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ABSTRACT: In Laguna Madre, Texas, USA, a monospecific brown tide bloom began in January 1990
and was still persisting at the time of this writing. Immediately following the start of the bloom, abun-
dance, biomass and diversity of benthos declined, and have remained low for 6 yr. One explanation for
the decline is that the brown tide organism is a poor food source. To determine whether the brown tide
was incorporated into the estuarine food web, benthic invertebrates and fish were studied 14 mo after
the bloom onset using stable carbon isotope ratios. Fish and benthos were collected from 2 areas, a sea-
grass habitat in Laguna Madre, and a muddy bottom habitat 1n the adjacent Alazan Bay. The muddy
bottom fauna had a strong brown tide signature, indicating the incorporation of brown tide or brown
tide detritus into the food web. The higher-biomass seagrass-fauna had heavier isotope values, reflect-
ing incorporation of seagrass carbon in addition to brown tide. The top predators, Sciaenops ocellatus
and Pogonias cromis, have different niches, but were able to switch food sources and thrive during the
brown tide bloom. Brown tide appears to be able to support an estuarine food web, but at the expense
of benthic diversity. The loss of benthic diversity could be due to allelopathy or the inability of some
species to assimilate brown tide. Habitats with extensive seagrass beds maintain higher productivity
and diversity than muddy habitats. However, seagrass habitats are endangered because brown tide
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reduces light levels, inhibits seagrass growth, and is causing seagrass decline.
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INTRODUCTION

Estuarine ecosystems often experience stochastic
events that have the potential to disrupt community
stability. Brown tides, monospecific blooms of certain
species of phytoplankton, have been responsible for
major alterations in community structure in some estu-
aries. In Long Island Sound (USA), Naragansett Bay
(USA), and Laguna Madre, Texas (USA), brown tides
have been responsible for dramatic losses of species
abundance and diversity, particularly of shellfish
(Bricelj et al. 1987, Cosper et al. 1987, Shumway 1990,
Montagna et al. 1993, Buskey et al. 1996). Allelopathic
effects have been documented for some brown tide
events (Draper et al. 1989, Tracey et al. 1990, Gainey &
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Shumway 1991). Brown tide may also negatively
impact communities by reducing light levels (Dunton
1994, DeYoe & Suttle 1994), clogging filter-feeding
mechanisms or presenting animals with a poor quality
food source (Tracey 1988, Bricelj & Kuenstner 1989,
Buskey & Stockwell 1993). These negative effects can
alter community structure by eliminating certain
species.

The Texas brown tide organism is a small (4 to 5 pm
in diameter) previously unknown species of the newly
recognized class Pelagophyceae (Andersen et al. 1993,
DeYoe & Suttle 1994). The effects of the Texas brown
tide are similar to those that occurred in Naragansett
Bay and Long Island Sound in that the loss of benthic
species abundance and diversity took place after the
onset of the algal bloom (Conley 1996). However,
unlike previous brown tides, the Texas brown tide
organism does not seem to have toxic effects upon
adult fish or invertebrates (Buskey & Stockwell 1993,
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Buskey et al. 1996). Therefore, it is likely that the
brown tide alters community structure through other
mechanisms, such as altered trophic dynamics. During
the bloom, the brown tide was the dominant phyto-
plankton in the water column by several orders of
magnitude {Buskey & Stockwell 1993}, attaining cell
densities of 10° 1! (Stockwell et al. 1993) and leading to
chlorophyll concentrations that fluctuated from 10 to
70 ug 1”! from 1989 to 1993 (D. Stockwell unpubl.}. The
large concentration of particulate matter in the water
reduced the amount of light available for photo-
synthesis, resulting in a loss of 9.4 km? from 140 km? of
seagrass habitat (Onuf 1996a). Benthic production by
microalgae was similarly affected, decreasing from 3 gC
m™2 d-! to virtually nothing (Blanchard & Montagna
1992). Despite a high standing stock, the brown tide
may not have been trophically available. The brown
tide Aureococcus anophagefferens can clog the filter-
feeding devices of bivaives, affecting feeding (Briceij &
Kuenstner 1989, Shumway 1990). However, the Texas
brown tide can be assimilated by the dominant bivalve
in Texas estuaries, Mulinia lateralis (Montagna et al.
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Fig. 1. Study area showing sampling stations in the 2 study
bays, Alazan Bay and Laguna Madre, Texas, USA

1993). M. lateralis consumed and assimilated the
brown tide alga at rates comparable to rates for
Isochrysis galbana, Dunaliella tertiolecta and Hetero-
capsa pygmeae (Montagna et al. 1993). However, it is
unknown if the benthic community in general can uti-
lize the Texas brown tide as a food source. The brown
tide was practically the only phytoplankton species
available (Buskey & Stockwell 1993), so inability to uti-
lize brown tide as food could account for the loss of
benthic abundance and diversity.

