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ABSTRACT

Structure of the Intertidal Fauna on a Galveston Groin,
(May 1993)
José Enrique Barraza Sandoval, B. Sc., in Biology,
Universidad de El Salvador;
Chair of Advisory Committee: Dr. Donald E. Harper, Jr.

A Galveston groin was surveyed bimonthly from July 1991
through May 1992. Four transects were established along one
side of the groin. Four contiguous quadrats {QI-QIV), each
100 wide x 50 cm height, extended from the top of the groin
to the water line, constituted each transect. Paired random
numbers were used to locate the sampling points where
counting or scraping was performed. Persistence of species
was assumed when random ANOVA and Kulczynski's Similarity
Index established no differences among the six different
periods. Similarity Index detected some similarity when
transects were compared. Stratification indicated that
species abundance changed along the four vertical quadrats.
This was confirmed by randomized block ANOVA. Quadrat I (QI)
was characterized by the presence of Nodilittorina lineolata
(Order Mesogastropoda) in some seasons. QII was populated by
the above species and Chthalamus fragilis (Subclass
Cirripedia). Densitles of these two species increased in the
QIII zone; other common biota in QIII included Neanthes
succinea (Order Phyllodocida), Balanus eburneus (Subclass
Cirripedia), Corophium acherusicum (Order Amphipoda}), and
algae. QIV showed enhancement in diversity and abundance of
some species, but abundances of others decreased. C.
acherusicum was the overall numerically dominant species.
Some physical and biological features may have increased
diversity, and probably contributed to the huge densities
observed. The two most important physical factors found in
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lower zones were the deposition of sediment and refuge
provided by crevices. Biological factors included barnacles,
oysters, and algal colonies, which created sheltered areas
for many invertebrates. Other important members on the QIV
area were Balanus amphitrite (Cirripedia), Caprella equilibra
(Amphipoda), and Dynamenella dianae (Isopoda). Detritivores
and suspension feeders were the most abundant trophic
categories, resembling, in part, communities on natural rocky
shores. Experimental bricks were set in December. In January,
they were coleonized only by cirripeds. In later months
diversity and live coverage increased during spring. In
summer those parameters decreased. Distribution of intertidal
fauna may be controlled by the interactions of exposure
periods, temperature, radiation, sedimentation, shelter,
substratum microtopography, predation and dispersion-
persistance strategies,
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INTRODUCTION

Rocky shores represent very dynamic ecosytems which have de-
veloped particular communities. In the United States, natural
rocky shores are very common along the west coast. However,
in the east coast, rocky shores are scarce, occurring at
scattered locations in north and central Florida and North
Carolina (Stephenson & Stepheson, 1952), and commonly along
the New England coast. Rocky beaches have been the subject of
many ecological experiments, primarily due to the easy manip-
ulation of organisms for experimental purposes. These works
have investigated algae-herbivore relationships (Sousa, 1979;
Lubchenco & Menge, 1978; Lubchenco & Gaines, 1981; Branch,
1985); competition and predator-prey interactions (Connell,
1961; Lubchencho & Menge, 1978; Hughes, 1985; Wethey, 1985).

The intertidal fauna of hard substrata of Texas shores has
been poorly studied, probably because hard substrata are un-
common. Hard intertidal habitats (jetties and groins) along
the Gulf of Mexico were introduced by humans in the late 19%th
century (Whitten et al., 1950; Britton & Morton, 1989).

Jetties were designed to protect boat traffic, and groins to
trap sand. Galveston groins, rebuilt in the late 1960's by
the U.S. Army Corps of Engineers, created new habitats for
hard-bottom organisms and estuarine associates from oyster
reefs. Also, the crevices between rocks provide shelter to
some species. (Whitten et al., 1950; Hedgpeth, 1953;
Fotheringham, 1980; Britton & Morton; 1989).

