin Bay, which is hypersaline,
and Lavaca Bay and San Antonio Bay, which are both low-
salinity regions. However, all three bays are secondary
bays. This means that freshets have large impacts on these
systems, and salinity values change rapidly. If only
absolute values of salinity were important, then these pat-
ters would not exist. 1t is more likely that recruitment
events for M. lateralis are initiated by a large change in the
salinity value, which predominantly occurs in secondary
bays. M. lateralis is apparently a good indicator species of
[reshwater inflow elects.

In the present study, we have concentrated on the
effects of physical factors, e.g. freshwater inflow, estuarine
physiography, and time. Obviously, biological interactions
are also occurring. However, we have litlle information (o
determine how o separate effects due to physical factors
and binlogical interactions, e.g. competition and predation.

There are obviously interactions among three geo-
physical factors which regulate and control the structure
and function of molluscan communities in Texas estuaries.
These factors are climate (which resulates rates of freshwa-
ter inflow), estuarine physiography (which regulates circu-
lation patterns and the degree of marine exchange), and the
presence of specific habitats (particularly seagrass beds).
These factors control the landscape of the estuary and this
determines both the makeup and productivity of the mollus-
can communily. Climate and physiography interact to con-
trol the salinity patterns among and within the estuaries.
The salinity patterns are good surrogates for indicating the
cllects of climate and physiography, but salinity itsell is not
the controlling factor. It is clear that freshwater inflow is
very important in maintaining estuarine productivity,. The
potential for enhancing marine resources by water manage-
ment projecls appears to be a fruitful endeavor, but this
must be confirmed with long-term ecosystem-level
research.
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