The objective of the current study was to determine
if brown tide was being incorporated into the estuarine
food web, and if changes in benthic community struc-
ture could be related to a trophic link with brown tide.
Community structure was compared in 2 bays with
different dominant benthic habitats and different dom-
inant carbon sources. Alazan Bay is dominated by
phytoplankton (brown tide) and Laguna Madre is
dominated by seagrass. Stable carbon 1sotope ratios
were measured in consumers (benthos and fish) and
compared to potential carbon producers and sources
(brown tide, seagrass and sediment). The stomach con-
tents of 2 dominant fish species were identified to
determine if loss of certain benthic taxa altered what
the fish were eating and to help interpret the isotope
ratios of fishes. Food webs that incorporate brown tide
could produce a different community structure than
food webs that do not incorporate brown tide. Brown
tide could have different effects in different habitats.

MATERIALS AND METHODS

Study area. The study was performed in the hyper-
saline bays Upper Laguna Madre and Alazan Bay, in
south Texas, USA (Fig. 1). Alazan Bay is a tertiary arm
of Baffin Bay. The 3 arms of Baffin Bay (which receive
intermittent freshwater via creeks) and the Laguna
Madre (which has connections to the Gulf of Mexico)
make up the Laguna Madre Estuary. Only 4 other
hypersaline estuaries, which receive freshwater and
maintain a tidal connection with the sea, have been
studied (Javor 1989). They are the Putrid Sea, or the
Sivash, a large (2700 km?) arm of the Sea of Azov
(Ukrainej, the Laguna Ojo de Liebre (about 50 km
long}), on the Pacific coast of Baja California (Mexico),
Spencer Gulf (South Australia), and Shark Bay (West-
ern Australia). In Laguna Madre, high evaporation
rates and low inflow rates lead to hypersaline condi-
tions (Texas Department of Water Resources 1988).
Circulation rates are very low because the region is
microtidal, inflow is limited, and passes are up to
200 km from the headwaters of Baffin Bay. There are
no extensive saltmarshes around Laguna Madre, but
seagrass beds are extensive. Carbon derived from
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oceanic sources is also relatively unimportant in Baffin
Bay and the Upper Laguna Madre because of great
distances from Gulf passes. Alazan Bay has a predom-
inantly muddy bottom, and phytoplankton represents
the major source of primary production. Laguna Madre
has extensive seagrass beds of Halodule wrightii and
Thalassia testudinum. Algal epiphytes are seldom ob-
served on seagrasses in Laguna Madre (Jewett-Smith
1991). Therefore, phytoplankton and seagrasses repre-
sent the major sources of primary production in the
Laguna Madre ecosystem. During the study period,
concentrations of brown tide were so high that it effec-
tively replaced all other phytoplankton throughout the
entire ecosystem (Buskey & Stockwell 1993).

Sampling and analyses. Sampling was conducted in
the 2 bays, Alazan Bay (A) and Laguna Madre (L), with
3 sampling stations (1, 2, 3), located 1 to 5 km apart,
within each bay (Fig. 1). All samples were taken
between 16 and 18 April 1991. The brown tide began
in Alazan Bay in January 1990, and had spread to
Laguna Madre by July 1990, so sampling was per-
formed 8 to 16 mo after the bloom began. Surface and
bottom profiles of temperature, salinity, pH, dissolved
oxygen, oxidation-reduction potential, conductivity
and depth were measured using a Hydrolab 4000.

All stations were sampled for quantitative macroin-
fauna analyses. In Alazan Bay, 9 replicate cores were
taken per station. In Laguna Madre, 3 replicate sedi-
ment cores were taken per station. Sediment cores
were collected to a depth of 10 cm with a 6.7 ¢cm diam-
eter tube held by divers. Samples were preserved in
5% buffered formalin, retained on a 500 um sieve, and
identified under a dissecting microscope to the lowest
possible taxon. After identification, organisms were
pooled into samples of higher taxa (i.e. nemertean,
mollusk, polychaete or crustacean), dried at 55°C for
24 h, and weighed. Before drying, mollusks were
placed in 1 N HCI for 1 min to 8 h (depending on size)
and then rinsed to remove carbonate shells.

Qualitative collections for stable isotope analyses on
macrofauna and small fish were made using seines
and shovels at all stations. Infauna sampling was per-
formed by collecting approximately 0.5 m? of the top
5 ¢cm of sediment with a shovel at each of these sta-
tions. These animals were sieved live on a 500 um
mesh and identified to the lowest possible taxon. A
10 m seine was used to collect small fish and large,
mobile epifauna. The animals collected were sorted
and identified live, and a sub-sample was kept frozen
for isotopic analysis.

Large fish were collected from gill nets from Stns Al,
A2, A3 and L3. Gill nets were employed in cooperation
with the Texas Parks and Wildlife Department Coastal
Fisheries Division as part of their routine finfish stock
assessment program. The gill nets were 183 m long by

1.2 m deep, used a varying mesh size of 7.6 to 15.2 cm
and were deployed overnight (Texas Parks and
Wildlife 1993). The digestive tract was removed from
live or recently dead fish (determined by inspection of
gill color) and preserved in 10% buffered formalin.
The contents were washed onto a 240 pm sieve and
identified to the lowest possible taxon under a dissect-
ing microscope. The dominant fish, the black drum
Pogonias cromis was often filled to capacity with bro-
ken mollusk shells. Therefore, quantitative measure-
ments were used in lieu of volumetric measurements.
Individual prey organisms were enumerated. Mollusk
shells were counted only when both valves were pre-
sent and attached at the umbo. Only heads were
counted for other vertebrate and invertebrate prey.