As on natural rocky shores, the groin community is primarily
influenced by fluctuations in salinity and temperature, air
exposure, shock force of waves, substratum microtopography,
competition and predation (Whitten et al., 19%50; Kronberg
1988; Fuji & Nomura, 1990). The gradual changes in these
factors creates a gradient which causes a vertical zonation
of organisms in intertidal rocky communities.

This Thesis follows the format and style of Marine Ecoclogy Progress Series.



That gradient has been observed in different hard shores,
including natural and artificial rocky shores along the east
coast of the United States. Stephenson & Stephenson (1952)
observed such zonation on natural and artificial rocky
substrata in Florida and the Carolinas. This has been found
along Texas jetties, also (Whitten et al., 1950; Hedgpeth,
1953; Britton & Morton, 1989).

Some jetties, groins and breakwaters on the warm temperate
east coast may be influenced by the great amounts of sus-
pended sediments, which tend to be deposited along the rock
flanks. In fact, Fotheringham (1980) reported the ocurrence
of mud in the lower intertidal on Texas Jjetties. Also,
specles distribution can be influenced by the scouring action
of sand. Therefore, the jetty biota can be considered as mix-—
tures of representatives of rocky, sandy and muddy communi-
ties (Whitten et al., 1950; Stephenson & Stephenson, 1952).

Britton & Morton (1989), based on studies pertaining to Port
Aransas jetties, mentioned that Ligia exotica (Isopoda) and
Nodilittorina lineolata (Mesogastropoda) inhabited the upper
intertidal. The splash zone caused by waves creates "wet" ar-
eas on the upper areas of the jetties, increasing the inhab-
itable area for heat-resistant species such as barnacles and
littorinids.

In the midlittoral, some common organisms are Chthalamus
fragilis, Balanus eburneus (Thoracica); Menippe adina
(Decapoda); Siphonaria pectinata (Basommatophora); Stramonita
(=Thals) haemostoma (Neogastropoda); Brachidontes exustus
(Mytiloida) . Connell (1961) mentioned that the Chthalamus
zone is above the Balanus layer on intertidal rocky shores.
He explained that abiotic factors may control the upper dis-
tribution of Chthalamus, while the distribution below may be
controlled by the presence of Balanus and predators. Britton
& Morton (1989) observed the same pattern, but questioned the
role of Balanus in this zonation. Zonation of different



species of intertidal barnacles along the Florida Keys has
been studied by Bierbaum & Zischke (1979).

Macroalgae are characteristic of the lower intertidal. They
have been surveyed at Galveston (Lowe & Coxe, 1978) and Port
Aransas (Kapraun, 1980). Some mobile and sesile fauna have
been mentioned in the lower intertidal of Port Aransas
jetties, e.g. different hydroids; the warty anemone
Bunodosoma cavernata; the sea hare Aplysia sp. and other
gastropods from the midlittoral; the oyster Crassostrea
virginica, the sea urchin Arbacia punctulata, some poly-
chaetes and amphipods (Whitten et al. 1950; Hedgpeth, 1953;
Britton & Morton, 1989).

Many of the fauna mentioned above were recorded by
Stephenson & Stephenson (1952) in the Carolinas and nothern
Florida, although the abundance patterns for some species
differ from those on Texas jettles. One case is the abundant
mussel Brachidontes exustus (=Mytilus exustus) in some areas
of Charleston, Scuth Carolina, whereas in Texas it is not a
dominant species. Whitten et al. (1950) and Hedgpeth (1953)
mentioned that in the Gulf of Mexico, species composition of
jetties changes according to latitude. Thus, more tropical
species have been found in the southern shores of Texas.