Sub-samples of macrofauna (collected from cores,
seines and shovels) and fish (collected from seines and
gill nets) were saved for stable isotope analysis. Sam-
ples of the 3 dominant carbon sources were also col-
lected: seagrass, brown tide and bay sediment. For fish
larger than 0.8 g dry weight, a sample of muscle tissue
was removed from the organism. For fish and inverte-
brates smaller than 0.8 g dry body weight, the tissue
sample was composed of several individuals from a
single species. Carbonate present in invertebrate sam-
ples was dissolved with H,PO, prior to drying. All sta-
ble isotope samples were dried at 80°C and ground to
a fine powder The sample was then combusted in con-
tact with CuO in sealed, evacuated borosilicate glass
tubes at 590°C for 2 h (Sofer 1980). The resulting CQO,
was purified by distillation under vacuum using a dry
ice/ethanol slurry and liquid nitrogen. Evolved CO,
was analyzed on a mass spectrometer (Parker 1964,
Trust 1993). All data are expressed in 8'*C units rela-
tive to the PDB standard (Craig 1957) where 8'*C =
sample/standard x 10%. The precision for combustion
and carbon isotopic analysis is +0.2%. (Parker 1964,
Fry et al. 1977%).

All organisms were classified into trophic groups (fil-
ter feeder, deposit feeder, herbivore or predator) and
habitat groups (infauna, epifauna or nekton). Filter
feeders were defined as benthos that possess filter-
feeding structures and are generally assumed to feed
on particulate matter from the water column. Planktiv-
orous fish (e.g. Gulf menhaden Brevoortia patronus)
were also included in this category. Deposit feeders
included both selective and non-selective taxa and
were defined as organisms that process sediment. Her-
bivores included grazing organisms that feed on
macrophytes, encrusting algae, seagrass or seagrass
detritus, and included macrobenthos (e.g. amphipods)
and herbivorous fish (e.g. pinfish Lagodon rhom-
boides).

Statistical analysis. An analysis of variance
(ANOVA) was performed on macrofauna abundance
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Table 1. Mean species abundance (ind. m™) to a depth of 10 cm in
the sediment in the 2 study bays (Texas, USA). SD: standard devia-
tion; P: phylum; SP: subphylum; C: class; O: order

RESULTS
Hydrography

Alazan Bay and Laguna Madre had similar
hydrographic conditions. Water depth was greater
for Laguna Madre (1 m) than for Alazan Bay
(0.3 m). Average dissolved oxygen at the Laguna
Madre stations bordered on hypoxia (2.5 mg 1'!)
compared to Alazan Bay (5.9 mg I"!). Low oxygen
concentrations are common in the morning over
seagrass beds because of the large amount of bio-
mass that respires at night. By mid-morning oxy-
gen production by seagrasses has saturated the
water column, so benthic effects due to oxygen
differences are not expected to be important. Dur-
ing the time of sampling, both bay sites were
hypersaline, with the Laguna Madre slightly more
saline (47.6%o) than Alazan Bay (43.9%).

Macroiauna

For both Alazan Bay and Laguna Madre, macro-
fauna abundance variance within a bay among
stations was higher than variance between bays.
Therefore, there was no significant difference in
macrofauna abundance between Alazan Bay
(11955 m ) and Laguna Madre (9033 m™% p =
0.6188; Table 1). There was a difference in mean
biomass (p = 0.0001); Laguna Madre values were
5 times higher (4.90 g m™2) than those in Alazan
Bay (0.71 g m~%; Table 2). Laguna Madre also had
more seagrass biomass (522 g m™?) than did
Alazan Bay (79 g m % Table 2). Species composi-
tion and diversity were different between the 2
bays. Only polychaetes and crustacea were found
in Alazan Bay (Tables 1 & 2). Only 6 species of
macrofauna were found in Alazan Bay, while 27

Taxon Alazan Bay Laguna Madre
Mean SD Mean  SD
P: Rynchocoela
Rhynchocoela (unidentified) 0 0 142 257
P: Mollusca
C: Gastropoda
Caecum pulchellum 0 0 1040 1507
Ceritheum lutosum 0 0 24 82
C: Pelecypoda
Anomalocardia auberiana 0 0 118 283
Mulinia lateralis 0 0 24 82
Tellina tampaensis 0 0 118 255
P: Annelida
C: Polychaeta
Brania furcelligera 0 0 307 520
Capitella capitata 74 202 591 760
Chone sp. 0 0 95 185
Eteone heteropoda 0 0 24 82
Exogone sp. 0 0 71 128
Haploscoloplos foliosus 0 0 4254 4715
Heteromastus filiformis 0 0 355 556
Nainereis sp. A 0 0 24 82
Opisthosyllis sp. 0 0 402 1029
Polydora ligni 168 286 142 226
Schistomeringos rudolphi 0 0 24 82
Streblospio benedicti 8434 7498 95 185
C: Oligochaeta
Oligochaete (unidentified) 0 0 402 610
SP: Crustacea
C: Malacostraca
O: Natantia
Palaemonetes sp. 0 0 24 82
O: Amphipoda
Amphilochus sp. 0 0 24 82
Corophium louisianum 977 2701 24 82
Cymadusa compta 0 0 24 82
Gammarus mucronatus 0 0 142 257
Grandidierella bonnieroides 2207 5111 236 433
O: Tanaidacea
Leptochelia rapax 95 438 307 444
Total 11955 10458 9033 5857 J

and biomass to test for bay effects, using a nested
design, with stations nested within bays. The residuals
from the model were normally distributed for both
abundance (W =0.9484, p = 0.1021) and biomass (W =
0.9421, p = 0.0609). Tukey's multiple comparison pro-
cedures were used to test for significant differences
among station abundance and biomass. An ANOVA
was performed on carbon isotope values to test for sta-
tion differences by trophic and habitat groups. Tukey
tests were used to test for significant differences
among stations, trophic groups and habitat groups. All
analyses were performed using SAS software (SAS
Institute Inc. 1991).

species were found in Laguna Madre (Table 1).
The average Shannon-Weaver diversity index

Table 2. Mean benthic biomass (g dry weight m~?) to a depth
of 10 cm by taxon

Taxa Alazan Bay Laguna Madre
Mean SD Mean SD
Nemertean 0.0 0.0 0.02 0.04
Mollusk 0.0 0.0 1.17 2.25
Polychaete 0.49 0.35 3.67 4.37
Crustacean 0.22 0.47 0.04 0.07
Total animal 0.71 0.69 4.90 6.02
Seagrass 78.8 105.2 522.06 4594
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was also lower for Alazan Bay (H' = 0.880) than for
Laguna Madre (H' = 2.107), even though mean density
at each site was not different. There were no mollusks
in Alazan Bay, although Laguna Madre had 6 species
of bivalves and gastropods. All species in Alazan Bay
also occurred in the Laguna Madre, indicating that the
Alazan Bay community is a subset of the Laguna
Madre Estuary community. The dominant species
were the spionid polychaete Streblospio benedict! in
Alazan Bay, and the orbinid polychaete Haploscolop-
los foliosus in Laguna Madre.

Table 3. 8'°C values for species in each bay. The overall mean is an unweighted
average of §"°C values. The weighted mean was calculated based on sample
size per taxon (n). D: deposit feeder; F: filter feeder (includes planktivorous fish);
H: herbivore; P: predator. Small infaunal organisms (< 0.8 g) were pooled to

create a sample

Stable carbon isotopes

Stable carbon isotope ratios were measured for 33
taxa, representing 5 phyla (Table 3). Because the min-
imum sample weight for the analysis was 0.8 g, not as
many values for benthos as for fish were available.
Values ranged from -19.7, for the deposit feeding poly-
chaete Heteromastus filiformis, to -9.9 for an unidenti-
fied species of burrowing holothuroid. Organisms in
Alazan Bay had more-negative values (representing a
depletion in '*C) than organisms in Laguna Madre.
The only exception was the pinfish
Lagodon rhomboides, which had the
same value in both bays. There were
significant differences in carbon val-
ues between the 2 bays and among
trophic groups (Fig. 2). When all val-

Taxon Trophic group Alazan Bay
§13C n
Mollusca
Caecum pulchellum D
Ceritheum lutosum H
Annelida
Heteromastus filiformis D -19.7 1
Nainereis laevigata P
Nereis sp. epitoke P -17.6 2
Opisthosyllis sp. D
Polydora ligni F -16 1
Streblospio benedicti ED -18.2
Crusteacea
Callinectes sapidus P
Corophium louisianum D -18.3 4
Cymadusa compta H
Gammarus mucronatus H
Grandidierella bonnieroides H -16.5 7
Oxyurostylis salioni D
Palaemonetes vulgaris H -14.2 15
Echinodermata
Holothuroida (unknown) D
Osteichthyes
Arius felis P
Bairdiella chrysura P -17.1 1
Brevoortia patronus F -18.5 10
Cyprinodon vareigatus H.P
Cynoscion nebulosus P -15.4
Dorosoma cepedianum F -15.0 1
Elops saurus P
Fundulus grandis H.P
Gobionellus bolecsoma P -15.4 1
Lagodon rhomboides P -13.4 2
Lejostomus xanthurus P
Lucania parva H,P
Membras martinica FP -16.9 10
Mugil cephalus H -13.5 3
Pogonias cromis P -14.8 38
Sciaenops ocellatus P -14.2 8
Syngnathus scovell F -14.2 1
Overall mean -156 114
Mean weighted by trophic group -16.6 4