The geographical distribution of species along the Gulf of
Mexico as well as the east coast may be influenced by physi-
cal factors. Voss (1959) described the world wide distribu-
tion of the false limpet Siphonaria pectinata, which ranges
within the 55° C isocrymes in some areas of the American
Atlantic and Pacific. However its absence in areas of the
Gulf of Mexico is not discussed. Another zoogeographical
study in the same area is that of Dando & Southward (1980),
who established latitudinal ranges for different species of
barnacles, including Chthalamus fragilis. Some other studies
about barnacles of the east coast mentioned their geographic
and climatic ranges (Zullo, 1979; Ruppert & Fox, 1988;
Britton & Morton, 1989). :



I did not find records concerning the trophic hierarchy on
the hard shores of Texas. However, MacQuaid & Branch (1985),
in a study of trophic levels in some rocky beaches of South
Africa, observed that in exposed areas the presence of filter
feeders was dominant and they were replaced by algae and
grazers in sheltered places. Fuji & Nomura (1990) detected
great dominance of suspension feeders (probably the same as
filter feeders) in Japan.

Objectives

The objectives of my research were to determine qualitative
and quantitative seasonal changes in the structure of the
biota; detect the distribution of the different species along
a vertical gradient; attempt to relate the biotic-abiotic
variations and the changes in species composition of this
community; compare the different trophic categories observed;
and determine settlements, succession and survival rates of
invertebrate fauna on experimental substrata.

Hypothesis
The null hypothesis for this research proposed that faunis-
tic diversity and abundance are constant along the vertical
gradient and among transects. The alternative hypothesis
proposes that faunistic diversity and abundance are different
within the vertical gradient and among the different
transects.

Justification

Many surveys have reported general distributional patterns
of the jetty fauna, but none has studied population varia-
tions through different seasons. Moreover, benthic inhabi-
tants of jetty sediments have not been very well documented.
And the lack of research on the ecology of hard substrata of
the Galveston area, are reasons requiring studies which can
evaluate the diversity of species and its changes along sea-

sons.



MATERIALS AND METHODS

Study site
The groin chosen for this research is located along Seawall
Blvd. at 53rd street on Galveston Island. It is 160 m long,
and varies in width from 6.8 m nearshore to 20 m at the ter-
minus. According to Whitten et al. (1950) Texas jetties are
made up of granite rocks weighing from six to ten tons each.

Sampling procedure

Four one-meter-wide vertical transects were established
(Fig. 1). Each transect was separated about 32 m from other
transects and was divided into four 100 cm x 50 cm rectangu-
lar quadrats, each one having an area of 5000 cm? (Fig. 2).
In these quadrats, organisms were counted or collected in al-
most all cases from the exposed surfaces of rocks, because
crevices between rocks were difficult to sample. I used
paired random numbers to determine the sampling points.
Harper (1972) performed this sampling methodology on the
Hueneme jetty, California.

Seven random samples were taken within each quadrat, using a
small frame (2.5 x 10 cm). Using Kulczynski's index averages
(Weinberg, 1978; Kronberg, 1987) I determined that seven sam-
ples comprised the minimun representative sample size.
Usually in quadrats I, II, and sometimes III, organisms
within the sample frame were counted. In quadrats III and IV,
which contained dense algal mats and sediments, scraping was
necessary. This required a small wood spatula or a wood
scraper. For the motile species Ligla exotica, only presence
was recorded. Generally Bunodosoma cavernata, Thals haemos—
toma and Crassostrea virginica were observed in crevices and
cracks, which made sampling difficult with the described
method. For this reason larger sampling frames were not uti-
lized. Pictures were not taken because in some areas sediment
and algae covered barnacles. Moreover, empty shells
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Fig. 1. Location of the transects on the groin in study (not to scale).
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Fig. 2. Illustration of the sampling method.



of barnacles were good sheltered places for many inverte-
brates.

Notes on weather conditions, algal coverage, and presence of
sediment were recorded. Air and water temperature were
measured with a Celsius thermometer, and salinity with a
Reichert refractometer. Samplings were performed every two
months, during lowest tides, from July 1991 to May 1992.

Also, in December 1991 experimental concrete bricks of
different sizes were placed within low-intertidal crevices
around transects area. I did this to observe the settlement
of organisms and their successions from winter to summer. It
was impossible to set bricks on exposed rocks because people
tended to manipulate them.