ues were pooled, Laguna Madre had a

Laguna Madre .
53¢ n less-negative value than Alazan Bay,
. both overall (-15.6 for Alazan vs -12.4
for Laguna) and weighted by trophic
-148 2 group (-16.6 for Alazan vs -13.7 for
-134 > Laguna; Table 3). There were signifi-
cant differences in carbon isotope
149 1 values among the 4 trophic groups
(p = 0.0001). Filter feeders (-17.0) and
-14.7 2 deposit feeders (-15.3) were not sig-
nificantly different (Tukey’s test), and
predators (-13.9) and herbivores
116 5 (-13.0) were not significantly differ-
ent. Predators and deposit feeders
-10.1 6 were not different from each other,
-10.9 5 but predators and filter feeders were
:1(3)51) 1 different, and deposit feeders and her-
' bivores were different. Within a par-
ticular trophic group, significant dif-
99 3 ferences existed in deposit feeders
(p = 0.0035) between Alazan (-18.7)
-12.6 7 and Laguna Madre (-13.1), in filter
feeders (p = 0.0001) between Alazan
97 5 (-17.8) and Laguna Madre (-12.9) and
in predators (p = 0.0001) between
Alazan (-14.0) and Laguna Madre
-12.8 5 (-11.9). There was no difference in
-10.8 3 carbon isotope values between herbi-
133 2 vores within the 2 bays. The 3"C
~10.0 4 value for sediment varied between the
-13.1 4 2 bays (Fig. 2). Alazan Bay sediment
-128 3 (-18.8) was more negative than La-
jgz 3? guna Madre sediment (-16.8). Trophic
_11:2 30 group 3'3C values for Laguna Madre
fell halfway between the signatures
124 132 for seagrass and sediment. The sedi-
_13.7 4 ment value for Laguna fell between
those of brown tide and seagrass.
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Laguna predator (54)
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Laguna herbivore (28)
Alazan herbivore (31)
Laguna deposit (7)
Alazan deposit (4)
Laguna filter (3)
Alazan filter {(16)

Brown tide
Alazan sediment
Laguna sediment
Seagrass

[)
go®® O e O & b

28 -20 -15 -10 -5
§13C

Fig. 2. Stable carbon isotope ratios for sources, macrofauna
and fish by trophic group. Average and SD for all samples
taken within @ sampling area (sample size in parentheses).

Filled symbols: Laguna Madre; open symbols: Alazan Bay

Trophic group §"*C values were more positive than the
values for sediment for both bays (Fig. 2).

There were significantly different isotope values
among habitat groups (i.e. infauna, epifauna and fish;
p = 0.0128; Fig. 3). Epifauna and fish had a similar
mean 8°C (-13.8 and -14.1 respectively), while in-
fauna were significantly more negative (-15.7). There
were also differences between the 2 bays. The Laguna
Madre isotope ratios were heavier than the Alazan Bay
ratios (p = 0.0001) when all groups were pooled.

Laguna infauna (5)
A A Alazan infauna (7)
Laguna epifauna (18)
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Fig. 3. Stable carbon isotope ratios for sources, macrofauna

and fish by habitat group. Average and SD for all samples

taken within a sampling area, with sample size in par-

entheses. Filled symbols: Laguna Madre; open symbols:
Alazan Bay
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Pogonias cromis Sciaenops ocellatus

Fig. 4. Mean number of prey items by habitat group per fish
found for the 2 dominant piscine predators by bay. Error bars
show +SD

Alazan Bay values were significantly lighter than
Laguna Madre values for infauna (p = 0.008), epifauna
(p = 0.0001), and nekton (p = 0.0001; Fig. 3).

Fish stomach contents

Stomach contents for 19 black drum Pogonias cromis
and 4 red drum Sciaenops ocellatus collected from gill
nets were analyzed (Table 4). S. ocellatus (30 to 70 cm
standard length) were collected only in Alazan Bay,
but are usually common in Laguna Madre. P. cromis
(20 to 50 c¢m standard length) were collected in both
Alazan Bay and Laguna Madre. There was a prey spe-
cies difference in P. cromis diets between the 2 bays
(Table 4). Anomalocardia auberiana was the dominant
prey taxa found in P. cromis stomachs in Laguna
Madre, but was in much lower abundance in Alazan
Bay (Table 4), reflecting sediment abundance patterns
(Table 1). In Alazan, the dominant prey of P. cromis
were the amphipods Grandidierella bonnieroides and
Corophium louisianum (Table 4). However, there was
no niche difference between P. cromis diets in the 2
bays (Fig. 4). In both bays, P. cromis ate infauna and
epifauna, but not nekton. In contrast, guts of S. ocella-
tus contained primarily epifaunal and nektonic prey,
including the bay anchovy Anchoa mitchilli and grass
shrimp Palaemonetes sp. (Table 4). In general P. cromis
and S. ocellatus appeared to exhibit niche separation
in diet, with P. cromis having a more diverse diet than
S. ocellatus (Fig. 4).
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Table 4. Number of prey items per fish for the 2 dominant piscine predators in the study bays. I: infauna; E: epifauna; N: nekton.
n = number of replicates

Prey taxon Prey habitat Pogonias cromis Scieanops ocellatus
Alazan Bay n = 14 Laguna Madren =5 Alazan Bay n =4
Mean SD Mean SD Mean SD
Mollusca
Amygdalum papyrium I 0.40 0.55
Anomalocardia auberiana I 0.21 0.58 30.4 14.3
Ceritheum lutosum E 0.40 0.55
Diastoma varium E 0.40 0.89
Gastropod (unknown) E 0.64 2.13
Mulinia lateralis I
Tellina tampaensis I 0.29 0.83 0.40 0.89
Crustacea
Corophium louisianum I 1.79 3.87 0.25 0.50
Grandidierella bonnieroides I 5.21 13.9 0.75 1.50
Leptochelia rapax I 0.36 1.08
Palaemonetes sp. E 0.14 0.53 0.20 0.45
Palaemonetes vulgaris E 1.3 1.5
Annelida
Polychaete {unknown) I 0.14 0.53
Osteichthyes
Anchoa mitchilli N 1.25 2.50
Fish (unknown) N 3.50 4.04

DISCUSSION
Efiect of brown tide on benthic communities

The Texas brown tide event began in Alazan Bay in
January 1990, had spread to Laguna Madre by June
1990. It is still persisting at the time of this writing. Spe-
cies diversity was never very high in Alazan Bay or
Laguna Madre due to hypersaline conditions (Conley
1996). Subsequent to the start of the brown tide, spe-
cies diversity in both the planktonic and benthic com-
munities became even lower (E. J. Buskey pers.
comm.)}. Prior to the brown tide, Mulinia lateralis was
the dominant benthic organism in Laguna Madre, with
densities as high as 6000 m™? (Martin 1979, Cornelius
1984, Montagna et al. 1993). In April 1991, M. lateralis
was not present in Alazan Bay, and was found in rela-
tively low abundance in Laguna Madre (Table 1).
While benthic abundance was not significantly differ-
ent between the 2 bays (Table 1), biomass (Table 2)
and diversity were lower in Alazan Bay. The lower
diversity in Alazan corresponds with lower seagrass
biomass (Table 2). Seagrass habitats, in general, sup-
port more diverse communities than do bare bottom
habitats (Stoner 1980, Summerson & Peterson 1984).
The species that were present in Alazan Bay, such as
Streblospio benedicti and Capitella capitata (Table 1),
are opportunistic in nature (Grassle & Grassle 1974,
McCall 1977). The paucity of seagrass beds and the
presence of high wind mixing (Cornelius 1984) proba-

bly contributed to the dominance of opportunistic
species in Alazan Bay. The seagrass beds of Laguna
Madre were dominated by less-opportunistic deposit
feeders (e.g. Caecum pulchellum; Table 2) that were
probably supported by the substantial flux of organic
material to the sediments within the grass beds
(Koepfler et al. 1993). Although some loss of abun-
dance and diversity was probably related to the brown
tide event, habitat differences between the 2 bays may
also have accounted for differences in community
structure.

Stable carbon isotopes

During the study period, there were only 2 major
sources of carbon to the bays. Laguna Madre receives
little freshwater inflow and has no direct river or creek
drainage (Texas Department of Water Resources 1988);
therefore, marshes and terrestrial runoff are not major
sources of carbon. Laguna Madre is dominated by sea-
grass beds which cover 75% of the bay {Onuf 1996b).
Benthic microalgal production was virtually non-exis-
tent after the onset of brown tide (Blanchard & Mon-
tagna 1992). Therefore, phytoplankton, which was
composed almost entirely of brown tide during the
study period, and seagrass are the most important
sources of carbon, although some primary consumers
probably assimilate this carbon in the form of sediment
organic matter. There was a clear phytoplankton sig-
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nature in Alazan Bay (Figs. 2 & 3). Brown tide was the
dominant species, so the isotope values are a result of
the brown tide. The animals with signatures most
closely resembling that of brown tide were the Alazan
infauna, including filter feeders and deposit feeders
(Figs. 2 & 3). Filter and deposit feeders in the Laguna
Madre had a more positive value (Fig. 2), more closely
resembling seagrass detritus, suggesting that these
species were probably suspension feeding on particu-
late organic matter at least partly derived from sea-
grass. This organic material was probably composed
equally of seagrass detritus, which had the isotopic
composition of living seagrass, and smaller particulate
matter, which was composed of both brown tide and
seagrass carbon (Fig. 2). Herbivores and predators in
both bays were slightly heavier than deposit and filter
feeders. The separation of §'3C values between bays
was more evident for benthic infauna than it was for
epifauna or fish (Fig. 3). This ditterence was due to
deposit-feeding worms and amphipods that were rela-
tively more negative (Table 3). When comparing indi-
vidual species, the most striking differences between
bays occur in the amphipods, which were as much as
6% apart (Table 3). While neither Alazan Bay nor
Laguna Madre food webs were supported entirely by a
single carbon source, phytoplankton- (i.e. brown tide)
derived carbon was more important in Alazan Bay.

Comparing the current data to carbon isotope values
measured before the onset of the brown tide indicates
the relative influence of brown tide in the food web.
Values that were lighter during the brown tide bloom
than were reported before the bloom would indicate a
shift towards phytoplankton influence that could be
due to brown tide. In Laguna Madre, Fry & Parker
(1979) reported values of —8.8 for the killifish Fundulus
spp. and —-13.1 for the pinfish Lagodon rhomboides.
After the brown tide, 8°C values lightened to -10.8
for Fundulus grandis and -13.3 for L. rhomboides
(Table 3). Fry & Sherr (1984) reported a mean value for
various Laguna Madre fish species of ~12.1, which is
similar to values from the present study (Fig. 3). A her-
bivore, the striped mullet Mugil cephalus lightened
slightly, from -11.7 before brown tide (Fry & Parker
1979) to —12.9 after brown tide (Table 3}. So, fish car-
bon isotope ratios recorded during the current study
are slightly lighter or the same as ratios from before the
brown tide.