Data analysis

To confirm significant differences among the total of organ-
isms collected during the sampling periods (700 cm? of sam-
pling area), a random Analysis of Variance was used (Reyes,
1980; ott, 1988). Different sampling periods were considered
treatments, and transects 2, 3 and 4 were considered repeti-
tions (Table 2). Logarithmic transformations (Log #ind + 1)
were required due to the heterogeneity of the raw data vari-
ances (Ott, 1988). The same procedure was done to detect sig-
nificative differences of number of species among the differ-
ent sampling periods. Transects were considered repetitionms.
In this case logarithmic transformation was not used.
Unbalanced random ANOVA was necessary due to the lack of data
from T-2, QIV in September 1991 (Table 4).

To compare density values, i.e. total ind./25 cm? (the sam-
pling frame size) among the different vertical quadrats, ran-
domized block ANOVA was chosen (Ott, 1988). In this design
the four different quadrats were considered treatments and
the three transects, blocks (Tables 6 and 7). I decided to
perform one randomized block ANOVA per sampling period, try-
ing to reduce error probabilities and to observe spatial
variations within each sampling, comprising a total of 6
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RESULTS AND DISCUSSION

The following section describes the intertidal fauna inhab-
iting artificial hard bottoms of the Galveston Island shore.

Physical parameters
Fig. 3 shows that highest temperatures and salinities were
attained during July 1991. Lowest values for the same
physical factors were recorded in January 1992,

35.0 =
[

Temperature and Salinity
@
o

JUuL SEP NOV JAN MAR MAY

Months
Fig. 3. Water temperature (°C) (black square), air

temperature (°C) (white square) and salinity (ppt)
{black diamond) recorded during sampling periods.

These environmental trends resemble the seasonal peaks men-—
tioned by Whitten et al. (1950) and Britton & Morton (1989)
for the Gulf coast. As reported by the same authors, precipi-
tation usually is higher during September and May. I observed
similar rainfall patterns during this research.

Deposition of sediment on the exposed surfaces of rocks
generally occurred on quadrat IV (QIV) areas on all transects
(Fig. 2). Sediment generally accumulated on the horizontal
surfaces of the granite blocks. This unusual characteristic
for rocky sea shores supported mud-dwellers. However, cold
winds dried the sediment and swept away part of it, particu-
larly in the long periods of low tides during winter time.
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This could limit habitat availability and therefore faunal
composition.

Faunal composition

Table 1 and Appendices 1 to 6, list the abundances of the
different 50 invertebrate species found during the different
sampling periods. Corophium acherusicum was the numerically
dominant organism in all the samples, comprising 32,122 indi-
viduals (53.18%) of a total of 64,213 individuals collected
(Appendix 7). The second most abundant was the fragile barna-
cle Chathalamus fragilis, which comprised 16.47% of all or-
ganisms (Appendix 7). These two species occurred in different
locations. The former inhabits the lower intertidal, the lat-
ter the upper intertidal, which is more exposed to the air.

Other numerically dominant fauna and their respective
percentages of the sum of all data were Balanus eburneus,
14.6%; Nodilittorina lineolata, 4.36%; Caprella equilibra,
1.86%; Dynameneila dianae, 1,81%; Neanthes succinea, 1.25%;
Balanus amphitrite, 1.12%; Petricola pholadiformis, 1.03%
{Appendix 7). Zonation and abundance changes of these species
are discussed further. Minor fauna included the annelid
Polydora websteri and the amphipod Orchestia grillus.

Three major phyla formed the groin intertidal community:
Annelida with 16 species of polychaetes and 1 of
oligochaetes, Arthropoda with 15 species of crustaceans and 1
of insects, and Mollusca represented by 4 species of
gastropods and 6 of bivalves (Table 1).

N. succinea and P. websteri were the most common polychaetes
in the samples., Also, Lumbrineris parvapedata was collected
in almost all samplings. Generally, it was found associated
with sandy sediment within empty plates of B. eburneus. Other
annelids were rare to common.

As mentioned above, two amphipods, three specles of
barnacles and one isopod attained high abundances. Other
important crustaceans were Jassa falcata, 0. grillus,
Sphaeroma quadridentata, and Ligia exotica. L. exotlca was



Table 1. List of species with thelr respective trophic category
(No.) and (%) .

J
ORGANTSMS TC PH No. %
Aigae (%) P - 770
Obeita dichotoma s C - 620
Bunodosomacavemata P C 21 037
Styfochus sp. P P 14 025
Nemertean P N - -
Polydora aggregata s A . -
Polydora socialls S A - -
Polydora webster! S A 31 696
Capttsfia capiata D A - -
Mediomastus sp. D A . -
Porssiafla sp. D A - -
Young phyllodocid P A - -
succinea T A 28 050
Autolytus sp. P A - -
Excgone dispar P A - -
Syils sp. P A = -
Sylis of. gracilis P A - -
(ENlorsta) sp. P A . -
s 7 A - -
dianthus s A - -
‘Young polychaete 1 A - -
Oligochaste D A . -
Hineolata G M 543 987
Epitonium sp. P M - -
Thais P M - .
Siphonaria pectinata G M - -
Anadara transversa s M - -
Brachidontes exustus s M 8 o014
Crassostrea virginica § M 17 03
Donax varfabills 8 M 4 007
it S M 183 344
Sphenia antiflensis § M 11 020
Chthalamus fragils § Ar 1174 2090
Balanus s A 4.69
Balanus ebumeus S A 477 849
Ligia exctica G A Ob -
Dynamenella dianae o A 9 016
Sphaeroma quadiidentata O Ar 27 048
Capretia o Ar - -
Paracaprelia tenuls o A& 18 0
Amphitos valk T A 18 0=
Corophium achsrusicum T Ar 1818 34,32
Jassa falcata T A 4 025
Stanothoa minuta T A - -
Orahestia grillus T A 362 845
Podocsrus sp. T A - .
Menippe adina P A 10 018
Chironomid G A - -
Hippoparina sp. (%) s B - -
Membranipora 8 8 - 1240
Hemipholis efongata D E 4 007

I 5522

Trophic categorles: D: deposit feeders; G: grazers;

8.33-.0.8...8, .0..2,,..8, , 0ax..

12844

0.10
013
14.69
27

013

128

7316

8108

% No.
46.40 -
12.80 =

018 8
047 19
009 2
0.01 1
020 4
- 1
- 2
178 80
0.02 -
002 2
- 2
- 1
0.01 1

- 15
0.01 B
472 448
0.01 -
0.01 =
0.0 1
008 7
030 15
199 68
047 15
2033 1601

120 7
265 2200
- Qb
480 3
008 -
093 188
0.19 =
6038 3204
010 10
0.15 1
047 2
0.03 -
- 7
0.06 -
1.88 -
8072

12

(TC}, phylum (PH),

P AN

0.01

ol Zonaba..

17434

: omnivores; P: predators; S:

suspension feeders; T: detritivores. Phyla: P: Porifera; C: Cnidaria; N: Nemer-
tean; A: Annelida; M: Mollusca; Ar: Arthropoda; B: Bryozoa; E; Echinodermata.

(8): coverage of colonial organisms; Ob: Observed. Important percentages in
bol

4 numbers.
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not collected, rather it was observed in large quantities
crawling on the rocks, especially at late afternoon when they
feed, primarily upon epiphytes (Britton & Morton, 1989).

N. lineolata was the numerically dominant gastropod. S§.
pectinata has been considered common in southern Texas hard
shores (Whitten et al., 1950; Fotheringham, 1980; Britton &
Morton, 1989). It has been collected in different areas of
Florida along rocky outcrops in Marineland (Stephenson &
Stephenson, 1952) and jetties (Borkowski, 19%974). In my re-—
search however, it was not as abundant as reported elsewhere
(Table 1).