It is unlikely that migration or movement played an
important role in the stable isotope values of fishes. No
mass migration of fish in winter or during spring
spawning periods has been found for black drum in
any Texas Bay (Osburn & Matlock 1984). Tagged fish
are generally recaptured within the same bay that they
are released in. For example, 78.2% of the black drum
and 86.2 % of the red drum are caught within the same

bay that they are tagged and released in (Bowling
1996). The red and black drum can live a long time, but
tissue turnover rates would have to be very slow for the
fish signature to represent pre-brown tide conditions
because the samples were taken 18 mo after onset of
the tide. The fish isotope values are most likely due to
local conditions within the previous couple of weeks or
months, but this hasn’t been tested directly.

Carbon isotope ratios of sediment were also mea-
sured before the onset of brown tide. Prior to the
bloom, Laguna Madre sediments ranged from —14.4 %o
(Fry & Parker 1979) to -19%. (Fry et al. 1977), while
those in Baffin Bay were slightly more negative, —18 to
-19%o (Fry et al. 1977). These values are comparable to
those found in the present study (Fig. 3).

The lighter values in Baffin Bay and Alazan Bay indi-
cate that the food web's reliance on phytoplankton car-
bon was not a result of the brown tide, but of the lack
of extensive seagrass beds in Alazan Bay. However, it
appears 8'°C values either have not changed dramati-
cally or are only slightly more negative between snap-
shot studies conducted before and after the onset of
brown tide. Brown tide appears to have been incorpor-
ated into the food web and appears to be a suitable
carbon source.

Fish stomach contents

There appears to be niche separation between the 2
large, predatory sciaenid species Sciaenops ocellatus
and Pogonias cromis. Both fish fed on crustacean epi-
fauna (Fig. 4, Table 4). However, P. cromis also fed on
infaunal organisms, particularly bivalves, while S.
ocellatus also fed in the water column on small fish.
Previous studies have documented the large contribu-
tion of small bivalves, particularly Mulinia lateralis, but
also Amygdalum papyrium, and Brachiodontes exus-
tus, to the diet of P. cromis (Breuer 1962, Simmons &
Breuer 1962, Martin 1979). In the Laguna Madre, M.
lateralis suffered a dramatic population decline corre-
sponding to the onset of brown tide (Montagna et al.
1993), and very few were found in the current study
(Table 1). In the absence of M. lateralis, black drum
appeared to be feeding preferentially on another small
bivalve, Anomalocardia auberiana (Table 3). A. aube-
riana were found in Laguna Madre sediment cores, but
not in Alazan Bay (Table 1). In Alazan Bay, no small
bivalves were found in the sediment cores. The
absence of small bivalves (Table 1) may have caused P.
cromis to switch to a diet dominated by small crus-
taceans in Alazan Bay (Table 4). In addition to the
amphipods, abundance of Streblospio benedicti was
high in Alazan Bay (Table 1). Although no S. benedicti
were found in fish stomachs, it is unlikely that soft
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polychaete body parts would be preserved in gut con-
tents. Several small gastropods that were most likely
Ceritheum lutosum or Diastoma varium were found in
P cromis (Table 4). However, none of these snails were
found in sediment cores in Alazan Bay (Table 1). Black
drum were eating infaunal bivalves when available,
and switching to infaunal amphipods and epifaunal
gastropods in the absence of bivalves.

The adult black drum population increased for 5 yr
prior to the brown tide, and reached 20 yr record levels
during the brown tide (Texas Parks and Wildlife 1993).
It has been suggested that increased predation from
the black drum may have been partly responsible for
the depleted populations of the dwarf surf clam Mu-
linia lateralis (Montagna et al. 1993). Since M. lateralis
seems capable of assimilating brown tide in the labora-
tory (Montagna et al. 1993), the loss of M. lateralis may
have facilitated the brown tide bloom. Based on stable
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isotopic analysis (Table 4) and current fish densities
(Texas Parks & Wildlife 1993), black drum seem capa-
ble of subsisting and even thriving on a brown tide-
based food web.