Seasonal changes

Data from September and May indicate a greater abundance of
organisms than in the other months. This is more evident in
transect 4 than the other two transects (Table 1, and Fig.
4) . Probably, the numerical dominance of C. acherusicum has
played a major role on this seasonal tendency, since
abundance peaks coincide with those of this amphipod (Table
1) . A possible explanation could be an increase in feeding
resources during these periods. Culpepper (196%) in a survey
of amphipods from the northeastern Gulf of Mexico obtained
population increases in spring and fall, and also related
food resources with the abundance peaks.

A decrease in energetic resources may be associated with the
abundances observed in July. Also, many fishes were observed
around the groin in summer. This could have increased preda-—
tion on the community studied. Another possibility could be
the decrease of sediment deposition on the rocks, probably
caused by continuous long periods of low tides in July and
January, when populations decreased. Moreover, high tempera-
tures (Fig. 3) combined with the above mentioned long periods
of exposure registered in this period, may have a severe im-
pact on survival rates of intertidal fauna (Britton & Morton,
1989). These assumptions need further investigation to be

confirmed.
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Fig. 4. Seascnal abundances of observed and

collected individuals. T2: black square; T3:

white square; T4: black diamond; ¥ of three
transects: white diamond.

A random ANOVA among the total of individuals collected in
the different sampling months showed no significant differ-
ences (Table 2). This means that the number of organisms ap-
parently experienced few variations in abundances.

Table 2. Random ANOVA among the different sampling
periods comparing No. of individuals.

Total of individuals per transect and sampling period
JuL SEPT NOV JAN

MAY
T2 (r1)" 1293 1298 952 1982 2518 4423
T3(r2) 1343 1498 1909 1278 2781 4512
T4{r3) 2886 10048 7548 4812 4635 8499

* QIV not sampled in Sept.
Log (No. individuals + 1)
JuL SEPT NOV JAN MAR  MAY
T2(r1) 312 3.114 2,979 3.2097 3.401 3.646
T3(2) 3128 3.176 3.281 3407 3444 3.654

T4(r3) 3.480 4.002 3.878 3.682 3.666 9.929
Randomized ANOVA Table
Sources df sQ MS F Resolution
Months 5 0.445781 0.08916 0.854 ns
Emor 12 1.25214 0.10434
Total 17 1.6979

nsa No significance (p>0.05)
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Kulczynski's Similarity Index corroborated ANOVA's results:
it revealed some periods similar to each other (Table 3).
High similarities occurred when September and May were
compared, probably caused by the increases in population
sizes mentioned before (Fig. 4). Also, other two pairs may be
alike due to their continuity in time, September-November and
January-March. Moreover, July and May Ix values was 0.37. It
seems that summer weather has a major impact on diversity and
abundance trends.

Table 3. Quantitative similarity (Ix) of the
faunistic communities among the different sampling
periods. *= similarity between 0.37 and 0.69; +=

similarity of 0.70 or above.

JUL SEP NOV JAN MAR MAY

JUL

SEP - - + * v +
NOV - - - r s
JAN - - - -+ *
MAR - - - - - *

Diversity varied little among the different surveys. An un-
balanced random ANOVA (Table 4) exhibited no significant dif-
ferences among the number of species collected in the six
surveys.

Table 4. Unbalanced random ANOVA for number of specles
among the different sampling periods.

Total of different species per transect and sampling period
JUuL SEP NOV  JAN MAR MAY

T2(r)* 1 - 22 14 21 25
T3(r2) 22 19 22 15 18 26
T4(r3) 22 25 27 27 25 22

“QIV not sampled

Unbalanced random ANOVA table

Sources df sc MS FC  Resolution
Months 5 92,55 18.51 0.804 ns
Error 11 235.33 23.03

Total 16

ns= No significance (p>0.05)
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Zonation

Seasonal variations seem to affect the vertical and
horizontal distribution of species. To obtain a clear idea of
such distributions I divided the biota distribution into
vertical and horizontal zonation.

Horizontal. Variations in abundance and diversity were
expected among the different transects assuming that at the
seaward end of the greoin, diversity and populations would be
higher due to an increase in wave action, protecting this
zone from prolonged periods of exposure.

Kulczinski's index corroborated this as