Food webs

In Alazan Bay, brown tide was the dominant primary
producer, driving both a planktonic and detrital food
web (F1g. 5A). Additional minor carbon inputs may
have come from Laguna Madre or the low terrestrial
runoff. The benthos was composed only of polychaetes
and amphipods (Table 1). The polychaetes consisted of
the spionid facultative deposit feeders Streblospio
benedicti and Polydora ligni. The amphipods Grandi-
dierella bonnieroides and Corophium louisianum
are both predominantly detritivores. Small, bottom
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dwelling fish, including the goby Gobionellus boleo-
soma and the pinfish Lagodon rhomboides, were also
supported by this detritus pool (Table 3), either by con-
suming detritus directly, consuming amphipods or
polychaetes, or by consuming meiofauna (which were
not sampled). The top predators in this system were
sciaenid fishes. Pogonias cromis appeared to be eating
predominantly amphipods and gastropods in Alazan
Bay (Tables 3 & 4). Sciaenops ocellatus fed on grass
shrimp and planktivorous fishes. Planktivorous fish,
e.qg. the Gulf menhaden Brevoortia patronus and the
silverside Membras martinica, were probably sup-
ported by a planktonic food chain that is based on
brown tide as its carbon source (Table 3). Macrozoo-
plankton grazers probably feed on the calanoid cope-
pod Acartia tonsa (Buskey & Stockwell 1993). A. tonsa
incorporates brown tide carbon in winter and seagrass
carbon in summer (Buskey pers. comm.). In general,
the Alazan Bay food web was relatively simple, involv-
ing only a few species.

The Laguna Madre food web was more complex
because of a higher species diversity (Table 1) and an
additional carbon input (Fig. 5B}. In this system, brown
tide supported a planktonic food web, but the primary
carbon source for benthos was seagrass (Table 3).
The detritus pool supported several deposit-feeding
polychaetes, including Haploscoloplos foliosus, and
Capitella capitata (Table 1). In contrast to Alazan Bay,
deposit-feeding and filter-feeding mollusks were pre-
sent (Table 1). The filter-feeding mollusks, e.g. Anom-
alcardia auberiana, fed on brown tide (Table 4).
Deposit-feeding mollusks, e.g. Caecum pulchellum
were supported by the seagrass detrital pool (Table 4).
These mollusks were the primary food source for the
black drum (Table 4). The other top predator in the
Laguna Madre was the red drum Sciaenops ocellatus,
which fed primarily on planktivorous fish and grass
shrimp (Table 4). The seagrass in Laguna Madre sup-
plied both an additional carbon source and habitat
complexity, which explains the high benthic produc-
tivity found in Laguna Madre (as indicated by high
biomass; Table 2.

Trophic role of brown tide

The loss of species diversity associated with brown
tide blooms has been well documented in many areas
(Bricelj et al. 1987, Shumway 1990, Buskey & Stock-
well 1993, Buskey et al. 1997). Alazan Bay experienced
this diversity loss, decreasing to just 6 benthic species
(Conley 1996; Table 1). The species that remain appear
to be able to incorporate brown tide. Therefore, the
species that disappeared from Alazan Bay were either
unable to incorporate brown tide or experienced

allelopathy from the brown tide. In Laguna Madre, the
loss of species diversity was not as dramatic (Conley
1996). The greatest difference between Alazan Bay
and Laguna Madre is the presence of extensive sea-
grass beds in Laguna Madre. The seagrass beds may
have prevented the loss of many species by offering
habitat and an added food source, seagrass detritus.

The high cell density of the brown tide (10° 1Y)
decreased light available to producers for photosyn-
thesis by some 60 to 70% (Dunton 1991, 1994), and
9.4 km? of seagrass has been lost (Onuf 1996a). As a
consequence, biomass of the dominant seagrass, Halo-
dule wrightil, was reduced 50% (Dunton 1991, 1994).
If the Texas brown tide persists or worsens, it is possi-
ble that there will be a large loss of seagrass biomass in
Laguna Madre (Dunton 1991, Onuf 1996a, b). If this
occurs, Laguna Madre may experience a loss of ben-
thic species diversity similar to that observed for the
mostly unvegetated Alazan Bay.

Currently, brown tide is not having direct effects on
adult fish at the highest trophic level. However, fish
are relatively long-lived animals and may not show a
response to alteration at lower trophic levels tor many
years. Furthermore, although black drum seem able to
subsist on a brown tide-dominated food web in Alazan
Bay, brown tide might still affect fishes that rely on
seagrass habitats by decreasing seagrass cover.

Summary

The replacement of a diverse estuarine phytoplank-
ton community with a monoculture of brown tide has
led to a loss of benthic diversity. The loss of benthic
species could be due to the inability of certain species
to incorporate brown tide or due to allelopathy. The
species that prospered during the bloom had carbon
isotope signatures similar to that of brown tide, indi-
cating that brown tide was incorporated into the food
web. At lower trophic levels, opportunistic amphipods
and polychaetes appeared able to graze brown tide
directly or feed on brown tide detritus. Higher trophic
levels, such as some fish, altered their diets to consume
those species that survived the brown tide bloom. The
Laguna Madre food web, which was based on seagrass
detritus and phytoplankton, was more diverse than the
Alazan Bay food web, which was based predominantly
on phytoplankton alone. If brown tide leads to a
decease in seagrass cover by reducing light levels, the
Laguna Madre ecosystem could come to resemble the
Alazan Bay ecosystem. The 3 mechanisms by which
brown tide could alter benthic community structure
are: allelopathy, altering trophic pathways, or decreas-
ing seagrass habitat by decreasing light levels. Trophic
coupling may or may not be as efficient with brown
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tide as it would be with a diverse phytoplankton com-
munity, but brown tide is being incorporated into food
webs.
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